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By

I. Neal

Electxical Engineering Depaytment
and

4 .

. ..

omputer-Based Education ReseartiOaboraeory
'University of Illinois.at Urbana-Champaign

Urbana, Illinois 61801

This Research Was Supported in Part by
Advanced Research Projects Agency

of the Department of Defense Under
U.S. Army Coniract'DAHC-15-73 C -0077

RBSTRACT-

The twelve PLATO Lessons reproduced as Varian Pints in this report
show the status of ,the CGE Instructional Prograths as of August, 1974.
This MTC Report supplements MTC Report #4, "The CGE-PLATO Electronic Laboratory
Station Structure and Operation," and MTC Report#5, "ElectrOnic Laboratory
Instruction Using the CGE-PLATO Laboratory' Station."
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2 stop
****

lock la, cgeid

lesson cge at 2:13,am on tuesday, august 27, 1974

part.1, lolock.a

For Neal, CGENL, Room 248 EEB.

4 One Itne desCription of this lesson

7

9

10.

11

fl Descriptioh of the CGE-PLATO Instructional Laborato*y.

Divisions of this Lesson)-- Block -Unit

toT. of 'users of this lesson cgeid cgeida
Ckaircr ipt ion of cge cgemff a cgemffa

i;ecent user log \ user 1 og

Lommon for 1 ov of users of cge use., 1 og

Final edit 26 aug, 74 ne_a 1 .

,12 i st info

13

NI 4 rl v.-1-rian,charset,c2eindeN(.6:7echar
15 441*,c,****t

',, 16 start
L7 evt
18 dataon
19 area cve
20. ..:ourse n7g
2i jump., n70='eege',cgemffa,x
22 1**

4.0

23 uni' .--,;.x.nd.B. . Sct logs all 'noncge u s into uselog

2;4 ..7ommon ,:ge,useloc,, 322

2 ,L'
._ ., lurrir, nc2,315.cs:emg,a,y

277; ' ' %.7. 1 - : '75 ,ft r1C 1 = ccgedb t a ' nC11,2--cc,e_data " cgedata ' g (nr..t24)

.: . name n,:-. Inc:2'1

25 a1,-.- n,:ino2..) c-.. (nc2) +o55

29 ,:e l'r. nrf inc2n,..-:2 4 1) t-n70+055

20 4.,;.te n,.- (n,:21--nc2+1)

3 1 ..7.alc ne (nc2nc22+1-mk* (int (stet idn÷320) +27) 8 1 I 1

32 ,....-.1,7-. n...-in,-.22,?nc2+ l'I fle;_'- (nc 24--nc, 2 + 1) + ( fl-ac (int ( tat ion/32) /12) x10+ 7 88

33 ,.:.1.177 ilC (14i,721,nc2+11 -`,-nc. (nc;24--n--..2 + 1'1 + .(o 46) ,36- /

34 _7-31 c . ric (no2) t-nc. (nc2 + (int (frac (v-'3:stat i on+ 3 ) x3. 2) +27) 04

35 ..7a1,-.: nc nc2) 4 r n ( , ( n _ . 2 ) + (fr. c ( (frac. (v34--avtat ion 32) x3. 2)7 le 1 ff+N) +o55

36. r0.72nc2+. 2'

37 jump -.4..7,,emffa

38

39 un.i 4: e.7.7,!! I dip

4.1if f rrn 7.7,11T,I."7

41 at .

Vrs prov i des j umpou,t sampye

write (..ne moment please,.... returning to GA P



43 inhi t.jumpchk
44 jump ut sample

nex .cgeldb

L..

block lb,

47 unit cgemga
48 base
49 next -cgemgb
5.8 at' 2g5
51 write A Description oT,the CGE-PLATO Instructional Laboratory-
52 in CGERL, Poo 248 EEB, University of Illinois

I I

part=i, block '.b

. ____

53 As outlined herein, tqlOuter-Guided Experimentation
54 (CGD- instructiOnal experiments are designed,for use at
55 a special.CGE-PLATO laboratory'station which has a CGE
56' - 'hardwar'e interface'linking Sensors on adjacent electronic
57 /laboratory equipment with the'PLATO console.

56 For an operationaldemonstration of CGE, contact:

59 Dr. -J. R. Neal, 'Prof. Emeritus
60 Department of Electrical Engineering
61 University of IllInois,'
62 Urbana, Illinois '61801.

63 217-333-4361 or 333-3496 or 344-6116
4

64 -Or come viit.the CGE ReSearCh Laboratory ( CGERL) at:

65 Room 248 EEB, University of.;11inois, Urbana, i11.

66 Press -NEXT- to proceed. r.
block lc,°. cgemgb

S.

f

part'. block.C,

*-

68 unit cgemgb
69 back cgemga.

,

70 next cgemgc
71 at 88'4

- 7

72 write The object of this CGE-PLATO. research is to demonstrate.
73 that the CMputer.-Guided Experimentation-PLATO system will
74 pro4ide-unique and worthwhile improvements i'n undergraduate
75, or''technician laboratory instruction, when properly used



76 by competent instructors.

77

78

79

80
81

The CGE statioriNFonsists of a PLATO IV console, a
CGE-PLATO Interfaee:Logic System, five rack-moLinte4
electronic instrumInts, and various experimentation
circuit boards f011'student use in learning electronic
instrumentation and measurements.

82 Students pv"esently-active in CGE Research are:
.

83 ,Borth, David E.

84 Derrig,Damill P.
Zanter, Douglas L.

86 sx1;11

87 unit cgemOc.

ea back cgernob.

89 next cgem0d
90 at 504

91 write The CGE-PLATO Interface Logic System enables any aythor

92 , to order.theautoMatic Sensing of the interconnections

93 between 3g terminals on the rack-mounted equipment or on
94 the Currentl-used circuit.board and:or the Settings of

95 22 of the dials, knobs, or switches on the equipment.

96 The panel layout of the present CGE station is
.97 illustrated in th next display The present CGE

98 rack-mounted in mints are

99 Analab Dual-tra e Scope Type 1120 and Plug-In Type 700

100.
. Exact Function generator Type 2,51

1151 Hewlett-Packard Audio Oscillator Model 200AB'

'1.04 HP-,VaCuum;Tube-VO.1±meter-tioclei-4.02D-- . , l'

1 Cite risonLab. Model865B Power Supply

,

124 T CGE-PLATO-Interface-Logic System is mounted behind

105 the i strument rack panel, beneath the Function Generator.

106

1071

108
ma

On the next display, the automatically-sensed terminals'
be identified by T numbers, and the automatically,

sed dials maybe,idertifield by'D numbers.

block Id,'cgem08 -

110 unit -00*.mad

111 back cgem0c
112 define panel
113 r switch=1
114 ±rmnl =2

115 9rpund=3
'116 dcsw=4
117

-J

4

part=1, block-8



118 char trmnl ..
.

119 . 0000.016,Q00g33,o000021,o000033,o000016,00000iff,o00000$3,o2013000
120 char switch
121 o000000,o000340,0000760,001777,o001177,00.00760,O000340,0800000
122 char ground - ..//

123 o000000,0100000,0120000,o124000(012400003120000100 7600gggg
124 char dcsw

.
.°

125 o000600,o000600,0020600,o00060E,o001700,o003740,o003740,o001700
126 char solid.
127 o177777,0177777,0177777,o177777,o177777,0177777,o177777,01-77.777
128 draw 509,133;0,133 y

129 zero n5

130 zero n6 AN

131 calc n71-.1314

132 ,join cgesla
133 join cseslb
134 addt n5

135 calc n71534
136 join cgesla
131 join cgeslc
138 addl n5

139 calc n7*1552 .1.

140 joln
\

cses'la

141 loin cgesid
142 addl n5

143 calc n7 2212.
144 join ,,,.-.p=.1.

145 join coesie '
r46 addl n5/ *

147 calc n7 2243
18 join csesla

...149 join cseslf
150 add1 r5

4. . ,/: ,.
151 join cmsla
152 j&n cseslg

.153 at 3117 ,

1-54 write Press -LAB, fOr sensed dials.
15 Press -DATA- for sensedterirtinals.

156. .entry .cl:YemOde :.
157 pause
156 Cal,: ' ri1 key=next$9r$key= ck).-.(key=lab)-2(ke!,4=dat;)

159 join n1oe.,-e.,cges2a,cges3a

162 jump ikey.nex0-(key.back ,cgemiAx,cgem0c
161 .,,c,k0 keyt9216,x,cgem8de,x ,

M'Z pres;: c.216

163 m /7

1.4

IL

165

166

blptk le, cgemge

a
uni t cgemge
15a. cgemeld'

- .

I1

part=1, block =e



,

\
n.

167 next cgemif \

16,8. at -. 705 \

169 write Acttlal laboratory experiments are,programmmed by

172 experienced laboratory'instructorS. on thePL9Tb system.

171 ; The instruCtOr writing a program 'provides for the,-

172 w automalicsehsi.of terMinal interconnections andror
173 dial. etj i nes,,wher heever deems necessary.

. /
,

174 , ,
The responsel(6.f.the program to the fedback information

175' of the stUdent'SIO'vsical operations can be used in any

176 manner the ihstrut
C.
ol:- devisesjor improving the student's

177 learnine. .

.

-:- 1 ...;

174^ Each student can work independently at.a CGE station

179 and learn at his dOn rate how-to use the-equipment,

182 / and perform or devise meaningful experiments. - .

181 ***
)

1112 unit ogem2f
183 'back ,-vem0e

184 next . cgemOg
1.85. at 9.23

186 write CGE is-an entirelyjnewinstrUCtional dystem, and

147; research is required to develop its teaching capabilities
and demongtrate their Superiorit4e1 in comparison with

'(89 u conventional laboratory instruction or training simulators.-

192 °GE is not simply a new Teaching Aid, it is a New Teaching

191 Method with unexplored and unknown capabilities:

192 The manner in which a student at a CGE-station

1?3 laboratory is provided ready access` to laboratory facilities,

194 theoretical material, cOmpuf±r assistance, arKi

195 instructor assistance is visualized in the next display.,

198

199

200
201

202

'203
.204

205

206

2,07

208

block If. cgem0g

cgem0g
back cgemg
next cgerrigh

talc
circle '129,256,368
at A27'
write Student

in

Laboratory
delay .n1

circle 129,256,144
at .- 2626

part =1, block.f



209 write. 'Student
210 in
211 Theory Course
212 delay n1

213 circle 128,320,256
214 at 1746
245 write' Instructor
216 delay n1-2
217 at 2238
218 write; Instructor
219. Aid

.220 1038i*
221 write -. InstrUctor
222 Aid
223 delay nl

224. cif 1e 128,19f,256
225 at 171C
226 write Computer
227 -delay n1+2'.

228 at
A

229 write Compute4-'

230. Aid
-231 at 1019
232 wri-k4,e C2mputer,
233 Aid 4

234 defay n1 =2

'235 At. '244,192
236 write CAI
237 .4elay n1+2

238 at 244,304
239 write CGE,
240 delay n1.2
241 .1.

242 at , 212,'249

243 write CGE47kation
244 delay n1-2
245 .

246 Mode rewrite
247 at ' 3807

248 write The CGE 'Station provides the student with complete
'249, access."to Computer Aid and Instructor Aid for both lab-
250 oratory and theoretical' learning.
251 mode write

I

block 1g, cgem0h

253 unit cgem0h
254 back cgem0g
255 next cgemOi.

part=1, block=g,

256 at 2.04

257 write All the PLATO 14ssons used by CGE are,oper for inspection
258 by authors. These lessons are:

4



259
260

CGE-PLATO
LESSON

toPIc

261'. cge A Description of the CGE -PLATO Instructional Lab.

262 cgerl CGE-PLATO Test6-.& ppecial. Software Routines

261 ee244 "Student-List for CG CourSe
264 eecge Aut4or List for CGERL ourse

reindex Router Lesson for Courses ee244 and eecge.
cgedata Data File for Courses ee244 and eecge

67 eex00. An Introduction to.the-CGE Station
268 Pq.,x01- The Oscilloscope .- .

269 eex22 The Audio Oscillator
270 eexO3 The Function Generator.
271 eex04 The Constant Voltage/Constant Current Supply
-272 eex05 The,Vauum Tube 'Voltmeter
273 / f-px.06 Measurements-of Transients
274/ eex07 Measurements of Impedance

eex06 Measurements of Two-Port Networks

. .

76' Note: _Authors-in the student mode can .press -MICRO-

i77 to pass OK through a check.sStudentsscantiot do this..

IITC Report #4, July 1974, CEPL,:is entitled -.
"The CGE -PLATO ElectrOni'C Laboratory .2tation ructure'
and Operation", by J. F. Nea. / . -2-

I
--,: ;,k.r%i

278

279

280
281 ***

282 unit egemmffi

283 back cgemgb
284 next cc'eend

285 at '707

286 write To review this Description of CGE-PLATO, press --BACK-.

287 To access the CGE Experiments, press -NEXT-.

block lh, cg la

289 unit cgesla
298 at
291 mode. ?erase
292 writec n5 -1 al-TrZ/SCOPE,AUdio Osciilator,VTVM,
293 tion Genera rdDC Supply,,,
29 cal n6

295 -t . n

296 m write
297 writec n5Dual-trace SCOPE, dio Oscillator,VTVMi
298 Function Gener.ator,OCSupply
299 *#* /

------ - - - - -- - - part=1, block=h

300 unit * cgesfb



301 draw 606;615;1215;1276;676
302 circle 35,103,369
3,73 circle. 3,55,366
304 circle 6,55,396
340 circle 6,55,336
306 circle 6,149,336
307 at 146,360
308 plot switch
309 at . 165,327
310 plot trmnl
311 at . 165,135
312 plot trmnl''
313 at 179,327
314 ,plot -trmnl-

315 at 191,327
316 pPyt trmnl
317 at . 260,3'7
318 plot trmn
319 at- 248,.

320 plot tmnl
321 at 236 327
322 plot

1

',
trmnl

323 at . 260,335
3'24 plot trmnl
325 circle 6,149,396
32Fr circle 3,181092
, ' circle 10,181092
328 circle 3,213,392

\
.329 circle 10.213,392
338 circle 3,245,392
331 circle 10,245,392
332 circle 6,255,352
333 circle 6,227,352
334 6,199,352
335- circle 6,171,352
33-6 ***

.337 unit. cgeslc

338 draw 637;647;1447;147617
339 circle 13028,368
340 circle 35,328,368

'341 circle 5,328,329
.342 circle 10,353,311,
343 circle '10,304,311
'344 at 327,394
345 plot' trmnl
346 at .337,294

.347 plot trmnl
348348 at 317,294
349 ,plot trmnl

350 at 358,400
351 plot switch
352 ***

.0-

NV-

353 unit csesld
354 draw 1,49;659;1459;1449;649;5kip;394,4g4;453,404;453,364;394,364;394,404
355 circle 44,424,334,135146

12



356 draw " 40,377;4084396
357 circle 013,424,327
.358 at . 452,339'

359 plot switch.

-360 at .452,309
j 361 plot trmnl

362 at 452,295
363 plot trmnl
364 at 393,295
365 plot trmnl

:366 at '393,3119

367 plot- trmnl

368 ***

369- unit 'cgesle '.

::370 draw 1606;163521S,5;2106;1606
.371 circle 8,160,217
372 circle 25,160,217

.373 circle ' 4,184,199

374 circle '10,224,227
375 circle '6,224,227,
376 .at - 25.6,245

37 plot trmnl
378 at 256,235
379 plot &rail

380 at 356,225
381 plot
382 :at' 256,21.54
aa.a plot trmnl,

384 at 256,185

385 plot. trmnl

386 at '0-'240,185-
387 plot trmnl

38.8 wat 222'0185

,389 plot trmnl

. 390 circle 5,201,185
.391 circle 8,115,230
392 circle 8,83,230
393 at 51,237
394 plot trmnl

-395 at 51,227

396 'Slot trmnl-.

397 at. 51,217
398 pltt trmnl'

39.9 at 88,180
400 plot switch
401 "**

402

403

404
.405

406
407

408

4219

410

Ir

,

r

unit ,,igeslf
draw 2141;1841;1853;2153;2141
draw 357,218025;2181325,194;357,1-94;357,08
circle 6,401,191-
islyircle 6,401,215
circle 6,376,203
at 393,181 -

plot trmnl
at y 381,181

1

.6

N.,

13



411 plot trmnl
412 at '169, 18.1

413 plot
414 at 32,
415 'plot dc-aw

417

418

419

420

422

4224

err,

427

423

42q,

430
4.11 :.:48.78;194,132;skip;194,132;skip2,134;178,148

part =i, block"i

block li, 'cgeslg

um czesIg
at 2810

i_ocation-behind e panel-of the- complete and
cperable CGE-PL 0 Interface Logic System
:'7.4.171;40;t71;40,138;272,138;272,171

draw 14,155;143.151;160,151;160,155043,155
drab 248:78;194,1,32:5kip;194,132; kip1192,14;178.;148

178,144;182,148;178,148
at 46,165

55,165
1' lot trmnl
pau2e
mode erase

'432 1.78,144;182,148;178,148 \
,272.1-71;40.1.g1;40,1t18;27Z,133;272,171

.

draw 14"3.155;143,151;.160,151;160,155;143,155
4,-:;5. at 46,165

r..Lpt trmnl
4V7\, "r5",-165

47t2 171.--;t irmnl
.111'4

.1 0)1 a
4,4 .,ri+.e L--:at ion behind the panel of the _complete and
441 C6E-PERTO Interfa:e Lo =tic System

mr,de

. 444 unit c^P.52,1

445 jo4n cFes2b
446 join
447 loin (:.,:2e52d

448 ji,in C.2,2.52e

449. join cee52f
4514 yn>x

451 urit
452 draw

cge's2a

cees2b
$0,319;22,345

)

4

par' 1, block=j

O

-11



453 at 1101

454 write D8

455 draw 6243,397;243,427
456 at. 227,427
457 write DI

458 draw 211,397;211,427
459 at 145,427

462 write D2

461 draw 179,397;179,427
42 at 163,427
463 write 03

464 draw 169,352;153,442
465 at I37,*442

466 write D7

467 draw , 197,352;191,442
468 at 175,442
469 write D6

470 draw 226,352;226,452
471 at 210,452
472 wri e 05

473 dra 254,352.;270,452

474 at 254,452
475 wr to D4/
476 dr 146,333;127,310
471 a 111,290
478 w ite D9

.s

479' ***

480 nit cges2c
481 at 146,261

, 482 Write 012

483 draw 162,231;162,261
484 draw 224.221;240,267
485 at 224,267
48F write DIA

a

A

0

,1-48 dr w
488

489 write
490 draw

.2,7218,2a7;20
9186,27 :

,1111.

0/3
198080;182,160

491' at 166,140

492 write 015

493 draw 81,237;81,267
494.' at 65,267
495 write'' 010
496 -draw .113,237;113,267('

497 at 97,267
498 write 011 0

.499 its&

'500 unit Cges2d4
501 draw 353,304;370,283

502 at 354,263
503 write 0191

504 draw ' 300,303;292;279
505 at 276,259

506 write D20
507 draw 327,386,027,436

J. 5



ti

528

509

5111'

511

.512

51,3

.51,4

at

write
*/*

unit
:draw
at

write

311:436
021

1 .

'eges2e
425,133;474,378,
474,-166

0112'

5,15 v,*
Yf

5'16 unit cges2f
517 draw 374,204;374,234
518 at .158:234
519 write D16
520 draw 399.214;4,15%234
521 at 399,234
522 -write D17
52-..; draw- 399,194.;431,194.*-

524 at .

525 .write -D18

A

4

bloc)-, jk, cge53a

527 unit e.--ge53a

5-2P. p:Nin .7.=;(2317,

.520 1 -Nin

3.0 ifs) n 3cf

531 jc.:in

532 jr>in

5.33 1,7. r,

434

part -1, blo4,4C.

535 unit
536 -draw 7:044;24444230023;3044
517 at .3.023

538' write. CIRCUIT BOARD
5)9 at, 176,104
540 writ Ti T2 T3 T4 T5
541 at 2721
542 write T6 T7 T8 T9 T10
543 at 176,56
544 write T11 T12 T14 T15
545 m

546 upit' eges3c
547. draw 165,335;153,309
548 at 142,289
549 write 116
550 draw ,191,327;191,3071,

.551 at 181.287
552 write. T18
553 draw 261,337;245,107

4,



554 at 235,287
555 write T17
556 ***

557 nit cges3d
558 aW 25'6,45;288,495
559 at 288,185
560 write T22
561 draw 256,225;288,215
562 at. 288,205
563' Write T21

564, draw 256,235088.235'
565 at 288,225
566 write: -T20

7?N,,567! draw 256,245;2 ,255
568 at-.( 288,245

' 559 write T19
570 draw 222,185;238,1.65
571 -at 222,145
572 write T23
573 drawi. 51.217;19,257

'574 at 3,257
575 write T24
576 draw 257,185;289,165
577 at 286,148
578 plot gr6und '

579 **.c. 4

580
sat

582

583

584
585

586

587

588

589

590
,591

592

593

594
595

596
597

598
599
600

601

602
623
624
605'

uni cges3f
327,294;311,274

at 295,25_4

Write 'T.28

draw 337).29i;349,272

at
write

unit

333,250

cges3g
draW 393,309;409,279
at 093,259
write T29
draw '452,309;468-,289

at 468;279
write t30

ti

unit
A

draw

.1
0

cges3h
369,181;353,.161

at 337,441
write' T25
'draw 181,181;389,16V
at 373,141
write T26
67a6 393,181;4020,68
at - 3.98,152

plot ground

Tx.



607 'unit !!,.,cgeend

,608 at, . 710
609 write .:::Noto'jupping to an Index of CGE eriments.
610 inhlitOurychk
611 ) umpOutc6Tndex
612 stop

a r

613 stop/
614 cgedata
615 dft

616 sel ers ariZona 08/12/742
617 0

, 618
619
620 30

621 Imssl -stan
622

623

k24.'

67.4

626 Imsss4 star,' 12174 1

627'

628

629-

630 11 \

631 eichmann 08/1_/74 0
632,

.

08/4.2/74 1

:-633

634
635

636
12.

demo wright 08/13/74 2

637 2

638

639 - ,

640 08

641 elchmann e 138/1U74
642
643
644
645 12,. %
646 lachman uicc 08/13 4 0
647 '1

648

649 -

650 03

651 sample nrerl 08/13/74 1

65! 4

-4 rtl,sblock.1

piirtal:block.m



653
654

655 16 -

656 davis matha 08/13/74 0
657 3

658
.

159
660 21

661 student cu 08/14/74 0
662 2

663 Ow
664 -

00
666 student cu 08/14/740
667 2 .

668

669`
670 00
671 student cu 08/15/74 0
672 2

673

674 -

675 00
676 visitor ee244 08/16/74 0
677 7 .
678

679

680 12 .-

681- student cu 08/16/74 0
682 2

.683

-684 -.

6,35 00 ,

686 Iwown-d_siu 08/16/74.0
687. 2

686

689
690 18

691. wetstane-onn 08/16/74 2
.4

692 3'

693

694 -

695- 06

616 wetstone corn 08/16,1/4 2

697 3'

698

699 -4
:700 06-

'701- sample cerl 08/18/74 0
702 3,

703

704
705 22.

706 sample cerl 013/18/74 0

-707 3

' 708

.709

114

72'T,



710 22
\

71i smith arizona 08/19/74
712 0

713

714
715 28

.0

716 smith arizona 08/19/74
717

718

'719'

720 28

721 cherub block 08/19/74
722 2

723
7'4

725 11

726 becky cerl 08/20/74
727 3

728'

729 -

730 26

731 .becky cA=rl 08/20/74
732 '3

733

734

735 26

736 paul phy;.. 082.0/74
737 6

\.730

\739

740 0-

741 asbworth siu 08/22/74 0
742

743

744

745 27.

746 ashworth siu 08/23/74 0
747 3

748

749

750 13-

75,1 ashworth /23/74 0
752 3

753

754
755 13
756 dan matbk 08423/74 g

44

757; 3

753

759
7.6.0 -24

764 r. mat p 1X8/23/74 g
76L

764 .-

765 '.=!:"

766. martinOds. .08/7674 0



767
768
769 -,
770 16

71 start
.,

cgee.nd 'cgrencl a 607 284
ege ida cgeid 23 4,-

,C..g id) ege i d 39 45
rzgem.0.. cp.7m.s3a 47 21 25
,-:-.,,gem r!ge.m01-. -68 49

c-.-.gern0c. - cqem0b 87 .70 111

c.c.:, erti.0,-.1 cge....0)0(1 110 89 166
:c.,..-,m0-.14= ceen-10,7..1 156 161 .

1

ts,7,e_rnt0e ,..-:s,11mge. 165 168' 183
,....9.Frn0 f ceem0e 182 -- 167 198
.7.-9-.o.0,. ce....m05:: 197 184 254

m.011. :-.-,g,7-rn81) 253 199
(2!-:?,e11-101 cgm01-1 282 t 255
cT.e....51. _cget..4.1 269

.

132 - 136
CP.51b .C.:"3'5i-,11. 380 133

!r7.77,1,:: .:-....9,--,1!. '337 1'37 ,
---..;-.16 .'7"/<-7:*7:-1,3

3
.-2. 141

7,1,----.-,t,le ce.51a 369 145
,--2-,-,1 f c----_,-3,1a..- . -- 402 149
-,,-7.1,z ,

-,-.,...-.72,,,
---.

c7-4,7'51,7

,.-E4,e,-;-.2a.

' 41?
444* ,

152
159

,i-c-,---;-it7, c,.-.,... 2-,:t 4E1 445
,:-.::::--,-,:';'- .7.,,7..,2:_rt 4 'j ft 446

...7.:: ci =t .. 500
.

447
..,... ''h 7:. 11 ' 448

=air. 449

I : ;%- ''' i -; ei, 159
e.:.,::::,:., ,.7.:, , 528

r,-_,..-,-. , t 7Le,537..a

::,,,7.,.--! ,-,:2-_--t:a

..,..,--F, ..h ,?.-,7,2i.7..

1=.,-,:kr-1,- 1_ an41

41.f, 71 pat.el.
4-:,7,,w panel
T r--,,-. p. =,r1:1'

,,...-4..lev.-i: arp=?1

int .. panel
re;, pan&
lab,, pariel
nc pane,'

n:1 'panel
ns2 panel

Tfo:''x't partiFil
n 1 pane..1

n5 panel
n6 pnnpl

37
-283
160

___

----4-40

. 69

, !
144 0) 148

541', q2q

5.430

530
531

' 588 . 532
;33

.15'F; 160
1 L-, i;

116 124, 415 -
32 .24 35 35.

115 122 5i8 605 '
.31 , 32 34"

18 158 . 158 158 160 1'60 1.61

'158
..

27 26 28 29 30 5Z 31 3'3 32
33 '. 34 34 35 35
26 2,6

2;., 27 28 2-8 3O- 29 30 29

31. 31' 32 32 32 3'3 32 :33 3.3

33 34 3,4 . 35-- 35 :36 36 .
15.8 ,160 .

1 5F; 159 200 206 212 421
.-

2'16 23*
.

223
23? 240 244 --.---'----

4;129 i 3.4 138 142 146 150 -Vij 292
130 290 294'

2 1:



n7 panel ' 131 135 09 143 4147 294 '294:
n7.0 panel ;20 21 29

solid, panel 117 , 126 .

station panel 31 32 34 . 39
'.--4e.

switch panel 113 120 308 351 359 . 400'

trmni panel .114, 118 310 .3.12 ,314 34 -316 3AZ 318
732.4 345 347 349 361 gi27 363 377 365 ".

379 :381 383 385 37. 3YE 389 318 394
409 411 413 20 428 t 436. 438

panel 34 35

le5on inforibation

lesson name = cge

starting date = 07417/73-

last' edited on 0'8/26/74 "at 11.31.45

by neAl of course eecge.

at site 7, station 27,

author name =-J. P. Neal

department = E.E. 41.

telephone number = 38-4851

discjpline . El. ec. Enpineef-ing

?,rade.level = Any

of lesson = A Description of the CGE -PLATO Instructional Laboratory.
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leSton Cgerl at 2:15 am on tuesday, august 27, 1974

2

3

r

block la, cgerlid

stop
**** , For Neal, CGERL, Room.248,

One line de;criptiOn of this lesson' - -.

5 CGE-PLATO Tests eSpecial Software Routines

Divisions of this Lesson: Block Unit

7 Id for thiS lesson .cgerlid

8 AcCesS from the student mode r1m0a r1m0a

9 Cge index of lessons': rlm0a rimia.

lg Listing of connections rlmOa r1m2a

11 Cc test r1m3aplm3a

12 .Li'Sting of dial settings rlm3a ,r1m4a.
Dc test r],m5a rlm5a

14 Transmit over ext channel r1m5a rm6a
5. Repeated check of 1 dial rIm5a rIm7a

16 Cge checker authorcing aids 'r1m7b r1m8a

17 Slide displav r1m9a r1m9a,

18 'Cge software.recOrd7MaintenanCe

final edit 21 ayg,/74'neal.

rIml0a rlmiOa

20 '*list info

21 *list s.)mbols

22 varian,charset,cgeindex,cPechar
23 4cM***
24 start
25 ewt 0 .1$$)cleans cge hardware

26 dataoff

block lb, rlmOa.

28 unit
29 course
30 jump
431, back
32 base
33

34

.35

erase
at

ite.'

rlmea
n51

((n51=teecger)$and$user='author')',x,r1m0b
rlmend

R11.

'Type the number of the following:topic
mInch you are 'interested:,

.2 3

in

part=1, block -a

part=1, blbck=b

0



,

37

38

39

40
41

42

43

44

45

46

47 arrow 2725
"

,

...

/.
1. Index to CA Lessons and Stationg
2. Listing of Current Connections/
3. CC Test '

4, Listing of Current 71ia1 Setti,ngs
5. QC Test ,l

6. Transmit Data over External Channel
7. Repeated Check of a Selected Dial
8. CGE Checker Authoring Aids
9. Slide Di.si5lay .

10. CGE,-Software Record-Maintenance .,

n150,x,r1m1a,r1m2a,r1m3a,r1m r1m5a,r146a,r1m7a,r1m8a,r1m9A,r1m1ga

Ar

48 match n150,1,2,3,4:5,6,7,8,9,10
49 jump
54 ***.

51 unit rlmOb
52 jumpout plato
53 ***

54 unit rlmia
55 has? *

.

756 back r1m0a,
57 next rim0a
58 at 305 .

59 "rite CGE- PLATO LESS°.

60 LESSON
. ,

61 cge
62 czerl
63 ee244
64 eecge

ceeindex
66

67

68

69

70

71

72

73.

74

75

76.

77

78

79

80
'81

82

8 3

',84

85

86

87

88

TOPIC
'

A Description of the CGE-PLATO Instructional tab.
CGE-PLATO Tests.& Special Software Routines
Student List'for CGERL Course
Author List for) CGERL Course
Pouter Lesson for Course's ee244and eecge

.--:9.-PdFtta Dat File for courses ee244 and eecge
eex00 - An ntroduction'to the CGE Station
eex01 The Oscilloscope .

eeO2 The Audio Oscillator
eex03 The Function Generator

. .eex84 The Cpnstant Voltage/Constant Current Supply..
ee.05- Th Vacuum Tube Voltmeter
Pe x06 Me. surements.of Transient's
i2,.e').:27 Measurements Impedance ,

pe88 Measurements of Two-Port-Networks
at 2603 1

write CGE-PLATO statiprs in CGERL at,248 EEB:

Site 7, Station 12,ConSole *118 wo-expenimenal equipment
Site Station 27, ConSole 03241w/CGE-PLATO"1/O & exp. eqpt.

***

unit r1m2a
base
back
next
join
at

r1m0a
r1m2a
r1m2b
3112

write- Press -NEXT- to check connections again.--

24

ze



89 Press when done.

)(.7?).
'-95

4

96

97
98

99

100.
101\

103

104

105

106
107

i. 108
10,9

110

111

block lc, rlm2b

unit
define

at

write
ralc

4ime
enable
ext

11'7' entry
"7.

113 -pause.

11'4 c-te,

11t Soto
11.6 ca lc.

117

116

119 goto
1231 G;oto

121 writec
122 size
12'7; ,Talc

124 cal cc

125 a±
.

126 join
127 ca 1 c

128 at.

129 join
13.0 . got o

131 I e.n.

I 39

, fgo-E.0

1 3,1 *$'*

135 unit

rlm2b
r1m2b
cc =o40

check=n1
start=n2
tcrmc =n'3

keytime=v4
datac=n5,
namterm=n6
s:reen=n7
node=n,4-.
310
LIGTIr4G of CURRENT

,checkt-o0

starttermcl
keytimel.clo,ik

screenl--328

rode 0.

;p4rivh1, block=c'

marks a checked,Ierminal
$$ first terminal in a node
$$ marks',terminal to be examined
Wrecords.time since last key
$$ stores data, from key
$$ name of terminal to be displayed

t

TERMINAL INTERCONNEIONS

ccl:termc- $$ first request for terminal data

.
rim2c

(key=timeup)-(key=next$or$key=stop),r1s2a,x,r1s2b,
(keylimask$01008) .0,r1m2c,x $$ l.ocks out keyboard

datacskey$mask$o37' $$ bottom 5 bits are- data.Vdts
checkcheckAunto1.4(1$cla$(termc-0) $1marks termirial
keytimel-clock

dAac=start,r1s2c,x
(termc=start)$and$node.6,r1s2e,X
n3=n2,4:at,-5+n71.-n7tgOOTerm,inals Connected to NODE <a,o/2.8117' tnesn8+1)vi

namterml--termc

termc.startiscreen*screen+10g,screenscreen
screen
termc=start,r1s2d,
namterm:--datac

screencreen+10H
rls2d
where>2.000,ris2e,x
termc4datac
cc4,termc
r1m2c

r l 52



136 time 1

137 goto. (c1 ck7keytime>1.),x,r1m2c
138 calc Ste imesclock .-

139 ext
.140 goto
141 ***,..

142 unit #182.b,

143 pate

oc+termc
Wm2c

144

145

146

147

148

149

150

entry:

e>et

writec

size
***

rls2e

(bitcnt (check).<30Y-(screen=320) pdatescreen+190* AND MORE *,
(at,screen+200* CHECK COMPLETED *,"

creen+391)* Terminals:are not interconnected *

*
151 unit r1s2C
152 goto., start-'-'30,r152e,x

4,r 153 calc startsstart+1
154 calc termcsstart
155 got =0,2c A
156 exi- cc+term,': 0 :\ \
157 goto r1m2c ,.,

15,8 ** 2

.-''

. ,

159 unit' r1s2d . .

, 1 .

160 writec namterm,Term 1, Term 2,4Term 3, Term 4, Term 5, Term 6,1-'4rm 7,
161 Term 8,Term 9,Term 10,Term 11,term 12,GROUND,Term 14,
162 Term 15,Scope: A input,Scope:_B i-nput,Scope: Trigger,
163 Fun-gem Sqr-wave output,Fun-gen: Trng.-:-wave output,
164 Fun-gen: Sine-wave output,Fun-er: Ramp output',-,
165 _. . Fun-gen: Atten'd outpUt,Fun-gen: Tri,ggenoutput,
166 DC-sup: (+.)-term.iDC7Up:(-)term,A -o : 'Rigilf outpu
167 Flud-osc: left output,VTVM: input,V NI:. output

1

169

-17121

171

a It

block 10, rtm3a

unit r/m3a
define r1m3a

cc=d481

/17 term=n1-9
/ 173 at 227

174 write CC Test
175 at 316 .

176 write '(Prest -DATA- to resthrt)
177 oat 604
178 write term .*octal decimal"
1.79 at, 634
180 write term octal decimal
181 calc -114.12

tr 4,2 6

ss

part=1, block=d

4

0
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V.

182 calc v500v524clock
183 n514.0

184 ,time 12*-

185 enable
186 ext cc+termc

187. entry' r1m3b

188 pause
189 goto ('ceystimeup)-(key=pext$orfteyeetop);e1m3C,x,r1m3d
192' calc n(rf)akey
191

192 v50c1pck
193 goto terliF30,r1m3dot'
194 ext cc+fermc
195 goto rlm3b

'196 #**

197 unit rlm3c
198 time
199 goto Flack- v50 >1.5,

200 calc v504,c1ock

201 n5151+1
202 ext c.c +termc

203 goto rlm3b
-204 ***

..

205 unit rlm3d
.6

206 Pvt.: 0
207 calc v53aclock
208 at 3010

209 \write Number of DATA Trasmissioi1 Repeat6
210 sbowt n51

...Z11 at 3110

212 write Total DATP.Tran6mission Time =
213 showt. ;753-v52,4:3

'21,4 urite seconds.

21,5 calc n44,0-

216 n3605
217 do r1M3f,n21,(n1-10)+2
218 calc n31,.635

219 do rim3fmNt(T.11-10)+2+1)011710

S.
220 entry r1m3e

22:i pause
222,jum
2:4,3"71oto

.,. 224 *lc*.

\ 225 unit r1M3f
226 (76c1 n34--n34-4a0

727 . nk450...n2

2.2t n3

229 show': n2;2

232 write
.

Z31 shown. r(n2+9),4
232 at n3+9

233 calc h99sn(n2+9)$mask$077

A

OceY=next$or$kly=back)-(key=datta),r1m0a,x,r1m3a:'
r1m3e

I

*

2 7.

4

g.



234 `showrE n99

ft.

235 ***

236 unit r1m4a
. 237 base

238' back rlmta'
239 next rIm4a.

.240 join rlm4b
241 at 3115

write PreSs uNEXT7 to check dills again.
243 F'r'e - BACK -' when done.

41 A

block le, r1m4b'

'a

245 unit r1m4b
.24C ceine r1m4b
.247 dc=c40.0
448 dial=nl-
:219 ode=n2
.Z50 !..,creen=n3

251 keytame=v4
Z52 calc n2211c2nc2+1
253 do rkm4c
254, calc screen511
255-

256 ' kevtimepclock
257. time 1

258 anal'' e

259 4w 4:,-(t dc+dlal
ft

2.60 entry r1m4d
261 pause
262 goto (key.timeup)-(key=nextctorSkeystop<rlm4e;ic,r1m4f
263 goto 4maSkSo /VS locksout keyboard
264 talc 6pdet-kev$maspSo37
265 keytimeock
:266 do r1m4g '$ generates display
267 calc
268 goto dia12,r1m4f,.oc
269 ext dc+dial
270 !,iY,oto r1m4d
271 *4*

272 unit r1m4e
273 time 1

2,74, gol:o cloc-keytime>1.5,x,r1m4d
275- calc keytimet-clock
276 e-,.t

*

277 'cy.ot.o. r1m4d
278, ',A* a

, a

.

a



a

ti

2811. ext ' 0 . \f
a

281 exit r 1.
282 **11, .

lill ,, 9
.

.

293 unit rlth4g 0
.,.. 204 At spreenascreen+100

285' writec diS1,,,PLUG-IN SC6PE.FUN-GEN
206.. .- -DC-SUP ,AUD-OSC,,,VTVM pi

. r

287
288

23q

at

writec
screen0 .

9

dial ,.5- VOLTS:TIME.A \OLTS,B PREAMP,
SWEEP- MODE,TPIGGER.SONOC,A PPERMP,

290 .',/ DEPLAY FUNC, USPLAT FUNC,
291 TRIWZR,MULTIPLIEP,CYCLES/SEC,
292 OUTPUk,ATtENUATOP,D LEVEL,METER.
293

,
VOLTAGE,CUPRENT,AMPLITUDE,'

s
294 . PAnGE,FREQUENCY,RNGE
295 at 5creen+23 ' .

?4t, de kdkal,x,x,d10.129d19d49d5,d6,d4,d89d99d10,x ,9,

C.

297 ,1,7, 'dial-109x,x9d1f9d129d139d.149d159d169d17,d19,a19,d20,d21,d22
298 m \

299 unit ,;11

30g writec m,2 m95 m910 m920 m950 m90.1 ,0.2 .095 -9

301 1.0 92.0*95.0 ,10 ,20 ,50 ,100,,20'13 v-
302 write V full scale 4,

.

103 4*

304 unit (12 '

1AF writec code,-,0,10 u,20 u,50 u,100 u,200 u,500tu,
306 I. m,2,m,5 m,10 m,

307 201m,5,0 molOem92130 m, 500 mil9205,10,20,509ext

30:3 ,write sec. full scale

009 *1i*

310 unit d4 -c 9

311 writec r.c'.de,-,09-PC,4+DC9-DC,OFF,EIFIL SET
.

312,

313

m ,
,

unit d5 .

. 314 writec ;:cle0-909APM - variable length,
315 tfr:iN - variable length,'
31k AUTO -'variable length.
317 'CIPIV - variable len2th:- +I. N

.?,11';
1)FIV - variable sweep rata, OFF

. (

319 **

920 d6

3=1 wr to*c

writec

-"ext 10,DC - ext 20,AC ext,

e ,et,AC - int9DC - int.,

8, OFF,

1

blo,:k 1f, klm,4,

part=i, block =f

1

,

a



A

325 unit r1m4c
326 at 419
327 write Dial
328 at

329 write
33.0

Current Setting

331 unit 18
332 writ^c code,-,0,A,B,A & h (CHOP),A & 8 (ALMA vs B
333

334 unit d9
335 'wni+ec c.,-de,-,0,SWPx5,SWP,EXT
336

317

. 0338

339

Anit rflGf

.EXT

147' unit d11

341 write +Imes
342 wrtec code,-,0,(4.001.,2.01,0.1,1.8,10,10U,1000,
343 µw

344 unit d12
345 wrifcbc,

346

347 ,write Hz (not incl. HULT.)
348

349 unit

3S1, 44'r-

352 unit
3;3

3c4
355 write
356 .*kw

3q7 unit
3S8 -Iiii-it..7.4(-2

3:59 ---::4. ,2a, - 1 7. -1.4, -13. -1 3, - le, 2, 3Z, 56

* 3%.%-.Y. -tot 1-1:e. 'vol4i5

361 '.1(

O

'
Yom

/31 3

d14

41

lo

AA.

d15 "- ' 1

,--,-.4e0.-.cf,C4.P.T,0,-q6.5,-55.5,-52.5,--48,-44-39,-35,-31,-27,-.

A

362 unit d16
363 _itmitec eode,-.ff,VOLTS,AMPS,
364'

)
365 unit d17 ..- '

366 writ.- 4..!.7 cod..,-,Y,0:1,R.*9,3.3.5.6.9.2,41-9.(,11,117,20,21,23,26;r7"
367 2a:)P.14,26,8rig-.4?,44

' 365 writ? ,---G1* ,.... %

36q t-ct%

30



370 unit

371 writec
372
373 write
374: 4,4tc

375

376
377

378
379

" 380

\...e 361

382

363

384

385-

386
387

388

389

Unit
writ

write

unit
write
writec
4tcu

unit
writec

d18
\,

c , -,0,0.0,0.0,0.01 ,0.05,0.07,0. 12,0. 14,0. 17,0.20,0.25,

0. 7,0.29,0.31,-0.35,0.37,0.40,0.43,0.4610.50,0.52:0.55v0.59
mperes

write
*0

dig

19,20,21*--23,25,26;28,29,30
volts rms

ti es
co e,-,0,1,10,100,200,

d2.1

40,46,53,61;71,82,
94,108,122,140,1'60,185,210
Hz (not incl. RANGE)

/'
398 unit d22

391 writec cod14-,0,0.001,0.003,0.01,0.03,0.1,0.3y1.0,3.0,1
392 100,300

393 write R:M.S. VOLTS full scale

block tg, 1m5a

.395 unit-
396 define
397

598
399 base
400 at

401- write
402 at.

483 write,
404 calc'
405
406 time,

407 caic
408

-409 ext
410 enable.
41.1 Coto

412

413

r1m5a
rim5a
dc=o108/1

dial=nt-9

128

DC Teat
218
(Press -DATA-
n118
n1,01,0

1'

v100clock
vinclock.
dc+cial

rlm5b

entry , r1m5c
ext dctdial

to restart)
0

$$ counter for number of repeatS
$$ time slice'between repeat's

q

Oart=1, block -g



414- entry r1m5b
415 pause
416. goto key-t imeup,r1m51,x $$ go to rlmrf for retry
417 .-alc 'n (Tit+ 1) 4--key
4113 nit-n1+1
419 `'t10121-0 lock
420 goto kev=next$rSdial>22,x,r1m5c
421 ext. 0
422 calc v103*:lock
423 talc. n4t,r.0

'424 at 41. e
.

42,5 write. Dial Alpha. Octal . Binary
426 do 'rfm5d,n24--1,27
427 at -3010
428 write -Number of-Repeats=-
429 shoW't n101
430 at' 3110
431 write Total. Transmission Time=
432 showt v_103-v102, 4.
4.33 write --..,-cc.nds
434 back 'r1m0a.
435 next r
436 ctata r1m5a
437 4":".e

433
4:39

4

441
442"
4'43' do'
444 a-f:

,4.45 ad
444.
447

443.
449
450

unit
calc
at
write

t

,451 unit
4 45 2 time

453 Potc,
454 1 . a 1 '

4 5 5

sr 456 e-.t
'457 voto
453-

rlm5d
n34,400+10.111*n2
n34-12

, n242),
t..,11:stere+7

r1m5e..n12.111&1,2
where

n (n2+ 10) mask$o 7 7> !

r1m5e,n1201---3, 1.B/,/
701,2 n1 -10f)

Cs'

rlm5e
In (n2 + 1 0) Sars$(10-n120))$mas.k al , 1

<at ,n3+28)41o;n (n2+10) ,20>

$$ handles retries

clock--1.1110>2,x,r1m5b
51.08 (-..1.-.%,;1=-.

n101 +l

r1m5b

4.19 unit r1m6A
1467 b,r)ck i'71m0a

461- erose
.4.62 at 51Pf
46.3 it4,. Enter the code which you Wish to transmit
464 .4 .c,ve&,, the external c4nanne1 .:-
465 npNct r1m6a -466 ,:wrow - 9-13

`1

32 .



467 store
468 ok
469 at 1210

4721 write Press.-NEXT- to
471 -BACk- to
472 inhibit erase
473 jump rlm6c
474 ***

475 unit r1m6b
476 at 1210

477 write EXT-OUTPUT
,478 back rlm6a
479 next r1m6b,
480 ext n1

481 at 1510

'`482 shown r4, 5

483 ***

484 unit r .c

ABS inhibi erase
486 ext nl.

487 ha k' r1m6a
488

489 ***

490 unit r1m7a
491 back r1m0a
.4921 ext

493' at 510
494 *rite 'Type the CGE number of 'the dial you wish to

95., ) have checked repeatedly.
496 arrow 814

497 tore n20
498 Ctk

499 jump !r1m7b
A

transmii'Same code again.\,

tf..ansmit a different code ..\

-block lh, lrlm7b

'0

P

part -1, block -h

501 unit rlm7b
.,

502 at 210 1

903 write REPEATED: CHECK of a SINGLE DIAL

504 f A

505 Press -STOPto stop test.
S

506 Then, press -NEXT- tochose,another dial,
507 or -BACK- to *return to indeX.

508 at 914
509. write Dial Number = <z,n20)

".510 at 933

511 write. Code .=

512 at 1139

`.*
hr

t



Jr##
513 write Code TiMe
514 at 1314
515 write Total checks *
516 piaAges,N

517 Repeats =
518- at 1814
519 write Total time **
520 Time/check
521 mode rewrite,
522 enable
523 ext. o100+n20
524 pause
5 25 calc n.344-e-y$mask$0,77

526 calc n2rn61.0
527 n11.1.

528 'n114.-0

52q n121,0

530 n134--1240

531 v7clock
532 v54,cIock
533 time 1

534 ext o100on20

535 entry rlm7be
536 pause
537 calc V104--clock
538 calc lt,1313+100
539 c.,^1-o n13> 00,r1m741QS,x"
540 at -n13

541 write 1a,n3> (z,v10--117).

542 entry rlm7bf
543 so:to (key=stop$or$key=next),r1m7c,x
544 E.,oto

545 Coto key$mask$(510000.0,r1m7bex'- $$ locks out keybOard
546 Ealcf:, n3.hey$Mask$o77,n12;n12,n124--n12+1 .

547 calc n3--key$ma5k$077
548 at 940
549 3howa. key$mask$o77
550 at 944
551 write o<o,key,0
552 calc . n14-111+1,

5.53 calc y84--clock

554 at 1329
555 write 4z,n1>
556 4:z,n6>
557 1(.7.0112>

558 at 1829
559 write <17.,v8-v7>

560 47-.(vf3-v7).4-n

561 calc v_Cclock
562 e,:t o100+n20
563 Coto rlm7be
564 ..,?

565 r1M7c.

566 ca lc v8t-c 1 ock

34
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7 ext
auae568

569 mo rewrite
7Z- at 1329

57,; write ,n1)

572 (z, 6)

574
57.tC4at

575 write
576

577
578

at
write

4,r,n1

1829
Qz,'Ve"'

(2;(v8-
2214
CHECK COMPLETED

$$ clears dwa
$$ waits. fo

5-79* entry rlin7ce

580 pause $$ loop absorbs spurious keys

581 goto key.next$orSkey=back,x,r1m7ces
582 jump key.neXt,r1m7ar1m0a ,

./

583 **It .

584 uric rlm7d
585 time 1

586 goto clodk-v5>1,x,r1m7be
587 'talc net*n6+1 /-

588 v5,^oclock

'589 ext o100-sn20

590 goto rlm7be

p key.

.591 unit , r1m8a
592 erase

/593 back r1m0a
594 at .510

595 write GE Checker Authoring Aids

596Ts demonstration is intended to give authors
597 opportunity to explore the use of the ckc and

59$ ckd series subroutines..

Press c for connection check subroutine demo.

600 Press d for dial check subroutine demo.

601 at 22l0

602 write NOTE: Authors irl_Os-Student mode can prss -MICRO-

603 t2. pass OK-fhi"out:Yh a check. Students cannot do this.

.604 arr-ow 1910_

/605 -1/5ng 1

606 answer c

60? jump r1m8b.
608 answer_d
609 jump r1m6e

m

b1OCk rlm8b
F-

part=i,



unit r1m8b
erase

613:1 i6it erase
614 back rlm8a
615 next rim8b
616 at 510
617 write 7- connection Check,.Subroutine Demonstration

618 Current Author Codes
619 at '910' -.,

, .-

620 write fliuthOr Code n33. <a,n33,30>

621 Best Match

822 Hardware Code
623 at .1-428

62'4 do r1m8c,n75.4.1,'30

625 at% 1610
626 write Press DATA to change Author Code
627 data rimed
628 at 1910
629' write Type the number of the ckc subroutine you wish to try

ta,n1'6,30>

6.30 1) ckc :(performs'a connection check)
631 2) ckcw (performs a CC and writes errors)
632 3) ckc1 (0Ounts errors of new pack vs ckc)
633 4) ckclw (same as ckc1 an0 writes eA-.ors)
634 Jcounts errors of best match vs ckc
635 6j cl-,,,s2w (same as ckc2 and writes results)
636 arrow 2810,

637 long 1'

638 specs nookno
639 match , n51,1,2,3,4,5,6
640 join n51,x,ckc,ckcw,ckcl,ckclw,ckc2,ckc2w
.641 at 3110
'64? write ,(z,,n47), F,,4ors Found in Setup
643 back r1m8b
644 **'!!

645 -urril r1m8c
646 .7.0 ri 61,11-

647 mow- nl8,n75,n76,10 7-
646 ca.lc (6176'4; ( n76="0")),n7W.0",n761/76,n7W4"
k49 showe n76
650

651 unif r1m8d
6c? at, 1010
653 writ cr,,sired Code

654 arrolo 11426

'655 copy n33,3(4

656

657 5i!or^a n33,3ff

658 ,ok
659 jump r1m8b

4' 11110'''

3 6



0

660 * * *

,661 unit rImee
662, erase
663 .inhibit eras,
664 base
665 back rlm8a
666 -next r1m8e
667 at

668 write

669.

"p0 at

671 "write
6724,, at

672 write
674

675'

676 at

677 write
678

679

510_ . .

Dial Check SulDroutine Demonstration

Current Author Codes
910 200.

Author Code n33=
928
(a,n33,50).

13121

Best Match = (a,n39;50)

Hardware Code = (a,n810022>

680 at r710

681 write Press DATA M' change Author Code.
682 data r1m8f
683 at 1910

684 write Type the number_ Of the ckd:Subroutine you wish to try.

685

686

687

688 ".

689

690
691 arrow 2810
t92 Jong '1 . -
,93 match n51,1,2,3,4,5,6
694 join n51,x,ckd,ckdw,ckdl,ckd1w,ckd2,-ckd2w
695 at .3110 ' .

696 write- (z,-n47), Errors Found in $etup

697 back r1m8e
698 &**

1) ckd (performs a dial-check)

2) ckdw (Performs a DC-and writes. errors)

3) ckdl (counts errors of new pack vs ckd).-

4) ckdlw (same as ckdl.and writes errors)

'5) ,ckd2 (counts errors of best match vs ckd)

6) 'ckd2w .(same as ckd2 and writes results)

699 unit r1m8f
700 at A110
701 write Desired Code
702 arrow ,1126

703 copy , n33,50
704 long 50

105 starea
706 -ale_

,707 end

,

part=1,'biock.i



block 1j,

709 unit
/i1.0 back

/ 711 next
712 calcc
713 slide
714 at

715 Write

716

717

718
71?

720
721

722

723

26 i

72

72

726

7 1

7 8

716

730.

:731:

7 12

7:3:3

73-4

735

734
.7'37

738

739

r1m9a

r1m9a
r1m0a
r1m9b -

rstation.251),n10W56,512
noslide
107

SLIDE NO. CGE SLIDE

If

4

8

19

2g

22

'23

24

27
33

36

45

51

54

57

6t

Test Slide
CGERL Entrance
The EE244 Laboratory
CGEPLATO,Sstem Desbript..ion
Orientation of th.,.1.'CGE StAion

Stope6Funotion Generators''
Flud. 05C., Supply
Layout of Sensed Dials'e, Terminals
List of'. Sensed Dials & Terminals

18 Dial°Setting'Codes
Resistor Color Code
E'E Symbols & Units
Recommended Unit Prefixes
Defined Physical Values ,

Physital Consts
SCOPE - Use of Dials and Terminals

26

32

35

44

53

56

60
6'2

SCOPE - Manufacturer's Specifi
PLUG-IN F- Use of Dials and Termi
PLUG-IN - ylanufacturer's Specifi
FUN:GEN. - Use of Dials and Termi
FUN.GEN.. Manufactur'erSpecifi
AUD.OSC. .7- Use of Dials and Term

cations
nals
cations
nalso
cations
nals

AUD.J3SC. - Manufacturer's Specifications

Press -NEXT- to
. ,

741

742
7'43.

744
745
746

747

- 748

74r

751

block 1k, r1m9b

unit
,baCk
-next

calcc
slide
at

write

r1m9b
r1m9a

.

r1m9c

(statiOn=251)
nOslide
"107

SLIDE NO.

63 66 VTVM -
6.7 68 VTVM 7

DC SUPP

see remainder of.Slide List:

a

,n10W256,512

4,

CGE SLIDE'

t:,(71 - 71

72 - _75 DC SUPP

Use of Dials and Terminals
Manufacturer's5pecjfications
Use of Dials and Terminals
Manufacturer's Specifications



752 76 graph of a Transient
,753'. 81 CGE Station Picture

754 88 Gunther Frank At..CGE

755 '89' Doug Dotoden & Frank at CGE

756 ,92( j Dave Borth at CGE
757 9i DOug Zanter & Borth sit CGE

758 , 92 & Dan Derrig at CGE
.759 93-97 . CGE-PLATO IAterface

760 Type slide no. ,press. *Or -BACK--to return.

761 arrow _.3121
762 'store n100
763 ok.":.

.764 erase
765 goto (n100.1255),r1m9c,r1s9a

766 ***

167 unit ..r1S9a/ i

768 back rlm9a
769 next rlm9a
77g at 1210

77f write ''NO!- Type -a number less thary56.. .

-'772 **I

773 unit r1M9c-
774 back ,r1m9a

775 next ''-orlm9d
776 at . 3204
777 ,pyrite This is slide z,n100). Pt4ess -NEXT- for next slide

778 slide ni00
779 *30*

.

780 unit r1m94-
781 back r1m9a
782' next rlm9a .#

' '783 ralc n1204111.00+1
0

784 goto "n1.1305.255),r1m96,x

785 slide 512
,

7'86, at .1210
.787 write You can't show a-slide greater than 255.
78e *** ,

789 unit r1m9e
790 slide n100+512
791 back r1m0a
792 .next r1m0a

1..793 goto r1m0a.

block 11, r1m10a,

Pr

part , block =1



799, unit r1m113a

796 back r1m0a.

797 next rlmOa
-798. *calc nc (1)X113033 7 $$ format for hanaing cc counter'
799' *calc nc(2)11869 $$ format for hanging dc counter
800 at 505

*,

801 write CGE Software RecOrd-Maintenance

802 .CAUTION: In order to avoid interferencelwith automatic
803 ecordkeeping and avoid loss of log records, the
804 following tasks will Only be performed by a CGE author
805 specifically authorized by the Director- Of CGER1...

806 If specifically aUthoriZed, select the Operation
You wish Io perform:

808 A. Record chronologically a remark in the cgedata record.

8ff 7

810
Print and clear the uselOg Maintained in the common

_in lesson

811 i C. Print and clear the.statlos maintained in lesson
812 cgeindex.7,
813 arrow 2810 .,

814 longlipti
815 .sr'Necs bumpshift
816 ma±cli n150,a,b,c. 1.

f)817 jump n150",x,r1m10b,r1m10c,r1m1gd
818 ***,

- 819, Upit r1m101)

' 820 galc n2.14.nc(4)

521 rK.0 (4)(-.(4)+3
822 i nc (n?.1) ' i

823 (at.- 9@7

824 Jrni*e ' At the ber..):innim,:of each day of operation,
J.4325 present date or, to record. a note about ,a
826 ff,icult t.,.re the st6dtrit's. name:.
827- arrow 17:41

82.81 1)ns.,. -

829 sf,-,rea nc. (n?. 1 + 1)

,83,0
831 .at 1509

,832 write Type ±he de a i r7d code. or"emark:

1/ )

4:913"e-

student

83,3

84-

835

836

'837-

<47.

rdn Plap

c.dn --CGE hardware

- CC and CSC' checked and new day

unexcuAed.absence.

xabs excused'abtenc
, ,

+We

1"

O



39 arrow 291.1 7

(0838 or `any' -8other character remark.

840. long 8

841. stores nc(n21+2)

842 'ok
843 ,iumpout iblato

844..***

845. unit 7 rlmierc

846 next rlmffa

847 back rimes
848 at 806 'il/

849 write The uselog in cge should be printed when 300

,- 850 lines have been, ente'ed therein. DoothiS as:follows:

851 -1. Copy the common, uselog, fry6 cge into'cge f as

852 block: lb, rename it userlog, convert it to a a

85 3 and mark i.t46 it wiliNnot bereadin.

83 4

855
856_

.857

858
859
860'

:

861
862

_..>'"-

2, Irmert-"*Yist lobel, uotr log .(aate)" as ihA,
'first' line in userlog and "*Iist 'off" as the last

line in userfogin cgerl.
. -

. 1 /,7"

3. Re 4st'a print Of(Cgerl.
4f

4

4. Enter' cge, cdnvert the common uselog to a source,

delete all entries, then reconvert uselog to *
sOmAt can continue to record users of Iessson cge.

5. After'the print of the userlog in cgerl has -ben
received, delete the block userlog from cgert.

o
block lm, rlmend,

,
,

864 unit ,- rlmbid
../

865 ". helpl rlthlge r, .

866 labs rimlgi . ,,

867 next rlmOa i , .

868 back r1p0a
869 at ,°',5156,

.

870 wriA4 The statloK in cgeindex should be%printed when 300

871 lines have been 'entered therein. to this as fol lows:

872 ,

8713
874

-

-875
876
877

878.

1, Warning- ihisstep must be done only one !!

ConVert the'common, s 'cat log, to printable form from

here by pressing -HELPI-, once.

2. Copy the common statlog into cgerly convert it to

a source, rename the block studstat, move it to

blOCk ib, and mark it not to be readin.

.

3 Zero tV:e original copy Of the common by pressing

4 1

part -1,



879, -LAM- While/in herie in the student mode.

5. Enter +list label,student statistics (date) as
the first ifne in studstat, and "*list off' as

082 f the last line in studttat. .

863 6. Request a print of lesson egerl.,.

884 7. After t ri t of studetet in cgerl has been
885 'received, del the block studstat from cgerl.

41114
. I

887 unit. ,r1mlie
886 calc n111 ,$t changes 6 to 11

889. 'entry r1m12e1

,n151;Win..;t',n1 1+3, 1oni

892 talc' n151.nc(n171)1
891 calcc
892. jump ) 71150*'.inst'irl 1 e104
893 itps nc(n141),nc(n1+1
894 itoa . nc01+2Y,nc(nl+2)
895 itoa nc(n14.3),nb(n1.0)
896 'itoa rc(n1+4),nc(n144)
897 itoa nc(n1.4)inc(n1+6)
898 jump, rlmlOg
899 m

900 unit , r1m10f
961 talc r14=n1+8

902 jump., r15322,r1m12e1,x
903- at . 410
§64 write -Common is now:printable.
925 pause .',

926 jumpout plato
.*,

"27 ***
1)

928 unit rimiOg
909 x.s.alc v5X4nec(n1) $$ chid frbm n145 'so counters prt.

.

910 ca ld 71'514.int(v51) '= .:

911 talc n524.102024rac(v50)
912 jump n51s9,r1m10g1,x
913 jump n51S99,r1m10g20(
914 jump n51S999,r1m10g1,x *

*

$$ next student

915 entry r1m10g1
916 talc n53.1
917 goto rlml0h

918 entry r1m10g2
919 ca1c n53.2
920 goto. r1m1.21-1

921 entry -rlmlffg3

922 calc n534.3

923 goto r1m101.1

924 m

,12

1-

.1



925 unit r1m1011

926 calc n5441'.'

27 toe n51,n51
920 ftoa n52,n52
929 move n54,1,n51,n53+1,4
930 move n52,1,n5101532,
931 calc nc(n1.5)44n51

932 lump rlml0f
913 ***

934 unit rlmlZi
935 calc nc44).10
936 zero nc5,318
t37 calc nc322a0
938 dump r1m0a
939 ***

940 unit rlmend
941 press next
942 end lesson 't

943 ***

944 use eex00,ck1j
945 use

-ick-kbe
\ 946 use ck3
\ 947 use
948 use

kc
ckcw
ckcl

ckciw.

ckc2
ckc2w
ckd
ckdw
ckdl
ckdiw
ckd2
ckd2w
dl

dig
di!'

d12
d13
d14
dI5
d16
d17
d18
d19
d2

d20
d21

d22
d4

... dS
d6

d8

(...:k4

,.ck5
/

c not found
not found
not found
not found
not 'found

not found
not found
not found
not found.
not found
not found
not found

r1m4b 299

r1m4c 337

r1M4c 140
r1m4c 344
rlm4c 349

r1m4c 352

r1m4c 357

rlm4c 362

r1M4c 365

r1m4c 370
rlm4c 375
rlm4b 304

rlm4c 380
rlm4c 384

rlm4C "390

rlm4b 310

r1m4b 313
rlm4b 320

rim4c 331

S.

a

640
6010

640
640

640
640
694
694

694
694.

694

694
296

296'
297
297

297

297

297
297

297
297

297

296

° 297
297
297

296

296

296

296

43.

1 1
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;70

V.° .

A9 111,,m4d

rlmend -141 nd
r1m6a

'334

940.

24

296
31

,56 57

706

84 #0;, 222 145.0" 230'
582 911 5,59 '74t; 7,10

797 $t7 646 fa la47

rlmft; r1m0a 51

93in

r4mla rImge 54 49
?L. rlmige rlmlea 795 %49.

r1m1gb. r1m1.0a 819 817
r1m10c r1m10a 845 ih7
r1m1gd rlmend 864 ;17
r1m1.0e - rlmend 887 865
r.1m10e1 rLmend 884' 892
rl,M101 rIthemd,- 900 932
rlmlOg rlmend 908
riml0g1 rlmend. 915 "912
rlml0g2 rl'me 918 913
r1m102:3 1^11Me 921 914
r1m1.011. rlMend 925 917
,r1m101 rlmend 93.4 866
r1m2a rlmJa 82 49
r1m2b r1m215 91 86
r1m2c- rlm2b 112 115
1-1m3a rlm3a 169 49
rim3h r1m3e 1,8-7 195
rbm3c rlrn3a 197 189
r1m34. rlm3a 205 189
rtm3e rlm3a. '220 223
r1m24 ;r1m3a 225. 217
r1m4a r11n3a, 236 49

r11n4b nolm4b 245' 240
rlm4c r1M4c .- 325 213\:*-\.:%

r1m4d r1m4b 260. 2r0-
r1m4e r1m4b 272 262

w'

r1m4f
riM4g

r1m4e°
r1m4b

. 279
r

283
262

266
r1m5a r1m5a 395 49
r1m5b r1m5a 414 411''
rlm".5c rlm5a 412 420
rim5d r1m5.a 438 426
r1m5e r1m5a. 448 43
r1m5f
r1m6e 'r1m5a

451

459 at

4.16

49 s
r1m6b 475 479
rim6c

,r1M9a
'r1m5a 484 473

'r1m7a Islm5a 490 .49
r1m7b r1m7b 501 499
rImibe r1m7b* 535 545
r1m7bf rl-m7b 542 .539

r1m7c r1M7b1 565 543
.r1m7ce rlm7b 579 581
r1m7d r1m7b 584 544
r1m8a r1m7b 5-9.1 49
rim8b r1m8b ;sit 607
r1m8c r1m6b .64,5 624
r1m8d rlm8b 651 627

44

902

92," 923

85

'133

222

are

137-r, 142

199 203

-193

219
. 239

157

260'

274 277

.436

153.
457

1445

465 478

-.488

582

k

,56.3 586 5 0

614 665

487/

615 643 /659



4/.

rImee rireb 661 609 666 . 697, "'lb

r1m0f rlm0b, 602

rime ma W) 49 742 ?Es& IYI

rlm9b 1m9bi- 741 711
A'

r1m9c r1m96. /73 743 :765 704.
3

-, ... r1m9d rlj9b. 700\ q 775_

"rlmle r1m9b 789
.

rl52a rlmtb 135, 11.

r1a2b ,: r1m2b 142 1.14 .,,

rls2c r1m2b 151 119. ;155--

r1S2d r1m2b 159 126 129

rls2e r1m2b 144 120 130 152

r15.9a rlm9b. 767 3765 -
back r1m3a 222

back elma 581

bitcnt ,r1m2b - 146

cc _r1m2b '93. 111 132 139 156

cc r1m3a 171' 186 194 202

check r1m2b 94 !104 117 '117 146.

clock r1m2b 106 118 137 138

clock r1m3a 182 --',. 192_ 199 200 207

clock r1m4b 256.. 265 274 275

. cidck". erim5a 407 4013- 419 422 * 453 -5.?,,Z

,553 '561 566 /586. 588

code rlm4b 249 264 300 305 311 3,43

335 388- 342 345 350 S6,3

371 'y 376 ., 382 385 391

data . r1m3a 222 -.

datac r1m2b 98 `' 116" 119 127 131

dc - r1m4b 247 259 ' 269 276

dc r1m5a 397 ' 409 413 '-, 456

dial, rim4b 248 ,,255 259 267 267 ,r76

- _ 288 296 297

dial r1m5a 398-a 409 413 420. 456

frac r1m5a 911 \
illt r1m5a 910

. key rlm?b, 114. 114 114 115 116

key r1m3a.
,

189 189 189' 190 22

key. rl,m4b 26',2 262' ,262 263 . 264 i

key_ r1m5a 416 417 , 120 525 ,, 543 5j-

547 .' 549 55,1,
581 581

b.,ketime .r1m2b 97 .106 118 Ili 138

keytime rlm4b 251 ' 256 265 274 275

n rlm3a 190 2 1 22

n r1m5a 417 441 441 449

namterm r1m2b 99 123 127 160

nc rim5a 820 821 821 822 829 /
nc2 rlm4b 252 25'2

nc322
nc5

,
r1m5a
r1m5a

937

936
-;

' next r1m2b 114
-_,

next ,r1m3a, 109 222

*next rlm4b 262

next -r1m5a 420 543. 581 5e2 941

node rim2b 101 1. 08 120

noslide r1m5a 713 745

n1 r1m2b 94

1.

4 5

/

764 '70 74

.155

/

454 5137 531

314 34:1, 321

353 4Lb 358

268 2.4? 269-,

222 222

543 596 544'.

582

1

841 W 890.



4

.
:. .

,.:.

.1-11 rinaft . 217 iii 219
`'` n1 r4,141)

214.726 : JAL.
.

.

. E
198

. . .
191 191

.. 1

n1 r1m5a 198 , ,\,i404 417 418, , 418' f$0 446 4I '467
486'. -4.15i/ ' 552 552 555 C/4 560. 91 571
640 -'1 891 . 641 .891 691 'yots 901 -904 401 .

931 .-.'
i,

\\.. n108 'r1m5a 762 765 777- 778 783
.

783 790 764
nlial r1m5a 405 429 455 455 712 744 .

nit ' r1m5a 528 .' . r

n12 r1M5a 529 546 .546 546 5.46 557 573
n120 r1m5a 443 445 449
n13 r1m5a 530 ,,, 538' 538 -_ 53'9 540
n14 r1m3a 227

nI50 rlm2b 48 49 1

n150 r1m5a 816 817. 390 881:, 892 4
95\ 1

11

.

n2 -. rlm2b
.

, -
, -,

n2 rlmsa , '. 217' D219 227 22 2'31 233
n.2.' r1m416- 249\, ,

n2 '' -1...r1m5a., ._
. 426 \ 434 441 44 441 446 54 449

n20 . rtm5a 97 - '',509 523 1.' 53 562 1' 589 -

n21 rImS
,

a . 8204 822 829 .841'
r1m4bn22 252 ,

n3 rrO2b 96 121

n3 rrm3a 21.6. 216 226 226 228
n3_ n1m4b 250:

n3 r1m5a 439, , \ 440 441.. ;25 541 546 547
AP10 rIm5ai 647 679,
n33 r1m5a 620. 655 .657 673,--- 703 705
n36 rlm5a .621 V--

n39 \ T.1m5a. .6770
,

n4 r1m3a 4 215

n4 r1m5a 423,

n47 '1..1m5a .1 .642 696
n5 r1m2b 96

.

'y

n51 r1m2b 29 30
n51 r1613a 183 . 201 201 210 ___...

9121' 9* 912 ,V9 913

232

1

.n51 r1m5a X639 640 694
0 930 931°

n52 r1m5a t 91\1 . 930
n53 I-. r1m5a. 916 91'9

n54 r1m5a 926' , 929
n6 r1m2b ,99

n6 r1m5a..- 526 55'6 572 587 587
n7 r1m2b 100 121 ' 121
n75 er1m5a 1624 ;,,647 ,

n76 rim5a 646 647 , 648 648 .48 6** 648 6*9 '648
n8 rImay.. 101 121- .. ; 121

n99 rlrn3a 213 234,,

screen r1m26 100 .107. 124 124 124 /R.* 124 i21) '12.5

146. 146. ,-14".,' _:146

screen r1m4b 250 -254- .284 264 267 295.,

atart r1m2b 95 ,/,,W "119 120 124 153' 126. /.53 152
1.54 155..

. ,
(

I

station r1m5a 712. 744 ., >.,

stop, r1m2b /114

s.1.7f.) , r1m3a .- 189

922 4, 929 930

r4m4b 262

46



stop
termc

.

termc
timeup
t,ifour..,

t'imeCip

timeup
user-

vc

12
v120
v102-

v103
y4
v4

Y';

ii:0

v50'
5;1

..

v7

vS

where
where

, r1m5a

.
rlm2h

'" r1m3.!..' ,.

rlm2b
rim7:a

r1m4b
srlm5a

rim21:-..

r1m5a
rIM5a
r11-1\5a

r1m5a'
,

rimra
,

.1-.1m21\:,

r1m41-
rTiii-;5a. .

. rim3a

1M!-,A.

IrlmM
I. rlma

y4 r1m5a
rim.1
r1M2
r1m5a

.1

543

06.

.. IV
.172

114

189

262

.416
.

9.89

537
407 .

408

42.2--

97

-251

532

-182

\909

\182

207\

'531

553
-110
442

,

t ,105

13.9

186

544

541

419,

432

561

192

910
213

213
541

559..

444

.

.

111

154

193'

453

586
199

911

,

560.

lesson name = cgerl

start i> date = 11/20473

last edited on 08/21/74 at 10.52.53

by neal of,course eecge

at site 7, station 27.

author name' = J. Neal

department = EFec. Engg.

telephone num1.)er = 133;4351

discipline = E E

grade level = .CGE authors

,

.

tf7 120 I2,6 123 '113 124

'7156
194 2R

l

2

4$-4

588
200

\

T.
.

575 576
.

560
575 \

576

\
\

lesson informatio6
....,

descripion of lesson = CGE-PLATOOtests & Special Software Routines.

4 7



-
lesson .ceindex at 2....34-am on thur5day, september 5, 1974

block la,

2 stop
3 4. ) >Y

cge i ndex i d

For Neal, CGERL, Room 248; EEB.

4 One line description of this lesson --
4

5 The Router Lesson for Courses ee244

1

6 1 D& visions of this Lesson:

15 *list
#list
115t

115t

77, art

i>n the

23 ooto
24 l r.tr

E:loop

27. Ttart
28 charset cgeindex,ceeclArr
"29 era.,=,e

. 3ff Hataon'
31

± 0

Pouter unit'
InJe.( of ceelt:periments
En i-exp questionaire

.-,Table ofplat'O.characters
Table of cge characters
Chars for ree character set
).-;:,MMon for- student statistics

final edit'

iifo
mbols

-ianicharse ,cgeindex;cgechar

4

4 .t,t141.01, Loadings the CGE Character. Set

Sloop,n3W4,12.7: $t this seqUence will insert
$$ blanks in all r/w charset
$t spaces before loading the
$$ cee character set

aue 74 'heal.

and eecee:

Eilock Unit

cgestart cgestart
cgeind cgeind
questl questl
chanplato
charcge
ceechar.
SIatlog

block=a

block lb, cgestart

33 unit. cgestart
34 common ceeilndex,statlog,322
35 name
36 jump n2='inst',instruct,x
37 jump user=istudent'Sandtstation251,x,cgeind

- 48

part=1,
. \

7-4



, .. I
38 jump user.litudent'Und$station0236,x,cgeind
.6.9 at 1214 .- (1

4.0 writ At this time you,may Only have aeess to CGE-PLATO

/ ...ul. 3 .

.

41 '` at the CGE Research' Laboratory,' Room Z48 EEB.

43 juMpout Plato
44 **;r4

45 unit, instruct
\46 at 1210
\47 wAt.A\ One moment please

jumpoyit cgerl,ihst
49

52 unit \ ceeind3
51 next cs.feind8 r

52 at 510
53 write You are not t the CGE station in Room 248 -EEB.

54 Therefore, I will send you back to our title page
55 pause 3 .

56 jumpout cge
57 ,at -0810
58 write Please be patient.
59 ***

S.

60 unit cgeind4
61 jump 1-12'ee244.,contl,x
6.2 join n3=nc(nc(4)-8)$and$rstartl=nc(nc(4)-7),old,new)
63 $$ 8,7 instead;pf 6,\5
64 ca 1 c me (n21)1,713

65 nc (n214.1) first art 1

66 entry cont
67 'jump, resume
68 4**

69 unit
70. at 12

71 write YOU are not\at the. CGE Station. You Will be
72 take, to Sample when you press next. Press
73 -Shift-Stop if you want to leave:.
74 pause
75' inhibit jumpchk,

O

76 at -- 3224 ;

77 write. One Moment Please?
78 jumpout sample .

79 4c4*.

80 unit skiper
81 at 510
8,2 write now going to lesson CGE
Co17: inhibit i..JMI6Chk

84 jumpout cue
0

6

It.

s,

49
tr

part=1, block=c



block lc, cgeind.

86 'unit cgeind
87.\--ute cnd lesson,cgeind

. .-

88 -cute
89 ft:erm

9.0'" at

4' 191 write

92

93

94

95

96.

98

99

q7

100

101 The above experiments should be ompleted in
lian equence. ,Prior to attemOing,an ex erment, you

/

11r1. a
:,F.ould h ve read the abOVe referen ces in: a

,

. \'

104 . .U.I e \c, Electronic MeaSurements and Laboratory
10-5 F -act is e, \1:y S. Wolf, Prent ice-Ha l l , 1973.

error,cgeind $$ specify .where to go on exec. error_
index
207

COMPUTER-GUIDED EXPERIMENTS REFERENCES

O.' An Intro. to the CGE Station Chap. 1,2,3
1. The Oscilloscope Chap. 9 -.-

2. 'The Audio. Oscillator Chap. 13

The Functlion Generator Chap. 14
The DC Supply Chap. 8,
The Vacuum Tube VoltMeter
Measurements of Transients

Chap. 4,12
Chap. 14

, tleasurements of Impedance , Chap. 3
6. Two-Port- Networks

.106 .While in any experiment:

107 To\return td thks,page, -TERM- index.
LO8 -Td record your comments, -TERM- comment.
109 To read trch.. data and spec:'; TERM -- slides,

110 elect an experiment by,ty its number,.or
111 ree ter where yoU shift-st6pp out by pressing-r.
112 arrow, 3810,

113 long

114 Match n1,0, 2,2,3,4,5,6,7.8,r
115 course n2

116 jump station=236$and$n2.'ee244',cgeind2,x
117 jump 1- ation=251$or$n2.'eecPe',x,cgeind3
118 jump n1,xcgeindl
119 judge. no
.1211 at 3110

121 write Type the number 01,2 . . etc.

122 :c4*

123 unit cgeindl
124 course n2

125 name n3

126 calc n33$mask$077777777777777770000
127 jump /11,x,x,x,x,x,x,x,x,x,x,cgeind4
128 jump n20'ee244',cont,x
129 calcs n1 ,nc(3)s'x',Jeex00','eex01','eex021,1eex031
130 join n3=nc-tnc(4)-8)$and$nc(3)=nc(nc(4)-7),old,new

50

'eex04','eex05',1eex.06', ex07','eex08'



131, calc
132

nc (n21) .n3

nc (n21+1) 1:ric (3)I

.-4131 entr -'---Cont"

134 at 510
115 ite. Now going to experiment selected.

>-V -inhibit umpchk
137- jumpout 'n1;x;eex/00;eex01;eex02;eex03;eex04;eex05;eex06;ee 7;eex08
138 ***'

139 unit I. old
40 calc n2171C(4)78. 8 instead of'6

.1 1 exit 1 t.

***142

143 unit new '

144 calc n21nc(4)
145 (4) 4ric (4) +8 $$ 8 instead of 6
146 exit 1

143

block1d, questic

*****- End of Experiment QUestionaire ****

149 unit I quests.
15 at 'I 810

, 15 write You have completed this experiment.

Please complete the following questionaire,
1513 in order to bring your comments to date.

'Ji-e170147:17h611:e:lilel:=Ze-

A. I believe my last CGE experiment is'worthWhile.

your present opinion.

\

1!-;i''

1.

115:

3.

Strongly Agree
Agree.

158

159

Undecided160

161 4. Disagree
162 - 5.-,' 'strongly Disagree
163 arrow 2510

'''164 long 1 1

165 Ok *

166 ***

..
16 -unit quest2
168 + 1210 ' . .

'169 write B. I would have learned more about the
r

170 topic of this experiment in a, conventional I

171 laboratory 'course.

51t

/

part=1, block=d



172 1, Strongly, Disagree

" 173 .2. Disagree
// 174 . 3. Undecided)

175 4. Agree-
176 5, Striongly Agree

177 arrow 2513
178 lon5,, 1

17,4 ok
130 ***

181 unit ouest3
182 'at 810

183 write C.

184

185

I-

1

How would you advise a friend w
was considering takinka Computer-Guided
Experimethal section of the Inkroductgry
EE'Laboratory -course, EE244.

,

137 1, ngWtooth and neil.to get into, CAGE.
1a8 2 . Take the CGE section i f reasonably possil 1 .

189 3. Take the CGE section only if -convenient.

.190 4. . Avoid the C,GE section- if colWenient, \

191 i' -. 5% Avoid .i.IGE like a plague. -: , . .

112 -arrow .2510.

t97: long 1 - V
,114 ,-.47.

1.1. ** :)

1964 unit ouest4
197 at 1'210'

A

1'r irate D, Have you previously covered e topic of .your

199.' last'CGE experiMent in.any other"laboratory. .courSe ?
200 arrow 1640 ..,.

201 long
202 ok

5,

A

-block le, ommentl

0

\ 204 unit'; comment!
'205 back cgeind
206 at ' 510

I

08z07 write '' : You are invited
care toofferi2

0 type

(

any final comments you

.a09
*

,

210 Press -NEXT- to enter another line of, comment.

211.. Press -BACK- when finished.
3212- talc I n1421110

213 entry comment2.

214 arrot,,,1 n11.111*100

215 lk.y : back

part =1, bloCk=e

52



o

216 ok
217 endarrow
218 goto key=next,comment2,x
219 press, back'

part 71 , b,Lck=f-14

[

block 1 f , charplato

221 *** The following.PLeTO characte sets are in use:

2.p 2 *id Normal lower case (1c): (N,

l'h3 *1cl abcdefghi jklmnop,,qrstuvw.xyz
4224 *1c2 ki C 2 a 4'5 6 7 8 9 = * x ; /

. \

225, *id Normal upper case (tic):

226 lc1 a b p de f.eh i j k I mr;;'-p,e1 n\s t y z
227 Alcl ABC..DEFGHIJKLMNOPIQ'RTUV1t1XYZ !

228 *1c2 1 2 3.45 6.7 8 9 = +* t x-; .

229 *uc2 < > [3'$ * (.) . u " !

MICRO then key above the character:

231 *lcl 'abcdefghijk,ImnopqrstUVwxyz
232 *char 2 c' A g X y 0 1 ,43- 9

233 *1c2 0 1 2 3 -4 S 6 7.8 9 = + t x , .

234 *char > @ ee-7 & $

235. *Icl acbcdefghi jklmn-opqrstuy,wxyz
236 +ucl A13,CD.EFGHIJ...M.NOPQRSTLIVWXYZ
237 -*char 1- \ 4 -1*

,
. .

238 . VIt2
239 *uc2
240 .zchar

0 1 2 3 4 5

> ( ]

}

6 7 8 9 = + -*- x;,./
'

m ( ) L 6 : " 1 ?

241' id r E. S ± e the char .(ACCtS; E ehi ft CD:

242 *Jci abbdefg kl.jm-nop.orstuvwx-yz.
243 4har N A 8 X, p' ' 1. p .er 0 w
244 *1c2 0 1 2 3 4 5 6 7 8 9 = + * - t k ; , . / .

,245- -*char ; > 2 3 4 o 7 8 9 & ' - - * .

/ .
.

246 *1'c -1 abpdefghijklmno 0 qrstuvwy'z
247 *ucl ABCDEFGHIJKL NQPQRSTUVWX.YZ'
48 *char +-BC 4 EFGH 1 JK MNOPQRS,TUVt'4YZ

249 *1c2 0123456789 =+*--tx; //
252 *uc2 > [ ] * ) a . : " !

o
251 *char ) ( 7 6 : " !

53



252 *** End 'Of PLATO Character 1 ist ings.

bldCk lg, charcge

254 *** Thejojlowing charactes are In the CGE Charac

U

er. Set:

255. *id FONT then key abOVe the char. '(FONT m shift MINCRO):
4

sition numbers of cge characters (read*

257

'250

259 'cl.

260 .,,.char

down):

1 2'3 4 5 6 7 8 9 1 1 1 1 1 1'1 1 1 1 2 2 2 2 2 2 2
0 1 2.8 4 5 6 7 8 9 £1 1 2 4 5 6

abcdef9'hi jk Imnopqrst'u z

T ) ?" tf.

261 ** Po ition numbers.ofct,...e characters (read down):
.

.

262 t; 2 2.23 a 3 3 3.3 3 4 3 5 3 k5.5 4..6 4
263 * 7 8 9 0 1 2 3'.4 5 6 4'7 3 8 8\2 9A 2 0

264 '*1(-2. 0 1 2 3 '4 -5 6 7 8 9 + -

'265 *char +

''..

266 . ** Position numbers o f cge characters (read down):
.

.

267 * ) 6 6 6 A 6 7 7 7 7 7 7 7 7 7 7 8 8 8 8 I t 8 8 8-6 8 9
,

268. ' 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9.0 1 2 a 4, 6'7.8 9 0

26 *lcl abcdefghi.iklmhop5=#s*t vw x.y.z
.270. sucl ABCDIFGHIJK.LMNO'FrQRSTI VWXYZ
271 *char I 4 s, .- ' J Eirti.i. l -*-,/

272 Position numbers of ..cgze characters (read 'dot,'

27A1 * I, 1 1' 1 1 .1 1 1( 1/

27.4 * 9 9 9.9 9 9 9 9 9 e.0 0 0'1- 1 2 6 2 0/

275 I '2 3 4 5 6 7 .,8. 9 0 8 1 2 2. 6 3 0- 4 4 .

276 z*lc2 13 1 2 3 4 5 6 7 3 9 = 4- --

277 *uc2 < > [ J $ ' * ( i/ u " 9

278 *char f

279' *id FONT then.shift O then key above the character:

2 80.-**- Position number pf cge characters (read down):

281 * 3 4 4 4 4 4,4 4 5 5 5 5 5 5 5
282 9 5 6 7 9 0 1 4 5 6 7 8.

283 *1'cl' .abcdefghi jk,Imno
234 *char:

V



285 ** Position numbers of'cge chisracters (read down):

28.6 *
287 *

288 *

289 *101'
290 *Lic I
291 *Char

292
cgreind''

cge nd I

Cg.e.ind2;

(>41,

nd'r

4-41cg"estari

itrimItrtirl
0 0 0 0 0 .1.1 1 1 1 I 1 2 2 2
13.5 6 7 9"B 1 3 4 5 8 9 0 1 1

"e1),cdefg'hijk 1 mno
'ABCDEF"G'HIJKLIINO

conI/pet-AA

ebmment2
cofilt

o*iit 1

inStrua

quest 3 .;

quest4
slc.i per

back

,snc

new
old
quest 1

quest 2

next

nt

n?.

4121

n3
rst art I

station
user

End of
_ ,cgeind 7

cgeind
Cgeitart

' _cgest4rt

cgest art

cgesk'grt

womment
comment 1

cge nct.

j:ge.skart

cge.ttart

ctgei

rPein
quest
quest 1,

quest 1

t que:st 1
oge5. tart

.

CGE Character 1 ings.
86

123
69
50

60
33

). 204

133
66-
45-

143
139
149.
167

, 19.6

Or
219
218

130
.145
2,1

1 4
35-
64
-23

62

37
37

4

62 :
' 18i

136

65

24

'465

38

lesson name... cgeindex

startig date = 2111(29/73

last edited on 09/03/74 at I1'.28.26

I

37 38 87

*.

cte
LL

gr§
118
105

51 I 1 7
1.27

.218,
fes
61
36
62- 130
62 130'

62 62 464 610 65 '* 129
130 131 132 i ifr5 132 1.11# 140

s' 127 129 212. 214 2L4 .
61 115 '116 117 126 124w

131 t3e 140' 144
64 ,125 i;3O 126 /3/ 126,

116 117

les.spn information

by nea 1 of course eecge

at site 7, station 27 --'
,

41
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author name - J.P. Neal

department = EE

telephone number . 333-435,1

dOcipline EE

trade level.. Freshman

4e-.cripiOn of leson = The Router Lesson, Courses ee244 and eecge ,

0

JP,



2 stop

block la, eexOgid,

Lesson eex00 At 5:11 am on friday,, september 6,'1974

part=1, block.a

Forr.Neal, CGERL, Room .248,' EEB:

4 One line rie7.cription of this' lesson

An in+.rodu.,7.tion to the Cr4E 5taion.

Divisions of this LesEZon:

for this file eeyitiZit

et:rcria: ..
of cue ,:=.ttiaonf' .',07iRmJa )(00flffa

k . NOOmla
t4r01=,

Block Unit

,Fimal 29

CI)

f,1111.h 'endyni,t.

1 -fat,1wicfr. Lodi r the Cf.T. Character Get "
.)-vo-%et

\./

.'
n

r.

-,17fRmffa

76 unit ygffm(4.

7 ter: : >e

'P. name
' -.a0mtwal

1-;;-.1t-, -wil147%Pra . -

)t :(4,--1110in71044g0,0

io.c11 'rerfimilal, X

1,,43 n It

1

0,n2>

N

part-1, block=b

Thisis PLATO terminal is externall'ini.;erfaced with the



37 ,adjoining electronic experimentation equipment.

38

39

40
41

42

4.3

44

At this CGE-PLATO station,. PLATO can automatically
determine the external interconnections between terminals
c4 the experimentation -:._quipment or check the settings
of the dials on that equipment".

This lesson will acquayht you wit e uses of PLATO and
the names of the panel controls and termin ls of the

,

instruments and circuit boards of the CGE station.

45 Subsequent experiments will: guide you to' learn worthwhile
46 methods. for operating the electronic instruments and making-

_ 47 electronic measurements.
.

46 E-,p,eriencei-instructors have prosrammed connection
4 che.-_Ts and dial checks 4,,Jhere necessary to sense your
50' r--ogress through the experiments and to provide you
51 wIth additional nssistanee,''if you seem to encounter
52 ,undu difficulty or request help or information.

53

54

If you are unacquainted with PLATO, press. -HELP-,
.xtheriO3a, pr,e5.7. -Nr<T-1.

unit NiiMMOal

57 back );:fRm0,R

N00-rrOa2

59 7,cre: n30
60 \\o* 1210
61 mrlte-- If'you wan_ o see a sample of the

variety of lessons now programmed on PLATO,
-TEPM- sample. Otherwise, press -NEXT-.

"
unit -,00mRa2

4.1 .16f; back
67 n-- t -,00mb

F0=1

r,o riff' tkAtt -that: you are acquainted with the Plato operation, you
. 70 are ready to proceed with the Computer Guided Experiments.

If ''ou are somewhat familiar-with electzpnic instruments
or are exceptionally alert"; you will find that 9cu can
rapidly accomplish the-sequential learning tasks presented
to you in, the subsequentexperiments.,

Do not be dismayed if you. encounter difficulties. If you
have no difficulties and breeze through the tasks presented
t!'you, you may be learning.: vety little.

As Hl ice in Wonderland Said,
"Oh, a knot Do let'S untie itl"

part=1, block=c



block lc, xZOmOb '--1

81 unit x00m8'b''

:82 -back x00mHa"
-83 next . x00m01,1

84 name n2

85 at 905
86 write Hello again (a,n2>

87

88

89

90
r.11 ***

After this brief introduction you should be able to
communicate with me and set the instruments in the
safe initial Mode". This initial mode is specified
and rechecked whenever you s-Ort anew experiment.

92 unit x0OrriFb1

-93 hack -v0.0m0b:

94 Ilext Y00m0g
95 at 907

96 write In front of you are five rack-mounted electrontd
97 instruments.

Each instrument has a number of terminals between
which you can make interceinections,.and a number of
knobs; switches, and dials by which you can adjust
the instruments.

102 I will list the names we use to refer to'each of
103 the instruments, terminals, and dials, and I. suggest
104 ;,..-)u loc.ate each of them on the instrument.panels.

i05 ***

106 unit 'x'00m0c

107 hack x00mPb1
111'.

qi0

i10 write At the top left pf the equipment rack. is the
11i Analab DUAL-TPACE SCOPE Type 1120. Note that red

label-. pertain to red knobs, and black labels,
11 pertain to black di'als.

114 .Important dials of the SCOPE are

115 BEAM FINDER (a black dial) SCALE
11i".) INTENSITY 02, red knob) FOCUS
117 A & B SEPAPATMN Power
t
1 S DISPLAY X-DISPLAY

11:4 '1 POSITION X POSITION
1?0. tx,g,

171 Lnit YgOmOcl
17:: hack N,00m0c

1 ne-t

124 :If 506
125 write To the right of the SCOPE, in the same frame,

J9



126 is the Analab TYPE 729 PLUG-IN.

127 j'Important dials of the PLUG -IN Are:

128 A VOLTS

129 NULLs (red knobs)

13.E A PREAMP TRIGGER SOURCE SWEEP MODE 8 PREAMP

131 TRIGGER SLOPE

TTME 8 VOLTS

Important terminal of the PLUG-IN are:

133 e, INPUT- TRIGGER INPUT B INPUT'

awl

blocl-i Id, )(00mOd

135 unit ,g0mIld

1436 hack ,c1PmR.71

137 ncr.t* -.crru:7f.711

17!7;

Directly below the SCOPE and the PLUG-IN is the
laff FLITq:TTON GENERATOR:

I 42

12in rUm. Gr_N. there ar :

TP7G17,U

tr

:5-7_7 (-.1ac1-7. kno

142 ***

1561

lc! beck

1'14 wite Directly to the right of the PLUG-IN 4s
the'AIOIO OSCILLATOR. .

Terminals '

SQUARE
TPTAW4LE
SINE
Fi 1F

OUTPUT (red
TPIfl OUT

terminal)

'156 T-11 dia!s ofthe OSC. are:

157 pcIN, Frequency, and nMPLITUDE. . The frequency dial
one in LhT c,F7,ntr.

60

Va

part=k1 block =d



159

160

161

162 ***

163 unite x.00m0e

164 back, x..00m0d1

165 next NOOmffel

166 at . 807 4

The_t9rMinals of the AUG. OSC. are:

GROUND (black), and the left and right red OUTPUT
terminals.

167 write .
Net to the AUD. OSC. is the VACUUM TUBE VOLTMETER.

168 Th_ RANGE dial is the oniy dial of the VTVM.

169 INPUT terminals of the .VTVM are red and black.

170 OUTPUT terminalsOf the VTVM are red and black.

-
171 In each case here, the black terminals areGROUND.
172 m'

'173 unit
174 back'''.

175 next,

, 176'at
177 mmite
17S

17?

1130

is

182

4

x130m0e1

x00m0e
x00m7,7

807
The CONSTANT VOLTAGE/CONSTANT CURRENT-or

DC SUPPLY is located .below the AUD:.0SC.'and ijpie VTVM.
w

ThedtAtgof tille506R7";;;T:--

-METER, VOLTAGE, and CURRENT.

The termikals of the DC SUP. are:

+ .(red), (olack), and GROUND..

193 Incidentally,' the ground terminals of, all of the

1d4 insLruments ar; interconnected at the power receptacles,

165 so GROUND is e-T,entially only one common terminal.---

,Part=1,block=

,
I

block le x00m0g

187 unit x00M0,cg

188 back x00m0e1
189 T-ixt

190 1;11)

191 at , :307

192 write, The CGE-PLATO system has- the capability

6 1



193

194

.195

196

197

198

199
207 46'**

201

202
unit
join

0

,!tu.bc;Matically checkingthe interconneaions between
38 terminalr, arp:i automaLioally checking the settings.
of Mentation equipment.

If you mant to See a recor:d -O:f a present check,
pre!-;

01:herw'se, press - NEXT -.

x07m0h
inmo4i1

w

203 entry ichee*
204 ioin " t.nmodeck
20c jump n17,1.7.heck,x00m1a
276 #t-A

207 unit
208 back --30m01,
20Q nes,e.t

210 n..) me

-211 ai

212 `9;1,- Hello again '<a,n2).

213 a any time.durirm, an experiment, you can read a
. 214 slie ,;isPlai) shominP deScriptionaof the .purposes of

215' rIlf"! imr,-.1-tant 'dials -and terminals, the Manulacturer'a
,216 -,-..pe,7fl,7.a.tions for the inStruments, and other generally
s217 1..-v.111 ,nformati,-n b., the -TCPM- slides.

213 i can do the e,:periMentc .7. liSted later in-any order.

21'3 .T.or-7.equent1 at+empt to per form the
out- of.-s,:quence, and encounter too

221 j]f!lculty, you may- be auLomatically
to sfl,r v. wr .seleted '.p:,eriment,i-TO

prl,W experim-nt, in order for
224 "LI I -' Irri 1-1,70't to pr.,p,,-!Irly an instrument.

4

block 1., x00end

226 unit x.07ifob
227' next
2.2n bact.

ak.

230 mrite You are nom 'ready to explore physical; reality.
;.11;s..col:er-Guided

233 d1,V1S and -:onnec-I_ ions in ;the safe
234 .!:',en press -N17.!,T1 .:L,..!.vo to thr.

6) 9

part=1, block=f



235

236 )#**

Index of Experiments.

237 unit .;200s0a

.238 calp n251.'eex00'

239 n26.0
240 n30$400
241 join., jmpmes
242 jumpout help
243 end
244 *v*

.245- unit xOOsOb
246 base
247 back x0. m0c,

248 next . xOgs0c

249 join r1m2b
250 x, ,s*

251 unit 0RsOc
252 back x00.=,0b

253 next -410m0h

254 join rIm4b
255 #4,!)c

256 unit YZETenci

2 7 course n2

25;3 ca cr.: riT'= 4-2 44

?-1.7.71n7:1+474-- (nc (n21+1) me.-kkc)77.777777 7 7000000i000) +o460300,4302flif ,259
:7' 6 Ci nc (n21 1) snc (n21+1)

7)7 ccd..trse. /-.1

262 join n1= ' ee244' ,endunit ,

263 . Join jmpm. s

f'-/ limp) cc!e index

266

.267

269
277

urcit

course
JUmp
al

endunit
n2

n77 ee244 , leave,x
nc in21 +7) Inc (n2 /it 7) +ahelp

vc (n +6) 1--Vc (n21+6) + ati me/60000

271 entry leave
i72 ,ives 1:1115 lesson use of talk routines on cgerl
273 u!Fe c9erl, r1m4b

274 use r1m4c
275 a >e rlm2b

b lock 1 g , ckl

277' unit +cc

27t3 common cgeindex,statlo0,322

63

7-

,S)

a

part =1, block=g.,



279 define ckc
280 (..c=o4.0

281 uthorc=n33
282 ccdata=n30
283 bestcod=n36 $$ atthor code for best match
284 be=,terr=r39 $$ number of errors in best match
285 7.e,socnt,acOde=authorc,6.

'286. ,g2;1/ment,ccode=ccdata,5
287 errors=n47
288 print=n49 -1=print off 0-print on
2Plv ,.17art=n1

290 ,arch=n2
291 17rmc=n3.
292 kevtim=v4,
293 ,717tac=n5

29,1

295

296

298

299 vtal-e=n

30ff unit t7k.(7,1/J

3 ki 1 era
ft

302 .7a lc print0
303 -v.:A-1,-,

304 unit ckc
3'05

3g6

307 /Arlii:

t7i:71 t: intr -1

.310 urn 2kclw
311 v

7

1 .7!

printtO

314 'uni!,-

345 Data Collection Routine.
31,6 n22,1-,n.nc1+1
317 f

31e rood.= reite
319.
320 ,Th/ie

321 ;--),71': -7...7.d.ltap++++++++++++++++++++++++++++++
.1;72 711c Fartrtermcal

324:

325 time
26 ena!:,le

7 /-.7+termc

O

a

t



33Z goto (keyat imeup) (1s.ey=microSandSuser= ' author ') , cc I b, x, cc I out
331 goto (keySmaskSo1000) =Z, cola, x $$ throw out keyboard key
332 calC keyt imtclock *

.333 datactkey$maskSo37
334 count tcount +I .

335 calcc termc=0, termc4.1,terrnciletermc $"$stops array error
336 %, when hardWare not turned on
337 goto (datacAstart) - (count >31) , cc lc, x, cote
338 ca lc coode (terms) -s..tart et

339 t ermatdatac
3.40 ext Qc+trmc
.341 goto cola .

342 unit col c
343 cal c coode (terms) t0
344 goto termc=st art ccId,x
345 cal o

G
coode (termc) tstart

346 s,syto cold

347 unit
348 calo s1_arttstart+1
349 _datactccode(start)
:35g .voto ((datac0"+°)Sand$(6'tart532) (start>30,ccid,X,cc2
351 cab ,termctstart
35 ex+ co+termc
353 ,oto cola,

354 unit co I ID

/ 355 time_ I .

356 (_.!:oto olock-keytim>1.5-,x,ccla/ 357 ca. I o -. keytrroloCk
, .4356 .ext . co+termo ,

359 .-:oto cola

1'

. ,
367 unit ,--c. le '

0 36.1 ..! tl,-st'.Or i f more than .30 key reci ved !

362 mOds rewrite '. .
363 at 3123 ' .
364 write Ark,' 0--rc:r His Occurred!

At365 , unit Oolout
-366' cic n22tnoitno1 -1

367 pack auth,,Drc,.++++++++++++++++++++++++++++++,
368 Soto cc2

369 unit
370 e-:t 0
371 disable
372 ca Ic best errt100 $$ i ni t errors
373 mode erase
374 do co.'mess
375 mode write
376 goto

370 Lin i t
378 calcr

'' .379

, .

-c3
errorst-Z
s tarttte.rniCt0

SO

ti

I,

4



380 do cc4.
381 goto o n23<Z,x,skipc
3,82 <oto nc(322)<Z4skipc,x
383 czoto n21<5$or$n21>310,skipc,x
384 plc ri (n2 1 4 '1) .4-ic. (n21+4) +1

385 I-cc n47 0, nc (n21+5) ionc-(n21 + +1, nc (n21 + 5) 4,nc (nel +5)

386,. zero- n23

387 entry .5..k.ipc

3.88 Ho bsterr+errort-1,x,cc9
389- ,-Rrint
390 n rcg
391 exit

Klock lh, ck2.

393 unit ckc2w
394 era,v,

print0
396 b1o,7'-- bestcod,authOrc,3
397

398 unit, ckc2
399 r.J-Apt-1
Ogg t, 1 n, l bestcnd,autho4.,3
4g1

4cn

4g4

407

4(M
499

41X
411

412
413

414
415

416

417
418

419

42X 4

421 i:..zoto

42;'.

471

424

4,7C ,flrl'i:f.0 shOuld,be connected tO
b*-, connected to ,

,7,74 )

ffintvrint %dummyicailc to enteti oop
:ar7.:,1,start+1 'irnext te"-minal nuMbe ,

,-../-.7.T.-,:11 7--,La.rt30,4,x $fl?ra ch out when done
:c...:,,Iiil.c,,--,7v:10=0-7.ka.TH: ) , i 14t4'?. cc code,
.i,-7,1d1a.7,--de(st6.-rt) ,. Tint: code
,.Ht,--1--(c,!-od1=0$and$Scodl="H")$or. f.a.codl=".+")

l-rtinchstate,1,x . '

-earchart set search ak present,kerminal
-..c.,arc,h,l.s.earcoh+1. ; Vt'q1ncrement term. nuts.

b,-an ch scarcIr3X,1,x. :.1.o.alvay if too bi,,i.
,.. .z.oddei:5e,...11-1) .I.set cc code

.3.7..c.;:;::-:,,...Et c. rtri ,,_. 1:-"!,::rj.1-(.-'11) 4iliet authors Code,
^.,(acodt=acod2Sandl",acod1"X").

:.,itel.sEate-2(ccod1=ccodnandSccod1o0)-4(acc
branTh si7ite,x.2.2.x,2
errors4rerrors-1 fl'ia,+;I 1 to number 'of errors
brianch p6nt.1,x . "
p-intl.pri.nt %dummy ca 1 c to 'exit 'loop

(!-y;:,,r-t >3.gi -2 ( (er.rors e.- 6) SandTprint =0).,'Cp5, X, cc6

5.1-.'Xg 7it-.1-or,s

t.,,rm,-.:-7.,-,:lit

.66

*7**

part=1, block=h

man you are in trouble **t,



427. calc termc4+5earch

428 do cc7'

429' gotd cc4
A"

430 ,unit cc5
431 /'exit/ 1

43 unit cc6
4 talc errors$ -7

at 521-200xerrors
write,. *** AND MORE -***

436 exit 1

437 unit cc7

438 wnitec termc,-,0,Term. 1,Term.. 2,Term. 3,Term 4,Terrp.

439 Term. 6.,Term.27,Term. 8,Term. 9,Term. SAC,

44i Term. 11,Term. 12,Ground,Terin: 14,Term; 15,

441. Scope: R volts,Scope: 8 volta,19,ope: trigger

442 Fun -gen: sq. wave oltput,Fun-gen: triangle?,

443 Fun-gen: sine Output,,Fun-gen: ramp output,

444 Fun-gen: attn'd output,Fun-gen: trigger out,

445 DC 5Upply: (+.) ,DC supply (-)

446 p Piud-Qsci.ridhieouiput,Aud-Osc: left output,

447 TVM: input,VTVM: output,

448 unit ccel
A. at 711-200n47
45 writdc errors, WIRING ERRORS *** (Press - NEXT -) ,..,

451

452 unit cc9
453 block authorc,bestcod,3

454 errors

o

a

455 unit ',.-_,cmAns

456 ,F,t, 3219 .

457 write CONNECTION CHECK. IN PROGRESS

block li,- ck3

459 unit +do.

460 define ckd
461 dc=o100
462 authorc=n33.

463 dcdata=n30
46A bestcod.a.39- author code for best match

46.5 besterr=f-A4 .
$$ number of errors in best match

466 -.7.eement,acode.auti-lorC,6

4.67 /

46;3 errors=np errors= :(number of errors found)

469 . print=n43! $1; -1-print off glorint on //

, 470 dial=n1

4

46.

Ipart=1,.block=i 1.



y?
match=n:
acod=n4
'dcod,=n5

R =nI6
-ar ;r 17.

Lacod',=n18,.

od1=n19
479 state=n6
480 paAn=n7.
481 Fearcl4=nk
482 .=.0r.7en='n9

483 unit ckd6
484
4es !c

487 unil:
488-,

489.

. .

490 unit
491

492

print1.-0

okcil

print*-1.
dcl

, 493 un,it ckdlw
494 pt-int

495

'496 dcl

497 'unif d204
.

4c1.1

5.v17.1

501, .dc1

506

507

511,

509
510

,c11

/512

/513
/ 514'

517

'71e

73

unit

r/10t-1

unfit *7-

742 21-1.-pc2inc2 2/1

"

1

dc+diaI,

1'

ikey=timeup)-(key=midroSand$user=author1),Ocea,x,dcout
1',-.9 AmaskSo1000)=0,dc0,x flthrol,ii out keyboard keys

4.
1*



520 .c lc dcode C
N
cisi.a I) st=keySmaskSo 7 7 .: :

5 1 di a 1 1-,cli a l+ 1 . .1.7

52... leytimclOck .

!.. 2 3 cr,c..to dial 211. dc-_-.0b, x
5 ; 4 4,:..-*t -ic 4- d i a 1

C..

526 unit :71 70a

5.' -7 4.. 1-mr 1 . -.

5.2 Fl :"ot.o.:* 6 lock 7.keyt im< t ..5,1c1c0, x
c; ... q .., .-,1 .-_... Ie..-fit i ms:--..7 lock
t.3114 0-...!...s: . dc *di a 1

5-.:17. ynit "Act%

r. -.. -1 .-.12 --,.:ab 1 e.

t. ': 4 +. it. . si

54' . : 71,1'7 n 3 6143 71-41:3 :t.Cf f I )1 out rest of author with bla5k
A

dc0b

r::,' '-.., 1..77'.7.-.. -i'l.--4.s'1 -I-- se a tz r:19,p a Pe. 1- t- er r or 5.0 .12f

r..47 ...%-rs,-,,e'i-..:--3 1 0 .

1. .? .., e f7.1, v., jrz..-1

f o'

5 5 1 -
r.7. e. 7"

:47:meF.

t: e..r-r1--1 CUM *S$ init rio. of' errors in beet match

-1c 1

o-

1

4Ff unit. .-A7out,

4 : "';''..'nC24'fC2 "-1

,outhorc,++++++++++++++++++++++

,.

'.
.. *' -, r

,:

to look for errors

i -,4 -, -,,

F 7..1:: .

- -3 1 .: .... l

4*...---.(3

- .. .I- .-,(

I ,.. I. ! :' 2 1 ... it , ,-,-.1,. 1 p47.1, -x.

1-1:' 1 : : r.t(sT47r11,' I '> 3 1 it ,,,'....k, i pc.1, x .
1. In ' 1+.7 1 -t-n..... 0-12 1 + 2) + 1. -,

47 ,.. a , .-1L.:-. (n21 +3) .1,11.7... (n24 sf 3) +1., ric (n2 1 +3) ÷-nc (n21 +3)
. .

F. '. c ent r 7.12...i,,i.

r,.'-.6 1.,:, 1,.:!=.1-..E.rr+.prror-1,-,,.,dc5 "$$ is this a b.-7..!;,t match?

1 i":**--4 t -s if-3-r- i n I-. -tri
., ,-.

5;59' t ,

6 1 07- +:e c.11 ls are incorro7sct 1 y set

rri," -14P
-,,, 1,7 1 r-.1-_,n 4. 30.0

6 , A
cc

,...psa.P4:=f1 j,



565 unit
566 talc

s 567 1

560

56q.

572

571 1001

5%,'"

r!-,-,

((57;V. E1

- 1 . ''

6

c.,:::, ("-
P

'/4 7Pty

ro,

4-

1!? '-1'

'

dc2
pLnt*pr Int $Sdummy calc t6 enter loop

SS set no match found
" dial>22,99904

.3.7,7,ddc-ode (dial)

:=earchsearch+ 1 $$ incr author lo'L
.-.4.t..acode4search) $$ get author code

.:csSi= ("1 (aced = ") ") faccdm " "1 -3 (accd.".< -4 (acqd," >
:-4.te,40U,x,300,1,60095.00

,:ranch 70t _ .

yet flag

Zr-.:Y) l4ren,
finch

_1

1

i.tr

1-, ri,,-44r.11

-
. ! + 1

dkall
1r71

-."- ,-:rch+

., h)

r I: " (a,20.11.. ") ")
, , - .1, dcod )

nil' .r cf tf , rio

t Ts; add to erf-or'coun
, T 1 tij-K Al 1 d.:1 w pr 9

,-.111r9rr1) lc

acoddcoer 4 check for match
Orr $$ branch fOr paren loop

i,1:7cf. TT W. 5 there a match?
clear paren- f4ap

,'4110 . DiaS there a Match?
.1;T set paren .10 :p. flag

T, go at next author

0,

code

ov:1.-; 3, .
r'r-I iloff

'

r `

; - 7 7 0 I 17. d'!7,*. nc, 4: ion'
vs1, .1, r .) ' -51-1.pr- AY, ,

1 i ; 1,metet- ,
.01'1 Jr e.

v,:t 4 11)r-, pramp,
f'i '

41". fun.:

1 .'.Ti, 1).'1 1 I , 111'e 1::,er 9

t .79 ;!..?. T7,-'1-14: ,',Utr) 1: l 1-

9 t-

/--,r1+ 1 RR

oND r /

via

70

14

A

4)

-: "

.1



619 unit; aes 1

620 block authorc,be5tcod,6
621 'calc besterrlebs(errors)

622' unit dcmess
62"1 at

624..write P111L CHECK IN PROGRESS

block 1k, ck5

unit comment

7 term
ataon

".

630 r0: c10
Please type your comment at the arrow.

632
Press -NEXT- to enter another line of comment.

6'>4 Press -BACK- when finished.
6:15 calc' nit1110

616 entry comment!
.63 ,t/--00,1 nt n1 +100

15

f. =,

64;) ,nciarrow

41 key.next,comment1,x
E01:7

f,41

644 `. erm 'omple
710

64r.. rPturnitiou to SAMPLE'
r',47 inht1-.1t 1 uMr.7.hk

h 42 ' .114;

649 unit c7erl

6cA inirm75

61F.2 jumpout 7,ferl

'657.1, unit

term
f.cr. impmen

6 lumrr it nde-Y ,cse i nd

c unit 1 rflpfne.

, *16.1>One 'Moment ,p I ease

inhLhit '4.!mpchk

u,.1t

h,1 pack n'.'t, .4.,fhe++,-)4:.+a(abcd)-.Mat5Ya++1

r"

.



662 j:%in

663 join n4.7,inmode,x
664 loin n47,-,(.1&odec

665 I n i t inmodec
666 .,...?,,,00!"10100100000a00000000000000a00
667 r7.in

668 join 117.inmodepo(

661 inmodep
Yc .I-..,I:

672 nii: inniode

6.71
., -,-,-

6: 17IR -----.4
4

6it: ill,-; equipment was not set in the initial mode.
.67t, t.

677

Remove all plugged-in connections
fast.en all ground links

th dials In this safe inifial

604 c.COPE:

TNIENSITY 4uLly CCW

6 1,'., pLur,-IN:

60'7 NULLS at zero.
6- ri and B rPEAMPs OFF

TP11-,EP c7.(.!UPCE rIFF
/

01 LP HO, LL C1-''E
.. .

6. 1

607

7,0P

raui.e

FON EN:

LEtirL

ROD trir.:

DC ''.OPLY:

..711E
r per

VTVO:

INT

CCW
and click

7.70

ff

2021

.FLL PNEP SWITCNES-ON-:

,When ready f:o r,r pre?.s 't .II

mode;

I



I

'706
107
708

709

710

711

712

713

12,

unit imode
erase
at 1007

write Before proceeding, please return the equipment to
the Safe Initial Mode.

pause
join inmodeck

715

71(1

717

718

71q

Pf

721.

7:;

7-J4

7-4'4

7-10

741

7,4"

744
74c

743
74(1

ICO

75 -;

block 11, ck6

unit
next
term
era=-re

calcc
'Aide
a'.

write.

arrow
store

slides
7%lide1

slides

a

(station=251),n101256,256
n101
07 -

q_IDE NO. CGE SLIDE

1

r,

Type.

,V21

CGERL Entrance
The EE244 Laboratory
The CGE-PLATO System Description
DrieWcation of the CGE Station
Layout ,of Sensed Dials and Terminals
List of Sensed Dials and Terminals
Resistor Color Code

21 E E. S-ymbols and Units
Recommende,-.1 Unit prefixes

Defined Phvsical Values
26 Physical ConsiFints

';COPE 1,17.e of Dials and Terminals

35 SI.OPE - Manufacturer's Specifications
44 FLUG-11s1 - Use of Dials and Terminals
5i1 PLUG-IN - Manufacturer's Spe}2ifications
53 EUN.GEN. -1,5e of Dial

FUN.GEN. - Manufacturer'
- ol Dials

C9_Iff."71. - ,I,4nufacturer'

VTVM
VTYM -

7-1 DC SUPP -
7 ['C SI,PP -

Use of Dials
Manufacturer'
Use of Dials
Manufacturer

,raph%.f a Transient
ATO

and Terminals
s Specifications
and Terminals
s Specifications
and Terminals
s Specifications
and Terminals
s Specifications

41ide no. ,press - NEXT -, or -BACK- to return.

in100961,slidel,slideno

73 ,



754 m
755 unit slideno
756 back
757 ri,!xt.

758 .0:

759 write 'Cl' Type a number less than 96.
760 s nm

761 unit

7.11,1,7

764 unit
765
766

76,7 .0-

768'

769 s11+
770

771' unt+
77:7

77)
774

7i5
77F,

717

1t115 15 slide .<(z,n10.0>: Press :NEXT- ext slide

Op,

7,1

' 1

.10001--n100+1

11

%-u ,-a,n't show a slide greater than 96.
.

455 P 319.
'N

374
314 , 303 306
32,7, ..331 341

.354 330
--:,1.-_ ';";','

7,!1/ . 344 346

569- '

2 313

429
4 4:1

421
417 428

S

3 Iri

AA2

.

353 356 359

....

350

376 :397 401

.r



2w ck3 '-497

onirrrnt ck5 626

comment 1 ck5 636

ck3 506

c17;rner7.s ck 4 .622

6:out ck 540

670 ck 516

ck 56
dc3b 32

qk 3

'dc2 ck4
.r.ic 3 ck3

..1c 4 ek4

endu.rit .1.0 end

id-peck -w03rn0e.

cl;

ck..5

nu.). -..7.1er.

ck5
. mproe7...

14-ave

r 1 ra2b not found
r I m41) not found

1 e ck5 643

51( 1 367

r 5 5

,7:,=' ?I° (-.,'r

7.1 id' c.k6 715
de1 7f.4

6 771

-.1 . c1:6 7 1

-..710end 256

-w .7im Cf.C'rrIO 26

-44171'M ^. i7,;fri-11.71a 56

65

0-roc:IL. ;I rir01:, 81
-- irriiib ci

1 cit ;;frit .7i .7

131 );{. 171.: )71 rri t 1 1

0.0 MIT'i

PrrI,716 1 -,t7forliCf 1 F. 8

16

'4141roj =- 1 -.1 iFIl1,71 17
I ;37

5

56

559

616

619

266

:03

706

65.3

.67'2 663'

665 664

660 2074

669 668'

678 202

6,57 241

271 .68,

2 19

2_ 4

641

486 489

510 536

518 ^

519 52.5 528

518

523 544
492 46 501 505 , 539

548 615

599

6017

54z.
18 262

205

381

L7 49

753

756

.716 -

766

727

57

29

8

94
138

123

137

152

165

175

...,on-...11-, -,8.0.1-,c,t 2.31 189

..10m1,---4 -,.."........10,. 2 g 7

t7torr1'.1. - iI,?.._,.1-yi 22 r, 209

...t .3,-11.7, -...1.7.,.n..-.1 ... 737 30'

....10--,6:, -. 0' 0...ri 245 190

...00.-..-: -.2,,,:.r.4.:1 24,3

,,.?

ck .4.., 621

-1,

f 7 5

382 383

551r

757 765 772 773

753 775

82

32 66

93

1.07

122

36

51

1 4

1.' 4

18

247

238
228

252

253



,J*

acod
acode

ckd
,

471

46E,

572
407.
572
407

573
4

591.
14

573

408
i 4 591 ,

Qr.; 414 41. t".. 416

a t: :70
=011. n-:rc 2.85 367 396

: 'r2:;,rc

.74

503

kr -7,7)(.1 $- 396 400 453
$-,...; :16-1 4'4'3 L 620

r 7i7
, - 454

r,,,f,
1

575. ' 585
11 3 2

C$7,71a+:.'t
t, 313 t, -1 345

- --e:-ei 40.6 40: 416
41

71$77:1- 3q6 357
; 1 : 5," ,2c)

_ 71_1 q 1. 1: 4 5'34
;-.$7,1 i. 7.; 37 7.1

.-;

r

err 'r

: 4: m

I

$'1.1-. 1 1:4

4r. "'.

4 r r.$1

g 1'

c

$1

i" (It%

576
r: ;

raj
_

573 573 ' 573 fr

415 415'
593

4in 453
542 6.R0'

358

:349 406 413 .

416

337
349

5,7'0 521
- 69

41;3 418

F; 595

$

r

11''C

$-* 1

4 260
1.45

:60

cc

n

41.

.269

. .
553 _

I. Ti 1 a.,

)71 7 41 5:11
rrr. -.t -11-1 641

P,9

n1 r,,,5 6 637
-71, 160 .'769

r 71''
,- 4 r

4 h
/

,11

350

521 '*5 0 j-41
586 7,2586 5Y

421 422 457t

621

58411 534 99

269 382 36*

553 553

774 774



511, 

1.0-4 s g 01, 6/C 
1,46" 8 i,13 C ACE 

06$ 065 Its 
I- II, C 11*' 

40? .13:99 66S 69s £95 
L65 

99, 1,ES 005 61, 6fr 

1 CI, 

68C S& , 

1 C. s e 

19$ 6L5 

899 1,99 

Z, 6s EC 

4.1 

£55 C55., ?S-S 

$96 59C 596 SSC 

1 I I:: OLZ 69Z ,69 09 Z.. 

1.0Z LSZ 98 

LL 

6 1 

S 

r 

' p 
C 

6S 
4917 

9 S 

135 
1 01f, r 

.1,,f 

419 1,19 

O 9 

365 965 
S 59fr , 
pr .t7 .6 I 4- 

ZA.YC 

445 9i; S rA. 

LI 

LZ 

3 96.e. 

£99 94- 

49?, 
J9fr 

S6Z- 

[. fr 

999, 19.9 

e;. 

CC. I C. 

lb 3 

s 9.115 

99£ I S C 41C 

If7S 405 
99C 91C 

;f 5G, 
, j 09? S6SZ 

gE 

£,Lt . 

P310 

FtD 

K17' 

f 

' 

u 
4 

U 

Vfru 

1-u 

6Lu 
t, U 

9;, 

91:1-4 

t: I U 

CU 

Lu 

9,1-1 

3Zu 
I 7U 

I u 

eu 
61U° 
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i

termc ckc 291 3,22 ' 327 335 335 335 335 1:4y
. 84A 343 . 344 345 351 352 358 1-z,4

'427 4'38

timeup ckc 1330. .
1 '

.,tirw,up H..,1 5 1.-:

user --:le,c 3.q
user
vc

..:k:71

ckc
c-:

27R 270
.

,

Ne'. (71.,:i 471
v-4 cPc 293
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lesson eex01 at 2:23 .am on tuesday, augur 27,, 1974

block la, eexfflid

2 stop
3 ****

A

FOr. Neal, CGERL, Room 248, EEB.

4 One line deScription of this lesson --

5 The Operation and Uses of the Oscilloscope, Analab 1120.

6

7

. 8'

9

10+
'ti

1.2

. 13

14

15

lh

Divisions of this LeS/son: Block Unit

Id for his file
E-*peri ment eex01;.
-Objectives
.Ein4 crt spot
Measure constant v
_Pleasure v

Use null dials
Display 2 voltages
Lispajous figure
Final test

17 41,filial edit 21 aug 74 neat.

info

svmbols
',r,,r1.1nIcharset,cseindex,ceechar

4

22 start
23 finish endunit

eexfflid

xOlmffa x01m0a
*Olmla xplmla
x01m2a x01m2a
x01m3a x01m3a
x01m4a x01m4a
.x01m5a x01m5a
x01m5a X01m6a
)f01m7a x01m7a

24 orite tat,1010 Loading the CGE Character Set
,:harset cgeindex,cgecbar'

26 erase,

27- data on

28 area', eev01
29 ext ci

biopic. lb, .x01mffa

31 unit %.7.01m0a

32 restart

iO3 base -

I 34, next xelmla
35 join imode

jump n47..01m0a,x

37 erase"

79-

Vosmi Ifr

part.1,.block=a.
e

part.1, block.lo



38 at 547sn

Q cite THE OPERATION and USES of the OSCILLOSCOPE,

40 ANALAB; DUAL TRACE SCOPE TYPE 1120

.41 with TYPE .70f1J°LUG-IN

,

.4' When you have completed thip)experiment
you should be:able to :

A4 11'Find and Adjust a'St.otOn'the; CRT Screen.

45 2) Measure Constant-VoltageF..

46 ,
- Measure Time-Varyirrz Voltages%

47 4) Use the NULL dials:

4:1 "-",1 DISplay;Two.Voltages vs Time simultaneously.

49 F.Y Display a Litijous Figure.

51

I, 52

;4

55

56

57

unit

bloc Ic, Y01m1a.

61

62

6.:t 'at.

64- 'write

65 )1 :,;:lx

A 7 t7,-letr.

68 bc4,71.

69 n7,-,;',t --Iftmtc

70 hrlp -.-01s1a

.71 at '

Th.= .7rot should be a sharp point of light with no halo.

,Olmcfa

bt1=t9

1 o

FInd,the spot on the.pCreen and position it at
i.e.,t.'hecent4r of the CPT screen.

?.1

CAUTION: Veep the INTENSITY' only as hib as
v-U need to see the spot. Otheroise, damae to

J,e creen: may occur.

-HELP- is availably.

part =1, block.c

8)



73 If it is not, adjust the INTENSITY and FOCUS
`74 controls to cprreci the condition of your spot.
75 at 3020
76 write -0ELP- is available.
77

78 unit N.,01m1c

79 restart
80 base
81 back y:fflmlb

82 next
83 lab .

$4 help .-Y.0151g.

85 at 1210

86 write Now that the spot is centered, balance the
87 F't POE AMP before',proceeding. Press -LAB- for an

eNplanation of the PRE AMP Balancing Procedure.

89 -. .When you have verified the balance of the A PRE

.47 AMP, set the dials so the spot.wil4 be deflected
91 5 cm when a voltage. of + 10yolts is applied
92 to the.A INPUT of the, SCOPE.
93 att 3020
44'- rite -HELP- is available.

.
95

96 units --,T1mt,71

97 pack "n33,++n4-,f1h(e.:(3) (a)++++++++++4,-+++

i'll join' ckd . ,-..

4+ 99 jump. ,11470(.....01m2a,Y.

100 Pack n33,4+++++(,7,d)44+++++++++++++
1131 j o i ri ckdl

102 lump n47,x0151i,Y4111f

0

'17.4eck Id. Y01m2a
$

104 unit NO1m2a
105 back
106 ne-,t y01 m2a1

107 help Y.01s2a

1)58 at 1007

10T4 write 'Great! You correctly set the dials,
f)

Now, make connections and dial settigs*so you can
display the voltage from the DC 'Supply on the A channel

the..SCOPE. H positive voltage should cause an

Upward deflecton.

J14 As usual, press -NEXT-, when You finiSh.

8i

b oCkd

()



115 -HELP-' is 4va i 1 ab 1
116 lc**

117 unit
118 jump
119 .r.M16',

,120

121' jUmp
122

123. unit
124 pick
125 join
126 _jump
127 x(.

128

129

130

131

.132

133

134

.135

x01m2a1

user='author'Sand$statior*251,x01m2b,x,/
n33,++++++++++++a++b00000000ba0+00
ckc
n47,x01m2a2041m2a3

x01mia2
n33, a++1)00000000abgt00
rkcl

n47,X01s2a,x01m2a4 a

,

,
unit x01m2a3
pack rr33, +4n+117+ (ae) (ab) ++++ + ++ + + +

C in ckd
jump n47,x01ep1,x

(Pa ' 033 , ++++++c+4+++++++++++++
dkat

n47,x01s2b,x01m2b

136 u 2<g1m2a4
133;00 aty:- n33,+-on+fh+Q1m-0 (a1:4+++++++4+++0,Ila jOyll
139 jump . n47,x01s2a1,x
140- pack_ n33,++++++d+++++++++++++++.

-
14 join
14 )(Jmt...7 n47',X0ks2b,x01m2b
14

144 unit x1711M2b.

1
5 back x01,00

1 6 ne.1 ..1f1m2b1
1.7

.0.0 "- 1207
148 mr1te Without changing anything
149 4. to spot to Y 5 cm.

1513

151

152.

153

154 )g

155 unit
156 park
157,. jin
158 pimp
154. ,;

160 4uAltp

161 beck
162 1.1,-;t

163 .i"at

on the SCOPE, deflect

HINT. To make the DC Supply function prbperly,
you must, set the CURRENT .dial to about 10gra. then,
.adjust the VOLTAGE dial until 'the 5 cm
is chieved.

x01;m2b1-

n33, ++n+ f h (cd) -(ae)

.7ckd

n47,%01s2c,x01m2c

++++++++(def) (r±cclefhijklmnopqrstuv)++++

82

el



ti

/1,16%4

,165

write Obseriie the eXfects of the A PPEAMP control.
- A

How many centimeters deflection dq. you get-
1.66. 1_19in7 the AC

167. arrow 16)c

16n, :4t.

1.z.f'r.r+ ,

1810.
r

' 170 ofrite The AC refers to the_tupe of cpuplinn. AC coupling
171' impile5 that there is a ,-.;-arecitor In t,)42 input'circyit,

t:.'1',1,1: the Or averas,e.com.onent.

,pot r1,74_17 P yop have Bone sOmethingt.

,.our a0,1n, end if th.ct.
you'r rn

C

b1i5c1r le, x.Rima'ci

179 utii ,N,01m2df
I8R be,"ie

11.1' ;81NW,.-2

18? ne-vt 41m241 s

11-; 1.117.

1:01 01, 1
'Cr.'

part.i,.block=e

mrle . arly, the !spot can.be'deflected horizontally.

F,VAlan,:e thWe B PPE AMP,: if you have not done so. You

fTly review the oalancins procedure tn.) pressing LAB-.

1:19 ;et the d41s and make the copne,:tion5 nece=,-,:ary
1171* the;sp,rt 4 .71 h'r 17,on-Eally mhen a vp1ta.ge

applied th -, B INPUT of Ole 9:ORE. The
1.*4 D.PPLOY MU3-roL4±%5'ek

44,

I'4 7: 7,e the BiPE ArIF 'to DE+.

1,14 tlt

uRit x01rOd1 .

1 r,-71;,h++ f '1,1cd)

197
wmp /t.17,-4G1m?e14,

...i..., \ .. TM
.

1

.1 ...zog u. nft. 1.111m17d-2
1 q

R,1 pac-Y. -r,0001;317000177JWO.07400ggera7g+fur
20: )oin (1-.0

.

2171.1 n4 -7,,.. 01

:;.`04 m

( (bcdetkrjk Inopqrstu) ++++

1



205

206
2o7
2efa

211Q

Q 211

212

\i'

unit .4V1m2d1
pick n33,n++ (od) fhe
loin ,J.d1

El.0-wa1s2e,,v

4
(6cdk(bcdeff.lhimnopqrstuv)4.444.

ny;a00000000000g004a11000Q1008,040.0

1.111T, n47,.015:e,.,4q1m2e '

211 unit 1o1m24,
214 .01m2.71

2Ic

ne, z)t.
,

raj
217 1.1rit'e Without chanTinQ A VOLTS or B VOLTS dials,
21B ,-1=f1e07.t the spot to:

2;5

226

227

22n

2.-z1

2-T
211

-1-

N=1Cm Y cm

Try to do this .And +hen pres., -NEXT-, als always.
w4ll be guid,..d Au+Arti..7,111v if you have difficulty.

04
.01m2e1

urse.r ' Author Vane:Ms-tat ion251,y01m2f

is.:.;:ile++++++++ (1.)c..3-1 fbcdefghijklMnipqrstuv)

.

r:Y.;,++....+++*++++,..4.,Cbcd1 (b..:idefe.h.jkimnopqrstuv)++++

232- unit -if1m20+2

n ;...++c++o+++++++++++++++
2?-4

235N :ale,F, n47,n70o0,-1
2:1F r:1,++++++++++++a++bbrigg0.000bag+Off
217-

231 iump n4',-01m2e3x
2.3r4 )umr

,240 to x ir

241 unit.
242

' 243
244 JUmp
245 jump
246 ir

24,7 un.t
242,

249 rieTxt

25g .At

.251 wr te

n:c7;.+4-4.4+++++4++a++bbVP000V0ab0+711

r.47,-,(015.'
n7P.',015211,N21M2f

.,01m21

01m2e
.aim3a it

7:10
1.

GOOD'

252 Do not change.the dial settings or the SCOPE.

8r



?cl Observe the effect
'.2f.c. (4.'1he DC CUPPL%.

b ock If, -,61f1ma'

ryir .4ne VOLTAGE control

256 unft, ,,almla .

c., re-0-art
1.,

:.''.',:; fc.,5.r1 \
c..Q 1.741,1, flif112f

i'',0 i ,I. + '701fill'ti
' i. 1 l-.? 1 r. ',. ft! F ';.:,,

partml, block.f

(

','.,7. .7o 7:07
.

F, ; ifir 1 r,,= Apply a 20 Hz signal, with-a peak-t-peak voltage
;.):,4: ,-i v,_ . 12 V, from the AUDIO '09cZLLAIOP' to the

.....`''-i .

t'l 41'h nr' 1 e. f the '7',( OPE:.

:,It') -0- :41:4 .

.

virt+e, -HFl..- 1,3 available

71--, -

111'

1, "An
6 lump

ti

4 + 4 + +4 + + .++:0-11tIff rt CUM oGrjT

kr
-! !); + 4- + + 4- er;) +

Perf,,rm a .7,-.mplete dial Check,'

:5ump-=,, if, dial ,:-...heTk c,-.)rre+

e 4-1,4 +:4- 1+4 +++I.

c.he,7;,- PLUIVIN 'and SCOPE dial*
Help prvided i i irKorrelk

1-;q+ jr,tquercv.d.ia:l 7.F74:61-1s.

r1c,;-.4711.--,-.- 11,71r,pr---..vti 1 incrrecr

4

It

44+-1, 4 4 I rl1 ++4

the DC SUPPLY se1 1 in7=,

H.Tir if.6-K-orTect

7,.01m.3b

Nrof Fro

\If rr)"71

)

What do you ee di.5played on,the SCOPE 9
710

1010

ri.71-it. The dot IF. beim- deflected up and down,
BUt movinc' so fa---,t

83

a
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-290
219 nb
3132 at
301 07"ite shrqi.1,1 see a verti,:at line:

'If prey, , 1) throu5h

304 r t.

Acl a vertical

ion alai n .

3a5 unit' '.04m3...:-

06 %0111111-,

107, tie..4- .01m1c1

ago' ,t
t Fr

7:117 In order

31T:

'314

. : (
to make this waveform;.4appear.-

the '3(1:PE as Rlave, it is
to the dizplay horizontally;

1:' do. 15, YOU mu.t.' ,Ippl'%),a. periodic (

t\
voit.ne to t,F -SCOPE's

17742*

Turn th4r, PPE-Wt 4;o Orr an,-.1 apply , 0.9 Hz
wa,e from the FUNCTION

-..j1NEPIITOP to the B INPUT of the ;',COPE.

31Q Set B VOLTiT.. to 50 V.
'2.51 at SGT tT

write- JHELP-is

17,1oc.j. x01

3.23 urwl-

++ (aba_-de.) +++ (cd) d (bc) +

Lirnt

32E,

330

.L.:7(1mc2

n':,.±+++++++++++T++abggggbggggaegl:,
.-1 7

331

3.32 r.-,7,+++++++++gt+a++++++++++ag+.
333 ooin
334 u r

A-yr

341 unit

p

m

)'Cu lids nct apply the ron-acOustable.
,07,ve/correctly'

86

,

part.1, Klock =g
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342 back ..(11m1c,

2,47 ...V1c1011

'344 'Its "la
%4S P:7. you see, this makes the spot sweep across
'46, 41w. ,-.7ren a linear fonction tame.

347 Now, 'et the A PRE AMP to DC+ and the FUNCTION
34) 1,Fil-PRTOP,+.o 3 Hz.

349 *

'357 untt
1

c

=. 4 1,1-

lump

.

v.71m7d1
,-..,

V .

r 3 . ofnc f lii!'e + ad !rot1 ++ rabcde) ++++,+++

Id
r,47;,y,-(01m3e .

141a
_

Pead the problem carefully,'" Yixa

v rfY e e ,:iven -i r) y two,dial to change.

vOlm3d -

16c, unit
fA1 iii

36.7,

17;6'1

"_44 help NO1s3k
16!". a+

:66 :wIte' (7,o,-)d'. You should now haVe a` sine wave

displayed on the screen.
However, there are 2 things wrong with this display:

-Z.6Q 0 There )7=, A yifsikle retr.,qc when the spot
cam'..; luickly ba,c1, to theleft.

372

The di splay is not stable.

To solve the first rroblem:

The '71,,JEEP Systemof-the SCOPE can be used to internally
74. and blank out the return trace.

F

376

377

To 55olve the second problem:

The TR-Tr;CER SOURCE of the SCOPE can automatically
start the -:,41ELP at the beginning of each period.

378 Make the necessary adiustments tolsolve both
problems, and remove any unnecesc._ary connection

7610 at

7:31 write -HELP- is available.

333 unit 7,(01m3et

park + n + + (f) +344 + +4 +++++ (,-7.4.) a ft,c) +

'4p.5 join
3 a 6 'lump n47,-,..01501,Y

'

these



col

11:r

t.:An
,Q61:

n31,4444+ +++++++ g44aff000000000appm

n4:.NrO1slm,N71m4.=1

block- lh, x01m4a'

391 unit ,01m4a
"O." r4,7,tar

1 -

, yg 1 m4aff

J.LnIt

347

4615

40,

4a0

.-:!.:0-1t 4

n 154.j

c,o7

Disp ay on. the A channel of the SCOPE, -a,

nondjuA.able INE wave having a i'equency of
200 Hert from'the FUNCTION Generator.

.

EYfer ally trigger-Mt SCOPE from the FUNCTION
GENE,Rt7fror,

'-HELP- is available:
Xr 'X

un t f -,01m431

rt".3,+++++++++:.+++++a+bORA.1710b000+00
411 t n . t74.0

.1-1A-7.yt n47. ',.01m4a0 ,

417, lump n47, 7.<01m4a:'

414 o

A

o
unit -,P1m4a2

416 n . +4+ + f.cci) (".10 f.abc) f (bcc.11

417

41F 1147.-,,Olr4a00

.419 ° 1.urrf:

420

4'1

4,-; 4

4 "&

4.?7

42.8 unit.

Nalm4IAT

1 rt'l

0 1 r:,-.0,1t

t
,

.

this waveform on tl-A.screen.
it ac.ain,later: orb.

d"..

4

V

fl rn4b

ct.



429 base
450 back xOlm4a
431 next x01m4c
432 help x01841.)

433 zero n70
434 at 1207

435 The NULL dip1s, wit the TIME and the A and B
436. VOLTS dialb, can be used in measuring values on the
437 CPT display. For this use, the NULL dials must be
418 set at zero initially.

439.

440

441

442

. 44:7,

44°4

446

t,I .

The valuer of a voltage point is measured by'
rotating the ass,ociatec NULL dial until the voltage
point being measured is eturned to the zero voltage
level of the display. T manner in which the vallle
of the voltage is read wi I be discussed when you,

. se.
press -NEXT-.

'....

Press -HELP- if you do not understand the meaning
of the phrase 'zero voltage level'.

448 unit E1m4c
449 circle 144,248,256
450 circle 40,248,256
4.1 at 237,568

,452 size 1

453 write 0.0
A54
:,455 0.0
456

457 0.0
458. size
459 'rotate -90
460 at 358,269
461 write 2.0
462 at 328,272
461 write' 8.8

464 at 299,270
465 write 0.4
466 -re.Ntaire . 160

467' at 256,1-98

468 write 0.8
469 at ' 256,167\
470mr,ite. 1.6 -

. 471,, at 256,137 1.

472. ".write. 74.0
473 draw. 1632;ski;163
474 drew. , 447;ski,031Y5-, 387; 3644 446

475 cirr:12,pkt012,2A8,C68,57;122 ,

476 ArawAr 730;215.,417;skip;734;2/5t419
477 ,T.it-Cle 4.116,2(33,303.99,11t3:

478 r:ircle, ,124,26F,296,83,61 1

479 circle. :174,247.275,121,5,18

480 rotate .0
48'1 n70*0

.,482 at 243,403 8

IP

11

!k,

et



481 wr tte
4C 4 .:1e0".0 1m4d
4.1c t 0

.17f. tl

btock Ii, 1451m4d,

1

438 unit N 0 1 m 4cI

489 7a 1c n7.07041
490 lump tr70.4) ,-,(01m4e,x,-.<
4,41 rn,: 71e ,-8,-.--.,e

4'72 al: :15,424 `
413 wrItoF.c n10,, I, 2

.47 y14 r.....,/ lor07e,
\-44 oir i tec n7f.4 , .1, 2, 5 f

r
-

4'? ,:- .--tMe I no ,,, . ,
41.,

.

4.48 le...',1n n7S.,f,-t,x0kg1m4d1,-diflm4d2,x1711m4d3
4c05, r,,,f-..1.1-..,=. 0

500 ,..,17.e -11 ...."1 -;..., \--5 .1 pp:-..1.-:-. F..rase,----,.
502 Y.0Im4d4,x0Im4d5 /'

write
5ti4 M4d4 im4ci ,:d711m4d6
5L1

F,.R6 f7.1.ue
507 -.1(1m4d

ntt

-y01m4d1
2:2.312

1m4d2.

at .722. 312
16

517 mcw.:le. 1./t i t e
533 X2,344
"519 1.,Ir ite

' r-

521 Un(t N cf1m4d3

522 era.-,e
222, 30.4

wv7,le WY" 1 t1::,

222,3.75

!, ,

0 11

part!I,



6

529 unit x01.m4d4
,

,

530 at \2610 _
. IN

531 write .\ When either'the A or B VOLTS dial is set at.-
V,

532 1.0- 10, or 100, read the NULL on the bottom acale:

533 ***

534 unit x.01m4d5

535 at 2810

536 write )hen the -A or B VOLTS dial is set at-

537. or 200, *read the NULL orf/the'middle acale.

.538 n V*

-539 Unit x01m4,6
540 at 2810
541 write When the A or B VOLTS 'dial is set---1.

542 5, 50, or 506, read the NULL on "the top scale.
543 .9 1,Xt r

544 unit- x01m4e
545 next ',r01m4f

546 size
547 at 1410.

I°47

548 Now that you knoW what scale read on the NULL j , ,

5A.9 dial, you can measure a voltage poi 'by taking the ./.

-.550 reading on the NULL ana moving thede.o:iALZalint,____
551' to the right by 'the nu 8r777Os in the number ----7-

.5.52. ". .displayed in the FULL ' E window. ' 9* i'

553 r,

.
.

-554 unit !,
555 back
556, next
557 at

558 write
5Fg

560
561

562

563

)(01m4f...

-x01m4b

-.01m4g

1210
#

e %,

Lt.-the A-VOLTS dial was set at 100 mV and
the NULL readinelwas .5 , what would be the `voltage ?

0

Ao.

-564 arrow 2215

565 5pecs bumpshift
566 answer r.

-I. 567 wrong b
5E8 at 2410-

569 write -The answer is in mV not V.
570 !Amore. fa,d) ,

g

a.) 5 mV
b,) 50 V

50 mV

d,) 500 mV
1

571 at 2410
572 (9rite.

. 5.771

574

-There are two zero's in the A Volts
' eadingy and 10'7-,.5=50.

575 unit x01m4g
576 'next :-.01m5a

577 back 7,-.01m4f,-

578 herP >01m4 51'

579 pack n33,+++++:1.,t+++:14++ta+bgga001a0o+gg

91
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of

580- join ckc .*\

.

4.581 jump n47,x01.54c,y
532 pack r.? 7,-++++ (-_-d) td ,-,1 (abdClaba f (bcd) + + + + + + + + ++

533 .join ,-1,,d

--4 lum n47,-e,g1s4c,-,< -.

585 at t 7,148L

536 write , Heasufe the peak -peak volta?e of the sine wave
587 ,oispiaved on the Scope using the A VOLTS NULL DIAL. .

588 /What is the. measured voltage
589 arrow 1640

59g an-Av. 41,10

block 1j: 1:(01m5a

592 unit
593 l'es-Cart

594 join -imode
595 lump n47,-,..0,1m5a,7071m5aff,

5,1' ,y

597 unit N...01m5a0

c98 ba!Se

c9'4. baek I x01m4f

volts

6013" ne..t 7,01m5a1

601. 1a17 -..41.751e
:.

f'.02' At 910
S

41- 6171',1 wri.te4 This oscWosc2pe is capable of displaying two
6.04 Wa,jeCr>rma at the-same,kime, which is veryuseful

bRC: An c,:dmparison ineasvrement-3.

. .

646 Using the FUNCTf6rJ i'!;ENERATOR, apply a nonadjustable
, .

,e,if3 c;INE wave to channel A and ti. nonadjustable SQUARE
61.i' w_ivte to, channel B of. the SCOPE

. ,

)
A

01

1

part , bi-Ockmi

60:7.. Tri.gger the SCOPE frorn'theTONCY/ON GENERATOR.
..

610 FacIttime you begin a new senies bf-mea.F.frements,
611 it is advisable to tecCieck: the dc balance"' of the
6 A and B PRE Anp5, and.rezsro the traces. .

,--

. -c

61-.3 Press '-LAB- tom; review the,balancing proeedure.
'614 v,. .,

4

IN 615 On4t y71m5at -
-

616 1'..1,7:i... r63,++++++'+++++++++abcbA1 0c000+0g
,,,

617 i 01n CKCW '
618 ne-4t 1-147-,)(01ma0,..x

619 lump
620 vi

n47,x,x0111i5b ..

J '
I

M

621 'unit" Yg1m5b

9 2 C-



622 back' x01M5a0.

623 next Y0im5bi
624 at 510

.
625 write Set the frequency at 40 Hertz, and dimp ay

both traces simultaneously, with TIME FULL SCALE
(

b27 at 10 ms.

626 m

629 unit ;01m5b1
k

630 pack n33, +m+ (Abcc) (c..,d) (de) (abcd) cbae* (gh i ) (abcd)

631 join ckdw
612 ump 747,,x01M5c 1

6'13 neNt YO1mcb
6-:4 ,.

635 unit' N01m5c.
6M bAck 0 >01m5b.

.63/ ne.ft. -,G1m5d ;

63 at 1207 ,
)i.

6.1'; 1,.ritp ': For the most stable display a low frequency
b-lpi sivIvii the CHr.)P setting of the Y DISPLAY is desirabte.

r',41 ,

,

.0"

64e unit' 'OImSd
64? V,aok

644' net

wite :Experiment on your own for awhile. Change

47 the trelgden.7.y of the wave and the TIME dial.

J

648-
64'1

Nrete which setting ,.;1. the Y DISPLAY (ALT or CHM
elves the bes1: display.

:,51 uni. 1...--W1m6,a'

652. ,.c k. --.0'Im5A

r.c.i, nt,,,t . -;,01.m7a

6(74

wite '3et the Y DIqPLAY FUNCTION to A vs B.
rause

n33,+++++++e+4+++++++++++
65.9 ec.kd

65.V lump n47.x01s6a,x
660 a ±i 1610

661 write The patternyou see on the'SCOPE is called
662 a'LISSAJOUS fi4pre. Change the wave INPUTS to

663 the SCOPE (SWIPE,INE,TRIANGLE;FAMP) to get
664, .diffre t pattrns.

' 666 unit ')(01m7.,

-D 4 part.t,jblock.k

t

a



6 f. 7

66.

6 7 1 t.tt11 n/7.36-3

6Y

4/pF-1: r47.

n 4rne.",10!

17,-11rn7,x111.40.7t.a

7 ;,}

the FLNrTTpN GENER4:170P.,,.17. 4Pfaq 1-17 arv7.
u//,1 PE. nA-441ne

17, 1.4_,ID I (4 (GC i i ,L. t- ""
r.41'. 3 Et 00 HT; , 7111,.-1 .9d j 4! l v 4;1-4-1 J17_1[1:

1,1'7,r . V I 1 6

,7:onnect,

T 1 11-1)111 the F UM'S. T I ON r.:Ft\IF.PATOP

4.1+ 17.1_, 1 ay. i 1 k/,,./411-1

4105 11-14 114 1- t/f/..4-4, f'11, 1-1/ CPT

j1-; '4. r 1: 1 of -% 7, }71.9 r :, r 1 1-1,...5

. --. f ) -.. A

-17 Pr! i
?r-47 /!. / 11.--! .17,74 1 7. Ye?:=7, 4:

r,. ' 7, 'F':','1!" ; t'Ic! +. 17.'7' r),!et
+ I. 4 ,i,f,"7" 1-) r,-.. b.7

- f' . A. 1 5 4' PPT rii-11"--,

Pit .i

, , gi 7a,

9 9 4- "1 rr,

Tifft
7 o 1

7.011

70 7

70 4

705 _141/ ---'711rn7b

6 . rn 1 n

" 1
I

7 41,.; fr-
. 1

)7 14

7 1,1 Ar41/..10,1

7 1 1!' 71'fr,,.

V.,' n^". ... 1 . r ) .,4.7.,/,r474/3 1734 +.19e--aiNftTION GENFRIOR.7 4A. 1 r

.
,)

i 1,75 441.7 1: 4-71.c.e74",' (...1.4-/,71LtarA.44 "d1- =,i fl,=2"1

r,

I- ( I 141/11 + hpr,e11 + + ( 1-71-11"r +
(10.1

7

7 1 4

94



715 no
716 at I 710
717 write* If they are, then you aren't!!!
718 arrow. 1037

719 specs bumpshift
720 answer (square)<wave>
721 lc**

722 unit x01m7c
723 back . x01m7b
724 next] .--x 1m7:}

725 507

726 write Set the TRIGGER SOURC'Eso that both traces are stable.
727 ***-

7Y8 unit Lx01M7d
729 back x01m7c
30 pack' n33,+++++(fg) ++++++,++++++++++

7 1 .j'oin ckd
732 jump n07, x01s7a, x

73 at 1010 g-

,4 write Correct! On the INT trigger settings,the----
traces trigger independently.

735 'next n47,x0.1m7c,x01end

loloCk 11, x01sla1

737 unit x01s1a
738 next x01s1b
739 back ,x01s1c .

740 not 1007 'C'

741 write . ,Adjust the INTENSITY and FOCUS controls so: hat

NS
part=1, bloc.k.1

742

743

744
..,

"

.. /
/

/-

the spotia.a sharp point orlight' with no Yialo.

The X POSITION and Y POSITION controls ar sed
to move the spot around,the?Screen.. -

745

746..

747

J
748

.0719
750 'ix*

If no spot appears on the screen, )ven at full
INTENSITY, use the BEAM FINDER control to locate it.

Press -NEXT:- for information .cr. u of BEAM FINDER.

Set the SCALE Icontrol at 8.2.

Wheh the spot is pr perlydjusted, press

751: unit x01s1b
757' back' 'x,01s1a

753 next x01s1c
754 at° 507

755 write

rf

USE OF THE BEAM FINDER:

9J,

1.

0

Ty

.11



756
c

757 i) Turn and hold-the.black BEAM FINDER :knob fully CW.
. , 1

758 2) The spot-shouN appear on the screer.,Center A
759 using the ''red X and Y POSITION knobs. .- -1.

1

.

, S_J

:G1,-,6E1 ,10 Release `the BEAM FINDER when the spot is *thin:
7.61 a few cm of -the center, and the spot should remain,

.

762 at 3005- "6 "
.

.

763 write. If you still can't locate the spot call yoUr instructOr.-
764 end
765 0,,xxt -

766 ,unit x01s1c
717 presS
7 3' ...hd

7E9 #'oy.,

77i unit -.01s1d

771 back N.01mIc
772 ne-xt )01A1e \ " r

, 773 at . 1007
,

774 write Before using the SCOPE for any investigation,'
775 the A and B preamplifiers must be balanced.
776 is eSSentiall?,an'adjustment of the lineaity of
777 thei.r at aMplifierS.

.778

779

.780

781

782

78.1

Balance"the A_PRE,AMP using the procedure,you
Will see when you press

tin

unit Oisle
at

write BALANCING PROCEDURE

4.734

785

fy

0

-41,

For the preamPlifier you want to balance:,

1) Set PRE AMP to OFF.

J
7861 21 P4: VOLTS FULL SCALE t'6 tmv,-and center the trace:

'737 3) Set. RE AMP to BAL SET and use the BAL screw
738 t' center the spot. Use the beam finder if
1,89 need.( ea: Screw has both fine and Coarse
790

7.91

,adNstment. Adjust slightly past center and
.

then ak. for,-;finer control )c

792 4) Check.tos,see that the.:isreamptifier is baAnced
' 791 1 slm'itc;hinfiv. ihe PRE AMP between OFF and BAL:SET.-

794, ff the .spot moves, repeat- the.balana.ini.pro"tedure.
. .

7951 S's
111.eturn VOLTS. FULLfSCALE to desied'Setting. '

7961

797'
"tr al.,1% your instructor,if ',.!pu.a.re'unaksle to

operly balance the PRE AMPs
7t)8 And

9-6
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tl



T. part.g1" bleck.m.

0,4

blockNIm xffIslfl

_ 800 uNit I 4151V
801 back '':T15161,

802 net x0181g .

, 803 at./, 121ff

804 Something is wrong ,with your setup.

:3 ;;;VO 57 You will be given information on the dials
t?" 06 before you are allowed to try again. 'Press

807 -NEXT- (or this. Information.
808' *el* Y:

.'809, unit x01sIg
810 flex" x0Islh 4

/

811 at ti 510

812 .write The puMber in the windottiof the ,/

813 -F1 VOLTS FULL SCALE dial represents the voltage

8'14 required for a full scale deflection of 10 cm.

815 With R,VOLTS FULL SCALE set at 20 volts,
1

816 sensitivily .(volts/cm.) would be

81? arrow 1043
.*

;18 answer, <volts.volt;cm'(2)
'at 1207

520 write What is the minimum number of cm needed to 'deflect

821 the spot. to the e'dgetElf-40ull scale from (0,0) ?

arroN 1530

8j3 answer (cm; (5)

//. 2Q7-
825 write
82t
8;27,

E".

829
630 wrong. 10' ."

831 at , 1710

832 write If the'spok were centere sat the bottom of

633 the screen, full.rscale deflection.would'be

834 Try again remembering the spot is at (0,0)

835 ,,**

etting A VOLTS FULL SCALE to 10 volts provides
a deflection 414 10 cm for a 10.voit. signal. .However,

-Since the spot is now at :a setting of 20 V
10i11 allow the spot to remain on the screen when a

10 volt signal. is aplied.

836 unit x0Islh
837 at .1 1110

836 -write When applying a constant voltage to dre of

634 the channels, the Y DISPLAY must he set to that

640 clpannel, or 'to the IR vs B position.

844

The TRIGGER SOURCE. and the'SWEEP MODE
should be set in the Orr p sition for constant
signals.

97
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845 ..),a*

84,64,unit

847 \b;,(,:k

848 ne,.t

849 at

85 write
Ad

8F-2

7 ,811
a54
85c
056 .arrow.
P57

858 an$w.,r
859
86P at

E1/21 write

x01sli
%Olmtc
x;11mIc

1210

ou cannot deflect the,spot with the A PRE AMP
in the OFF po.5it'ion.

To whit position should the A PRE AMP be Set.,
ct the spot 9

1240

51111t
tdci

,;10

You are applying a, dc or constant Voltage.

Klock In, XialS'ac
e

t

/

86? Unit s -441s?a
664 back - 81rn2a

81,5 rxt v01,m2a a

. 107
;-;h7 write Connect the ",.." terminal of the DC SUPPLY to' the
8t.7 A INPUT of the SCOPE and the '-" terminal to ground.

875
87.6

877
878

879
880
881

882
8'8?

hRfi

unit
next

ba ck

at

write

*

334 !Dnit

8;?5

'836 next
84

writems rite

890

'The DI' :SUPPL nerator not internally.
,,,rounde7J, that i., it 7-41(4ting. Ho'ieter, 3 A A

c,r mon-.=, terminl-tc. the. rf0t of the +
7,nd fermin ls to 1/i1-ii -h. an e,ternal 1%

'.01s7a1

-.01m2a

.01m2a
.

I.706

You have.annecesarily chansed,,some-o.f the diads.
The only dials may have needd to change were
+he A PRE AMP and the Y, E'eturn all other

4o where they were before.

-.1711.7,2b

) 4111

YOU did*not set.,th'e. A P' AMP. to .11OW
po3itive volka;..,_1;.;? ;:ayse u lard

4'rj

9 3

part=1, bloc -n/

f



/

891 unit 411s2c
892 base
893 back xfflm2b i
894 next 2 x.01m2b1

895 lab x01sle
-*/

896 at -1310

,897 write YoU did not Iect the spot 5 cm properly. ,

898 On the DC' SUPPLY, verif t you 'lave set the CURRENT 4

899 to at least 100 mA and t e TAG, to prOvide a 5
900 . cm deflect ion., PreSs - if you want -to

901 rek>atance a PRE AMP.

902 ,t,**

903 unit x01s2d
904 at 1210

,.

905 .write The B channel deflects the spot in,
906 a.' manner similar to- that_ of the A channel.

907 The A channel deflects vertically and the B channel
908 deflects horizontally with,A vs B. , t

7

909 After you return to the task statement)
910 YOU can repeat the A channel again by pressing -BACK-.
911 end

part..2, block=a

block 2a, x01s2et

911 unit x01s2e
91.4 '.01m, a 41

9 4 !-, ne4i: 01m?.1

.916 at % 1:10 I' 4

.917 write-. ., 'YOU seem to have trouble deflecting the spot

Vack 4$ . -

.910 horintallye, You rz,Y)oto rld have turned the'APRE AMP to

A91.? 1-4-F or should hai,e*sconnected the connection to
the 0 INPUT. Press -NF.XT= to.try again.

- . Press -BACKto epeat -the vertical deflection task. ),.
.

Q

921

922 4**'

923 unit NJ x01s2f
924 back 7;01m2e,

925 next- x01m2e

I

926 at 1210
.

, _,- 1,'1

%.' 927 write -- You incorrectly set the dials.
928 pause ..

929 ,./--a:_.',4= .

930 at 810 .:

931 write 4The vertical defl tion is controlled.
4_,,..,

9 J 2. by the channel wi "Y. DISPLAY at A vs B.

43 arrow '917
.

.0
934 specs bumpShift

.Y.

^

I



935

9,6

937

938
939

940

941

942
943

944
945

946

947

948
949
950
951

952

953

94
955

957

answer a.

at 1210
write The horizontal deflection is controlled

by the channel with the Y DISPLAY at A vs B.
arrow 1317

sper..7. bumpshift
answer L.

at .1610

write hen to control both the A and the B
clan Is, they Displau should be set to

.7,1-r^w 17$8.

1,,31 Or-5, vs) (h)
:olo

writP Both theA and the B PREAMPs should
b. :Alt in the position to deflect
th. spot.

arrow' :124

,3f-+ the A and B VOLTS-FULL SCALE dials to 20 V.

'451

959 1ete,..

960 m 2f2

961. 1_

writN: iou incorrectly set t Are DC SUPPLY.-Make-
sure that. a 3 cm deflection is obtained.'963

964 "i

965 unit -. 0 1 F..211
.I,

...

',5f; r, : acl-. .. 17f 1 ro 2 ?.

'9 6 7 / t.-,... t: -:11re.e

968 ,7,,,+- '1.-.10
,

969 loritA, eou did ?'lot met' the A and B PPE AMPs so
970 A A positive volt, would cause upward deflection.

., ,971

972 Lnit xl31s2i
973 17..aer1-. y-. 0 n-17..5_

947 4 rpe-,."4-. 0. 1 n):_".=.

5 1

97E. write You incorrectly.cohnected the DC SUPPLY to
977 , the SIXTPI

'block 2h,

979 unit
98[
961. 7;r-A

-s,017.53a

)01m3a

L

1 j')

N

part=2, blockmb.



nmIct x01mla
lab x0153b.

'.984 to '4.71s3c

985 at 1217 °7

986 _wr.ito. Press the desired key for the information
987 - you want;-

1983 -LAB- Voltage peak to peak or Vp1DO

989 \ -DATA- Connections.
990 - NEXT- To return to the task.
991

992
9-93

944
995

996
9\9 7

996

999

10.00

1701

10'712

1.(44

1Pcff5

1006.

1007 no
1008 at '

102i9 write
1010
1011 hbarr.

1012 ,-F.-ph

Lff13 1,+ar

1014 ,raph.

1015 +or
1016

10k7 at

101 write
1019 w tie

j

la

unit x21s3b
back . 1,21m3a

ne-t
origin 72,352-

a,(es R.-101,302,102
scalex 211

scaley 10

,r, trio

10.2.5

func+ 1 OsinfV771,v77

2r10
write Khat is -the peak to peak voltAge of this4rve?'
arrow
ansv 20,2

:.7117_T

411,Th47! peak to peak voltage is the voltage between,
and ymin.

qT/4.W.9v/4.9.6

1054

p -p

-1022 unit -/.01s3c

1023 next, -)21m3a * - '

1024 at 1210

-104215- write Shown" below are the three:termina1,4
1026 of the AUDIO OSCILLATOR. To apply -a gine,

1027 wave to the A INPUT of the SCOPE, . ."

1028 . the A INPUT mu' be-connected-to'what
1.029 terminal of the AUDIO OSCILLATOR. (:A, B, or C)

1232 circle 8,162,19.2

'1031 circle T.192,192
1032 circle 8,224,192 ,

1033 draw Z'O'26;2'00,178;194,172:157,172;152,177;.152,191

1034 5ki'b;167,191;i67,133;184,183;134,191
10'35 at 157,184 . 0.!c--_

1J1

cz,

r



1036 write A B C
1037. arrow 1740
1038 specs .l:4..impshift

1039 anstor .

1040 at 2410
1041 write This is thp only connection you need since.
104-2 the SCOPE and the AUDIO OSCILLATOR are internally.
1043 sroCtrdd.
1044 wrong
1045 at .2412
1046 'writ*? N.H Terminal B is connected to ground.
1047 Notice' the ground strap between A and B.

14P 1-1,7 V

1049 at 7410'

1.050 mrit#F. nom Type the letters A, B, or C.
Mgt .
10F,2

1053 unit N2153d
10'54 noxt.

1055
41;i6 writ.= u incorrectly "connected the AUDIO OSCIL TOR
12'57

105:7)

64

er6r.

1267

176:7;

10r7,9 +tip

1272 unit
1271- rp=7;ct

107,7' at -

10.777

1074

Write

unit

to the SCOPE. Press -NEXT- for help.

1710.

YoU were not to charr7,!e the 'dials on th SCOPE'
them in tlese positions:

-.A VOLTS FULL SCALE ,20 V
SWEEP MODE .(JFF

TPIIKEP SOS PCE OFF
. A PPE AMP

DISPLAY_ A vs B

N.Y1s,'3f

4110
The output frequency of the AUDIO OSCILLATOR is

incorrectly set. Pemember the output frequency
the product of the RANGE aial and the frequency

dial.

Hod,- 2c, y01s3q.

1 ,J

part=2, block=c

euf



101 heIp
1082' at

1n3 write
10E4

1085.

10812,

1087 Yll*

1210

Tht-AMPLItUDE of the AUDIO OSCILLATOR is
ncorrect1y-set

Pressr 4-0-y

Pre-=.s -HELP- If..uncertain about V

1068. unit -0153h 4-

_ 1089 ;-Ifine vAit:.h=1.

106-8 ° trmn1=2
1091 ground=3
109t char trmn1

" 6ii0M6,o0-000330,000if210000033 ,0008016,0002000,000.0000,<1P100000
th94 char 7mitch
1c15 o000000,o000340,0000760,o001777-,o0.01777,o000764,o000340,o4ff33000
10.16 7Inar" '7round

,-.C10kWO,o100000,o12.000.d,o124000,0124000,01200.00,o1.0000ff,o000000

1098 draw 1606;1635;213:24.06;16.06
Ic,cq 17.1rtl,a

1100 25,160,217
1101 .--.m.21,a 4,184,199
1102 ir1e 10,224,27

,.JrC1,:7- 6,224,227
1104 7,4- :-.256,245

110'5 plot '-f-rmnI

1106 at 56,235
1107 plot trmnl

1108 at 256,285
1189 plot
1110 256,215
1 1.11 plot trmnl

1112 at 2 256,275

111'1 pl,:t trmril

1114 256,165
L115, plot +rmnt

1116 at 240,185
HIT Oct .trmnl'

1116 at :22.185
111rJ plOt trmnl

1120 firclt 5,201;1.85

1121 ,LIrcie.

1122 ,7-1r,.714_, 6,83,230
11?3 at '

1124 riot' trmnl

1.125. at 51,227
1126 plot trmnl

1127 at 51,217
1128 plot, trmnl

1.129, at 88,188
1130 plo't switch
1131 at 210

11.32 write. The nonadjustable outputs, have fixed voltages.
There is no i.i to alter this.

1134' --.7ze'

1135 ,cf:. 279,208

1



1

1136 write
1137 size 10

1138 f1R39
1139 write Nonadjustable
1140 -Outputs

:

11'441), pause

114 at 610
1143' write The adjustable OUTPUT is controlled by the
1144 ATTENUATOR, the OUTPUT selector, and the DC LEVEL'.
1145. I The ATTENUATOR and DC LEVEL controls ar, interdependent.
1146 draw .-:,74,127;224,181;skip228,179;224,183220,179
1147 wt 1F4,1g8
1148 write n.liu5table
114(1 OUTPUT
115.0

1151

1152

1153

1151
.

1155 ojrite ATTENUATOP
1156 draw 164,271;215,236;skip211,235;216,235;216;240
1157

1150 write OUTPUT
1159 'end

raw 140,121;198,179;skip;198.,174;198,129;193,1.79.
at 4,117
write DC LEVEL
draw :::2,2251265,268;skip;222,231;222,225;.227,225

blol.c/... 2d, x0153i1
/

4.,.._

/

1161 unit .'

1162 next' --P1m3c

1163

I.

. part=2,:b46ck.d

1164 write You incorrectl he di s. Read the
1165 prOblem carefu11), You a-e eiven whi...:41 diale
116* you needed to chane.
11F,7 ,Y;1,

116,9 unit
116g,

1477 at 171$
1171 writ necesary
1172',

1173 /#),1

the AUDIO OSCILLATOR.

1174 unit -.07.11s1k

1175 back -.01m3e

1176 nil
1177 at

again drive the A channel from

.1178; mrit4 The Y DI.5PLAY.FUNCTION should be set to the
117g dir..-.1ay the :5ine wave on the A INPU
11:3g arrow 749
1131 pe t.LI1phif±
11R:' an.T..mer a

1133 at 12(115

a

1J4



write To internally trigger the S OPE, the TRIGGER
1185 SOURCE sciuld be set at
1186 n
1187 at 1005

1188 writ_ The Y.DISPLAY FUNCTION s d set t the' R
1109 position to display the sine ua on the A ;channel.

1190 arrow MO ' i

1191 specs bumpshift
1192 answer /ac,dc',(int,internal)

1193 at 1810

1194 write The SWEEP MOD_ Should be. t -tothe DR i VEN

1195 VARIABLE LENGTH, p sition.

1196 Set he TIOEa. ft /ifreq/iency), o that one
1197 'Ti of the Sine iavjappears on tle scree

16i.. no
/ i

.11 110
1-..c1:; write The TRIGGER SOUPrF sh uld be set to the -It

-position you 1:riper the SCOPE
f,nd0.

.12'n4 unit NO1s31
YOla*.21,

1.2:r rite -';/':.1 have incorrect y set the d.als.

t 2 iIf 'Instructions on hco to correct these[
wil .when y,,u.press

I-21R

1:711 unit

1::10

ly 4 111 i ±e ''fr.A.1. don't need that w ilfe- conne t_d to the'el INPUT.

S

.41\
'74ii1s4a!

2

.1216 unit
1217

1218 af*

1. 1216 wri+e T, what peSsition must the TRIGGER SOURCE be set

1 2 n permit the ":iC.OPE to be el.,ternally tri='.PerPd

1221 arrow 652

1222 specs 1 :.ump5hift

12211 answer :ac,dc-,(e-,et,eYternal)

1?74 . 1410'

1225 wr'ite The only conn,=ction needed to et !ally

trier the SCOPE from the FUNCTION ,ENE ?TOR
17 113;.7, .*)11717-2C- terminal of

1226
..1226 FUNCTION GENERATOR.

the S-.:'OPF to the terminsi of the

//

part=2, block=



123' no
123 at 1110
123 write It should be set In an E T.position.
12._3 arrow 1634
12 4 7.pecs bUmpsh ft
1 2 ,5' enswer, tthe,t ni nal > (tr ig, triege I ( n, inp0t)
1236 'no

1 37 at 2.410

1'33 write. The terminal on the SCO is -the TRIGGER INPUT.
1 39 arrow 1726

1240 5peoS bumpshift
24'1 answer 'the, terminal > (tris,,,triqg (oUt,output)
242 lump ',01s,111

1243 no
1244 :2410

1245 write The terminal on the F ION.GENERATOR is
1246 the PIG OUT.

block 2f: YE1s4bi

124F unit. N-71541)

1249 define 7,pot.1 '

1250 char = _pot
1251 ,7,0.11014,o00.0136.1.000
125,7' join -o:f154b1

S \''(1253 at ' 45.320
1254

1:5%

ric,t -,,,rc,t

it ,, -510 ..

write To measure the 'vAta,.sof, this deflection
rct.7ve the NULL dial 0 the-vol.ta,,2e,point is at th

.

base

o000077,002

part=2,. b1OCS=f

,o00.0B-14,00000 0,o000000

12,F, 9 Pre- -NXEt- to See thi5 done.
42t'41 patr,%e .

1261 mode. erase
1262 at , T:45 3..7,11......

126TJ: plot ,..z..po\t' -
7---'.1264 :t 210 .

. , .

12r:, 5 1,,rif_e To measure the voltage of thi6deflection
,

'1266 t. move the NULL dial until I:he volta.=e point is at the
1,2,677 Ter-yo base Iine.

) t

1,26:E: Press -Neji:- ± e this dono.'
126 mode write s9

127g at ::45,253
I

/1771 riot --pot

/,1272. pus..
.i12.7 era7:e

12741 join 7,01s4bl
1 .

1 275 f6r7±. r",An(v77),v771-421,2. .11
1276 at tr 1 0

1277 write If you Wanted to measure the-zero to

133



/
, 1278 1.pk v -e (Vg7p), the trace t.o. the

1279 zero l'.7e1 by adjustin khe'NULL. .PreSs
1280 NEXT -- to see this don
1281 pause.; ,..

1,282 mode I. erase .-

1'283 .
func.± L 5.F.in (v77) ofrys.-21r, 21r, iv

.1284 at . \ 25,10

12;85 write If you wanted to meas re the zero to'..
1286 peak voltage 1V.m. 1, move t e-trace tothef

..
.

- 7
1287 zero level by adjuFYsting the (DULL. Press
12813_ -NEXT-'to =.ee this done. v

-.1289 mode write .
.

i

129? funct 5sinlv77)-5,v77--av,2v,.1v
1291 end

J

1292

unit
1t94 ,origin 16.V.

.129E: axes - 120, 120'

scalex .2v
1297 s:ley

m.9Hk* .41r4.4V,2

1299 mArly
1300 mark. . .4V,.081

1302

1303'

1?.O4

13o6.

1::07

1 3 t 9

unit
next
back
at

writ*

1310 unit'

1'311 ne-et,

. 131. at
131 '; write,

131.-1

1316

1.317

1318

1319

1321

7 .

xgrs4c
x71m4aH
x01m4a

You did not follOw my instructions to Ieve"
the waveform displayed ,t-t the screen. Pres-

-Nr.v.f: to dislJal., TTe wavefOrm again.

'71 DISPLAY vs B.

unit
back yE31m7e.

nest 'v:171m7.

at'

write did not set the TRIGGER .SOURCE
in the correct posi t ion

end

bloc. 2g, -x01e7idl

1323 unit -4flend

1 j7

Xpart=2, block=g



N
1324 back xffflm7a

1325 joiri imOde
,

13276 jump n479x.61end,x ,

1327 course n2
132 jl *e_7alcc n2=Hee244.,
132 nc(n21+1) 4--(ric(n21,4-1)$makSo7777777777000000000)+0460300001P0,
1330 nc(n21+01..nc(#121+1) ;

1331

1332,,

1333

13.34

output
join
.1,21n

lumrn,at

,,// student has completed experiment ///
endunit

nciPr!..*, ,711...leSit

13'35 ,en-F:rk,. f71.-v?.

13:36 end
1337 '''AA

1338 unit endunit.
1339 course. n?
1340 jump, n,'4.'ee244',IeAve;x'

1:(n.-'1+714mc(n21-t-7)+ahelp
134 ...;m2C+6:11.vc(n21+6)..fatime/6000.0
1.343 .,(*.*Ir< ms -gampleondex,im0e,commendes.
1344 12-5e

1345 Lk,
1346- U5e
1347 cL4 ,

1343

1349

not found 120 202 210: 3'34, 237 34* 271
580

not found 411 617k 696
".125-' ° 243..

no-E ; 98 iaif 136 g26 157 -27" 197.

325 352 385 - 583 ,73t%
....

658
not found 417 631 702 . ...

okdl no+ foun,:i tffi -133 141 23*- 207 2,47.9 229
282 285 Is 333

*01 end 1.338 23 t332

riir

not found 393
nio+ f..Dund

G.
1333

594 668 1325',

,f.0:1-and 1335 1340
tit 1":11"17:4 41'1.-7,n 1323° 735 1326

-,1.1.1mR.Fi. 31 36 54
-,01mla

.

51 ..34 )A .
"%:-Ilril At --01mla 66 65 81

101m) 78 .. 69 105 771' ' 847 848
-4Trtila q6 .

,
.

-.0:1m2a

-VS4
99 145 864 ril 865 5'Y.5- 876

688 .,, 914
..rTf1m2a 106
-..Cfirri2a .. .00 121

f1 il, Ni n'.+ 1:'S 121

4 131j. // 126
-,.!..ilm. 144 /1 118,, 134 142 161 893..
..;:.1 , r, ? 4;', P --_ 146 694
...c,i7A;a .181

,...im2d .1 ,7 u ------."-1"1'6 3 ,214 915. 1.

ti J(

AO"

1J3



_

x01m2d1 x01.m2d 193 182

'x01m2d2 x.E1 1 m2d 200
%

198

Nif 1m2d3 xillm2d 205 198
' x01m2e xi51m2c1 213 203 211 248 et/5Y 924 74 : 925r

. 966 967 973 974,.
x01m2,e1 x0 1m2d 2'23 .215.
,x01m2e2, xliflm2d 2,12 227
.-.:01m2e.3 x01m2c"' ' 241, . 2.38

\y01m2f x.Cilm2d 247 224. 239
01m3.a. -.:01m3a 256 249 269

,A060 1.C.f.711

,
245 259
961 1 fr 982 4.23, 999

1060
. .

>(01m3a1 x.01m3a 2,61V 260 i
-,x01ro3 4 2 N,(li0Irn3a 274

3
272

-x..6 lro3b x01m3a 2 8, .277,,.1,.)(. .01m3c "(011-06' 5. 0 290 33 342 1 1 6 2. 1169.

-.4161m3e1. -x01m3c1 - 23 307

1,01n-13,-:2 . -,..01m3c1 ,:'8 , 326

,(01'n-,3d1 -..':.0 1 ro3c1 3.5!.0
(N . 43

r .6'11:1,136!* N61m3c1 41 '3 -it' , 368 362' I it'

12'12
1175 1176vii 1 rn:30T Y.0.1m3c1 3602 353 39'8

-101m7,e1 -.13.1m3c1 ,-!,, :7., y ,, 36.3

401 i'ii4a. ' .>.01rnia . ,,,.-.N.:391 v 'j89 394 423 430 /30* 1303
-..,01rn4a0 y01m4.D . .396' 394 t12 418

,
-e.0 t N.4..a 1 ,. Filni4a '417(4, - :99 -'

4 ' 'Pl.... \
--01m4a2 -:01m4a ". 415 "- 413

, 7,01m46 -...01m4a . .......mit.,
A'..L,8 7 j, ', :I" .42 2

.i;:t I rir$/b0 '±c01-m4a 4? -1, . 419
,.., ...x°

Y01,1114,-.: NO 1r44.a
.. -,..:01'1-1-14:i -...g-Irri4d : 488 (1

.
f.'" ' 431

484 5.67
. i .

''':47*
50`17., 44.';:i .

. -.,

,306

4

555 578

fl, 4 . 1 1 rh 4d 1 -.:40 t ra4d '
s',,,.4-401m4..-.42 v.01m4c.i, 51 .;

e -'.,1.4 1 r14.-:i3 ti 01,m4d '1 1

'' '. 4;3i ;71..., , -,..,17.5 . to 4,":14 \01m44.-fr '..iri

'"i, 4. ,1; k"I 1714,:i 5: '1 )',i a t mid 57:4 51-1.,- 4-504
-

' '$441,0-1,4,,:ir.,' ->01th4e:.1 .570.7, 50.4

-,7114,-.1' -,401m4,1..
. .*.

554 54'94'1: 577 599
, 544

41'
..:

.7,47,:' 576 .. ' 1 595 . ,
x4-7 .595 618 622

615 6)71;:1

619 639
.t29 \. 629

A

t, -%5 6 3 : 643
-, -, 6,42 637 7\., 652

6,51 644, 6.73 '1311
6 653 .669 706 1.324

t , ; f 669 '694 ' \ 700
699 " 674
69r1- 697
'705 703 723,,
722 0 707 729 735) 131P6 1317

720 724 );
737

41,56 /..0 : 752
1

-/,'-.1

, 7-38

-,766 7 9 7;3
7;',0 83

-.t.1"flro gr.

-,v.6 Pro'; 04: :;:041 rfi e
ti

, -y.tflroga.

-; - -.,.0"1n-r5a
r

t Fr; i4 1 selitrri5..,
-,06.1m74
614OA 7*

sti re1,7ae, "e,

)4 I m c
=k f N'tiroTat'4
-o.01; ,...x,01551as

7.41`.11.16., 1''41.'01%;
..141.5;,;1 -.XXI' a.

40.x..[1sta.
-", ;

.:"

416.e

,636

t

0'.
Py

,

] 1J9 ,

.`1



VOlile x0 r,lat
)4214.91f 0154f
1,0151F vit 11S 1J.
x019111 k1s1f
201511 * x0151f-
*ic0152a* ..,4012a
w0192a1 5(01'52a
'.1..0152b 7.1:1152a
x0154 x01s2a

,c.0152a
X015;*.t
x8152f .940152e
x0152g x01s2e
*:01s2

. ..x.01s2e
x.0457;.=.9 01.70

-41

x2i153c -xcri

),(015.7e -.(0

1 1 k6i15 :5
1;015-'1,F! *.:81.-; .cf,

. o i
...111

10153 ) 7-331

" a Cf I 1

x0 1 -57: 1

),-.0 1 m -,71 1 7,

-.017.4a
',e01.5,4t 1

*.K.1f 1 4: 41:

.;c:fi -54b

- 7, 4

al-ne r

P

'to(
no,+
n2
n21
n33

'n47

n70

Stn

;tat: 1 on

781
800
8ifqi

4836 N
. 8
863
875
884

qt.

891
903

. .4,4

I:16f

9,9

105;,
1059

1070
\ 1081

1 1 6 1

1 1 6 8

1174.
11S,04

..,1211`
1412 1 6

124.7.

17;41

-1

1-091 1096
1329

1

1:L29
c47,

196

/
18
102
84 801,

810
102
107 N26
131 139/
134
158
184
214.3 208
23

1V234
230

245

601

244
261
C-4 8 3

934
272
280
283'

.1081
1054

1211'

772

802

211

1242

N

895 \

--`TH 4

S

5 6

2 4 4'

3156
c

735
15

4'16
148 a

1

1 t

1130

1 -t

119

,7"78

, 410..

10.7

27.

61,9.

245
58:2

17v:

s,-

1

ti

. 1330 '1341
a_

.1540'.
\r-00

124
2E9
-2.01

416-

121
288

4 1 2

632

,
1341

129:
: 225

284
579

1341

1341
/44 13,2

.:436 228
3'24

6;30- :582

125 1:;5Y

21;1' 235
283 3'37

413
459 '14"

481

1271

,fqv

,131
227
326
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lesson eex02 at i4,27

2 l stop
3 ,,,c,**

on tuesday, august 27, 1974

'For Neal, tGERL, Poem 248 EEB.Fl

One line description th s lesson,--

5 The Operation and Uses of thlAudio Oscillator, HP 200AB.

6 Div4sio-ns of .this LessOn: Bock Unit

Id for this file
1E-,eperiment ee7;15;

ee;(.02id

9 Obiectives ' NBT..mga xg2m.gia.

Frequc?n,..v:arijustment -...a2mga" x.02m1a

11 rtmpll*ude alijustment ,c)32.m2a

12 Compare wPfunctiongenerator -.11?m2a2 xi2m3a

13 m,:de MoL7m4a 'x.132m4a

14 Superpt,%itfon.of waves xa2m5a

1 Final 'Eei13 -,c02T5J NO2m6a

17

I

final r!dit ,'1 auF 74 ntpal-.,

*list

v.,,r1.1n,e7,14?-17,cg1nd...v,cgo.char

Le..,adinr, fh.p CC,Ftharacter Set

x02maa

unit 7 VN2m7a
31 restart

ime>d,?.

jump i'147,w02mKR,Y

?)

1 1.

partml, bloCkma

part=1,blocTC=b



38 at 784.
39 ,write THE (AERATION AND USES OF THE AUDDOAOSCILLATOR, i-P MOAB

,
40 'at ' 1005

- 'k .
.

41 write The purpose of this experiment is to, experimentally
42 study the operation-,of the Audio/Oscillator ag a

I

43 iiine7wave'voltage generator, anduseit in_various modes.

r.

44 The specific tasks 'of this experiment are to examine:

45 Frequency adjustments:
46 1) Amplitude adjustment'and meilsurement.
47 ;:;1 Comparisons with the Function--Generator.
48 4P The floating mode of Audio Oscillator.
49 '5) Superposition of waveforms.
50 ***

,

51 unit ,..72m1a.
.

52 rester\
53 h6se

..

54 next xff2mlb'

55 back -,02mga /
56 a+ , r07. ,..Piri. .

51 write The Audio Oscillator produces a sine -wave voltage
58 over a.range of frequencies.which nearly coincides
59 with 41e range of- audible acoustical frequencies.

.
.

60 ,.

The parameters,of the generated sine -wave voltage
61 'are its frequency .and its amplitude. These parameter.
62. can be varied by adjustments-of' the dials on,the front
63 ranel Ofthe Audio Oscillator.

;

e
.

.

64. The output frequency in Hertzisdesigned to. be..
2 percent of the product of the settings of the

66': large frequencc dial and the RANGE dial.

67 .,/
, ,The.Ou+put amplitude i>:::, adjusted bythe.OMPLIT

'66 dlal. This dial is not calibrated in vOrts.
.

74*

70 unit. ,Y02m1b
71 bck'
72. next
73 at

74 write' Adjust the,AudiO Oscillator to 'generate a
75 147equency of appr*ximateN.5000 Hertz.

(;1

.,,,,

77, unit xi'Zml..--.:-
.

78 r.,,, n-,:3,++++++++++++++++4++,e..c(kI)df+.
. 7i loin' .kd ,.

.....88. pimp r-1410.stflaock2m2a ,

.81 4'1!
4 I
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a4_ base \

85 \ back x02m-lb\

86' next x02mn1\
87 help x.025132a

88 at 708

90

92

93

write Now tat you have set the Audio Oscillator
frequenecy properly; turn up the AMPLITUDE dial,all
the way and display one period of the Audio Oscillator
output waveform on he P channel of the Scope,so.you
can most accurately measure the peak-to-peak 4alue.

94 Set the 'Sweep Mode to the Driven VariableiLength

95 PositiOn. This is the most able-and recommended

96 mode of operatiO'n,for most s gnals.

97 Internally Trigger the s ope for this-setJ.0.

98 'at 2920 6

99 write -HELP-. 5 available

100 #*,x'

lg unnit 102m2a1

itack n33.000 771771 7'77c. 0000bcg0

.103 :1111 ckc:

104 jump n47,x0 sO3a.x0M2a2

6

black lc. x0zma2

.
.

106 unit 'x02m2a2' ., e
177 pack n113, +eptd ( fg) (abri!dN+ + ++ +4:4,, +v (cc) (f1) + .

10',:l join cliA

179 ,...alcc n47016060+1,n60,#9'
7 jump r613,x.-,v,.72s04a,-,132575ax02sffFb 7/':

jump /n47.x02SO4a..x0 .,

*,:.*

. 1.

part=1, block -c

113 unit 'x02m2b

114 back .,02m2a

115 ne..t

1161 at 1007..

117 write Measure V
P-

sine wave
P

.

118 Hints: Peak-to-peaklexpanse' v.'s easiest to observe

119 when the SWEEP is turned.OFF.

127 What. .p7ak-to-peak v6ltage,did/ou

.121 V
P-P

122 arrow 1,72e

123 an-.v 85, 5

124 no

12t; at 2117

126 write Your Voltage measurement is too inaccurate..

C

4.



127 Che.51,1 your' measurementsi
12.8 *** -

129
.

unit :x02m2C

130 back-_ sx.02m2b

131 neft N0.7m3a

132 at 607
133 write Good.

134

135

136

137

138

139,

140

141

142'

143

144

14,5

146
147

148

149

1'5Y

pause
at 1407

Without movingthe AMPLITUDE control o n'the
Audio-Oscillator, observe the amplitude of the
output in wave voltage oh the Scope while you
w-v the frequency of the Audio Oscillator over
it4 entire operatine.rrange.

write DOes tht amplitude of the out put varyaith
arroor 1626

answer iy,yes,Y.,yes)

1707
write Right' The amplitude does vary somewhat.
wronq In.,n6,NoY
at .1787
write Look at it more carefulKJ., while

:freqbency from the lowest to t
1,1*

151 unit ,02m3a
152 resta.rt

153 17.a54

154 17,1,7. /:

ne7Nt :.8m3b-
156

157

159,

168:,

161

162

ite
acy

The Function
a -sinusoidal
amplitude.

vary the
t settings.

-Generator is /also capable of producing
waveform of adjustable frequency and

We wi11 now use the Scope to compare the adjustable
output of the Functi. GenerStor with the output

f :the. Audio Oscillator..

164 unit v112m3b

165 .1-.. '.:1-4,::m';a

P1466 net -0Y2mIl

167 at- 1!'87

16B -write Connect' the adjustable SINE output of
169 Generator. tohe B channel of the Scope.

. /I
. ,

the Function

170 . The Function Generator is grounded by the links
t71 -between. the lower.right -terminals on its front panel,
172 so only one connection from the Function Generator

JS necessary.
4 A**

ti

175 un>yt

176 pa k

13.5



177 jo4n ckc
178 jump n47,x02506a,x02m3d
179 v**

180 unit x 02m3d

181 restart
182 back x02m3b
183 next x22m3e
184 at' -8E7

185 write Set the Funct on Generator to produce a sine

186 wave with a frequency cif 52E0 Hz. and with a

187 maximum amplitude.

188

189

(If you would like to review the operation
of the Func ion Generator, press -LAB-.)

190' Now, s,4 the Scope to display the A and B

191 channels alternately, with both the A and B VOLTS

192 at 120 volts and with eternal triggering.

193 lab xg2s27a

block Id, x02m3e

195 unit -x-02m3e

196 pack n33,p+p(bc)d(fg) (bedb+Oijk)by++++++++
197 join ckd
198 lump 'n47,x025138s,x0,2mlf

199 m

227 unit x22m3f

201 hack Ng2m3d
2g2 nl-xt. -,432m3g '' \
203: 411! -807'. ,7,

304 write. Use the Scope to Compare the output. Waveshapes

2g5 of the Function Generat;Sr., and the Audio Oscillator

a

part=i, PIoCk=d -- - - - - --

206 As you experiment with various controls, make any

207 ,observations'necessary to answer the fo4lowing questions.. ,

.2ea d6 1 :!.:F5,777:,0§a

-209 at 1427

210 write Aich instrument has the greater maximum output
.,

.211 amplitude
212- arrow '1536

213 answer a

214 at 1607' .

215 Of ite RIGHTS The Audio Oscillator is capable of

216 producing-the largest amplitude'sine wave.

217 '....

218 unit x. 02m3g

219, back x02m8f
221f ,next

A



221 it 807
222 write Which instrument has
223 at 137
224 ''rite Which instrument has
225 do Y025.09a
226 arrow 930
227 ,hump
228 ah.F..wer a

wrong
2'30 + 1007
.231 write Look at both the frequency dial hand the
t.1L MULTIPLIER(ranse) dial.
233 arrow 1410
234 arlswr!r L
235 Oron2.
236

write Look at both the frequency'clial and
238 TIPLIERrange);contr61
239 ,6c,

the hisher ma4imum frequency?

the lower minimum frequency'?

'e

240 61.1-i77-L-

24f 17...ch

242 ileNt

243 at 70,

244 wn:te With both sine'waves t abbut the same freqUency
245 yoC may be aDieL,L

7:o'rot c)e that one of the generators
246 a.deig-keTt. qtalalitY Sine vive.

/

247 Which P'enerator is it9
248 arrow 1135
24'3 Tper._--, 1-,;(4':_r.P.,,bumpshi ft
25cf n51.a.b

1140
252 writes r51,no,c,k9ho
253 endnrrow
254 17388

255 write The Audio Oscillator prodUces a pure sine wave
In its In-term,: oscillator circuit.256

257
2cR

259.. .at

260

261

262
2.63 anw

e 'Function Generator produces its sine suave
ea,ns df totvearin!--4;

Thus the t- action Generator 'sine wave' not as
rure. a sire wave a5 of the 12iudio Qscillator.
It has no4ce:ble-imperfections.'

4V"

264, omit -4S2m3i- °

265 bock
next .266 -11"2m4,i

26y at 1007
4

263 write ,-Er, exp'eri'ments which' require the use of
bi.9

.'' 7,i7llusoi1 7,:,11re it is eenerally desirable
27g. 1': u=, the OudidOT,cillator and not. the
271 17Jnot'iOrt Genera). be,,I1J-;e (4 the (ludi,-.. (7)cilltor's
2-'2 :,:y-er quality ,>12.+Litan,-.1 greater ranee.

1 1 7



block le,

274 unit

275_ join

276 jump

277 ba.se
273 reafar

?79. back
280 re- {t

281

1.1rite"

'284

xff2m4a

mode
n47,y32m4c74.-0(

NO2m3i
-),02m4b

ftY7 . .

Asmentioned before, theAudio OscillatOr is
normarly grounded by the ground link at its )terminals

'

Asyou might suspect, it is-also possible to operate
The Audio Oscillator in its ungrounded or floating-mode.

"t7 part = , bTock=e

28l
N,-...o.; prepare the Audi...". CISC i 1 I ..:-.1..f.or fon.o.

.

/
8,7'

o,

in its floating mode bAk disconnecting t-S

238 -7,utp,ut terminal from gi-ound..
k

289.- 1,-(1,t
. ..., \

290 uni-t. Y02m41)

joi ckc
p_imr 1 X47,x0210a,02m4c

294
. ,

295 unit:
296. ne-vt

-

/

"ir ;,:ith the Audio _or\F,et to opee,ntein its

fh)ting mode, II"

with other generators the DC The net

:411 output v.:Jta,?e' of the :series comic w,74J1d

3J2 1:henbe .,um of the/individual outfput voltages.

TA3 /

304 unit YO2mI1d

305 back
46 rie*
.37.f7 He -,02s1ta

308 -1- 707,

wri.te Let's use the unction Generator with the Audio
Oscillator in its dating mode and, add a square

311y wave to. a sine wave. N,

312 ConneCt the adjustable .7_7;,1APE output of the Function

313 Generator to one of the terminals of the Audio.

N3.14'
. N

i.-.41.5.'
Then connect the other of -6e, Audio

. .

vi
316.. =t Ogcillator to the'A INPUT of the Scope. \

.

\ .

18



317 Trigger the 'cope fron the runction Genera. ,r.
318 at 1125
319 write Help is avail bley
320 **)! .

321 nit --x02m4e

32 2' r33,0001400007000007a7c0.000bc0Oba00
323 join
324 lump n47,x: Y.02m4f

325 pack n33, X31 0g0000000,0100a0c0200b,c00ab00

326 join ckc1
lump - n47,):02s1la,:42m4f

328

329 unit vg2M4f
..y.02m4d

331 ne-xt . -,ff2m4s

.332 at 1007 f .

\\ Good? Now set the frequency of the Function
34 .Crerator to 5.W.Y2 Hz and the frequency of the

12-ludio Oscillatorcto twice that frequency

, .

3.2J6 C,spplay one period of; the socant.wave orr.the-Seop
337 vi\xxc-

338 unit >0-m4g :,

339 pock n':,3+e++d (de) (cd) a + as (1 jk) dltabcd1 '; + -1.;,.<e (p1 ) .V14. 174 1- :.,

34.a ).-,,,,,,
.,,-10,r . ,... , t.,.... , h

, ,.. . .

341 i um,p r47,Y,x02m4h 1:

342 ,.pau..7,e

343 jump ':cf2m4f

.3'44 ,,

345 u.1

347 ne-,t

348 /at
549 write
350
35

a2-1-n4h

-)132m4T

)1712m!..

ipir7

No-Lice how turnins up the .aM'Oitudes of the Function-
Cenerator and the Audio Oscillator voltages influences
Fh display of.the eLim of the two waveforrirs.

;.:.,periment a hit. Chanse-the'frequency of-the.

Etudio Oscil..latr and E-,ep what.happens.

block If,' -,432.m5a

355 unit ,NZ2m5a
356 join imode
3r.7 'jump

359,:restart

1 9

1ft

part=1, biock.1'



36g back x02m41-1

362 zero n95
/,

.
361 next x02m5b

363 at 707

364 write You have seen how the AudioOscillator and the
365 Function Generator can be used to add to waveforms./. .
366 As you should have 'goticed,

'

in that case if is .

367 difficultto obtain a stable diSplay because the

368. two frequenCies.are not synchronized. .

369 Let's try a different method. to superpose two
370 waveforms.

I lock lg, x.02m5b

1 ,

372 unit x02m5b
323 back ..x02m5a

374 next x02m5c
375 at 707

376 write You will need the SUPERPOSITION BOARD,

377 ITEM 38.-Please get it from the shelf below.

37.8

380
381

382

38.3

384 unit
-S85 back
386 next
387 at

..3.ps

* * *

The theory -for the methOd you are about to use
is based on Kirchhoff:s Current law:i

The theory state- that the current leaving
node is the sum e currents enterinz.te node.

q

Let me deMonstrate this witha few diagraMs.

x02m5c
N.02mCb

x02m5d
407

,

Betbw is a node with threeibranches.

part=1, block =g

0

389 The node isiabled A and the 6ranches are
labled ) through 3.
1632 /

eY

393 at 1613

394 write e
395 at .1651

'396 o
397 at 32

398 wri
Ne

399 draw ,260;251,105;skip;254,262;400,262;skip.
402 2 8,2612;102,262.

401 at - 1532

402 write A

12.'0

4

4i



403 at 1552
404 Write 2

405 at 1512

406 Write 1

407 at 2)732

408 twrite 3

409. pause
410 mode rewrite
411 at 607

412 write Now let's assume a current.reference direction
413 for each` branch,
414 pause . 1

415. mode .rewrite
416 at . 1515
417- write '/

418 draw, 135,278;174,278;170,282;skip;174,2781170,274
419 at 1548

420 write i,,
.

421 draw 369,278;328,278032,2skip;3281278;332,274
422 draw 1835:2235;276,16.4;skip;272',160;268,1154 "
423 at 2:t"38

424 write i3

425 pause-
426 .mode rewrite
427 at 07
-428 write 'According to Kirchhoff's Current Law,- the current'
'429 eavi.ng node PCis.equal to the sum of the currents
.430 ±ering node.A.
431 pause
432 mode erase
433 at 607 .

434 wr Accoding t o Kirc hoff's Current Law, the current
435 leavini.node tothe sum of the Currents
436' entering node. A. A

437! mod write
438: at 607
439 write. Therefore i. is _qual to the sum of i1 and
440 or il = 11.4.

44.1

'442 pause 1

443 at 241

.444 write
445 pause
.446 mode * erase
447 ,..at 407

ite

reore i 3 is equal to the sum- of and
450 ;;.

451

452 'model write
453 at 407

'454 write If the currents,
-

and i2, are two waveforms,'
455, i3 will )5e the .,of the two 'waveforms: ,

and label the diagram accordingly.

is a node with thfeelbranches.

part=1, 1,19ck=h

^



block lh, X021;15d

457 unit g2m5d
456 back, x.02h15c

459 next x02m5e
460 at 507

46F write , Now that We are; reviewed li)OwftwOn174noiln...

462 superposed, let o to t4le SPPOPPITPX130NRO.
463 ***

464 unit x02m5,=;

465 back -02m5d
466 erase
467 draw 1314;2514;2552;1352;1314-,

468 circle 12,432,284
469 circle.. 11,380;234

470 circle 11,132031
471 draw 144,283;166,283;166,275
472 draw 153,243;153,24005 ,205048,195058,1
473 153,180;1.5.3,130;skip;143,130,130
474 draw 153,243;166,243;166,25r
475 draw 357,130 057,180;352,185;362095;352,205057,210
476 '357,243

477 draw .369,284;347,284;3-47,2761skip;357,243;347 243
478 347,251

479 draw 238;130;28834;293,139;283,149 159; 288 1,64

480 288,168 ,

481 circle 11,288,179
. 482 draw 288,1891288,199;skip;283,199;293,199;skiR
483 .F.!8,129;28-3.',204;293,2g4;28.8-,199

484 draw . 288,204;288,228;skip;278,228;298,228;skip,
485 298,2a3;27.8,233:skiR;288;233;288,285;293,284
486 3113,291013,281;318,286;318,268
487 draw 277479;259,179;244,204;skio;259,2234;209:212
488 I 288,212
489 draw 259,'212;'246,240;skip;259,240;259,246;288,246
490, circle 11,245,280
491 draw 288,286;255,286 0

492 draw ' 234,286;229286;224,291;214,281;204,291099,286
493 199,268
494 draw 166,263099,263;199,271
495 draw 347,263;318,263;318,268
496 at 1414

497 write 1 ) R1 3' 5

498 5441 sw2

499 2 4

500
501 sw4
502 7

503 'R4 sw3 Di

504 8

505

506 Rg

507

1 2 2

\ -4

4



5

,

508.
5.0.9

.

11 . SUPERPOSITION BOO1RD
v"erise.

510 1195,x,x02m5f t

5 \likv ,

,.. .

512 unit x02m5f
1

. 613 hick -.02m5e-
'''). 514 oat 307

'515 write ThiS is the board you will be sing to.
6i6

)
tG superimpose the wave forms.

517
;5'16. This board Contains more components than
,5.12-- .. .* vou willl'ileed to use for this e..periment
520. pawse Z.':
521 mode .Prase
522 at 307

523 writ the'. This the board you will lee usirral. to ..

524 to supP impose the wave forms.
525 .

526 . Thi board contains more components than
527 .. vou'm ll need to use for thise-Teriment
526. mode 'writ ...*

529' at 307

53i write\ 11 components that yoU.will not need are
531 -'-, the-Capacitor and the diode. These must be shorted
532 out by closing switches si.13 and sw4 for this experiment.
533 mode 'rase
5?4 ---Jraw, :F9,179:244,204;skip1259,212;246, Z40 :
535 -mO,-de write
.536 dr. w :'5q,21?;25.9,240;skePl259.179,l2".2°5 -
-537 inhibit Prap

.

)

block 1 i,/1,14:g
A

.

539.. uni -.R2m5g

.540 jnext .,,P-2t1;5h .

. .

541 mdde ersse
- .4 542 at" , 307

5143 write , Th. components 4that you will not needare
544 - the-capacitor and the diode. These mustlbe shorted
545 cut by closing gWitches,sw3 and w4 for this-eVeriment,
546 mode- write .. ,

,..
547, at_ .0.'207 - .,

546 wri.tt Now, make sure the board is confiected to/the CGE,
, . .

549 ' Interface by prueging the board'; tensor:cable int he
.550 .jalt in.the center of the ppnel llelOw the.Func i , -

551 Cre+lerator..In addrtion to clOsinP.-,.143 and ,5.,o4:closing -

,.. .
.

552 Set swl. so. that terminals' 1 and 2 are connect
553 (soil in.the up poSition).

F part=1,

554 Set sW2 sp thatterMtkalS

, 123,

are connected:.



555 (sw2 in the up position).

556 inhibit drra.=,p

557 ***

591 unit v0^mch

559 pact naadbb0dc10000c00000:60000.0000c00.
540' join ckc

561 inhibit erase
562 jump n471 x,x02m5i

563 net v02m5j

564 ,0

565 unit NO2m5i
566 back ..02m5g

567 ne'xt .0:m5j

563 help
cw, ff:1.-.'0,2m5j,x -1

570 m.:,de

571 at

572 htri ±e Now, make sure the board is connected to the CGE
571 Interface by:plugging the board's sensor cable into the'
S74 j-)ck in the cInter of the panel below the,Function

Generator. In addition to closing.sw3 ancLsw4:

51/6 Set .so that terminals 1 and 2are connected
577 )sw1 in the' up poSition).

578 Set -4x12 so that terminals 5 arc) 4 are connected
5.79. (sw2 in t'he up position) .

580 mode write

581 at 107
582 write Connec non-adjustable SQUARE wave output
583 from the (Fu ction Generator to terminal 5 and
584 the non - adjustable vine wave output Irom the
585 Function Generator to terminal 1.

586 Connect the common input of the board (terminal 11).
587 to Ground.
588 Connect the A I f the Scope to Terminal 8
589 of the SUPEPPOSIT ON B) D to,display the wavefonM
590 of the total current.

/ Trigger the Scope from the Function Generator.
592 Late 2'114

593 Am' Press -HELP- to ties. a circuit diagra0 of setup'
594 or

595 Press =NEXT- to have your connection checked.
596 inhibi' erase,

lock 1j, x02m5j;

596 unit -x02

5-99 next ..,(02m5i

600 help -.02s14a

124
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601, data x02s1.5a.

602 erase
603 pack .n33,aacdd0ccr0k0k00c0rd0a0010pk20
604 join ckc
605 jump n47,x,x02m5k
606 calc n9542-1

607 at 1007

608

( 609\

610

write
, You have some errors in

4
your setup.

Press -NEXT- to try again.

Press -QATA- to see the correct circuit.

612 Press -HELP- to see a lis of your errors.
le* IOC612

61,3 unit x02m5k
614 back x02m5i
615 net Y.02m51

616 at . 1007
617 "write the frequency of. the Funotion Generator to
618 5000 Hertz and display two periods of the wave
619. on the Scope.:
620 '***

621 .unit v02m51
622 pack -n33,4f++(cd) (de)+abaejk)++(abcd)444++++
623 join ckd.

624 -jump ,n47,x02516a,x02m5M
625

626 unit
627 Aback
628 next
629 at

630 write
631 ,

x02m5m
x02m5k - 1

x02mta
1007

'Experiment with the SUPERPOSITION BOARD 'for
a while if you wish.

632 When you pr ss -NEXT- you will, be taken to
633 ,a short review vering the Audip Oscillator.
634 *c*

635

636

637
638
639

640
641

642

643
644

fe

unit X02m6a
base\
restart
join .imode
jump n47tx02m6a,x
back x02m5m,
next x.02m6b

at f)07,

write You are ready for a short review covering your
experimental examination of the Audio Oscillator.

645 ***

646 unit x.02m6b

647 back- x02m6a,

o -



648/next
649 at

650 write Set the Audio Oscillator to:

651 'Operate at a frequency of aboUt M000 Hertz.

'652

653
654

Be .in'the nonfloating mode.'

Generate a peak-to-peak voltage of about 40 volts.

655 unit x.02m6c

656 .calc n514r151+1

1.657 pack ri7:3,+++++++++++++++++4+<d(pq)c(uv)>+,

658 join chdw
659 _lump n47,x,x02r1:16cal

662 next NO25188

0 661

662 unit x02m6ca
. ,

663 pack ;13-3, +++++ +44++++c+4a++++++++++ c++

664 join .chew
665' jump n47,tx,x02m6d 1

666' next % x02518a
.

.

667 4,*i,

668 unit xA2m6d
66 back -.0."?m6b

670 next -.02end

671 at 707

672. write C,reati-

,2.673

674 xY**.

Experiment on you own for a minutes if w ish.

675 unit xf.J2s0la

670 next xsy2m1b

677 at

67R write The frequency setting of the Audio Oscillator4.

679 15 nof: quite ri,,h.

680 1 Recall, that the. frequency ofthe generated outputs

681 is the product of the frequency dial setting and ,

' 632 the RANGE dial netting.

683 If the frequency dial issetat 40 and the:R
684 'dial is set at 200, the generated.frequenCy should

. 68!: be Hz.

686 arrow, .1911

a v 8000.,1

end:'

block 2k, x025028N
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9

C
690 unit y02s22a
691 nest v02s02b
692 .7qt 11rir7 .

in c,rderto display a specific waveform on the rope
694 sit, the omplitude can be most accuratek. read:

.The DI$PLAI FUNCTION must be set to the pert inent
chAnnel..

695
6,1h,

6'37

699

700

701

702

70:.

704

,2eom11.that every reading from the CPT screen has
e p:, ,-i40 error of cm. Therefore, the calibred
vOLici. FULL 5CHLE must oe yet as low as pssibie in _,rder

rmAleimum,vertLoli travers,- to .the
vetoT mr

The TIME PULL SCALE of the scope must be
=.t to,e741,Apla 1 the desired number of periods of
he. wavef,.,rm.

705 Press -BACY- if you are ready to proceed,

06 or

707 67.-res;-.7.;T- if '.'ou need more help on the Time setting.
708 r. **

700 unit'
71P P4-

711

712

r

T'r,7!preen+.. the time duration
f form.

71:%" pf,r;ir.f,-..i ^ f n 51 ve shownAselow.?
71 .70- 14-1 n 161i,

715 0,-1011,26,10g
716 scaleY 1

717 Tr'

7 1 1.114,..1

7IQ 11,1r

7.2P: 1a4,173.11oT/24.at.,1748),T

n(v57) .1.1.21t
rtt. r 17
,11- If the sine wave 15 4700'Hz,

r .171.../e expressed in milli.-...econds

ms.

in seconds of

726 arr,..i(
lrt

727 3.T.1"
72$ w --1

729
710. mod.,

737

734, omit t,0::'s03a

735 -..02m2a

'

1-,4:,2910,tR47.1-rti and T/2=:125,fat.17a0.125Qat,1471,.254at,16-50Amsec
-ite

12



736 at

7'37' write

738

799°

71?
741

1007 :, .

Both ,the Scope and the Audio Oscillator OirCi4i

cqMmonsare'norMally grounded by links on their,
.
front panels.Theni in-this case, only one connection
i? required betWeen the ungrounded output of the Audio
Oscillator'affd the INPUT of the Scope.

742 CHECK your ponnections again,
74,3 end
741.. #*

745 un/'t x02s04a
746 next x02m2Ei

747 at 707 ,
,

746 write Remember that the'period (in seconds)`'of alwaveform
749 is -th,le reciproCM of the frequency. , T

750 To observe only one complete cycle of a waveform;

751 the TIME FULL SCALE of the Scope must ge set to . t

752 one period. . ,

' .

753 Also check the setting,of the _dials relating to
754 -the A ahannel on the Scope. ,

.756

757

758
7509

760 irte Haying problems r_

bloc; 11, . x02=..0'5a1-

unit NO2.5155a,

back
n.-'"t -.02-7,05b

1017

761 Press -BACK- to try again, or

762 press -NEXT- to see your errors.
763 ***

764 unit. x02s05b
765 join ckd2w s

766 next n47,x02m2a,x02m21,
767 *.*x,

a.

768 unit x02s06a
769 next -,:.02m3t,

770 at 807

771 write . Hint!

772 The red adjustable- output jack of the Function

773 Generator is located directly ber,'Rw the red

774 ATTENIJATOR knob.

part=1,.block=1

128
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775 . Xerifythat the Audio Oscillator.remains
776 ,, Connected to the A channel of the'Scope.
777 * *s

278 Wilt 1(02507a.44

779 at ..807 .

780 _write The frequency of the Function Generator output
781 is the product of the CYCLES /SEC dial setting and
782 the MULTIPLIER dial setting.. /

78

784

785

786 !7

787

788

789 end'-

790 t**

The black OUTPUT knob selects the shape of
the .adjustable- output wavefrhi at the red output
jack directly below it. - /

'The. red ATTENUATOR k controls the amplitude
,pf the waveform of the re output jack.. A5 usual,
4maximum amplitudb is full cleckvise.

791.,' unit w02508a
792 nevt )(02m30

7'93 at 1007 w .

794 write' You had better 'check. your dial settings again.
795 end
79'6 ***

797 .0'6A )(0209a
71.18 at 1907

799 -write *1-0 answer Audio Oscillator, 'type- a
To answer Function GenerktOr, type- b

2
800 4,

801 end,,,

802 '*1()1g

803 unit ;02510a
804 next 'N.02m4a

fl

805 at 1007

846 wri+..e HINTI The left reii Output:ter:minal of theiAudiO
807 Oscillator is:normally C61-11nected.to the black:'ground,
808 terminal by a:metal ground link.
809/end
81.E 0,*

unit xffisll

next x.0'S12a

et 1007

write The Function Generator and the Audio OsciljatOr
should be connefeorin series that is they should'
form a single continuous l6op'to the Scope.

circle 32,152,208 :

draw 1924;1936;2236;2242;2.142;skip;304,167;1739;4718
360,169;304,169;skip;2144;2744:.2729;2829;kip /

2933;2633;2614214,2Sskip;283-1;240,40;skip
250,40:230,40;skip;235,3571'46135;skip;243,11
23E1,31;skip;1916;1912;2012;skip;102,492;7.4,192/
skip;80-96,180

draw ;.tkip02,180;85,60

aa

4 4

812

\813
-414
.815
816

817

-818

9

.820

821

822
823
824

1 2 9

\



825 at
vf,otoritf. c:01111

)
/

0

827 et 1'140-

828 wf-ite

281A
P if wr-Lte F. G.

P,T.1 cirle 3,328,1 ,v
n4cle 3, 44, 1 h

8'i3 circle 3,2,14,1 6 -.

8.4 .7irc1e 3.240,6
835 circle 7;,224,64

836 inhibit .'-rase

_part.i, block=m

/ N
/

bl^ck tm. 02512a

)N /

838 unit 2sI2. /
839 next 1,02m4d

840 Mode, erase
641 et 1007

642 :Nrit",. The Functi: n..Generator ar)cl the Audio Oscillator
.

b r eriespthat is they should
_,:.ntinu,7,u,--5 loop to the Scope.

ot;r7

Th.7. f..4- the evternal trkgger of the
747 4J1- 17-1; n11.1 the Function Generator.

r.! , S4, Ih .

-It. A1.1 Ir4;r11741:Ir''41:n7lqC,176

.)LIT

°

-, cc:71 .;7,

f

1

.04

,F!,r7rA

.1:7.nne_ the non-adjust,*1 J-4121 wave output
861 from the :ti6n Generator kc terminal 5 and
8 th-7, Neve (utpUt from the
86- to terminal 1.

the common input of the board 4terminal 11)
.".r)hnd.

Connect the ti INPUT of the scope to Termin/al
867 of the_%PEPPOGITION EtOt:-PD to display the waveform

869 Trrs...er the Sc..:pe from th Finction Generator
86R 1-be t:Aal current.

870 at 's 2'114

671 -HELP.- to a circa m of setup
87P or

67S: PreE,s,-NET-' to have ''our connection ed.

13



$74. entry *02s13,Re.
875 newt
876 drab' 199,:.h:11156,263:skip;318,2631347,283
877 .m,)de am ite

878 -,11-21e z..2,96,442

879 .7;1'`,ckki 209;?:,2;628;609;209skip:236;256:656;638;238
880 213
281; ,trite COPE 4 . F. G.
38^ -flraw i99,263;166,275:skip;318 .);347,276'

7:,432,464
r;2.t

Y.-He

886 ,:irrle 3.143,434
907 290.461

71,-1,83;424

- 929 -Jraw 237.461;256,461;256,404;166,4001166,419;skip'
890 1,,V3,431:143,367;47';367:4T,160;144,160
n7-11 8,15.:,1611i180.g

160,160;:72,160;278,174
,-.;Ar.;435,463:459,463;459,283;390,283;.,PkiP

':14 4-14.440;450,4401450,324;132,324;132,2 5

,1,11:):32..3.421:383,;346;30,146:80,130 30
996 312

297' Trite T.O. r SQ

899 A L SIN
900 T.I. GPO

ifirite riii.er you have made your connect ions, press -NEXT-
-nd

893

ln, x02s15a,
^r7

9P5 unit y72s14a
906 1oin5

907 'ney.t yO2m5j
-.02,7,15a

2907
9*Ik -HELP- to-see a circuit diagram of the set1.10

ip

911 or

91:7 Pres5 - NEXT -'to have ;roar cdt)nections checked.
913 way.

914 unit x02s15a
915 d.7.

916 made erase
917 2.59A179;244,204:skip;259,212;246,240
918 mode write'
919. draw 259,212;259,240;skip;25e.,179:259,205

\
41.

1 '3 i

part=1, block =n



97 mode erase
9:I n,-,to -.a2s13ae

.4'. .-: ..1.::

I q 4 unit )0'2516a
/

c yll.=ei ` -,U-e'rn5k

t,

/4,e1r...

-.:,,,517a

:: IRJA7

io:rite Crie or more of your diar sett'ings are pwrong,

cress -NEXT- to have you dials rechecked.

b'

or

4 Press -HELP- for a listi

934 unit -'y02517a

935 pak . + f++ (cd) (de) +abag (j k) ++

916 join
927.

,N A A 7

of your, dial errors.

q)9 unit :/ NO2s1844-

%02m4a
941 at ,

9 -12 01.Tite '1Ou seem, to have had diff iculty With the rev

Press the` number you want to do:

1,' Repeat the review quiz..

Repeat this ..2xperiment..

3. Review -equen;y a smP I i tide.

floatine or grounded operation.

a d)+++++++

946-

947' . 4. Revi
940 arrow. 1045

a 949 lonef 1

95cf .,11.c,r.P1 n1

951... answer (1 , 2, ,4)

95-- -jump n1,x, x,x02m6a;x4'.2mffa,x02mlasxg2m4a

954
955

956
957

958
959

960
961.-

962

963

964
965

unit x 2eTld

hack '02m6b

join. mode
jump

'tourse

..5.1(;:c

erase

n47,x0'2end,x
n2

n2='ee244', '

nc(n21+01.-(nc(n21+1)$mask$o777777777700000M00130).+o46030Wffg,i
-n,::(n21+1).-1--nc(n21+1)

1.0
output //, student has completed experiment
join, endUnit
join jmpmes

A
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966 jumpout cgeindex,quest+.

967 entry leave
968 end lesson'

969 *A,*

970 unit lendunit.
971 course 1-n2
'972 jump n20'ee244',1eAve,x
973 talc nc(n21+7)anc(n21+7)+ahelp
974' vc(n21+6).1ec(n21+6)+atime/6.0130ffs

.975 ***Incl.cge s.r. & TERMs sample,inde?,imOde,comment,slides.
976, use- eeN00,ck1 . ,

977 .use ck2
978 use cka
979 use ck4
980 use 'ck5

981 use ck6
.,---...

"ckc ' ' not found 1E3 177
. ckcw not found 664

- ckcl not found 32e
ckclw not found 906/
ckd , not found 79 : .108
ckdw rot found 340 658
ckdlw /not found 936
ckd2w /inot f6und 765' '
-endunit 4,2end 97E- 22 964
imode no found , . 32 275
jmpmes r t found 965
leave . x02 di. 967 972
x02end Ng nd 954 670 957
x02m0a x zmOa 30 3a 55
x02m1a .02m0a. Si .35. 71

x02M1b x2f2m0a 70 54, .85

x
.
02m1c

.

02m0a 77 72

x152mcc 2m0a 82' 80 114
x02m2a1 .x 'm0a 101 86 '

x02M2a2 x02 2a2 106 1'04

x02m2b X02M,a2 113 111 130
x02m2c x02m2 ' 129 115

x02m3a x02m2a2 151 131 . 165
x02m3b x02m2a2 164 -1 182
-/(02m3c .x02m2a2 175 166

:,.:02m3d x02m2a2 180 178 ,..-. 20,1-

-,(02m3e -x02m3e 195 . .183

x02m3f x02m3e 200 0 198 '219
.

xiA;2m3 x02m3e NI. ?" 202 241
x02m3h xg2m3e 1'1240 220 265.

'292 3,29 6fry- 560

197 623

.

\ 356 . '638 : 956

*
952

9520

, 676

735 746 766 757

154 766

769

792"

/

804 940 :. 952

\ 839

343 346

x02m31 x02m3e 264 242 279
.x0.x02m4a x.02m4a 274 26.6 276
x02m4b x2m4a 290. 280
x02m4c x02m4a 295 293 305

. .

x02m4d x02m4a 304 . 296 330
x02m4e x02m4a 321 306
x02m4f x02m4a 329 324 327
x02m4g. x02m4a ..338 331 .

x02m411 x02m4a
.

345 341 360

133



x.02m5a

xi2n-15c

vc:I:n-15,-

v.0 2 n-15'

.02n-151-1

),02n)5i
v.02m5i
.(0 2 rn

i

C.12n),5rn

x 0: m6a

2m6ci

0'2.50

x02m5a
x.02m5bfr
x.02m5b
x..021-n5c1

-y0 2m5d

02m5e:
.-y:02m5c,

v..02m5j
YSi2rriSi

-x.02n-i5.1.

x.02m5j
-.:Onn-151

-,:02n15

7,4 kir 211-1

x0 2 .02a

-N. 42,302a
<02.505a

2

-IR .2 51719a

y02s05a.

02.505,1

x;02 =.12a.

11127-7.12.a.

2 end
0 .7

cf ,errs.

1

n47

11

55 347
361

384 374
457 386
464 459
512 510
539 566
558 54.0
5,65 562

tif

357 9 373
385
458
4d5

598 563, 7
613 605 627
,621 61'5
626 624 ; -640
635 ' 6'2r 639
64E1 6 66.9
655!
662
66P
Ey7

6 87
09 691

734 104
745 11kf

756 110
764 110
768 178
778 193.,
791 r98
797 208
803 293
811 I "307
838 812
855 568
874 921
913-5 6013'

91 601
924 624
934 926

( 9:39 660
973
974
960

958
950

78.
555

321.4

565.

,36
362
721
974
721

,,,717

960 961
952 , -r

959 971
960 ` 96 i.
102 107
6.03 622

60 104
327 34r
756 957
250 252
109 109
510 606

974
721

719

1J

719

875
4.,

952

'327

908

666

961 4 973 .73

.

.972
961 973 973 97;7' 974
176 196 .925 291 V?Y :322
657 663 935
109 i i i ,274, 178 ,24rq 190
357 562 63yr 605- 6.p'y 624

569 656 656. 157
109.. 110

721 721
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9 les n eex03 at 2:29 am on tuesday, august 27, 1974

block la, eexg3id

stop;

*x,** For Neal, CGERL, Room 248 EEB.

-4 One l ne description of this lesson --
4*v

: I e Operation and Uses of the Function Generator, Exact 251.

Divisions Of this Lesson: B1,ock Unfit

eer3id

part=1, block=a

Id for this file
8 Experiment eeX03;
9. ObjectiVes xg3m8a x03m0a

, iii
',. Pleasure wave parametePs x83m1a x83mla .

14 Oper. of function generator - x03m2a x03m2a
12 Development of eallyi. circuit' x ' '>03m3a

13. edit 21 aug 74 neat.

14 *list info
15 *1 i st Eipmbols

16 *list var i an , charset ,CgeindeX, cgecHar

13 start
19 finish endunit
20 writ .P itat,/010 Loadinci the CGE CharaCter Set
21 charset cF!eiyidex,cg.echar

23 dataon
24 area eex03
5 ext 0

'block lb, x03m0a

27 unit x143m8a

28 restart ,

29 join imode

38 jump n47',x03m8a,x
31 at' 408

32 write THE ,OPERATION AND USES OF THE FUNCTION GENERATOR,
'33 Exact 251.'

34 The learning objectives are:

3 6



35 11 To. measure the period, amplitude, and 1..0, . ,
'36 ,average 4,J,,i cu....1-a,.:J1, 1,.+.1 of a lAilaveform:

..;
.

i .P-7 !
'21 To properly drive aa two - circuit'

with any,periodic voltcze having any adjustable
Cr nonadjustable Vmax , V;110) , -.V., and' any

Sfrequency within the useful li its of the Flinction
Cenerator, while triggerinet Function Generator;
internally, externally, or manUallv.

.
..

-58
70)

40
41

42

43

44

.45

46

I

'3)7oexperimentetermiTie a practical
equivalent, cirouit*for the runctioli,Gene?ator

4,7,7; seen' looking into its nonadjustable SQUAPE
wave output terminals.

r

.48 knit , yfr.;Ml

49. back
50 ca4c n514-1
Fi 7,ero bn6q
52 n61
53 n62
54 n63
55 nt..4

56 at 1107

write Here, you will be given en opportunity to
.

review the physical properties of waveforms (i.e.,
V

-P frequency, period, etc.). YOU should already be
.:uainted vOth the Concepts. They will be used.

61 extensively in this experiment..
1

6.3 unit --e0.3m115

;4 ,.rWr,,i: ' -.,1c
67 1.:,71; -/07,m1a

66 ,7,-t- '7'10

4 67 xrit, ni-om the wave form displayedi be measure
60' . the followine quantities:
6'? join .,.sib .

70 at 417
71 write 1 dPerio sec.

, . 7\
,

72 Frequency _ Hertz.

".:1
V volts. ,

.1) Vmin v6ItS.

75
. 51 Vn-,- volts.

r

76 6' vU 'voltS.
.1 -p,

1.37

, block

I
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77 **** doto loop avoids repeat questions
7B calc n1014.233

79 doto 21inem10000,64,1
80 ealc n1il1an101+2750

31 calcs (n102-61),v1020.05,20,20,-20,40
82.- -salsa (n100-61),v10344.2,2-0
83

84
85

36

87

at

writes
21ine.

join

88- unit-
89 ,next

90 back
1 <Laic

43

94 at

95

46

97

96

g9

100 s.

101

102

n101 r

n(n10.0),(z,v102,v103)9, dr?

n51,x03sla 14.01s1a1,x03sla2 x,..-.173s1a4,x03sla5

x03m1c
..143m14

-,071m1b.

n514.15

n52t-15
n534,0 .

1007

It is, often

of a wave in
actenistica.
value-:Of the

104

. 11'15 next v03mle
10t help -x-0351h

0107 back x-03mIc

t 108 608

109 write What is the
110 'square wave
111 0"

112 -HELP- is available
113 join v03s1i
114 gdrgo 0,15;10,1;110,-15;20,-1.5;20,15,00,15:30,715;30,0

AA
t 115 'arrow 732

116 ansv 0 .-

117 'r*x0

,.

1

$$ for first use of.403s1h

de5irable.to
addition to
One example
wave.

For now, let
waeforms; a
mathematical
value -o1 any

/t

know other charcteristics
the time'- amplitude char-
would be'the tWERAGE (DC)

us concentrate our efforts. on SYMMETRICAL
later e-xperiMentwil,l. present a Tore
approach for minding the ayereige or'dc
waveform- 4

x03mId

unit v.03mIc/-

I-

average ( dc ) value.of the symmeAric
below volts

118 unit
r112 help x.0354j

120 'next xZ3m2a
.121. back NO3m1c
122 calc. n5120.
1123 n52-1.0

$$ answers for second, call to x03s1h.
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24
125 at

126 write
127

128

12.9

130

131

132

133

134

135

136

137

n534,5

608

Now suppose we were t
level such that the Vi6m
a non-^ slue. Ob
form b low;; what 15't

Wham` ie Ovrage or ac
wmwArIcal about

r\ve \the effect on the wive-
average ((lc) value ? .

volts

-HELP- is available
join yO3sli
gdraw 0,20;10,22410,-18;20,-10;20,20;30,2.0;30,13
arrow 1126
ansv 5

-

I

139

140

141

142

143

144

145

146

,147

148

1,49

150

151

152

153

154

155

156

157

1.58

159
160

161

162

163

'164

165
166

biock 10, x03m2a

unit x01m2a
restart
at -907
writt2

pause
key-type n70,1,2,3,back
jump r170,x03m2.b,x0352a1,1.03s2a2,x03s2a3,x03m1d
***

The runCt'ion Generator produces different signals
over a continuous range of'frequencies. The para-

--meters of these outputs are adjusted by three
groups of dials:

1) OUTPUT
2) TIMING
al, TRIGGERING

If yqu'wish to '4,ee what any of these groups does,
'type in the number of that group. If not, just
Press -NEXT-.

unit' x03m2b.
restart
base
back .x.E3m2a

net x03m2c
help -;03s2b.

at 1105

write Set up'the Function
RAMP Wave having a peTi

GeneratOr for a nonadjustable
od of 2 ms.

Display this wave on channel A or, the SCOPE1 using
the Function Genera6r, as the'triggf.r sgGrce.
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167

169 unit
172 zero
171

172

173

174

175

176 pack
177 join

178 talc
179 jump

180 pack
181 join
182 ,7alc

.183 pa"ck

14 join
185 talc
186 pack
,187° join
188, talc;
189 pack'

190 join
191 talc

-HELP- is available.

. xr;Im2c

x03m2c
n62
n63
n64
p65
n66
n67
n33, ++ (op) + (acd) (de) (abed) a+af (ilk) ++++++++++

ckd
n55an47
n47,x,x03m2c1
n33,++++++++++f(ijk)+++

ckd1
n624n47
n33,+++++(de)4,++a+++++

ckdl
n631-07.
n33,++++(acc1)

ckdl
n674in47

n33;++(op). ++
ckd]

n644.n47

$$ ,n55.-1_ if dials wrong

++++++17

$$ n62.-1 if freq. wrong
+++++++

$$ checks trigger

$ checks dials 5,7,8

4

N."

A partj, blocklif

$$ n644.-1 if a-volts wrong

192 entry x03m2c1

193 pack n33,0000.000.00000000n0a020n0a000+00

194 join ckc
195 jump n55,x0352cpx S$ falls thru if dials ok

.196 jump n47,x0352c,x03m2d. $ x83s2c jumps to helps

197 .**

198 unit xO3m2d
199 restart

.200 base
221 back x03m26
202. next . xE3m2d1

203 'help x0352i

204 'at
205. write
206

207

208

TO9
210

U

1 407.
Now. set up the'Function Generator fair a sine wave

with a V . 10 V and having a frequency of 1 ,

.P . .

.kHz. Trigger the Scope from the Function Generator
and display the waveform on channel A of the Scope.

S

-HELP- is available

149
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block le, x03m2d1

212 unit v03m2d1
213 zero n60
214 n61
215 n62
216 n63
217 pack n33, ++ (mno) ++ (de) +a+a< f Ctuv) g(ab) >b (cdef)
216, join ckd
219 calc n55.n47
2'22 jump n47,-e,x03m2d1e a

221 pack n33,++(mno)+++ta++++b(cdef)+++.
222 join ckdl

e7alc n60an47
27,4 plcP (de) +++a

22c join ckdl

2214 calc n61an47
227 Npack < f(tuv)e(ab)>+++++ +++++

\228
-/29 t

230 join 'ckdl
231 calc n62:,n47

dial 11 on f and 12 on.t,u,v
or dial 11 on g and 12 on a or b

232 entry :-,(03m2d1e - ., .

233 pack n33,0000001302NWOOntla0000na000+00
.234 join ckc .. .

.
,. \N

.
.

235 jump n55,-,(.0352j,x

236 jump h47,-,03s,j,.Y03m2e
237 " *v,

238 unit, -..03m2e
,

.

239 bb5e- , .

240 help -*07352q
. .241 back )41-3m2d

, 242 ne5tart
.

243 at 1406

744 write ' Next set up the system for an adjustable square wave
245' having aperiod of 1 "ms. with Vp_, of 10 volts. Set
246 up.th Function Generator to be manually triggered
247 ail(' disiSlay the waveform on channel e.
248 . ',..'o

Z49 -HELPL is
250 ***,

.

251- unit v03rn2g

2%.2 zero n60 $$ pre-set-- for x03s2r'in '173--

253 n67 - .

-254 peCk n3 3, ++ (mnop) ++ (de fg) + (ae) +v< f (tuv) g tab) >d (abc)

255 join ckd ,

256 cal n5542n47

25!7 jump n47,x,x03m2R11 - ,

256 -pack n33, ++++-1-444+ f (tuv) g (ab) >++++++++4+

4 2.59 join ckdl . ... 1

<, 260 ,:,,31c,- n6141-147 .
-



261 pack
262 joih' ckth
26 ]c n614m47 ,

\.

264 entry x03m2g1
265 pack. n33,000000000000000110+0000n+000+00 \

266 join. ckc

N 268 jump. n47,x0.3s2t,x.03m2h

267 jump n550 x(03s2r,

N
269 ***

'270 unit v03m2h
271 reskart
272 base
273 help x03s2w
.271 beck , vZ3m2e
275 at 1206

276 write Finally, set up a 20 V r triangle wave at' a frequenc

277% of 500 Hz. and a DC LEVEL of -5 volts. DisplayJ this
278 waveform on channel fofth scope, which Should be .

279 triggered from elle Function Generator.

280

281 -HELP- is ayailable
282 ***

283 unit y..03m2i

284 base
285 zero n60 $$ pre-s for xff3s2x

286 n61

287- n62
288 pack n33, ++ (nop) ++ (de) c (acd) +a f (i j k) (cde) (st)

289 join ckd' 4

290- calc n551147
291 Jump n47,v0(03m2i1.
297 pack n33, + + +++ +++++f(ijk)

293 join ckdl

294 oalc n604=n47

295 pack n33, (de) ++a

296 join ckdl.

297 calc n616in47

2.98 entry x03m2i1

294 pack n33,000000000.000000n0a0000na000+00
300 join ckc
301 jump n55,x03s2x04
302 jump n47,x03s2x,x03maa

7 part=1, block=h

block Ih, xff3m3&.

304 unit )601m3a 461

305 base
. 306 term equiv.

1 4.2



37 /restart
308 jOn . imode .--
309 ..) mp n470(03m3itx
310 pack x23m2h
311 at 12056 A

312 write.- When Yo4 finish this sect on you should be abletO:
313

314

315

316 .

317 , 2) Establish'the app icability of thismodel to the
318 Function Generator for any given circuit conditio
319. 44*. L

1) Describe and charact rize the circuit 'model of the
Function Generator hat has been developedz

320 unit x03m31?ii

321 'back .75<03m3a

322 at 3t6

.323 The Funetion Generator must be represented,by a model
324 .consisting of voltage sources, resistor, arid other

,325 circuit elements:Us'Aful.in circuit. theory calculations.
326 II( logical first clioice would e an IDEAL, voltage soUrce - .
327 . as illustrated
328, join '1.03s3a -

329 draw 93.7;1237;284,3O5274,3t1;256,
330 261,296
331 at 1138
332. write if (t)

333 at 1806
334 ,write An ideal voltage source, vs(t) is defined as a circuit
335 element whose circuit voltage is a prescribed function
336 c.4 time and is independent of-the circuit current. In
337 other words, in the suggested equivalent circuit, ys(t
338 is independent of iL(t).
339 tt*-

...

340 unit- x03m3c
341, hack x03m3b
342 join -.0353a

343 af 1707

344 write v,5(t) is 'the open circuitvcOage of the
345 (,7!nerator. If this were the orrect model, J
346 you expect the amplitude or waveshape of th
347 age between points A and to Arary when a resistor
348 is placed across the output? (ye$4/no)
349-4arrow 2410
350- specs . nookno,bumpshift-
35.1 match n51,yes,no

, 352 at 2417

n51,no,no,ok
2607

The output voltage will not
resistance is placed across
be'independent of the load,

;261,30-6,1?56,C01:

u cion
ould
vOlt-

353 writec,
354 at
355Write
356

357

358 ***

359 unit
360 back

x03rrr3d

xO3m3c

143

be affected when a
theyoutputs; it should
as specified.
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.361 at 1666

362 write We now have a model of the Function Generator to tielp.

363 us:predict its performance in a given circuit ap lica-

364 tion. Let us now consider a specific case and s how

365 accurately this first model predicts the liehaviOr of

366 the Function Generator.

J15-1)ock li, x03m3e'

368 unit xff3m3e ' r

369 next x03s3b
VO, back x03m3d

371 at 405 .

.

372' write According to Kirchoff's Voltage Law, -VL a V5 on

373 open circuit. Since our model is an ideal voltage

374 1 source, V, should not change when a resistor is
.

375 placed across the output. Let's.'se ahis is
'376 the case.

377. join Xff3s3a
,

--

part1i block -i

.

378 draw 841;845;043;942;843;944;.843;1043;skip;1243;1443
.379 . .1441;1445
380 at 328,330

381 write vL
-t

382 at 2107 .

.

383

384
write Set up the Function Generator to Produce a non -

adjustable square wave at a.frequency of,800 hz.
s

R.

385 Display this waveform on. channel A of the Scope

386 ,,.and trigger the Scope from the Function Generator.

block -1j, x03m3f

part-1, block =f

388 unit x03m3f
389 back x03m3e
390 help x03s3d.

391 next
. 392 at 308

.1 .

x.393 write Our model predicts that the voltage will not be

394 affected when a resistor is plaCed acrosS.the

44)95 output.

396. join X.03s3a

397 draw 838:296,36R;285,353;296,346;205,U9;296,332
398 285;325;296,318;296,288,
399 at * 1708

400 write .Using the RESISTOR BOARD, ITEM 32, place a 500 ohm

401 resistor across the output of the Function Generator-

402 nodes A and et) as Shown above.

144



403
404
405

Press-NEXT,- when you have .done So.

WP1 *If NOTE: You should-still be displaying a non-
adjustable square wave at a-frequency

407. of 800 Hz.
408,

409 . -HELP- is available
_510 ***

411 unit x.03Mig 0

412 back )(03m3f ,

413 'at.. 1009 ,
,1

414 ,write Our ideal voltage source model predicted that the
41.5 voltage would not be-affected when a resistor is
416 placed across the output. Can the Function Generator
417 be represented as-an ideal voltage source? -.

.

8
0 (yes/no)

.

419 arrow 1422 I

420 specs -nookno,bumpshift
' .421' match n51,veS,no .

422 at 1431

423 writec n51,no,noiok '

424 'at a1 1709 . .

425 write Fin' ideal voltages source impiet that 4le voltage
426

. will hot 1.4e affected when a resistor is placed
42 across tb4 output. Hence, the Function Generator
428 cannot be represented by a.model consisting only
429 of an ideal voltage source.
430 m ,

431 unit -*:03m3h

432 :base
.,

4336 ne-Yt -,(23m3i

434 back -.a,0rog
435 .gat.at .206 -.

436 wt-Lte It would appear tha't the ideal' voltage source model
,q./ - -for the Function Genbrator is not adequate.
.438 'Consider the following model.
439 join ..

.

.-.W3s3e

440 a+ . 2109
441 .write This model consists of an ideal source and any
442' unknown P, L, or C element in series with it,'

.143 If a resistor'were now connected between nodes
444 Ei and B, VAR would...(increase,decrease,not change)
445 at 12523

446 mrite
447 arrow 2524
448 specs bumpshift,okextra
449' wrong (increase, not chaneetnotchange5
450 draw 26.05';,26604

451 . at

452 write . No.*The oUtput would decrease because PL(=5000)'
453 and the unknown P,L,or C. element would fbrm b.
454 voltage divider. Therefore, \iiR would beonly
455 a fratr<Sn of V
456 'answer decrease
457 at 280$

14'5

4
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45B write Yes, and our e rlier observation NAB decreased)
459 would tend to support this'Model..
463 endarrow

.461 3109

46 writ ----Herea t r, let us refer-to VAB as V/ ----
4 3 press -NEXT- I

464 paus
465 join x0353k1../

block lk,

467 unit y03m3i

/68 .back
46'9 at 1007

r

x.03m3i

part=i, block.k

473 write We remember that the open circuit voltage of the
47 function &72nerator was a square wave. With aniRL of

472 500 ohms connected, is the Output still a square
473 wave?

474
475 arrow 1420
476 specs bumpshift
477 answe yes
478 wron J no

479 at 1607

480 write
481

482

483

484

485 m.

( ves/no )

If the output of the eeneratordoesciet-look like
a square wave, no conclusions cayi,k;e made aboi7t the
unknown elements at thistime.HoWever, you shoo l
have found that the resistive load did not alter the
waveshape and answered%yes" instead of "no'!.'

436 unit x03m3j.

487 back x03m3i

488 at

489 write The output of the generator with P1 connected is

490 e:<actl,y proportional to anciwould appear to be

491. independent of time. This would 'lead to the con-

492 clusion that the unknown element has a V I relation'.

493 that is independent of time. The only el ment:that.

494 satisfies this condition is a
495 arrow 17.3;8

496 specs bumpshift,okspell
497 answer (resistor,resistance)
498 m.

499 unit x.03m3k

503 back ?<03m3j

501 at 407

502 write- Can the Function Generator be:represented by an ideal

503 source and a resistor if the open circuit voltage is
504 a square watfe with a resistor across the output, and
505 the following. waveform results? (yes/no)

1.
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/ /

506 at 164
$..07 Write time
508 draw 1648;1609;1209;141812018;1827;1227;1436;2036;1845 *

509 1645

510 arrow
"5110 specs nookno,bumpshift.
512 ,match n51,yes,no
513 at 748

514 writac n51,no,no,ok,
515 at .2208

516 write . Since-the output is not a square wave, the relation
517 between V and I is not constant..
c1-8 mm*

1

519 Unit-- x03m3I
.520 back

,

.x.03m3k

521 calc- 4151-.2 $$pre-set for xO3m3m
522 St .307

523 write - -A simple equivalent circuit for an Actual
524 * .coMtrolled - source driving a resistive lad may,
$25 be assumeolasshown belOw, where v's(t)- is the

/52,6 .i. voltage of an,idea16'voltage source and Rg is an
.

1527 internal resistance. ,

528 join, ix0353e1
529 join 03s3k

l'530' join/ 'x0353f
531 at 2010
532 write where v5 (t) + vL (±) = Pg,i L.

(±)
+ Ri..iL (t)

533 .

534 or
535
536 .v: (t) R t) =.RLi(t)
537 at. 2403

538 write, Eq.(1)
539 at 2707 , , .-

, .

540 write We wit limit this task/toodeterminingexperiment-
541 ally ether an equivalent circuit of this type is
542 r appl cable, and, iLsO, evaluating R.-

So

t /s

block 11, x03m3m

544 unit x03m3m
545 back x.03m31-

54e addi n51 $$writec in x03531 and x03s3n.
547 join X0353e1
548 join x0,3s3k

549 join x03s3f
550 at 2111

.551 write In our Setup only RL and' VL are known.
552 Noting the gixen reference. direction,
553 Write an equation for Ii.
-55'4
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555 II=

556 arrow '2524

557 specs bumpshift,nookno
558 put +=r,

559 J1 =1

560
561

562 stores ;60,30

563 ok
564 search 'vs',2,n60,301,,n61.

0
565 Jump n61,x,03531
566, search 'rg',2,n60,30,1,n61

567 jump . n61,Y,x03531

568 search 'vl/r1',5,n60;30,1,n61

569 pmp n61,-43s3n,03s3m
570 "*

(

fit

e,

571- unit .0 03m3n

572 base-

573 back NO3m3m

574 calc n5 *1 $SuSed in NO3m3p

575 n514-1

576. at .508

577 write In order to eperimenta,11 measure h current, 'IL,

578 with the scope, we measure the voltage, VL, produced

57';r across a known resistance, PL, by that current-and

580 calculate
581

582
5A-3

584
585

506 T Observe IL with PL = 500 ohms. Is thewaveshape of

1L 14.-nticalto.thel jbserved for Vs
7:11f!

58(1 at.

5?F write I the p-oint at which crosses 'zero and is positive.

91 2oing..'at the same point on ti-i <_, display as it Was for

crct7

59-3

594 spec bumpshift

595 r'01). 1616

5'7;6 /saver'

597 ,)rong. no

5Q' a+ . 1.808

4T-it', Once again the waveform is a square wave

6.0 draw 18E18;848

601 specs bumpshift -

602 arrw 2616

607: answer
6q4

605 unit 7673m3o

606 base
607. \

609 erase

148



610 Catchup,
611 at '505

12 write Eq (1), vs (t) RgiL(t) = RLiL(t)
613 at 1007

' 0

61+ write Excellent, you'haVe now shown 'that Eq. (1) for the
615 proposed circuit is not violated for the value
616 .= 500 ohms, in that
617

618

-619
620 where R

2 may be a positive real number.
621. at 1405

622, write -Eq(2).'

623 -at 2207
624 write The aboye equation could not apply with Rg bei
625 posiltiv real number'if the waveshapes of vs (t)
'626 iL(t) differed, particularly, if it (t) pi 0 when
627 v (t) = . .

vs (t) 50/ IL (t) + RgiL (t) (500 + Rg) iL (t)

and

i.

block 1M, x03m3p

629 unit x01m3p
630 inhibit erase
631 lab x0352e2
632 back X03m3o
633 help x03s3o
634. data ;x0353q
635 next x03M3p2
636 :207

637 write , You have notshown that Eq(1).applies for'all
'638 Values of,,RL with a specific value of Ra. To do so
639 tabulate VL and IL o_o.for the specTfied values-,
640 of R.L.

641 When you have satisfactorily tabulated values
642 for five' different resistive loads, PLATO will plot
643 o_o,versus It
644
645 REMEMBER: IL =,VL -/ RL
646 size 2.

647 at A213
643 write -Data point no
649- calc: n574--n58-5

650. at 1240
651 5howt n58,3
652 size 0 .

653 at 1412

654 write Choose RL= (ohm)
655

656 Enter VI (Vo 1 ts) (measured)

657

658 Enter IL (Amps) (calculated)
659 at 3222

149
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660 write
661 at

-HELP- is avaiIa&te

662 writ 1151,.5ig,11230,250,100,513 *resistor
663 calcs n51,v130500,1000,250,10,50. .

664 calcs nSt,v52417!6,24.5,10.4.4.6,2.55 $$yoltage

665. arrow 1623
. r''''

666 store 131 ,'.

667 an :v v52,10%.,

668 no

669 at 2:707

670 write 'Our readings for VL must be as accurate as.possible.

671 Be stare you are displaying the largest possible -

672 waveform on the Scope.-Press -LAB7 for anexplanation

673 endarrow
674 calc. v13231/v130)

.4.

675 join x03s3p

676 paw5e
677 join key.data,x03s3q,x

678 entry x03m3p1

679 next xff3m3p2

.680 at 1824

631 erase 10 .

682 catchup
683 at 1822

684 write
685 inhibit erase

686 data x03s3ci

687 arrow 162.

683 store v56

639 ansv' v132 4

690 no
691 draw 2803;2862

692 at 2913.

69'D ,write TIoueht I-wasn't looking, didn't you? Let's

694 try thaf division again. IL(=VLIPL).?
695 endarrcoo

696
'Y

697 unit x03m:7,p2".

698 erase
699 join n58,x,x,x03s311-0(03s3r1

700. addl ,,n5Er

700 n51,-

702 at 1521

703 write. Press -NUT-
704 next_

3m3q

xO3m3q

150.
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788 next ,r3m3r
. '729' back xO3m3n
710 ai' 312
711 write For any range of I1 where
7.12Y- '. line, the negativOhof. the
713 be used as the value of R

,

714 assumed equivalent%circui
if5 origin 1:00,1.00

716 axes.. ,3021,2.4,0

717 scale)# .08

718'. scale 30

N,,, 719 label

721V. 1abel,," 10,2
721 'Size 2

722 . e,raph -.02,20,VL
.723 locate .02,-7
724 write
7125 ,size

726 04'4,
727'1 dote-,

728 loc'ate

7'9 write*
730 !line
731 locate
732 write
733

1,amps.1

, -

:'v142',v143;v140,v141;v144,vt45;v146,v14/;v148,t149
11ine,n100140,148,2 -'
v(n180),v(n108+1) _....-

In100-142)/2,500n.,t0000,250O,1000,500

the.graliph is a straight
value of the slope can
and for that range the

..045,25

'slope .-Ra.

734 unit xO3m3r
735 net NO3end

back -Y03m3
737 7at 41"x`9

Thu15

7,39 circ
740 m'od

741 0

742 ;03s3e1
743 161".4,

744 P,

738 write

a

ou-have experiment
it is an. acceptable
'for the fUriction qe,

( r_f 1000' ohm,.
join

write
745.. at

746 :write
747

748

74'4

750
7

4'

ly sfiown.that tihis

uivalent circuit
erator for a range~

'where?' is the assumed internal resistance of
the,fun7t1on generator and Vs a voltage source.
E,eyondthiS railgFA howeVeri.the model is not
Tpticable and o+Sle4: -circuit elements 'must-be

.Includcd :17,4a',5,:c.c.unt for variations ill the .slope
cf VI .

.753

754
755
F56

.

block x03s1a

unit
arroru

store
ansv

15 i

0b.
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757 dale n51.0
h

758 n604.-1

759 no

760 jump x03s1e

76.1 entry x03s1A1

762 arrow 63.1

763 ansv 20 s

764 cal c' n51.1

765 n61-1
766 no
767/ jump xnsid,

766 entry x.63s1a2

769 arrow 831

770 store n54
771 ansv 20

772 care n5112
773 n62-- 1.

7i4r no

775 jump x03s e

776 entry x0-3s1a3

777 arrow 1031

anSv -20

cal6 n5143
n63-1

781 entry .1(03.14

- 782 arrow 1231

783 ansv 40

784 ce 1 c n51*,4

78,5 r16:44.'- 1

, 78f, no

787 -imp X03=,1 f

788 entry x.03s1a5

78 arrow 1431

an-,v 20

791 no

792 jump,

793 s,.4*

\
x03s1g

.4*

794 utlit 1.03s1b

795 -.Drii11 75,130

796 axes -100,300,100

-797 scale* 100,

798 sca 1 ey,) 20

799 label x' 25,5

800 Labe ly 105. Apr

8.01 draw 0,002.5,20; 37.5,-20; 62.5,20037.5,-20; 100,0

802 graph 106, -3 msecs

103 graph vo 1 te,.

804 frame - 40, -130,375,140

COF,

806 unit x-03s1c
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807 next xOlmlb
/4808 back x03m1b. /

809 at 505
810 write, NO, the period of this waveform is not ,v52), secs.
611 Observe the waveform belotn,and,-rememberg_that'the
81? periodia the time requrfci for the waveform to begin
813 repeating itse-lf, 'determine. the period.
814

'815
816

817

818

819
82
821

tor e

.8261

.

,

-t- Note that your aT:Nr should be in unitsof secondi.
(1 msec .001 sec.)

join *0351b
w,?i*

unit '4(3s 1-d

next ',0.8m1b

.at 1005

frequency (f 1 is the reciproca! of the period M.
have determined that the period of this waveform

secs. Thus, since f 1/T and T ,05

1 = ^9 hz

.05

826 Press -NEXT"- to enter your answer

8q1 unit

P.! next

61.; 8t16

J5.-) write
814

,,'",6 join
,S17

entry

Ar.110

'you incorrectly specified Vmax as being (fz,n54) volts.
Ok-:-,erve how Vm. is MYteli ..,n the wavefc;rm bf;low, then

-NEST- to enter the correct answer.

, 10,

'0;40, `ii

tY; .7

:1.1r;'1142f5

$43 uni4

F.:44

A06

.346 wrife- peak-topealc value is Vmax - Observe this.-
G47 tne waveform be then press,JNEXT-.ti enter
W4,1 the c:Nrrect anF.wer.
849 join .0":51b

85V lo,in v0 7,s1..1

6c1- .7,1rANJ '1,0;21,-20
' ,

c; 11Y (r,
854 n

Ciqr

6c6
0=.7
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858 write For this waveform V(10-p) is Vmax' e this on

-'859 the figure below, then press -NEXT- to renter the

860 correct. answe-,

461 join ).0351b

862 join xOlstet
663 graph 28,i0,V(0-p

'block 2b, x0351h

'865 unit ..x0351h

866 join -.0351i
.

867 Oato 0,15:10,15;10,-15:20,-15;20,1;30,15130,-15;30,0

868

869

270.

.-871

872

873
$24

87c

826
F)77

F17,4

?,;, 1

86r2'

81,:71

r
Rnt,

8.40

244

895

846

8.17

an9

911a

9a1

9a2
'7,1CT3

9g4

entry ..g351h1

at 214 f.

mrit..? (=;ir this i xsymmItricallwaveform,
the averase value is the line about which
the waveform is symmetrical. ,

-0R-.. _

...taking a different approach...
, .

VAmw..4.±Vmih)__. AVERAGE VALUE.

VerEnter
2

t volmax

Enter V. voli5 amir

'1 The average value i then.
.

' volts
\

arrow 1a ? 8. --
7 )''st, r-p1

ptrr-m

A.risv

9ri- 71 1442

1-1'73

117)

at 1536
',mite

1 .<47,n51>1 + (,(7.,Inc2)s) =

end

2

unit
,nigin 75,150

0.71aff,300,100

Ibt?1..) 11095.

?rAph _\38,0,TimP

15i

part=2, block -b



905 join x03sii
906 gdraw 0,20;10,20;10,-10:20,-10:20;20:30,20:30,0

-,.--.907 join , x03s1h1 , . ..

908 end '

909 ***

- .

910 unit x03s2a1
.

911 next x.03m2a

912 output //output help.reviewed//
913 at 708 H ,

914 write The - adjustable outPu+ of tha Function enerator?
-915 is.affected.by:
916 .

917 1) The Attenuator- The red dial of the OUTPUT
918 group. This dial varies th.S.voltage.of the-output
919 Waveform. 4. ..

920
921 2) Output Selector- This is tike dial behind the
922 attenuator. It is used to select the periodic
923' signal to be"controlled.

-
924
925 3) ' DC Level - This dial changes the

'Vav
926 of the adjustable output.
927

.

'928',, 4) Terminals- The only terminal affected by-
929 above dials is the one directly -berow the
930 attenuator. The terminals to the right of e
931 daditttattenuaor have a constant magnue.n level.
932 end
933 ***

934 unit' x03s2a2 i

935 next - x03m2a
.93,6 output 2/timing help:reviewed //
93'7 ..a.f. 1008

,

. ,-
938 write Thetime it takes a periodic signal to complete
959 one cycle is known as the period of the waveforM.
940 The numben of these periods that' occur..in'one:second
941 is known as the frequency of the signal. The Timing
942 sectionrof the Function Generatdr llowe the
9,43 variation of the signal's frequency. The output
944 frequency is the'ProduCt Of the MULTIPLIER and the
945 1:Yr:,LE3 /SEc. dials. N,

546 end J'1

,

a

I

block 2c, x03s243 .

948 unit x03 283
'949 outpU //t igger reviewed,/
950 next x0'3m

951 at 8009

952 write To tri ger;.means ko initiate or start a cycle:

153
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959
954
955
956

957

95G
959
960
961

962

963
964

pEd
966

end
4.1%t

This. Function Generator has two ways of being
triggered. The INT setting 'causes the geterator
to be on Gontintiouely. The EXT setting al V5'

-0.,e -Function 17,,aneratorto,be triggered by al
external voltage 17.extent.: This station is n t

eN:luipbe0 to eNternally trigger the Funct-ion
Generator 'j:,otner'than manual triggering); thus
you should use the INT settint-uTileSs you ahe
instructed to do otherwise

The TRIG OUT terminal is used. to trigge\,
other instruments synchronously with the
Function Generator..

967 unit '>:162.b

96G 'back x0km3b
969 at- 116

970 write Remember that F= 1iT where:
.971

a 972

973
1K:4

9ft,

c)76

977 end,

979 ***

979

990
9;71A

OR.?

c,85

988

unit

pack

lumP

JuTp
'lump

,lumP
jump

equency in Hertz

t*,

T= peti,icsd in seconds\

use the output terminal 'to the right of. the
,ttenyator.

N.ins2"c .

n];3,000000000000007n0.4.000n
c-kcl

n65'n47

n62.ty.03s2d,xe.

n671,x03s2

n6.4 e831

999 unit '.' x0?s \

0 next ,..v0.3mt2e::
,.\

9'11

N\

help -x0.3s2f I/
992 I:V.5;k ',(03m2b \
993 at 1105

994 write
,

.. No, you seem io be having
995 aspect.: You were asked to set it' for a period of.2.ms.

. 4

996 Press NEXT- if you unders tand your errdr and

'797 have cOt.rected it. . _

i
,. ,

Press -HELP- if you would like some assistVice.

a problem with the - timing

(19P

9"9cv
.

I Oft R. * *

Press -dr';(7.V- to reread the pr,7,blem statement.

15
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10.01 unit X03s2e
1002 next .x03m.26

1003 back x03m2b 6)
1004 at 705 '

100 write Unless you 'properly set the SWEEP MODE and A-
1006- ,PRE AMP dials, you cannot display this waveform
1007° on the SCOPE. You should have mastered the use
1008 of these dials in the first experiment. i

1009

411.F'

1011

1012

If you need assistance, it.woulj be best for-
yOu.to-Teview E-,,periment 1,(Operaion and Use
of +he Oscilloscope ) beTore continUing ah i s .

experiment'.

1013 '-OTHERWISE-

, 1014 Press -NEXT- if you un nd your error and.
1015 have corrected it.

1016 Prer3=. -BACK- to reread the prob e ment,

block -2d, x0352'e1

,

14418 unlit x03s2e1'
1019 back x02rr12b

1020 next 7.03m2c

1021 1-pelp x03s2e3
t 805

4\023 wrikt-, The waveform which you are-displaying is rot acceptable.

Reset the AVOLTS dial so -that the waveform is as
large as possible without exceeding the boundaries

. o f.. the Oscilloscope screen.

1027., Press -NFXT-.when you flaye-correqtly sTt the
10281 A. VOLTS-di=,1.

S

s
A' parta2, "blockkl..

A.024
1025
1026.

'1029
10;.i0

1.031

1032 ***

33 unit x03s2e2-
10.4 Prase

catchup
10. at 1008

7 Coto

Pre.S.s -BACK- iryouwould like to reread the
problem-7st;temnt.

. Press -HELP- f6 her assistance.

103

rfos entry- x.0352e3

1039 at 6az,

1040. .mrii,5,* At this point of the

$$ *03m3p has inhibit-erase

157
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1041 waveform is somewhat of a triviality. However,
1.042 the final task.of this experiment. requires that
1043y you be able to accurately read the peak -to -peak

1044 voltage of the di'played.waVeform. As Yod increase
1045 9 the size of the di played waveform, your accuracy

1046 improves, The reason for this is as follows:
1047 at 1405

. 1048 entry
1049 write
1060

1052

1053

YO3s2e4
The normally specified tolerance is + 3 %

of the FULL SCALE voltage settint: Thus if yoik are
displaying a 10 volt peak-to-peak signal on a
FULL SCALE setting of 10 volts, you are reading'
10 volts,_+ 3 %, or 1O volts + 0.3 volts.

1054 -- Now, suppose you were to decrease the size of

R155 the waveform by changing A VOLTS to 100 VOLTS.FULL

1056 ....., .. SCALt; Once again the tolerance is ±' 3 'X or

1057 4:, 3 volts. Thus,'attempting to read a 10 volt,peak-

1058 to-peak signal on a 100 volt FULL 'SCALE would

1059 produce an answer of'10 volts ± 3 volts, an,.

1060
,

unacceptable reading. .

`1061 end
1062 *1*

1063 unit I x..03s2r

1064 next X03m2c
1065 hetp.; -y03s2a2
1066 back Af53m,ND-

1067 base
1068 at 605
10.69 wit-e You were asked to set the timing dials so as to.

1070 obtain a period T of 2 ms.

1071 1 ins 61illisecond) = .001 second = 10-3 seCond.

1072 Therefcre, T (= 2 ms) = 2x10-3 sec.

1073 .Frequency f is the reciprocal*of the period; ice. ,
4074 f = 1./T

e

1075
4076
1077

. Thus the frequency when 'T = 2 ms., is

1

f= = 5.00 Hz

2x103
1.079 at 2205 0

1080 Write Press -HELP- if you would Pike further assistance.

1,001

032
Press -NEXT- when you have set timing'diais to.

500 Hz.

1083 Press -BACK- to rereae the problem staterrnt.

.0%

Part=2, block=e
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block 2e, x0352g

1085 unit x03s2g
1086 next x03s2g1
1087 at 205

1088 write -No, the system is not triggered as requested. Let's'
1089 try) a different approach.

1090 Beginning with the SCORE.

1091 '-Suppose you wish to trigger the SCOPE from another,
1092' source, such as the Function Generator, wherelwould

1093- you p.;sition Iihe'SCOPE's TRIGGER SOWRCE dial?

1094 (e3ct i nt)

1095 Now, in order to "Obtain that external triggering signal.
1

t

1096 from the Functions Generator which output' Ofthe
1097. Function Generator, would.you connect to the SCOPE's
1098 TRIGGER INPUT 9 k

- %

1099 (Trig out/ Ext)

. 1101

1102

1103

1104
.1105

1106

1108

oq

1110

1111

1112

arrow! 111.8

specs burripshift

answer- (ext,external)
wrong. (int,ipternal)
dr'aZu ''2060;2005;2505;2560;2040
ail I 2107
write No...

the INT setting tr(ggers* the (COPE i nterna 1 15.:.
infernally. You want to trigger the SCOPE externally.

arr75w 1618
-7.pec5 pshift,okextra
arr-7.er (trig out,trigoutl
draw 2,060;2005;2505;2560;20-60,

1 -! 2107 4

1114 Onog you have made the connection and/or
111r: dial setting adjustments as specified above yOu will
1116 have tile SCOPE properl4,. triggered. Press -NEXT-when.
1117 you have done'so.
1118 wrong (ext,eXternal/-
1119 draw 2060;2005;2505;2560;2060
1120 at 1 2105
1121 write No...
1122 he EXT TRIGGER is for externally triggering
1123 the FUNCTION GENERATOR. You Vent to externally
1124 trigger. the SCOPE from the EWNCTION GENERATOR.
1.125 )zvtlx

4

1126 unit. , Y03s2g1
L127' back
1128 next_ ).03m2c

1129' help x03s2a3
1130- at 508 .;

1.1 3 y write Now that you know-how to properly trigger the
1132 SCOPE, let's turn our attention to the Function

15D
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11,33 Generator...
1134

1135 ' You have already -noted that aconneation should%
1136 be made between the SCOPE'S TRIGGER INPUT and'
1'137 the'Function Generator's TRIG OUT. As noted,

1138 ... this connection allowed the Scope to be.triggered
1139° externally. Thus far we have not stabilized the
1148 FUNCTION GENERATOR. ,4

1141 at 1808'

1142 write Press -HELP- for a description of how to trigger
1143 the Function .Generator.

1144
1 i ,5 Press "-NEXT- if yoU know how to propOly trigger
f 46 the Function Generator, and have set

1147 / the dials accordlintly.

. 414 /
1149 ,, Press -BACKto reread the problem statement.

.. .

,

block 2f, x21352h:
.-.

, ,
.

-q. - ..

1151 unit - x.0352h. , , . - *

1152 zero 1155 ,' $$ avoids first jump in 43412d1
1153 _next.. x03m2c1

1154 back : )413m2b _

1155 .help '23521-11.

1156 at 805-.

1.157 write You arcrbt displaying a npnediustable RAMP
. 1156 wave as reduested---e t,d.

1159

1160 Press ,NETT. if understand-your error and
v161 have corrected it. Or
4162 . ,,..

1163! ,Press -HELP-7 for assistance.

1164 411:
. _

1165 'Press -BACK- to reread the problem stMment.
.

1166 ***

1167 unit x035 ?1-11

1168 base
1169 ,next x03m2c1
1170 lab x.03s2al

1171 at 605

1172 write, The nonadjustable RAMP' wave output is

1173 located to the right of 41-13UTPUT dial.

1174 Before changing your set-up, vary the

. 1175 sett,ing.of the ATTENUATOR. You should find ,-.

1126- that doing so changes the peak-to-peak value
1177 of .the displayed waveform. .

1178
Now connect the nonadjustable RAMP wave

output terminal to the SCOPE'S a INPUT. You

-72
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1181

1182.

118

1184

1185

1186

1187

118Z

1189 ***

ne

should now find that varying the ATTENUATOR
setting does not change the peak-to-peak
Value of the WaveforM.

Press -NEXT- when you have connected the
nonadjustable RAMP output.to the SCOPE's A INPUT.

Press'-LAB- for a further discussion of the
Function Generator's featuresoutput features.

1190 unit i xErWi
1 191 back : x03m2d
1192 at 1010
1193 write' Make sure thatithe OUTPUT selector is .

1194 .in the'SINE wave pC"SitiOn. Also be .sure.the
-1'195 ^ adjustable OUTPUT. terminal is conneCted to
1196 the SCOPE. , ,

1197. end
1198 ***,

1199 unit j x03s2j
120711 pact:. n3a.,0110agg214200000n0+000On +002+00
1201 >4.6in -Ckcl
1202 calc n6347
1203 jump h60Y,(03s2k,x
1?04 jump n610(03s2m,x
1205 pimp n62,X03s21,x
1206 jump n63,x0352k,N23s2m
1207 I**,

1

1208 unit , x03s21e:

1209 next x03m2d1
1210 help x0342n
1211 back 3m2d
1212 a. jr 1E09 ,

1213- imrite 'ou are ,not properly displaying anadjustable
1214- SIh wave with a peak-to-peak voltage of 1O. volts.

1215

1416

1217

1218
1219

'1220
1221 ***

Press - NEXT- if you Underskand your error and
have correct_

Press -HELP- for assistance..

Press-BACK- to reread the problem statement.°

1222 unit I ,IWY3s21.
1223 paxt x0'3m2d1

1224 help x03s2p
1225 back x0370
1226 at 705.
1227 write. Caught you day-dreaming a little, right?
1223 set that timing dial at 1000 Hz.
1229
1230

1

161



1231

1232

1/233

1234 Press -BACK- to reread the problem statement.

Press -NEXT- when.you ha e!done so.

Press -HELP- if you nee jassiStance.

block 2g, xiff3s2m:

1236'unit x03s2m
1237 next !,.xZ3m e
1238 back : x21-2d
1239 at 100

1240- wnite
1241

1242

1.243.

1244,

1245
1246,

1247

1248 ***

ou should still be trimering'the SCOPE from the
Function Generator just' as you did in the previous
exercise.

Press -NEXT- when you havetriggered the COPE ..'

from the Function Generator.

Press -BACK"- to reread the problem statement.
r

1249 unit x0352n
.1250 base
1251, next xZ3s2n1
1252, lab ! xZ3.7,2a1

1253 at, 1 811"

1254 write The adjustable.output termin is located

1255 directly below the ATTENUATOR ial. Find this

1256 \ terminal now and connect it to A INPUT on the:SCOPE!

1257

1258

259
60 ***

Press -NEXT- when you have done so.

Press -LAB- for a fUrther discusion of the
Function Generator's features.

126\ unit.. .x0382n4
1262 pack. n33,220000000000+00n0+00001 +000+00
12.63 join ckc
1264 jump n47,x0(03s2o
1265. pack n33,000000000000+00n0+0000n+000+00
1266 join ckclw
1267 pause
1268 jump _..x,03s2n

1269 m

1270 unit. x03s2o
1271 next orx038201

1272 back : x.Z3m2d

.12'73 At 1005

1274 write Good, now set the OUTPUT sellon to the SII)IE

part.2, 1.lock.g



1275

1276
1277

1278

1279

1280

-1281
1282 **x5

1283
12'34

1285

1286

1287
1288

1^8.1

1290

1291

Wave position, Adjust the ATTENU4TOR.setting thntit
the peak-to-peak voltage is 10 volts. Of course the'
'SCOPE's dials should be set so that you can proper
display, this waveform on channel A.-

Press -NEXT- when you have set these,dialslcorrectly.

Pret)Irk-BPCK- to reread the problem statement.

unit Y.03s2o1

.pok n33, f+ (mno) + + + +at++ (cde 17) + + + + + + ++

in ckd
j urrp n47,x,y2:3m2011
pack n33,44(mno).++++a+4.4,+bf.cdef)++++++t+

ckdlw
pau.

jump -x..03s2o

,

1292 unit
129 n <t
12 94 base
1295 at'

129f,

129'7

1.298

1 2 9 Q

177;00

.13.01

1 3 ,

1 3171 3 arrow
.

1 2.0.4-

1 385 ...t.ty.:10.-T

13 6 .7-11t.

1 ]; 07. k.or i

1380

1'309

1310

1311

1312

1313
1314

1318

yff3sqp

Yff3m2di

1108

1( The frequency of the
+he-product-or-the sett
and the-MULTIPLIER dial.

waveform to be displayed is
ngs of the CYCLES/SECIaial

Since you want a frec
set ,then MULTIPLIER dial
dial on

1 7 1 6

bump.9hift

1 ,

ITT

or

envy of 1000 Hz, you. :should
n 1000'and the CYCLES/SEC

You could set the. MULTIPLIES' dial on 100 and the
CYCLES/SEC dial on
2327
bumpshift

2709

Press -NEXT- when you have properly set the
CS(71.1S/SEC and MULTIPLIER dials at Igga Hz.

1317. unit
1318 help
1314 -back

block 2h, YR3s2q:

-,03m2,a

part=2, block=h



p

1320

1321

at
wri-6e

1205 /
Don't forget to pUt the Function Generator's

1322 TRIGGER dial to the MANUAL position.

14323 . Also,f71/T (The frequency of the Function Generator,
.1324 is the product of the MULTIPLIER and the CYCLES/SEC dials.
13Z5 at 2005
132 write If you would like,more information on the MANUAL

.13E TRIGGER,'press -H LP-. Otherwise, press -NEXT- to
1328 cOntinue.

. 1329 end
1330 ***

1331 unit x03s2r
'1332 jump r60,x03s2s,x
1333 pump 0161,x23s2t,x03s2u
13:34

1335 unit ex03S2s
1336 next -A03m2g

1337 at 905

1338 write As in the last exercise,. you should have a:frequincy
1339 of 1000.Hz. Set the frequencydials at 1000 Hertz,

1340

1341 Press -NEXT-

1342 Pr4Ss -BACK- to reread the problem statement
1343 m

et
.1344 unit x.03s2t

1345 next x03m2g ,

\1346 hack 5:0m2e.
\ .

1347 at 905

1348 write Once again you are displaying an adjustable.wave-
1349

.

form, this time a 10 V,-, square wave. Carefully,
1350 adjust the ATTENUATOR ;Ind check the SCOPE'S dial
1351 settings (such as A VOLTs, Y DISPLAY, etc.) .
1352

1353

13'54

1355

1356 **x<

f357 unit
1358- next
1359 ',held

1860 back
1361 at

1362 write
1363

1364

1365

1366

13.0

Press -NEXT: -when_you are properly, displaying the.
T.

waveform.

rest - BACK -'to rereaTthe-problem statement.'
.

x0352u
xff3m2g

03s2*
x03m2e
810
.

'You ai)pearjo beAiaVing trouble with the
manual trigger. Before We go further, you
shoUld be aware that PLATO does not senseswhen
the MANUAL button is' 1-_,..ing,or;essedi thus, it

is not necessary that-yOu be pressinv. the
MANUAL button when the dial clileck.is

164



1366
, 13E19

13

137

1373_

progress. You only need to have the system
-set ap to be manually tt-igtered, preis the ,

MANUAL button once or twice to assure your:,
self that you have the proper set-hp, then:

Press -NEXT- for PLATO to check.
0

Press -HELP- for further-assistance.

.
.

.

1374 , Pness,-BACK- to reread the problem statement.
1375, *** .

.

1376 unit xO3s2v i --',

1377 at, 605 ,

-

1378 write Adhen'the Function Generato's,TR1GGER selection
1379 ' dial as set to the EXT pOSition, the Function
1380 Generator. May' be triggered by an external voltage
1381 or event. Pressing the MANUAL button pay be.
1382 Considered an externa4 event.

o,,
1383, - , 'Ydu.maY trigger the SCOPE eith4'r .internalty or
1384 'from the.Functibn Generator. o

, 1385 'end a

block 2i, X.01s2w.

`

.

"1-387 unit ,...x0352d
,

,t388 at I. 1105

l3 8,9 vrite The'DC LEVEL control:is below the ATTENUATOR. ..

.- ,

.

1390. , .Carefullset this dial. Also, since'this dial
.t391 int'T-acts with 'the ATTENUATOR diall you, may find it
1392 necessary to re- adjust the ATTENUATOR4sett.ing.

_ .

1'193 S3irce you are putting at do component into the' . -. ,

144, waveform, to what position should the:A PRE AMP,be'Set.-,?)
1,395 end
1396 ***

part=2, block*i

,

\
1397. unit. \x0352-x

1398 pack, 'n33,95004.000022024210+0.31000+4100+00
1199 join ckcl
1400 calc n62*n47'.
1401- jump ' °n6g,x03s2y,x
I40e jump n61,X035217.0(

1403 Tump r62,'..01s2z,w0152z1
1474 44

1405 unit V352y
1406 newt 1 x03m21
1407 hack w03m20A
1 408 - at 905

'4

1



1409

1410
1411

1412

1413,

41414

write

14'15

1416 ***

1417

1418

1419

1 420
1421'

1442

1424

1425.

1426

1427

1428

1429

1430
1431

147:;2

143.1,1

.1435

1436

unit
next
back
at

write

*.*-

unit
next
help
back
at

write

1417

1438 are

143'1

110
1441

1442
1443
1444
1445

1446

1447

1448

1449

. 145(41

r'N

-6pit

at
write

Ifyou've gotten this far, the timing dials should
be causing you problems now. However, the Function
Generator's CYCLES/SEC and MULTIPLIER dials, which
should be set at a frequentyNof .520 Hz, are not set
properly.

Press -NEXT- when you have set these dials properly.

Press -BAtk- to reread the problem statement.

y02.52z

x03m21
x03m2h
005

You are
Generator.

not triggering the SCOPE from the Function

Press -NEXT- when you have made the necessary died
and/or connection corrections.

Press -BACK- to reread the problem statement.

x0.3s2z1

).03s2z7

(.03m211'

9g5

You are not di playing a tria gle wave with a peak-to--
voltage of 2g-vo is and a dcleve of -5 volts.

''Press -NEXT if the understand.yotr error and
have oorrecte it.

Press - assistance wit

Press BACK7 reread the proble

.43s2
-*03m-1

50r

C LEVEL.

Saiement,

Before,atkemptingto set the DC LEVEL A. -5 Volts,
ou Must set the 1J Volts level on the SCOPE. To do so,
turn the A PRE AMP to OFF, and-posifioio),the.trace on
the center'horizontally'by.means of the Y POSITION knob:

pause
write Now that you,tre-positipned

on the. SCOPE. do 714..t move the -Y

' so will dislocate t

`the 0 FRE. POP-from OF

the.zero volteglevel
POSITION' knob. Dinc,

voltage level on the screen.

to ita previoussettin

` \



c).

1451 A4)usk t hid F4netion Generator's De LEVEL until the
1452 wave 15 centered about -5 V. Then readjust the
1453 .ATTENUOTOR and tile_ DC LEVEL M5 neces5ary to obtain the
1454 :0 V

P-P waveform with a 4: level of -5.volts.'

block ?j, x0353e

A
1456 unit x03s3a
1457 draw 0170324;1024;1026;1226;122:1022;1,g124iskip11224
14.70

1459

1460

)461
1462
1463

1464

1465 . v

f46' t**

1424;1417
et 200,262
write ri

at 200,376
write' <7. A

at 1120

write'

1467 unit .)43,3b

1460 pack il-3,++(op) ++(de)+a+af(pqr)
1469 join cl,.d

4470 jump n47,x0(0353c
1471 j,7,in d,d1w /

1472 paue
1473 jump 403M1e
1474

1475 unit NO3s3c
1476' pack W,00000000000040.0n0an00008000,+00
1477 join
"1473''HuMp 1.47,,,c,x03m3f

147'4 to ).cliff
1410 p.que
1481 jump yfr3mle

1482: tift

1481 unit
1464 at 1207

1495 write Connect the ( +) output terminal of the Function
1406 Generetor to terminal 7 on the RESISTOR BOARD, Ala*,
1487 ':onnect terminal 7. to (+) A-input of the Scope-.
1433

\ 1,499 Now connect the (-) output terminal of the
100 runction 6enerator to terminal 8 on the reaistor,
1491 board: Terminal 8 5hOUrfd alao be connected ta.the
1492 H INPUT 6f the Scope.
1493 end
1494 fiNN*

1495 unit .),01s1g

1496 pack nI3, ++ (no) ++ (de)-+a +a f (pqr)

167

0.



1497

1490

1 499

1500

Join
jump
pack
join

ckd
n47,x,x1113s3j

n33, ++ (no)

ckdl
1501 jump n47, x.0313h,x1331531

15a,:) e,3*

1503 unit v0353h
1504 help x03s2e3
1505 next x03s30
1506 back x03m3f
150 7 at .905
1500 write The waveform you are displaying is too small. You
1509 Cannot measure it very accurately.

1510 Press -NEXT- when yOu have reset AOLTS so that .the
Is i) waveform is as large as, possible without exceeding
1512 the boundaries of the screen.

1513.

1514icit si

Press - HELP - for a further explanation.

Press -BACK- to reread the probfersi statement.

t
1516 unit x23s3i
15 k7 next x.0333g
1 Fr4 'pack' n53, ++ (no) ++ (de).-+a+a f

1919 i n -...kdtw

1520

1521 unit x03s3j
157'2 pack n33, 000000abe000a00b0cb0000c000+ 00

'1523 3,7, n ckc

lump n47, x, x03m3F,
::. F r),9-7k n33, 000000ab0000h0.0a0ca0000c000+00

1526 ckcl
1527 lump n47,x,x03m3g 1

e
1526 jc,inc ckclw
1529 pauF

II- 15M jurlip ...03m3f

1531 ,..,.,

1932 unit x03s31
1533 net x03m3m
1534 at. 1315
1535 aorite ( t ) and Pc, are unknowns. Write your
'1536 equation in'terms of known paramefers
15'37 only. *-

1530

1531 press -NEXT- too try again
154' at 2111

1541 writec n 1,, ASV YOUR INSTRUCTOR FOP ASSISTANCE
1542 ran

1543 Unit x03s3in

1544 next -,132,m3n

1545 at .1416- EC3

I



1546 Write Your equation.will work!J
145.47,.

1548 press -NEXT-
1549. ***

1550 unit v13s3n
1551 next x03m3m
1552 at 1615.

1553 write No, your equation will not.Work
1554

.1555 'press -NEXT- to try.agairr. i

1556 at 2411
1557 writoc `n51,ASK YOUWINSTRUCTOWFOR ASSISTANCE.....

block 2k, x03s3e

1559 unit x0353e
1560 at 1524'

1561 write Unknown
1562 R,L,or C
1563 element
1564 at 3P4,360

.1565 write o
1566 at . 304,218
1567 write o

1568 entry x03s3e1
1569 at 304,360

J' -4570 write o
1571 at- 304,218
1572 write
1573 draw 939;021;1121;1120;1202220122;1121;skip;1221
1574 ", 14210420;1620;1622;141421;skip;1621;1821;1839
1575 at 192,336'

. .

1576 write- +

1577 at 184,318
1578 write v,(t)
1579. ***

1580 uri'it x.03s3f

1581 draw . 940;1140;312,3'28;312,320;320,312;312,304;320,296.
1582 312,288;320,280;312,272;320,264;312,256;1840
1583 at 1342

-15&4.-- Write Pr
6

1585 draw 1235;:535;1733;1730;238,246;232,24.0;238,234-
-1586 at 14'36

1587 wnite IL
1588' ,0a*

Ipart2, blockk

"1

P

1589 .unit x03s3k
1590 at 1416
1591, write



1592

593

15 1624
-..!.

''159-
.

' to . Rg

1596- entry )653S3k1

1597 at 308,360
1598 erase 7

1599
P
at 308,218

tsap erase 7,'

160 draw 945; 95Askip; 947; 1046; 947; 1048;947; 1247;skip ,

1.602 1447;1847;1845;1850
1603 at 353,299
16.04 write_ VL

'1605' *.xat

1:60e unit x.63s3o .

1'607 back, r.73m3p

1.608 erase
1600 catchup

.

161.0 at 1010 -

1611 write For each the five data points place the
161.2 specjfied v.Vue Of RE across the/outplA of

' 161611 the Function Generator (just as you have-
. 161i done prewiously). The peak-tol.peak voltage

1615- . which,you read frOm the SCORElis k.,You
1616 have already determined that IC= VL/RL.
1'617 'T.ince kir!u know VL and RL, the calculation,

161a or IL is simple -icvision; a calculator has
1612 * 1--,T1 prvidt--.1 f6r 4r.Ar convenience.

.

:1627 end ..

16-M ,# 4'

'16?2 unit NP3slp -
161 draw
16..4 at 2217

PLATO CALCULATOR

2111; 2154; 27c4; 2711,02111

el

167!6 at 2'.12

1627. write '-Enter evression such as 5/7,
16,-':i EXPPESTON: ''

1'62.9. PLATOW_ALCULATLS:
1630 at 1904

1634 'rite .Pr.-7ss -DIVEt- if you would .liketo use the calculator to
1632. 'calculate IL. Otherwise press -NEXT- to enterll directly.
4633' m ., °

16.. unit vZ3s3q
163 et 1822

4.3:75. etc.

%.

a

1636 erase 2

163 at, :'432

16 38 eras.s 12

1639 at 4

1640 erase 6

1641 =aF hue
1642 ihhibit erase
1643 arrow 2432
1644 'v70

4k

A.

170



1645 ok I

1646 46 1n4Irrow
1647 calk v7 I av70

1640 at 2539'
-4k

sylw v71

,'1.6$ at 2612
1651 write, Press -NEXT- to enter IL above
1652' p use

,-1653 /j mp )(03m3p1
165 4,

1655 nirt x03s3r
1636 Ca lc n10.0a 1 10

/1657 'entry ytos3r1
1658 ca 1 c v (n 10Ef) 4.v56

1659 add! n100
.

1660 ca 1 c v (y)100) r131

1661 . add 1 n10'0

//
/

b Lock/2 , xnend :

// ,

4

1663 unit , -')1,3end .
.

1664 back x23m3r ED ,

1665 join imode ,

I 6.6t74 j ump n47 ,x03end,- x

1667 Course n2
18.68 ca 1 ,:::;5---T-12----T. "ee244 ',

.

1669 nc fek 1 + 1) .1. (14 (n1+ I) Smask0477777777700000A0000) to46031100000,/
1670 1.1 (n2 t+1) c Ot121 +1)

,

/
167 f erase y

*.

part*2, block -1

1672 Qutput 'J.,/ student has completed experiment- ///
16'73. loin 1 endunit
1674 jrin j mpm07!sf%

1675 j umpout ndex;quesi41

1676 entry leave
1677 end lesson
1678 *4

1679 unit endunit,
1680 course .n2
1681- jump n2*: ee244' , leave, x

1682 ca lc nc (n21 +7) 4,11C (n21+7) +ahelp

1683 vc (n2 1 .4. 6) Svc (n21+6) +at ime/60021a.

1684 ***Incl.cge r. &- terms Sample, i ndex, i Mode, comment ,s1 ides.
1685 use eevOY ,'ck1

1686 use ck2
1687 use c1.3

1688 use ck4
1689 us,.Y

1690 use ck6

171,



ckc
cke.--1

ckk c 1 w

<7,3.7.61

,

ckdito "--

erKluni t

imc-d-.?

0.7.n-C."-ri1

r"1 1 e

z; 0 '::.ro :...,

1

'r-,

- 0 .rrl - .1

,..- ; I", ro :- r

.....7i 3 1.:, 2

;11" 3 ..:77, 1 4 -. ci r, -..; i 7-4 36

..;

not found 194 -234 266 if-11

71,.-.0.: found 981 121 13-9ff 9

no-,t found 1266 1479 1528

n-t leun1 177 218 255 PIO

r1,--.t 1,7,14ne.i 181 184 187 ,,A$
,:..=-,ci 262 293

n<4 found 1.68 1471 1519

,<O3end 1679 19 1673

r-1,;.-1-_. found -29 308 . 16.65

not found 16.74

A;Tler.,c1 1676 1681.
73'7 1666

7 --,- 30 49....,0 "; 1'1)0 .-.1

1-it 1 A -t,r. 6S

-.:.1;1.-;m1. .. r-..3 90 807

-..-0 'iml..9. 6 F.; 64 --"'107
- 0 -;.(11,--1 104 89 1154

... , ..-

m 1 (.1 118 i' 105

-w 8 7; rn2.9 1 "-t '74 -: 128 159

1 -1 :_e...,-1 rp l 15,,6 154 201

1127 1154

r 193rn" 1,6') 160 990 .- 1002

',.. .k.1 --Jr(12<-: 1

;.'-.:

179 1153 116

-.0 -;m:',-,-. I 196 241 1 1 )Z%
-,e1;firn;',.:11 71 j. 202 1- 209 223

.... 0 -..4.1-..;'d1 2211

-..0 "-; m .7'r-ii
236 274 ' 1237

-,.... -',-,-,7- . ; I ."' 1 1345

--ci -,:. ro,:' '1 1

123'c;."-;

' 310 1407
. ni-.:1-1d 1 ."' 4 ...-

-,0--..rn-.--1 ."-; ; -. v 1406f.r.1413.; 1418 . 1428

..1:7f-31,- -,-4-4.1___LL 291
vi,., --,,,...:.-

. ,.
.--; Iii,-, :309 321

41

. ; ,-:-. i 378
riC..---. 1473 1481

so'r rn i
/

4 1 ..--'

. o , rri , t

1478 1506
434 15240 1527,411

.1 7

46C-%

487
'. n , r,-, "; I 4 I--; 1

- .-,, :7, .1 -- -fl.- ; 4

-.. i7I , 1'1 -, 1 44,
1,0 -.,,";1'.; ..

518

,.1-;;-;; r:". i '-' 545

--..1,1 1 ni -".m z, 41 c73 153-3 .,1-551 .

607 709 1544

-.'i ";rn "In 6 06 704 -161-
...., .. 7; 7;14.1 632

-.0 "-;rriTr- 11:, AT

0 ,r.C:r 1., --1 .. i- ., r.:, 679

..... t"-.1 :,,i-i il .: s.; r , .704 736

--, ;1 :.,;rri ;.;1 74 7 R8 1664

7 1.1

-. 8 "., -,. 1 .3 '.-- fl 1 86 ,
''''' 7. I ..-'1

EI 6 .."-

808 br.4-1-

121

911

96 iiff

13513

1 'I

300 /52,9 1263

1526

289 1t17 1285
190 2:40 222

296 i 1500

820 . 831

.935 ; 950
992 /066 1003

4420 JLfY 1464

1211 J72- 1225
1286 1293

1319 ,s4) 1346

/
1, 41/9

.
; 1430

1.0

1530



x0381a5 x0351a
x0351b r x0351a
x03s16 x03s1a
x03s1d x03sla.
x03sle x03sIa
x03s1e1 x03s1a
-x03slf x.0349a

x03s1g x03s1a
x03s1h x1V3s1h

x03s1h1 x03s1h
x23s1i x03s1h
x03s1j x03s1h
x.03s2a1 x0351h
x03s2a2 x0351
7x03s2a3 x03
x03s2b x" s2a3

a3

x.03s2c

x03s2d.
X03s2e
x03s2e1
xff3s2e2

xff1s2e3

x03s2t4
x0352'f

x0352g
xO3s2g1

Ore3s2h
x03s2h
x03s2i
x0C-2j,

w0 s2k .

x03521.

x.01s2m

x03s2n,
x.03s2n1

x03s2o
x03s2o1

s2a a,

V2a3.
x0 s2a3

x03s2e1
x03s2e1
x03s2e1
x03s2e1
i<0352g

x03s2g
'xO3s2h

x03s2h
x03s2h
/X0352h
x03s2h
x03s2h
x03s2m
-x03s2m

x03s2m
x03s2m
x03s2m

x03s2p x03s2m
x03s2q

w03s2r
x03s2s
x.0,3is2

x0376'

x43s2v
x03s2w
x03qx
x03s2y
xO3s2z
x03s2z1

x03s2z2
x0353a
x0353h
x...03s30

x.03s3d

x03.5'3e

x03s3e1

403s3f

,e1

.03s2

x03s2q
x03s2q.
x0Ss2q
x03s2w
x03s2w
x03s2w
x03s2w
x03s2w
x03s2w
x..03s3a

x036 3a

x03s
x03s3a
x.03s3e

x03-1;3P

x83-6-3e

fr

788

794.

806"

819

830
133.8

843 .

855

865
868

895
904
-91H

934
948

967
.979

989

1001

1018

1033

1038

1048

1063

1085

1126

1151.

1167

1190
1199
1208

1222

1236

1249

1261

1270

1283

1292

1317

1331

1335

13.+4

1357

1376
1387

1397

1405

1417

1427

1439

1456

1467.

1475

1483

1559

156 8

158,0

173

86

69

760

787

792

106

907

113

119

154

154

154

161

195

985

983

987

631

1021

991

986

1086

984
1155

, 203

235

'1203

1205

1204

1210,

1251

1264
1271

1224

240
267

133

268

1333

1318

273

.-301

1401

1402

1403

1429

328
3-69

1(11470

390

439

528'

530

817 836 84.9 18611

862

133 866

1170 1252
1065

1129

196

1037

ti

987'

1206

#268

1290

.1333

1359

1403

1504

(1

VP

342 377 396

547

549
742



.
xi1s3e (03s3a 1495
x03s3h x03s3a 1503
x03531 x0353a 1516
-x2/3's3j x03s3a \1521
x030k x.63s3e 1V9
x.03s3k1 x0353e 1596
x03531 x0353a 1532
.x03s3m -x03s3a 1543
x03s3n >(03s3a 1550

, x03s3o x03s3e 1606
.0353p x0363e 1622
x03539 x033e. 1634
-.)(03.53t x0353e 1655
'5,23s3r4 -x03s3e 1657
ahelp 1682
at i me . ,1683
data 677 .

-

key 677
M5e.C5 802
n 84
,nr:, 1669
ni 00 79

658
.n11 78
n2 1667
n21 1669
n33 176

227
299

1476
n47 30

. 220
s, 266

1264
1666

5f.4,,)n51
5i4.
764

n52
'n53 93
r54 77,0
n55 178
n57 .6,49

n58 574
n60 51

'566.
n61 5'2

566
p62 ,.. 53

n63
n64
n65
n66"
n67

.11

1400
^ 54

55
173
174

.175
153
853

391 1505 1517
15.01
1501
1498

529 548
465
565 567
569
569 -
633
675
63,4 677 686

'699
699,

1669 1670 1670
81 82 84

1,659 1660 1661
80 ,80 83

1668 1680 1661
1669 1670 1670

180 . 183 186
233 ', 254 258
980 1200 1262

1682 1682
727 779 728 /654 728

16.82 i6 2 /683 1683
. 189 ;Z/ 193 421/- 217 *.

261 V42 265 ,t15 288
k.5 OY8 1284. /4-d8 12872.

1496 1499 1516 152i2 1525.
178
223

-290
1.286

------. 179
\- 226

291
1400

.

182-
2.31
294

1470

86 91 122
521 546 575
772 s 779' 784
123 886 891
12,-,4 888
833
195 219 235
704 -
649 651 0699.
213 223 252
568 758 1203
214 , 226 253
567 568 560
170 ,182. .>215

, J 403

o
171 . '18'5 12-16
172, .191 785
982 , 98.4

188 -983
'' 1.54

853, 861'

174

185 /74 188 2/7 '191
236 ,240 256 .2b3 257
297 '' 302 i 0 309

1478 1-,Z. 1'498 / 7 1501

351 f,I.9 34.1.11°/ 421
662 70/ 66 757 664'
884 9i /557 1541

256 30/ 267 /45,Z 290

700 1

260 .:/-6Z 285 .!"414 294
1332 1401

_

263- 56y, 286 545 2.9.7

765 1204 W/4, 1333
231 7,9.52 287 /2c#63" 773

.780 986 Z 1202
987
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.v
VC
vo.1 is

jv102
v1.02,

v131

728

16 81

803

81

82

066

728

1/683'

84
/ '84

674
674

VI 32 "674 689
v.146 726
vI.41 726
v14: 726
v143 -726

vI44 726
v14`: 726
v14b 726
,147 726

V 14r; 726
v14,71 726
vc:2 664 667
N,f,15 61.18 1658
70 1644 1647

f647 1649
667

902

853 863

-160 1660

1.660

755 810

9211

837 .
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lesson eex04 at 2:34 aTon tuesday, august 27; 1974

block la, eex04id,

stop
Is.*** For Neai, CGERL, ROom 248, i.B.

4 One line description of this lesson

5- The Oper -ation and Uses of the DC Supply, Harrison 9658.

6

7

Divisions of this Block Unit
4

eex.04i6.Id for.this file
Experiment eex84;

Objectives
Uses of do supply
Constant v / constant i opn,

Operation in floating mode,
Practical applications '

studies

15 Final edit 21 aug 74 neal.

16 *list info
1' .list S'vmbols

11E: *list yarian,charset,c9:eindex,co'ecar
19 x,x*#,

2.0', start
21: finish endur)it

22 write lat,t0101, Loading the CGE Character
charset cgeindex,CRechar

24 erase
25 dataon'
l!F, area ePx04

7 eN,t 0

x04mga
x04mHa
x04m2a

.-X04mHa

,.)204mla

.X.Nm2a
xia4m3a

x04m311 x046i4a

44m4cl X04 5a

a

-L

Set

block' l.b 404mia

29 unit xk4m0a
30 restart
31 join imode

lump n47,-<04m0a,x
'33 br,e
34 -nixt x94m0b

catc, n59 4,(-17'

36' Wit' 505

partal, block=a --

part=1, block=b ------

37 write The,Operation and Uses of the Constant Vdltage4o
S

1 7 6



38

',39 at 1010
4H ..write When you haVe complet41`this experiment
41 you sh uld be able to: .

Current Supply, Harrison Laborabories '865B
'7-/

42 1) Determine e cases in which tie DC SUPPLY
43 can be used.

c

44 2) Adjust the DC SUPPLY.for constant Current./
45 voltage operatdon.

. ' ' .._

46 . .3) Connect the DC SUPPLY in eithert floating ,

-47 or a grounded mode, as the particulAr application
48 may requi -re..

49

50 ***
4) Use th DC SUPPLY practical applications.

51 snit. x0
52- back
53 next xg4m1a-',

54 lab . x0464a
55 data x12(4m5a.

56 at

°I 57 write Press NEXT - for a:CCElearning experience,.

58 -Lf if you know.all.about thi,S device,

o.
59 -DATA- for a do -it -yours If CGE sequenCe.

. .60 ***

61 unit x04m1A-
62 back n59,x04m0b.x04m3h,x04m5b
63 next n59,x04mlbox04m3h,x04m5b
64 join in5973,x0451a,x
65 goto n59,x,x04s0a,x04s0a,x
66 at 1611'.
67 write -06.o you think that
68 to gnerate the 60 Hz.
69 that is available from
WO arrow 1849
71-* answer (noloonope;NO,No),

thi device could be used
alternating current
wall outletS?

72

73

at

write
2211

lRight!' -60 Hz. current is a periodic function of
74 'time. .
75 wrong (yo)es.,YES;Ye)
76 at 2211

77 write 64 Hz current is not constant, it's a periodic
78 function of time.
79 wrong
80 at 2211'

81 write y or n will suffice a7s an answer.

p.

pact=1, blodlc.c

177



4

block ic, xg4mlb

83

84 back ni59;x04m1a,x04m1hi' h4m5b.

85 next n59;x04M1c,x04m3 ,x04m5b
6 join n59-3;x0451b;x

87 0#10. n59x04s0aix 4S0a0c
88. at 1611,

.

89 write Can his sup be se
90 at '811

91 write Generate constant (dc) voltage of is V

92 , Produce 1 volts across a 15 ohm resistor?
Generat = a constant.current of 0..411 amp?

94,, arrow 1854,

'95 'answer [YES, es;yes,y)

96 wrong (NO,, No, no, n, nope)

97 at 2211

98 write Nope; it'll work.
99 arrow 1954

1013 answer (*),no;Nlo;n)

10'1 wrong (YES,Yes;yes,v)

102 at 1 2211

1030 write 10 volts . 15 Ohm7S =

1'04 arrow . 2054 7

tin -a;swfr (loiNO;No,n)

106 w ong (flES4,Yes;yes,y)

107 2211 t.

11t8 ,write 0. 01 amp is below the minimum ourrerit of '0,1' amp

109 ,?-4c*

./

Try it.!

sl

That16-t'oo mucTO.
. "

110 unit 'xff4m11c '

111 back n59;x04m1b,x04m3ho134m5b.
112 next n59;x04m2a;x04m3h;x04m5b
113 °join n59-3;x04.41c,,x

114 Roto n159,x,x04s0a;x04s0a,x
115 at 1211 . ' -- ..7____

116 write The CC,SUPPLYe-shOldfd be 'OA?:

117 Is the, ot night glowing?,

118 arrow 13',

119 ,,T-Isw (res,y;Yes;YES)
120 wrong (no,NO,No,n)

121 at 1511 ,
A

122 write f:all the lab assistant to check pour supply:
.

.

bioCk Id; xO4m2a

124 unit . x04m2a
125 batk. n59,744m1c,x04m3g4x04m5b
126 ne-xt% xE4m21,z,

127 juMp 'In59=3;x24m2b,x

0
1'i8



' -41

12tFt at 611
,

.

.,
,

.

1-.."'9 Write The DC SUPPLY
.

.,4111 operate as a Oonstant-vol:Eage
130 - 9.,,k.kr,:e if he load current remains less 'than the, 4

.
1 ' I

''?+'1:1"7, 't. e rUPPENT di
.

\*: --A, -, . t

., ,1:t:' at .10i t .P 4: .
-Th" write'. 6- the DC. GUPPLY

.
will opt e 85 a constant cUrrent 0, c

I -,t ounce scflong thethe loa ltage is less then the
...15 --1-ttn7.. of the VOLTVic,E dial. .

1 '.-,t '-- : 1411 , .
Ai of

'-' Wr'la
o

in ny oese, ,the load current (IL) wil l n,rer be "
: N ,T-o.,,t-r'then the CUPPENT dialset+ir a d.

- 1..-(74 ' ..te I -ad v47It:vv,--, tyj 1 mill never -' F.,i;eater than
I 4 ll -6-,,7'A,TAI-oF --.1.11 '- .eating.; The.mode of'loperati2n .

1,-11 ,.--p t' the D'l. suPrti 1-t-Jetei&Mined Ly the -Aettinp,'

)

: .:i the7.e dialt--, Anh the load resi4tr.onl,YJI ..1 -I.'
1 ;`,' "'4 -,-,VIY-f-Tz <-,,.. -1-. ULJ[i-; 5mith .ria no efTeTt on
111.1 F} 1 =:P. .ol-

, v.ff4m2h

:tnit "4-0',1reb

14' .t.14M7,4

,,,,xt 41'-ri,.A04M7'C,Y(T4MM,v74M51",Y04M2C
4 ' n

, , " ri 1 7,11f rf 4sga.v

'1 41 1

1r: SUPPLY Is .7,et ,at 27 volts and
amp,,and filen a fill 1,-,--1",1 is placed'

nthe*.:L4.1tr0,, m'r.ot mitt 1.7te the 're--,ultant load
.

Ir!-ent

1-1

c! ri
a"

.

' .
The Dr. '7-.J-IPP12(' will not allowithe load

,.r" ai:er +han the dial set+in:

vt-r-4/.15.;y0452+.,,v04s2
tlir

1 "
1,11

i 76.

al

The 17,1477 is in.constant current mode

r u use, 01-tro '

7

e

5

partol, block=e

.0.

vt

4



177 help
-178 next.

179 goto
100 at

181- write
102 at

183. 'write.

184, at
185 write
184. m

187 unit
183 pack
16.9 ,join

121, jumps

L91

t-')(0452

x0 4m2

04s0;a0(04t0a,
810

y to shollith by eiiirmeiltm.tion.
1210

Let. up Infl"DC SUPPLY f r. 20 volts and 0.15 'afire
.

3110.

-HELP- available.

er

yO4m.?d I.

+++++++ Ighijk)+++++
cld
n47.v.04s2e x:
,n';')-104647 -),04M3A;y04m3h t4fg4m5b...Y04mcb,x04m5b,x04s2f

, x0463

-193 unit ).04m3a

194 back ' n59,0(04mM, 04m5b
195 .nci.9404m-A5,W m3h,v04m5b,x04m3b,
196 j '-.n ,i1q9-2,1.,04s3a..' :-- .

,.
.

.

197 7.J..!-: ri,,,Y0e04s0a,x 44.0a0(

198 at 1511 ----
199 writ:. Connect 1711e :sensor ca ble of -the RESISTOR BOARD,

, 200 and +hen drive ±he100 ohm resistor from-the
201 DC. SUPPLY in ± fallowing fashion:

-p
. e

Connect the t+1 output to Terminal 3.

"--

111

4

202

"203 . C.,:nne.-.7,± the output toGPOUND.

Ce..nnect the -1 ou±put tO -Tenal 4.204
2W7 11t

206 unit
207 pack
208 join
209. juMp
210 .4041

1;. unit
eft bask
218 n?-it

Ht214
21w wr.,ife

O 216

217
218.

219'

//-x04m3b
n,q01200000000 000000140(00120+8'g

x01m3

fie., /).04m3c

n59.-(04m380.04m8h;x04m3a
n59,-,(04m3dc.:04m3h .Y154m5b

811 Al.

With the 1000 m re5istor'connected the urrent
will not e-rceed fc 1 5 amp, .at any voltage se ing.

.,A1sq, the voltage will v r exce ed the 20 Its

desrite. 'Phe turre t' set,
1\3-

1

t`r.
01'

Experiment .wit.11 this until you ,can verify these

181)
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220,

221

2:2 .arrow.

.r...4tempnt.
1.

Can vou 'verify thc aeove
1641!

E fr-;,
- /2:'4 *wrorq r,.

2` write Call th4?.. lab_int..fructo

226 joA4n 1nio-1.-? .

L.,:i lumr ir-,5v 4.n470.04m3d,,..04m3h0.04m5b0,04m3c
, #

.

t,

, '

x04m1d

229 unit
pct banY ...-,54,-.04m3c,Y04m?h,x04m5b

nr:'.'6714m7.:!,N04m.Tho.04m5b

\r-t,,(1, x21437.A-s v
I

r4"

4 to' .. .If you had as many power eupplics'of this type
7:r. wl,irlted could yOu k.1.5 ampere...

...-1,rr.-7,mf.

23P arrow :421..

e
4',4:0 4 .

241 :unit

242 !:a1-. n5(7J.114m71d:44m?hoce4m5b
2424-: no-if n59.14m.Tflvg-mSh,xU4m5b0.0413f,
244 loin i-15,.-,e64s3c,v
245 ,

"ow

0.artI, block.e.

:46 lump

40,

;.4F1 unit ).a4m:if

24c, 1i.16, :.:1-tri...!
21:1 ar :Trfc

251 write 7e the METER dial to di5play the load current.
252 pause

'.

--,

2c3 r.:). T-17,.. 4.i. ++++ +++++++1.+++++++--

254 loin cEd ..,

255 lump. nr.';1 ,n47,.).134m3g.xff4m311,;.f0 m5b.044m56044m5box04 .1'
256 .'*,

1

257 unit

,259 zero'. )59

250 t..rm '.,.:st ,

Ar

260 iramp :,04m3n

r.

ti

,181



ih, wo4mih

?(.1: *Ant* .14rft 1")
.1:

Tr, review any of these topi g s the

; r.

data

r (AA,.

ml+ch
lumr

;

unit
t:4

r.

I urnr
1.

297 :1,.,0.4..

2q4

ne.frri.tion,--, of direct current 0 1.
L'40or =0.u1-.p11.7. and Oolmin-, 11F,hts..

taint \f,cltan'e and c,t,n-Oantcurrent mode.

11.0 ,..nPOy lo.)d

tkrel" As.:?r,D+10n3.

t . t t tit:TEP, I .

rurrent limitations. 4,

iticm t V, and ilUPPENT controls.

matically'rtsurned to this
r.1F!e pAv.1-1 t.lview unit. 4

4

onen yo01 are fi'ni,3hed press -DEITA- for the inal tezt.
.;.1r141

q

1

w',r1,a,b,c,d,e.f,7,h

n-0.N.,M1m1a.x,f4m1c,x04m,"7a.)404mUoa4m3d,x04m3e,x04m1b,x04s2d

Trt t'," tA TIN he *atter.

-.04m4n

vror.d.,:!

n47,,,R4m4a,Y-
nr".04-2

0 4ro 4L

off. u414- ,g4m4b I/

-Q6 I,c17
2'47 .31: 61g
r2'4E-; write Set the DC GUPPLY to prokce the following output:'

1 .

A 15V dc signal across tf-le 500. Ohm res

00. nn the resistor.,:ircuit board.

T.01' P DC voltage generated should be negati
322 h respect to.gr6und. .

. L.r.

303 .TheresiTitor itself should be' connected

3042, such that t4irminal 7 is connected to ground.

stor

VE;

7305 0 SAA the meted:-on the DC supply to monitor the

182

4

0



3ffj load vdli-ag.
307 ruse
308, pad.: n3.00001,103b000,0a00000007000ab04410

..30? p:.in -.1..(71.,

r., ...," ' n.-1-,..,r0-1m41.7,1

:111 r11 .,n4n4b 7'
31: 0,4. .,,-7

317 un1f. -04m4b1
T....,:4_ pa,71.: n73,. (,fc')

115 1.-..in '7J:A

31,", juNg n41,,(04s4
31.7 1..T.1 .04m4,7:

313

1324

325

r47,Wr4m46g

(an the power supply be used o generate:

1) A,48 ifOlt dc signal yes/no)

Hot") about I' mplts ac

7:F. C:. A constant current of 0.4
arrow 1v7:9-

"Ir:r1T l'n-7..k,,,Ye<,1
'3317 1,11

t. 7.rr.7.1,1

4 I1

1-

I, .1

rf r
1:41

(!r), M11n, /10 n)

r ct

i4

E

bloc li, x04m4d

amperes

-,(744d'''',,,?41. uunto m
-J4:. at 11J,1

i

i
. 4J,1- !Set the DC SLIFPL)/ to generate 2.0 y do,.!

TiT , with the ,:urrent. limited to 0.3 FL ]

1

1;et the METER' .0 mea6e 6u±pu-V. voltage.3-_
7147'

;Ii 346 pause
2,47 !:,,,r:k n?-.1, a (hi) (imn) ++"4-
-:Zr; 17,in did

Jump, n47,Y1-14s4bor

183
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1CP jumr n47,-Kg454c,x

err F w (44m

n.

r.

unit
join 3

I mr 1,47,-.414m4e,x

at

rite If you were 4:6 set the dials Or the supply to
the following positions-

'

111 METER - volts

VOLTAGE - 20 volts
CURRFNT 0.1 amperes

-

W.-,uld the supply be in'conStant voltage or
-,n,lv.-tnt current gpeption with a load of

,h1,, 17-3 ctype lefter) A

a) Constant current
Constant volta9e

!fit, a)

"71 44!.

(

-1

7 4 If you required more current than the DC SUPPLY
furniTh, could you connect two DC SUPPLIES

it p,:trallel

17,

If you required more 'voltage than the DC SUPPLY
1 11

.-..uid jurni7.h, could you conn.-4 *D1,7,. DC :'4IPPLIES

tr, ,-.rli 2.

c4ru.14,*0 end,NrOlend,x044d
10'1,4 .

'111(,No,no,n
op;,..----,,Ye7,9!))

.L4 r'f
I 7,row 14-:4

.-,...r citc,.'ee.--,.yes,y)..

mr,7n IM0,No.no,n)
x-2 .:) . J.,,-; 1 ri t; A

11'4

,04mc,a

7'1

V

ite Do it your self study
'17 1E

1

,Thooe any method of tudy you wishIr

Enter i for only information
for only, questions, . or

181



399,

400
401

402

4107

404
405

406

9 407

40 1

40Q
41f6.

411

412.

4113

414

41c3

416

417

41P

arrow
lone

ansoer

anAwer

answer
calC

back
base
at

lorkfe

,-4n

arrow

notTh

1411

1 ,

n5,qopl *

r.Q,<A)

n.59t2

-x04mr-b

,04mFa

b for both in and questions

(.11

!Press -BACK- to change studylmode.)
-,,o4m7h

."171c)

'1- -'

ri0,..x.04m14,x04m1c,x04m2a,x04m3a,x04m3d,x04m3e,x0464b

3*

0

block -,22452a.

42R unit ).;12( 4 s

421 :16mmy unit to end goto's
N,!.*

421,4 unit r04slai
424 711,

42 The DC SUPPLY is used to generate direct
current; that is, the current for voltage)

427 enerated is conStant for a given load, 1.e
4 'if 47, not ,1 periodic function of time.

429

430

431

432

433

434

436

437

439_,

"44Z

441

44-;

444

unit
at

*write

Of course the output
adju5table, but for any

anythingbut a
:urrent, if the load is

.17

of the device. is
setting. it will not
constant voltage and
constant:

-x04s1b

11
1

N.-AP that th's supply can nly generate volt ges.
to 41 vol 5 dc. llso, he ma-ximu C rren

pa,;..ity of his s_pply 15 2.5 amper s.,
ie:Atages or Curren s greater- han eSellimi ,s
cannot be produced 1

kowever, the supply will rot operate at all if
the CURPENT dial is set less than about 0.1 amp.

4(.3

part=1, ock=i,

a



445 unit Nr04s1c

446 at

447 write Turn, on the DC SIdPPLY by throwing ,the
44F,' toggle switch on the left of thesupply.
44.7i Th-. red pilot lioht should
45( #/*

451 unit ":04s2'1

at t11

451
s.

write ., airulatina IL and VL 15 easy. Just assume that
4 trite F.Urpiv is in either constant voltage or ...

4-c,R .:--41...,t9nt =urren't operat ion. Then, use PL. to
4.7.1, :-i,-uiator_. the remainin VI 4a: k If .the V.or

..:.

4_':7 T 1-1 n. :.t 3reater than it limit, you have the
41A-: s,:.ilifin. If n.t, the sappy) i-s operating in
4i:r ti.,-, ,-.i71),r- m,- -1e,

4i.p eltfrt f

461 unit
-If,:

4h; ,411.1i1.9 11 c'annot be ?,reater than the current limit.
4/.<4

4;',,c7 unit -..041 ),:

4,-.6 :: -;11

467 ,Irit, -if IL were really .that. what-would VL be
,1,,, -.n d ,Ahic6 ramett,.. (I or V). w^uld be limiting

block 1k, vO4s2d

47f Unit
471. back
47:1

4

474 nn{
475 ,rump

476

n

477

478

479

lao

482

484

4a6

xY452:1

n5c1,-.84m2c,y04m3h,x04m5b
.nr,,-.:047:-?d2,x24m3h,x04m5b,x04s2d2,x24 5b

nF9=3,N0452d2,:v.

Oart.1, b10 k.k

unit ),114s2d1

810
write To set the power supply to a given voltage a

current limit output, first short the + (red)
and -(blalik) terminals of the DC SUPPLY
with a test lead.

the METER switch on A PS,' adjust the
(LUPPENT control' to thel desire current I mit.to

Pemovethe test lead from he DC SUPPI4.Y

terminal' and turn the METER Switch to, VOLTS.
Then adpist the VOLT14GE cr.mtroi to the desired

18 6



438

489

490

4'11

492 ***

output voltage limit.

One additional note: Be sure you are reading
'the correct meter scale when Setting the
,current and voltage limits.-

P.

493 unit x04522
494 Wick n59-3,x014s?d,x04m5b
495 next n59,Y04m2c,5424m3h,x04m5b
496 .f. P 410'
491. write' to set the output current limit of the DC SUPPLY,--
4,) which of the following is neceSsary/

499

500
a) The + output terminal of the supply should
re grounded.

.11

I I
. 0

501 b."The + --terminalsof the supply should
502 sh7rte:1 together. 4

ci The'+- and - .terminals of the supplY.,should'
504. he left open circuited.

'1517fq ' arrow - A520

.506 5pe...7s nookno.'
507 an-zioer (h, By,

5kiP. at 1705
5170;1 Right! t remember to discpnneci the short when
510 settilic, the Output voltage limit.

-wronc4 la.A)

512 .

S1'. smite
514

515

516 wr,:,rq

517

5 1 write

no

a+.

524' !,n,x

55.
526

5;27

29'

5J2

A 705

!Aol .The DC SUPPLY is a floating Supply and hence
neither the,+ or terminals are internally

or:7,und.

1705 A

47...10nly when you are setting the voltage,liMit
is it-necessary that the output terminals be

/

type-, the letter of your response.

4s2e
4m2c

t;r:;++.1.+++++++++++++ij++++

(=

r47;-,:04s2f\x I

/, 1'16

Ybu are reading the

unit >B4s2f

L'101115

ne'Yt 'x0452,71 1

P147

write Y-.)u have incotrectly set the VOLTAGE and/or
will receive help when you

.4rong meter scale!!



/--

538 you press -NEXT-.

block 11, -.0451,k

541E unit ! w0453-a

541 at- 811 .

54:' write . The output oT--Wie' DC SUPPLY i$ amai6able 1

543 at the red and black jacks'in the lower right
544 ,area of the panel. The silver jack at the far
545 right 15 a chassis ground and may be connect i%
F45 r.-- either thered or black jack- as required.

540'

54c)

550

Y71

unit
at

I rite

554

`-- 555

7,56

FF7

55Q
51;0

561
'7; r 2 t

-414s 3b
17c,1 ,
Note caretu-11.y th.itt tw2C SUPPLIES.cannot-

be conne7,ted in parall-el achieve a gote4tr
current qapability. The I'.easOn for t}- is

simple but important:

-If t'Wo DC SUPPLIES are connected in-parallel,'
one -,upply will try 'to drive the other and
large current will flo0 alone the low resistance
wire's between the supplies, This does not
hap en when two DC SUPPLIES are connected in serieg'
with a current. .limitigload; the can be
c'/.nnetted jr serie4 to g.enerate larger voltages

either suppl,, actin?

.41

, block =l

563 unit sx,(14s

51;5 write

Sri 7
c66

96F;

cf,,?

570
571

572
573 l'**

the :.anel Teter. This switch controls the
oteilie METEP switch located jus* right-of

. .

indi,:ations of he meter. The. meter will

measure either oad current or 10L-ta voltage;

depending upon .he position_ of the switch.

Note that this switch'has NO EFFECT on the
operation' of the supply, it simply indicates the
actual terminal voltage-or current.

'. ,4 r"

574 unit 4s 4a
575 at IL 10
576 .rite P member...

579

580

Set the Output orOltage

(Si± will he necesary,for yo
the output current 1,imit- until
across the 50.0 ohm resistorris

to IS V dc.

,u

the voltage
15 V do.)

to increase

9.0



581 Monitor the out
582 next x04m4a
583, ***

584 unit x04546
585 pack n83,+++++++++++4+++e(ijk)q#++++
586 join ckdi
587 juMp. n4/,x24s4c,x
588 at 1116 /.

589 write 1You are reading the prong meter le!!
590 next lx.04m4d

591 c:,NY,

592 unit._ )2454c
593 jpin )'04s2f

594 phuse
.595 erase
596 join ).04s1d1

597 pause .

598 lump'. )04m4d

block 1m, )(04end".

e

40 unit x24s4(11

601 - 1211,

602 You appear to be having sorhe trouble.

603 .Press -NEXT= for a,chance to review.
.604, c , Fl student failing the prof. test has(n594.-1).
605 next n59,x04m5a,x0"4m3hoxe4m5a.
606-

part =1, block =m

uhit _)24end
608 back x04m5a
609 join imode
.610 jump n47,x04endox :

611 course n2
._612 carcc n2=!ee244',
-613 nC(n21+1)t(ncn214.1)Sma5k$o777777777701100000000)+0460300000g,
614 ne,r121+1)4flf(16214.1)

615 erase
616 outpu+ /// st'udent has c6mpleted'experimept ///
617 .join fi.ndunif

618 jmemes
619 jumpout ceeindex,questl

6 IA -entr;i, leave-

* 6.1 'end lesson.

6' 2 aaa
%

623 unit endUnit
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624 course en2
625 jump n20'ee244',1eAveoc
626 calc nc(n21+7)anc(n21±7)4ahelp
627 vc(n21+6)c(n2.1+6)+atime/60000
628 ***Incl.cge s.r. & terms sample,index,imode,c ment,slideS.

629 use eex00,ckl
630 use ck2
631 use ck3
632 use ck4
633 uST7-7-41Ck5

634 us, ck6
ckc,
ckcw

-ckd
ckdl
endupit
'mode
jmpmes
leave
*04end
404m0a
* 04m0b

* 04mla

*04mlb
x04mic
-,-,4m213at
* 04m2b

x04m2c
xg4m2d.

x0,4m:9 _

/04m5r4

*04m3d

7i 4rr 3 f-

,..04m3g

--.04M3h

x04M4
-ref 4m4b

"x.04m4b1

-4_14m 4c ..

04m4d
xff4m4e

5!04m4f

x04 5b

not found
.not found

not found
not found

144end.
not- found

not found
x94end

623

620'

*04end 607

*04m0a 29

x04m0a 51.

*04m0a 61

x04mlb 83

x.04mlb 110

x04m2a 124

x04m2b 146

x04m2b 176
x04m2b 187

x04m3a 19.3

-,04m3a 206
x04m3a 211

x04m3d 229

x04m3d 2.41

*04m3d 248

x04m3d 257

-y04m31-1

n I

262

286

*04m31-1' 29.5.

' -,,g41V311 313

.44m'31-1 319

NO4m4d 341

*04m4d 353

x04m4d 372

.:04m4d 390
409

vg 4

x'134sla

xff4s1b

208

/// 309

169 254
586

617

31 226

r'610

625

380 380
32 " 52

34 ---- 62.

8.4

e3 111

85 125

112 147

126 127_

148 148
..-- "173 '

191 209 ,

xff4s0a

x04-.50a

195 195.

'1209
21'

281'
243

125,'

62

191.2

72

54

311'

317

590
ii151

55

227
227
249

-2.43

255
j,,_:;,:-. -, -

1'44
z_.

4z

t.495

278 .

311

321

598
355' 5,

410_
2 63

1

2' 7 23

2 5 471

65 65

150 179

245 245

64

86.'

315 348

,t

' 290 320

610
-

296 391

,

40 354

.
284 "418
264 416

,i2.84 418

-284 418

471 495 56.

212 212 WS' 284
a.

230
242 284 41.8

284 418.

'..:,!46 -o 255
,-;

.

84 'r(g., 5 /41 11
195 ;;r7 21;7 2%30'213
243 q-0. 255 / , 2.60'4.

'') 605

291 582

6 5 605 : 606

4'--/)2> 85 tzs- I11°1-

s 1 ..kzi- in ,21.9 194

'231 f'. 24' 23 -7 ,243"

47 . 472 5: 494:

8 /P7' :,-87 of. 114

171,-97- :2 ,? 197

273-

/2a9
474- 474

1 90



x2451c x2452a
x24s2a x.24s2a

...0'4s2b x24s2A
x04s2c x2432a
x0+52d x0452d
x24s2d1 x042d
x64s2d2
x04s2e x04s2d
x6/452f x0452d
x24s3a . x24s3a
-X24s3t). x24s34
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ahf4P . .
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445

451

461

465

472
477

143
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block la,

lesson eex05 at 2:3 am'ontueSday, diugust 27, 1974
.

eex051d

For Neal, CGERL, Room 248, .EEB.

(partwl, blOck..a

4 One line descriptiof this lesson --

,

...%... The Operation AndUses_of the Vacuum Tuboltmeter, HP400,1110.--
.

...-
,

Divisions 2Sthis Lesson: Block Unit

-.

Id for',this file 7eex05id-

'8 Experiment eex05; '
.

9 Objectives eex.051d x05m0a

10. Properly set-range dial x05mla x05mla
1f ,'Properly_connect vtvm. x05m1'a ,x05m2a

12 Determine 'uses of vtvm x05m2d x05m3a

13 Convert rms to.p-p- x05m2d x05M4a
14 Predict vtvm indications x05m4h xg5m5a

15 Final test x05m5n x05m6a

16 'Final edit 21 aug 74 neal,

17 *list info
18 *Iist symbols
19 *list varian,charset,ctzeincQechar

21 start
22 tiniSh endunit, .

23 write :iak,101\.10 Loa ing the CGE Character Set

N14 -

20 charset ogeindex,cgechar.
. '..

25 erase
26, dataon
27 area eeX.05.

28 ext. 0

29 ***

:30 'unit *05mga
31 base z
32 restart .

33 next x.05mla

34 join imode

35- j.i.alp n47, x05m0a,'x . ----,...

36 at 5'07 , w

37 write ;THE OPEReTION AND USES OF THE VACUUM TUBE VOLTMETER,
38 Hewlett Packard Model 400D

39 It this experiment, you should learn.to:

40 1) Adjust the RANGE dial. of the VTVM to'measure
41 voltages accurately.

193 .

A



.

42 2) Properly conrect the VTVM to the terminal
43 who voltage -to- ground is to be measured.- ,

44 31 . 6etermlne the voltages which can end canneet..
45 be accurately measured on the VTVM. 1

II . .

46 4) 0 Convert Vrm5 to V
41 relationship between the two for sinusoidal waveforms;

. (..

i

'48 5) Predict the VTVM indication for'simple
49 non - sinusoidal periodic waveforms. ,

.

block lb, x05m1a

51 unit x05mla
52 back -,05m0a

53 next x05m1b
54 at 51.0

55 wri Voltage measurements are displayed'on the
56 large panel meter. The RANGE. switch (below the
57' meter} is used to scale the input voltage to
58 allow more accurate readings.

59 The setting of the RANGE switch determines the
60 largest rms voltage. voltage that can be measured
61 at that setting. For most accurate measurements,
62 the pointer should ikidicate in the range between
63 30 to 100-% of full sale.
64 O'tt

65 unit
66 back
67 nest

68 help
69 at

70. write
71

72'

73 ***

-.:75m1b

'{05m1a

}I:T.551a

1010

Set the RANGE dial to accurately measure a
45 rms volt signal.

fi

-HELP- is available.

74 unit x05m1b1 .

75' help- --xU5sla

76 pack n33,++++++++++.4++++++++++k+
77 join tcdw
78 jump in47;x,x05m2a
79 next x05m1b.
80 v*Iy.

81 unit x05m2a

POrtts block "b
' 4 '

A



,
82 back xff5m1b.,

83 next x05m2b
84 at 510

..85 write The voltage applied between the RED and BLACK

86 jacks on the left side of the voltmeter marked

87 INPUT is the voltage that will be measured by

) the voltmeter. The BLACK-jack is internally

89 connecte&to ground. The RED jack.i's connected

90. to the point-of interest. Aate that the

, 91 resultant voltage isalways measured with
92 respect to ground, becausethe BLACK jack is
93 internally grounded.
94 ***.-

unit
9-6 back
97 ne
98 at
.99, write
100
101

122 arrow,

10,3 *specs

104 answer
105 at

106 write

YO5qb
x05m2a
x05m2c
0

4

-1,o

Iff ..r.e..:Lo measure vOitage.withTrespect
to proun61 at some-Point ."X" , which color terminal
on theyTVM would you connea175'-'94!..,Z

r610

bumpshift
red
2010

.RIGHT !

1 I

And that's the only connection required.

107 However, if.you were tp meastlia voltage in an

108 ' UNGROUNDED circuit you would haveto connect the

01 09 kblack terminal of.the VTVM to the circuit al;o.

110 wrong black
111 at 1'310

112 write The black jack' is already conne6£et1 to ground.,

113 no ,

114 at --- 1810

115 write,. You only need to/write the coo of the jack,
116 .7x**

117 unit y05m2c
1'18 hack Y0 5m2b

119 next 05m2d
120 at 510.'

.121 writ?" Connectthe VIM to display an indication for.

122 the 0.IV P-P. GAL OUT _jack on.the SCOPE.

part -1, block-c

block lc, y05.

124 unit x05M2d,
125 back x0 m2C
126 next x 5m3.8,

127 help- 4115s1a

128 at 510

195



129 write Adjust the RANGE switch to accurately' measure
130 the oiAt(.ut ,from -the 0.1V P-P , CAL OUT.' jack.

131 . What indication do you read ?
13: at 1429 ,

133 write -HELP- is available
134 arrow 843.-

' 135 --,.pec7 noAno,.
136 an:..svf 0.056,.002

, 137 at 1015
138 ''rite Excellent 1 A very cl.se reading:,-
139 ari7v 0:.056,.04
140 at 1015
1.41 wr That's a.aood r ing.

Irongv 0.7t5604,
C.,1kfl . 4\ ..,

4 w-ite ,te4, _ 'a little,closer reading.
14 kttronqv. 8.0.05601
1 1015
14,7 1m-it..? e.:ot the wrong jack
148 r(

14'1 'at 1815
150 write. YOI.J-'re way. off, better try again.
151- #4,*

157 unit .7.115m3a

153 17,a,ch -x.051n2d

154 next x0Scri4a

155 at 3(f5

viv

156- write The nonsinusoidal voltage from the SCOPE t at-you, just
157 , measured was at a frequency'of 1000 Hz. Furtlermore, the

adina was equAl to or less than the ,olliage

17.9 Ora freAuencies greater than 10 Hz but. Jess than
160 4 MF-1 10" ca.n be measured.ao7uratel

t.

161 ' Also, only indications larger than about 0.001 and
162 less than 31ill can be read accurately. .

161 at fir:03

164 write Can the VTVM bA used to measure:

165 1) A 17 V p-p 1000 Hz signal ? (yes/no)

,
.166 The 115 volt ac output of wall receptacle ?

167 3) A 43 volt do signa
168 arrow 1739

'169 specs /bumpshi ft

170 answer yes
171. arrow 1957
172 4.-75 bUmpshift
173 answer yes
174 arrow 21.3
175 specs. bumpshift
176 -answer- no
177 no
178 at .2422

1J3

,



1.79

180

181

182

184

185

186

18

1

f
6

190.

write
***'

un
r

MEMBER:ER: dc is
.

x05m4a
art

b se
oir - imode

If.tmp n47,xO5m4a,x
at 507

write
the pe
and t
same

ti

task will examine the rel
k-to-peak voltage measUrem
R.M.G. SINE indication on
signal.

, d#.
S.

191 In electrical engineering, th

192 alte gating Current usually. refe

193 :un- nt with a.Zero average yalu_.

ionship between
t on the SCOPE,

the VTVM, for the

.

term ac,for
5to a_ sinusoidal

194

195

196

197

19-0

199

200
201

202

26'3

204
20s

206

.207

280
20q

210,

211i

212,,

213

pause
jump

entry
pack
join

j uynp

rite

Hen
of

begin our experiment, we teed an ac source.
e, set the AUDIQ'OSCIW47,", to an output, frequency

000 Hz.

=back,x0.5m3a,x.

x ISm4a1

.4++++++++++++++++++<b(uv)c(bc)>+n 1
r- .d

/47,xff5s4a,x05m4b

with the VTVM, as followS:

paUse
jump

pack
join
JUMp

x05T4b
1007

Measure this signal

-7

First, net the .V.TV1 range to allow -Eh most accurate.

measurement of a 25 rn-s volt sinusoidal

key=back,x05m4a,x
n330-1+++++4+44+++44+++++j
ckd
n47,x05s4b,x05m4c

block. Id, x05m4c

1 215 unit x05m4c
216 at 510

217 *write-. Connect the output of the AUDIO OS,CILLATOP

216 to the VTVM.
a

The VTVM14s internally grounded 'and onlJ

220 requires one. connection.

1d7

re4

part -1, bl<>k4.0/



\221,

222

22'4,

125
226

228
22'9

as

Be sure that.the AUDIO OSCILLATOR ground link
is connected and tightened.

key4Nackg010151T14137x

n3-3,000000000000b000000A020.0aba
ckcw

,n47,x,x05m4
x05m4c

230 it z05m4d
231 ack x05m4c.

232 ext %(.05m4d1'

233 t 510
23.4 rite - Carefully adjust the output AMPLITUDE f the

AUDIO OSCILLATOR to cause a/25 rms volt //indication
236. on the VTVM.

238 i4nit x05m4d1
2391 0 Ck. n33,+++++++ + ++++ 071,..4..*(rs) (bc) (pcuv)

.240 loin k

242 pac

cd
241 Jump

k
n47,x,x05m4e

/

n33,0+++++++++7+++4.000 (tu) (bc) (bc )

243 join ckdi
. /

244 Coto fl47,x,x05S4c/."
245 pack '033,-;+++++;+++++++++++(pd) (bc) ( uv) )

.246 join ckd1
/

747 goto n47,x,x05s4d .:
248 at 510 t

24 write . You're way offf The freque y should still
25 . l...be2000/Hz. The \TVM should b set to measure
251 :25 ANS/volts. The Audio Oscillator AMPLITUDE'

2 ....slioul<.be adjusted to cause .n indication of
25 rr s volts on the VTVM.

pause ,/
juMp .x.0.5M4d1

!*4

2

254

55

56

257 'unCt / x4M4e
258 hsa k / x.05m4d

259 n xt) Xff5m4f

2610 rase
261 catC'hup

262 at 1510

263 write Now that you have set the AUDIO OSCILLATOR
264 , correctly, do not change any of its qkntrolsunles

-265 specifically directed
266 ***

,

2674/, _unit x05m4f
26b hack . X05m4e
269 next - x05m4s:
270 .at 510
271 write The ac volt:ape you have set is. measured
2 7 2 . on tH,-.,2 VTUrtin rms (root mean - square) vo lts.

198

4
a



273

274
275

.276

277

278

279

280
281

282

283

at
write

at

write
pause.
at

trite

Ropt-mean-square; volts are defi d as follot'os:

1019 1 1/2

Vr:mrs 3 [ (1/T) (v dt

121
whei"e T e the period, of v (t) , and v is in volts.

1410
Note thatiroot-mean-square is descriptive

of the above .formula' a,i fol1otis:

,POOT 7ssquare root of the bracketed expression 'VA

.1\
,MtFO = 1/T. 't f ( ). dt of the followinintegrand

.. , 0

7

284 SQUARE = squared time function.
. 285 --***

...--

....,-

28A
287

288

.289

290

unit .

back
at
wrvte

x.05m4g

-(05m4f

(4q."6)2

4

70t,

Set the SCOPE to measure an ac voltage on the A

channel with A VOLTS at 1;;I7 V FULL SCALE.

291, .

OS Course, the A PPEAMF should be AC coupled and

-292 the SWEEP shouid.be internally trOgered.by PC signals.
,

\

RECALL: DO-NOT TOUCH THE AUDIO cpcILLAToR DIALS!

pause
pack n33,4:1D++f+ab++++ ++++++

join ckd
jump n47,x05s4e,N05M4h

297
'94

295
296

297

301

/299
300

.3,02

303
304
305
306

307

308

:309

3I

311

.'312

313.

'block. IP. Y05m4h

unit
at

write

pause
pack
join

jump
next

unit
base
back

. s

x0.5m4h

7 ig

th
to the

Th. SCO
require Onl

n77.4.0.02P,Og

.n47,x.x05m
x05m.11;*

x7.5m4e

output of the AUDIO OSCILLATOR
of SCOPE'.

is grounded by ground links and also

one connection.

pert=0, block=e

R000a0ft0000080:000ba+0

1d9



314 next` x0,5m5a

315 calc n120-1
316 at 510

317 write 'What is'V
PP (from the SCOPE)? volts

313 arrow 54f
319 store vq
320 ansv .70,4
321' endarrow
322 calc v56 25.0/v55
323 at 710
324 write Cm the basis Of your measurements:

32,5' Vrms
326 join v05s4,1" -.

A

'327 entry .7.115m4i1

328*inhibiter,71se
329 'data '.0ga4f

330 hart -.0c=. 614e

331 arrsm 9?-

7'332 Ctrr r v56,47%
333 no
334 at 1110
335 7urite V = VTVM,indicNtion = 25rms.
336

.337 V
PP Scope Reading

33:7I

i 99 x V
PP.

-.34(7:f

341, Pr's -NEXT- to clear \your answer; then. \.
342 ...Press tr.. re-use the .calculator.
341 endarrow
344. ,.,a 1^ 't11204,0

345 =f 1110
.345 mrit4 And Vnp = Vrm,.

347- 1,)1/1-., -.85s4f

(s,v55), volts
.

.348 entry. yO5m4i2
349 inhibit erase:
350 ,1:1-t

351 1 c.1- -..'05mlo

352 .prrow

353 ans vrr,725,2%
354

355 at 1315

.256 write Press -NEXT- to.clear your answer then ...

press - DATA 1:o.re-use the calculator

ll

357

353

35g
360

362

364-

365 mWm

end4rrow.
at 1110

rite NOTE: These riversion factOrs are only valid
a sinuso0a; wavesymmetric.about

Let's 12ake a look at what the theoretical values
are for the c''.bversion factors.

36.6 unit )(05r 5a

2,j0

4



:.367 term rms
368 beak x05m4i
369 next x05m5b, -...

370 erase
371 catchip
'372 at .210

373 writ NOTE: Study this sequence Carefully.
374 You'll be asked a problem based onthis method.
375 Ait 715

37-6 'write Consider an ac or simple sine wave:

377 v(t) sin(wt)

378 join x0.555b -

379. delta --I

380 funct (sin(v55)),v55
381 ***

382 unit x05m5b
383 back 7.:05m5a.

384 .next -xosmsc

385 at 305
386 torite 1\1,-14, let 's squar v (t)

337 of (t) ) 2 n (wt) ) 2

;388 joint le.05.55b

389 delta .1

390 funct (sin(v55))2,v55
391 pause
392 1 in x05s5bI
393 pause
394 qalc v604,scirt(A69)

395 .it 2219

'396
\

Vms = 4-Y1 = (z,v60,3.3>"
397 hbar 21,.707,-
398 ..=!raph rms
399 pause
400

401 write The average of the squared ixeve is 0.5

0

472 The square root of 0.5 is 0.707

(

403, The value q Vrn.,,5 . 0.707 foi- v(E) 7 sin wt compares

404 with V ... 2.1 -which is read on the Scope for-v(t).
PP-

,

1 \

.

part=1, block=f

block If, x05T,5-c

406 unit Y05m5c
407. hack ')(05m51:,.

408 next . x05m5d
409 at 709
410 write General as'applies -for any simple sine wave,

411 the .followi i-tiosare established:

2J1

3 is



412 Vpp / Vrms 24T 7 2.828

413 Vip_/ Vrm5 = z4T ( 2 . 42 .. 1:414

414 ' Or, inversely:

415 Vrm5 / Vpp = /4 . 0.354

416
417 ***

_ Vrm5 Vgp = 1/4 '= 47/2 = 0.707

418 unit. x05m5d
419 back x05m5a
420 .next xH5m5e,
421 st 205
422 write The rms value of a periodic voltage is the square
423 root of the average of the squared voltage.

424 Calculate V for the following wave:

425. -Vr =ms
426 at 1235

L.427. write 0

.v(t),=
4.28 . -
429 join"- x05s5b
43ff gdraw' 0,1;/,1
431 gdraw ;/,-1,
.432

.
gdraw :2Y,-1

433 gdraw ;2W,0

40

434 'arrow 712
435 ansv 1.0
436 no

\437 at .2505
438 write 12,is. the sa as -(-1)2, the average over one ...

4.1439. period of the constant 1.0 volt is 1:2'_volt, and
440 the square root of 1-. -is 1,. 1/4.

441

rms volts . (Press =BACK- to review)

< t < T/2
T/2 4 t < T

442 unit. x05m5e
443 restakt 4
444 back . x05m5d

.

145 next 11(05m5e1..
446 join imode

.

447 jump n47,x05m5e,x
448 at 545

. .,
449, write- '' Although the VTVM scales ai,e calibrated inthe unit
45 R.M.S.VOLTSifor a simple SINE wave, the.VTVM:does pot
4451. indicatethe root - mean- square voltage for anysignal.

. .

..._

452 The actual indication on the VTVM is rellatedt6 the
453 ' ifiput signal by the following:lormulae:
454 at . 1207 1

455 join x05s5a
456 ***

1

457 unit .x05m5e1

202



458 back . x05m .

459 next. x0..Sp .

460 at 70

461. write' As noted, 1-1e VTVM indicati4::m for a pure-sine. wave

462
.
is i±5 rms voltage,./and this is no-Ltrue generally

463
D Y

fOr every. non-s1? waVeshap4.

.464 , The relation between the wavesha0e ofia periodic ,.

A65 'voltage applied'at the INPUT of the VTVW he reSpovisiye-

466 position of the pointer of t4 VTVM,jand t e-Scale
.467. reading incliCated by the pointer can be Understood ..,-

46$ '+
more clearly by tracing the effects of the-INPHrTvoltage

469 through 'a schematic-diagram of the VTVM.'.
3

a)

block tg, x05m5e2

471 unit y05m5e2.

47"2 back x05m5e1
473 next -Y05mIT..e3

474 join ze.05,k.9.'2

475 at 0605 \
476 write . 'The signal, at the INPUT terminals of ithe,VTVM

7-

477 vpn, v(t)

478 pause_

479 mode erase
480 at g.1605

481. write The signal at "the INPUT terminals of the VTVM is::

,

part= block=g

At.

482 vAA' v (t)

483 mode, write
484 at 1605

485' uirite *A, = v.(t)

48E. The, cApacit r blockS the average value so at BB'.'

487 , only tbe'rjptyleremains:-

488 t" New.= v(t)- VAN,.,,. where

489 at 190,456

490 write .e! ... '

491 at 190,344
492 write B'

..

493 pause et

494 mode. erase
495. .9-F. 180'5 '.

496 Write The capacitor blocks the
497

N..

..
2nly the rippIe.remains:
.\:

,

ay = 1/T

averaPe

' T
498 !crea, = v(t)- Vav, where Vav = 1/T (..... ivaldt

499' ..mode -write ',
1.1.

500. o± 77 1805

504 write if:). = V (t) . Vav, where Vav = 1/T L., v (t) dt

,
la

4,

v (t) oft

value so, at BB '

2.J3



502 The fuL1-1Wave rectifier cone is all negative values
503, to positive values, so the fully-rectified ripple
50+ at CC'. is:

505 , vcc, . IN-00 - vavi,
5216% size 917

507 at. .!352,382

4- 509 size 0
508 write )

f40 at 384,400
51.1 write Full -wave
512 - Rect i f ier

543 at 7.35,321

514' write r
515 at, 333,321
516: write r'
517 pause
:518 mode 0 erase
-519 at 2005

I .4

-x520 i.orite The ful)-wave'rectifier converts all negative values
524- -, to posit4ve'values, so the fullyrecti.fied ripple.
52'21 ,at CC'is:

(

523 vcc( 7 - Vex'
524 mode write
525' at 292,31-9

526 rite M .

52 at 2005
8 write 1-v (t) - vavi

_ . .

529 The d'ArsonVal meChanism 41), becau:se of its inertia,-
530 cannot resporia to a frequency. greater than 3 Hz, so
531 the pointerzesponds.to the average value of vrc, :.4'

1
,

..

532 VTVM response = 1/T riv(t)-Vav[dt

532 pause, ,

534. mode erase
535 at 2205 .-

b

536 write The d'Arsonval mechanisM (M), because of its inertia,
.E.,37 cannot respond to a frequency greater than 3 Hz, so
538 the pointer responds-to the average value of vrr,

539 VTVM'response

540- mode
f41 at

542 write

write
2205

VTVM response-4z:

.

1/T IT-I v (t) -Vavlidt

1/T filv(t).-Vav dt

543 The rpanufacturer. marked thisyTVM meter scale to
544 indicate R,M.S.. volts: when a Sim 0e sine wave is
545 applied to the INPUT, Therefore,\the VTVM indicatiOn

546 Vilindication = 4.1'1/T fIlv(t)-avidt
Z

14

I -

is:

23i

14
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brook x1 5m5e3

548 'gilt

549 back
= 55g. next-

,551 at

552 write.-

553

554

555

.556 at
557 joiri

5*,.

.

-x. e3
?4,5m5e2

x85m5t
505

pe44, 1 b ociosh

In general, the val e i
is 1,.1.1 times the avers e o

r.. pp I e o the INPUT vat
expressed, by t1-1s,"fol lowing

12

ndicat he VIVTI pointer-
f t e re tified

-This i.s mathematically,

previously-meht i oned formic I a:

559 -)05,rei5f
560, back. . **0.5015e

.561 ne..-t )(05/.5.1
562.. ce 1 c.. .

'563' erase-
564 9avtchup

.565% at 5/5 Jc-
Olt

,,, ,

56:6 , oir i te; .. \ Let is look -a + some non-Ainusot ----.42.2tveforms fiofil
567 . " the F'unct'ion, Generator and' see How this a'.' 3,ese0-

'
. ,

.
_' 568 , Accomprish'-0-iis task:

.,c /
569 Om trie P?`Oannel,of the- °sail 1pscope: -

570

572

D i-Sp 1 ay two... Cycles ,..;) a sq..iaYs 'Wdve- w i±11 Vpp V,

and = '
.

Set .the PREAMP + 6c . , ,

. ,
.

*
Use a generator frequency of 1 kHz.

,.

574, ar.,01#1,,,%Cdnnect ±he VTVIA measure kliis same starting

.575 " 'with the 388 RANGE4vnci reducing the OINGE until you

576 display the reading most accurately.,

577 ***
":

578 t*. 05m5g
579 base
580 i.$acrk ' .45m5 f

581 at 110

582 -write What is the rea dn the. VTVt'l

5,,83 vin.d
584' at 35

585 ..16,1)%itec n12.0 t(s, v51.

586 cotr, , r:6120, xyx , ,r(135 r157.0

587 ' arrow 533

. 588 ."atorgi.! v511.



509 an5v 11.8,1
590 endarrow

591 entry. x05m5S0
592 at 810
593 write On the b or your measurement: .

594 at 1105'

595 write Vindicated
"

.596 calc v564,v54/20
597.-75k 1125
598 wrheA.....2.120,,,,O,v56>
599 goto n120,x,*x,x,x215m5g0a
600 join x0584f

601

.figa

603

604
605

606

607

608

609

610
611

612
6,13

614 -

-615

616'

entry x05m5g1
inhibit era
back x05m f
data .x0584f
arrow 1119
ansv v56,10N.
no
at 1308
write Vrp,. 20 V.

IindiCated (5,v51)

Vpp for a symmetrical-square wave,

thus, Vindicated ' /.?" Vpp

/. Press -NEXT- to clear your answer then...
...'press -DATA- to re-use the calculator

617 endarrow

618.' entry x05m5g0a
619 calc n120i'
620 at ' 1307'

621. write , For a square wave syffimetrical about 0 V:

622 Vpp . 2 Vop 2 Vrms

'623 therefore your conversion factor

624' V s
Vgp

rm
62.5 at - w4
62e write available
6.27 help x05s5f
628 *koin x05s4f

. 629 entry x05m5g2
inh it erase

631 back x05m5f
632 data-- x05s4f

" 633 help x05s5f
634_ ..art-'6w 2025
635 an,7,v. .9091,.4
636. no
637. at.: 2210 /

638 write Press -.NEXT-, to erase your answer,

x the VTVM

r



639 . then, press -DATA- to re -use 44-wl calculator.
640 endarrow.

block 1 i , N(.05;5h

642 uni.t. v05m5h.

643 back -.05m5g

644 next N-05m51-0

645 eraFe
64.0 late711up

647 'at i010

part. 1, block.i

6A0 write Now adjust the + dc level adost on the funcr
64') tion generator to produce a sq, wave such tHat:

20 volts and V_pk 0 volts as measured

65I tkie obe. The fr,cluency is left at:l kHz.

650

65 NOTE: ne do level adjust interacts .with the
653 'ampl: ice, therefore, you must adjust them both
654 to o ain the de,3irei

655 at 3007

56 rite Press -NET- when ready.

657 unit, m51-11

652 pack 33,+(f71-1i) (no) + (od,

6r,4;1 clAw
-:6f.0 !Limp r.47 v, rA5m51

nr'Kt *PF.W71-1,1

66;

663 drib' v 5m5i
hr,f,4 !7.),6 o

h

at 1P1

A1',7 Why isthe VTVM indication ?

volts
670 arrow/ 121f

67f an..7.4, 11.0:1

677' t 1410

67' write That's correct' Note that changing
_4?4 changes Vim, as-well as Vo_p 0 however,

67c Vro and the indication on the VTVM ar
(,76 -0-;e same.

(de fF) caba< f (tuv) !f (mb) Nd (de fgh i)
/

kstu) + ++4++

0;77 ***

unit
67,3 bad;

write

yO5m5j

.,415m51

141.1g

T%t could therefore conclude tha the

207



682-

683

684

VTVM indication for a giyen waveform
is directly proportional to the

voltage of that waveforM. 01,B,C,CO
605 at 2110
606 write A) 'RMS.
687 6) AVERAGE
608 c)
609 D) PEAK-PEAK
69# arrow 1318
691 an.Swe- (D, d)

692 *,11

693 unit x05m5k
654 back x0Sm5j
695 at 210
406 write NO:lt:-Study this sequence carefully.-You'll
697 b.c.) asked *problem based orothis:methgd.
698 at 522
699 write (insider this waveform:
700 at 722
701 size
702 write. v (t)

703 site 0 .

704 join x05s5e.
705 c,;draw 0.112,2;6,0;8 O
706 pause
707 at 40%0

-1
708 write ; V t) dtav
709 pause
710 115ar -

711 at /1148

/2(712 write
713°. 04!*

Vay m

714 unit '15m51
715 back x05m51
716 at 822,
717 tortte ro.rforming the operation:
718

719 v(t) Vav
720 join , x05s5e

721 CdraW P.?;2,1;6,-2;800
722 ot,,*

A

723 ,.nit x05m5m .

724 back Ne.05m51

725 at 522
726: writ Next finding the magnitude:

,72, !

728 1 v(t) '7 V
729 join vs05s5e

730 gdraw 040:2,1:4021:6,103,0
731 pause'
732 at at .1010

1 1

733 write calculatingi V1 = _
730. pause T

735. hbar 8,.5,-

f
T
Iv(t)-yavl dt

2

1



30' at 1340

7 write
8 ,Fmise'

7 at 2118 ,
740,- write. The VTVM.shoUld therefore. ndicate :

741

742 :1.11072 w V1 0 4U5 volts4

part-t, block -j

,.

b10qk 'cx05m9n

744 unit, ')(05m5n"

745 term test
746 back 74.05m5k

747 at 1010
748 write.' If /7,1_1 .would 1ike.to repeat the last graphical

749 -F.,e(11...7.nce. eYplaining the VTVM response

750
11

751 pres -BACK-. itherwise press NEXT -.
752. 1,**

...

753 unit N..05m5C

754 hack .)ovcm5n

7,55 erase-

756. cAtchUp
757 at- .1010

. .

758, write Fit this time,yoU might want tb exPeri n

759 with some waveforms other than the squ re.

760 ' wave from the function generator. See if

. 761 .,.eau can' predict what they Should indicate.

. 762 '.r..,n the VTVM for a %.1v.7-:n ampTi/(ude, then

763 verify thrs by measurer e.. it with the,VTVM.

764 _

.765
' 766 When vqu d-e, ready for a challenge, o your

767 prove PP SS - NEXT -.

768 at , .,:i.lef

e

769 write REMEM ER

.,

770 at 2310 .

771 join 'x05S5a

772 ,1*1

773 unit x05m6a
774 calc n120..3

775 .6ext x05end
776 track x05m5o
777 baBe--

778.

779 at 3210

o 700 wiite HELP.is
761 jc.in N05s5e
782. 7raw
783 at ,41rf

2O9
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784

X$5
706
787
788'

789

790
791

792

793

794
795

796

797

798

799-

602
801

802

write

at .

join
join.

On the basis of hat you have lear d in this
experiment, what WoUlct the'VTVM A icate for
this 'waveform? volts
1918

YO5s5a
.Y0554f

entry N..25m6a1

inhibit erase
data x05s4f
help yo5s
next -x05

back NO 5o
anrow 6 5

ansv 833,01
nc,

at /718'
write Press. -NEXT- to clear youansWer,tben...'

..,press -DATA- to re-use the]calculator
lc**

'

803 u it N0551a .

824 t 525,-
.

,

605. write The RANGE setting 'Indic e the largest rmi. volt
6'06 signaLftbat-the,voltmeter an measure.-4Thus," if ' .4,

80/ . you wated..:e.c. Measure a signal_of approximately.
.15 rms volts, you would not set the RANGE dial to

12

611'end
040'm

8 1 4-4/"net,,

815 ack
816 aI

;017 write
818 at

819 ,write
820
821

822

82223

824
825
626

827 m

indica
ut rather, to 30.0 to obtain a readable
.ion.

Y.05s4a

Y0504.al

7,05m4a

510 ,

I cayght ou
710

Come on now
I.5ked fdr
mind....

daydreaming, didh.ti 1

you csn do better than that
aoq Hz.-In case it slipped your

Freq.ot;t = req. setting "* Multiplier.

Let'sset carefu ly and continue on.
Pre -NEXT- wlen ready.

-828 unit Y.05s4b
829 at 510

'830 write Surely yoU're.not nervous!
831 Let's 'try that again.
832
833

834
835 Press -NEXT
83.6 'pause

;

Just set the range switch to 30 and then

210

')

4



E17 pac
838' joi

839 jum

na3,++++++++++++44+1.+++++

ckd
n47, x121584b., x1215m4c

block 1k, x0554c

41 unit x.0554c

42 at 510

84.3 .write Not bad. You're just a I. le Yiigh.

844 .In rder to get_ good re5-,.ults ,e need
, 845 to e a little more.precise.

846 r .'.-

1

t 847 I wa t-that needle right-one5 VRMS.
848 When ,iooix!ye got it, pr/' as -NEXT-.

' 849 paue '''.

850 jump v05m4d1 . Sit'

851 01(10

852 Unit x05s46
85/3 at 510

,

354 write You're just a little lo w. To get good
855 results we must be pre(-.1se as,possihle.

'856'..

857 Set the amplitudf., as cloS..; to,25 NRMS

858 , as you can and then pr(?ss.--NEXT - .

859 pause
: 860 jump x0Sm4d1
861. ((**

_., .

862 unit x85sie ,:t

863 rat;,,. 640 ..,,,A ,

8,64 orl-Le. Are you sur'e that you 1,1)1,:w all that '?

865

866 The A channel shr:.&,1 2

867 AC coupled at« 100 v,:-.1t..,,

868 full scale. Interro115..

'/ 869 trigger the storY'r fr'-'

870 .. AC levels in title AUTO rnode.

871 . ,Display(only the A channel,

872 and sweep it nr.rmals, (not .

873
.

times 5).
, I\'

874
875 Then, press -NEXT-.'

7 pause
$ 2 pack n33,++p++ftab4+4++++++++++
878 j~ ,,i,in, ckdw
879 jump, n47,x,x.Y5m4h

880 next xff5s4e

881 s

:382

888
unit
lnhlblt r-rase

part.1, block -k -

44 1

..... VP

211



884 calcs n120011214.922,1122,f123,2025,625
005 Mode erase
8&6 at .3019

887 write' Press -NEXT- to enter your answer above
888 Press -BACK- to recalculde
889 at n121

/ .890 wnite,'
891 mode,- write
892 at 2737
891 erase 2P
894 at .2338

ease '15,

896atchup
897 draw 2617;2657;2957;2917;2617
898 at 2719
899 write CGECalculittb

e.

9PP Enter_ Expression
901

922 arrow -2137
903 =tore
904 ok7

925 endarrow

v109

926

907
908

929
910
911

912

913

914

at 2938
show v102
at 3019 0

write Press -NEXT-t to,enter your answer above
Press -BACA-'tO recalculate

key=back,7405s4f,',

n129,x95m4i1,y0Sm4i2,x95m5g10(05m542,x05m6a1

pau e
goto
jump

915 unit -Y255.55a

1.1'

ndicated 4
_ I. 1 v,() 7va, 1dt

9
916 , write Vi =.
917 T /.

918
11 T

where Vav v(t) dt.

919 Here: 11' '11

929 ***

921 unit )(95s5b

922 origin 1510'
923 axes 9,-190000,100
924 scalex 2/
925 scaley 1

926 marky.
927 gabely 1..25

T ti

= 41 / 2 . forfor a sine.

":4

.block 11, x05s5b1'

.1

h
"*..41.

r
1

part=1, block=1



929 unit x05s5b1
930 at 705

931 write, and calculate the average of the squared wavelets YI:
932 at 2019'

1

933 write Y
1

- fT ( v (t) ) 2 dt

934 motoi. rewriTeg
935 at ,

.,

18/8

936 write -,Plato is computing Y1 by increments.
937 ca 1 c v594,2'

93.8 doto 21 i ne, v721,50

939 talc v574, (si n (2/v70(50) ) 2

240 v58 (s in (2v (v-70-1) /50) ) 2

941' v5947w59+ fv57+v581/100 .

942 v714,/v70/25.

943 , gdraw v7100; v71, v57

944 at 2044
945 showt v59
946 2line.

947 mode erase
948. at 1828

.949 , write P 1 ato is computing Y1 by increments.
950 mce write
951 hbar 2o, .5,
952 graph 2.11r, .

953 end
- . -

954 m

955 unit
956 park.

957, ,join

958 jump
959- next
960 * * *

x.05s5c

ri330#000ff00000110021V9' +++++b+000abg

ckcw
n47,x,x05s5d
x.05m5f

a 1

961 unit x 05s5d

962 pack n33. + th 0 (rop) + (cd) (de fel (bc) aba$ i (tuv) g (ab) >d, (e fgh i) (alocd)++++++j

961
1

963' join ckdw
964 ) ump n47, x,x05M5g

965 next x05m5S
966 'v*

967 unit . x05s5e
968

969

970
971

972

973 1 abe ly 1 , . 25

974 A 1,730 .

975 write 1./2

976 A 1747 ,

977 write T, ....

978 *** .

origin 1515.

axes 0 0 - 1 2 8 , 2 5 6 , 1 2 8

Sca lex 8

sca ley 2 ,-

markx , ti, 1.

A

979 unit x05s5e2 .

980 -at 1117.

981 wr it?e Fl . 400D' VACUUM TUBE VOLTMETER

.

2.13



982 draw 117;146
983 at 1413

.. 984 write Internal Schemat a of the VTVM
985 draw 1413;1451
'986 at 70,431
987 write +

98e

989

990
991

,992
993

'994

995

'9.96

997

999
1000

1001

4002,
1003.

1004.

1005.

1006
1007

'.1008:

1009

1010

1011

4012
T113
1014 n'

101 'at' 190.440
1016 IAIrite :#

1-017 a,

draw
circle'
draw

draw

v (t)

88,448':138,448;skip;138,4531138,443
7,150,448,135,225

143,448;193,448;1930428;197,42q489,416;197,408
189,400;197,392;t93,388;193,368;88,368;516p;193,448;293,448;skip;193,368;293060

.293.448;276,431;skip;271:426;254,409;271,392
7&kip;276,387;295,68014,887;$kip;319,312
336,409;-319,426;skip;314p431;297,448

draw .:2F6,431;276;424;269,431;276,431;4kip;280,427 '

272,435:
draw :76,387;276,394;269,387;276,387;5kip;280,391

172,383
'!.1r.aw 19,7J91;319,38.4;312,3910.19,7391;,1kipi315,395

',W3,387;skip;329,426;319,433;312,426;319,426
1,,

..i,kip;323(430;315,422'

draw 254,409;254,34
circle 6,254,368,90,270 V

draw .254,361;254,329;2130,329
circle 15,295,329
draw '3000329;336,329;336,409
at ,85,456
1,Jr.t.,

a+ :3&:160
write .

.1.018 write [-

1019 at 29
1020 write
1021 at.

1022 AiritF, ,

11023 at . :3,31

1024 write
1025., at 2902,360
1026. write
1027. at 251;321
1028 writ. ' /

1029 ,at 333,1,21

-103k write
1031 end

1;40f,

part=1, bIockmm

21.4



1

block lm, x05S5f

1033 unit illf5s5f

1034 erase
1035 catchup
1036 at 811

1037 write Vpp = 2 Vgp = "2 Yrme

1033 Voldicat,d = v51>
1039 :m

1040 20 --

1041 (50,51

. V
thus, Vrm, = PP 22(

7 v51 ) x,

"),05m5g

1042

1043

1044

. 1045

1046

pause
,j ump

***
.

V =
PP Vindicated

4
1047 unit., w05s6a
1043 x05m6a
1049 erase
1050 . catchup

10'51 join x0.5s5e

1052 cdraw 0,0.5;2,1.5;4,1,5; 4;7.rr.,

1053 hbar 8.25,.5,
105-1 -at 525

.1055 write Va = I v (t) dt

1056 locate 8.5, .4

1057 write .- Vey = 1r2

1058

1059 unit Y05s6b
1060 back 595s6A
106* at 525

t-
1062: write Per forming the operation:

1063 v.(t) V
1064 join 75:s54-

1065 2,1;-4,1; 4,0;6,-1;84-1;8,0

1066'. A

10'.6 7 unit Y.05s6c

1068 back s6b
1069 a 522

1070 write Next, finding the magnitude.
1071. I vft),-7--

1072 join ' 7.4.0555e

1173 s,,draw 0,0;2,1; 4, / ;4,0 .661 ; 8,1 ; 0

1074

/
1

1075 .urit
1076 back x05s6c
1077 help ' x0556e
"1078 r,,,,x1L x.046a
1079 join x0'.#;35e

4e,A.

2
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1080 -gdraw
1081 at
1082- write

1083

10.84

1085 at
1086 write
1087

4088:

1089 .

0,13;2,1;4;1,14;0;6,1;8,1;8,0'
321

Recalling the!forMul,a:"

11.47' irlv(i)WavIdt. vindicated -= 4 0 .

where!'1.472 ".

2005 >

» Note that the area to the
to the area to the'right,

4

left.Of t=T/2 i5!identiCal

Thus, ,y6u only need to integrate from t = 0 fo
t = T/2 and multiply by two..

1090 Press -NEXT- to enter your answer,

1091'
:1892 *4*

Press - HELP- for ft.irtherassiStance.

.

1093 unit ' --Y0.556e.

1094 back >45a6d
1095 next- x0556f
1096 help :-..05.s62.

197 at 7.09

.
1098 write To find the area under the curve 10--Vav :

1099

1100..
1101 *It

Press -NEXT- for a. geometric aPbroach.

press -HELP-. to solve the integral.direy.
P .

1102 ,Unit x 556f
1102 .help
1104 back": x05s6a,

..-11\05 next x05m6a
-.1106: join x05..5A,

1107 gdrw. 0,0.;2,1;40;490;6,1,;:89118,0
1108 at ' 208

7'1109 write Note.that'the figure to the left of t.T/2 is:

1114 . (rectanele ofiarea
1111 doto 31ine,n10lcz1,.8,1
1112 calc.. v1024-.7101 x:17.25

1113 cajo v103*41101'x 0:125
1114 hbar \v1H2,1J103,-
1115 31ine
1116 at 432

1417 write - (shaded .triangle.
1118 at 622
1119 write = I - 3

'1120 at , 194 8

11'21 wrti te. Recall that the total area i s twice
1122 as larrye (.= .2 x 3/8 = 1.'4)

..1123 and 51T1

indiated 1'11

'1124 write lat,.2608),Press -NEXT-
,

72-x 3/4 -

to enter' your answer

2

4



- .1125

1126

...6.01CK- Ito review this sequence

.-HELP- to aee the integral appi-oach

blck In, X05end:'

.

1128 .unit. x05 g
1129. help' x 5s6f

' 4132 balk x05s6a
1131 next -x05m6ak

`
1132 join vp5s5e

,, ,. .

t,..,\ i ,.1133 gdraw : 0,0;2,1;1,1;405.;6,1;8,1;1
1134 at .41

1135 write . V-- .._ t ci = /4f I fiv.tt)V 1dtindi-a e T 0 . . av
!.4

1136 pause
11,3W at . 621 .N '' T./4 -172
1138 write = 1.11072 x ..t. x f 4/T,tdt+ I tit

1t32 4t, . 541
i,

2 T/4

1142 wri.te

1141
.

I

, 1142 pause L
1143 at 9 1

t1)44 write 1.11072 x 1 'x 2 .x

1.1'45 at 841 7 1

1146 write H '
I'

.. ,

1147 1
.,.

1148 pause L
1149 it . 2.02

11 write = 1.14072 [ x,

1151 .atc. v614,-.1

1152 ..ero v.62,,\\

\4,163 mode rewrite
1154 at . 1821 . .

'1155 ev Plat? Computing Integral
1156 'doto \ 1line,v60.:-.0,20 . , (s -

.1157 -calcs v60-41,v6161+0.1,1,
1158 gdraw' 4.2xv60,0;0.2xv60,v61 , .4

1119 gdraw. (02.xv60)4.-40;(0.2xv60)+4,v61.

1160 ' calcc v60-11,v630..0125xv60xv61,v62*y634.(0.025xv60fV61)+0.25

c

T
4 t2/T/4:...,--(7T. T

. 2 4

ti

0

.ft

-part=1, block=n

1161 a..t 2038

1162. writen v60-11,(t,v63>,(t,v62).
063 nine'
1164 at 1521

1165 write
1166 mode write
11.67 at 260p

068 write PreSs.-NEXT+ to enter your answer

01169

1172
1171. It.t.*

-DACk--to review14.114s.equence

'-HELP- for the geometrical approach. .



1172. Itni:t ,

1173 back =

1174 join
1175 .jump
1176, course
1177 calcc
1178
1479

1180 erase
.1181 output
,1182.,, join,
-1183' -join
1184 jumpout

x05end
x05M6a
imode

n470(95end,'x
n2
n2= ' ee244*. -

no (n21+ 1) 42 (nc (n21+1) Smask$o777777

nc(n21+1).nc(*21+.1)

11/ student has completed experiment
endunit.
Li*mes
cgeindex.quett1

:1185: entry leay.
' 1186 end lessozi

;1187. ***,

11188 unit
11-89. codfte.
190 jump

#0101 ca1C
1191./

1193\\*.**InCI
1194 use

. ,I*95 us
r196 use
1197
1198

1199

'n2

n20'

nc (n2

Vc(n21
.cge 5.r:

'eex00,ckl

unit

.,.
244',1eacute,
7)am(n21+7) +ahelp *

+ vo(n21+0+atime/6000.0 .1 -7

.terms sample,indexiimode,comment,,stides;\ :.

ck2
ck3

use. ck4
use ck5
use ck6
ckcw not
ckd not
*ckdw
ckdl

endunit
imode

jmpmes
leave
x05end
x05mga
xg5mla
x25mlb
xff5m1b1

x85m2a ..

x05m26
x05m2c
x05m2d
xg5m3a
x05m4a ,
.x05m4al .

x05M4b
xff5m4c

x05m4d.
x05m4d1
x25m4e
x05m4f

found'

found

not

found
: not found

x05end
nv&foUnd
not:46und

x0.5 end

x05end
eex05id
x05mla
Xff5mla

xZSmla
x05m1a,

x0"5-m-1a-

xff5m1a-

X05m2d
x05m2d
xZSm2d
xZ5m2d
x05M2d
x8 5m4c

xg5m4c
*05rr4c.

x05m4c,

x05m4C

1188

1185
1172.

30

51

65
74

01 -

95

117

124'

1$2

181

199.
204.
215

23g
238

257'

267

226-

281 '

77

243

'22
34

1181
1190
775 4

3
3.3

-53
87

78

'83

97.

119

126

154.
-,s14

222
213

227

.241

259'

387
212

.246

1182
184

957
-240

878 '983

446

.

794'. 1475
.52

§6

96

118
125

153

198

,185 C:zio 815

838

82 -.

224
220,

258
255

268
.

287

234 63tt

8S2 660
330, 351.



.

i.05m4g x0 m4d
,A-x45m4h x456141-1 ,

x05m4i x05mAh..

xif5m411

*05m4i2 x05m411'

x05m5a x05m4h
*)(05m5b. x05m411

x05m5c ,,x45m5c

x.05m5c1 x05m5c,

x45m5e x05m5c'
';i45ThSe1 .x05m5c
x45m5e2 x05m5e2
X05m5e3 x05m5e3
x05m5f x05m5e3
x05m5g x05m5e3
x25M5g0 x45m5e3,
x45m5g0a x05m5e3
x05m5g1 x05m5e3
x05m5g2, x05m5e3
x05m5h- x05m51.1:.

x05m5h1 x05m5h
x05m5i ° xA5m5h

.1.(05m5j )035m0
x05m5k,

x05m51". -x45M5h .

x05m5m x05m511

X05m5n /... x45m5n
x05m56\ x45m5n
xE5m6a x05M5n
xff5M6a1- x0M5n
z(85sla x05m5n
x05s46 x4415n
x05s4b
x05s4e x0 4c

x05s0 x s4c

- :i05s4e x 5 4c
x05a4f x05a4c

X0555a l x0554c
2/.05s5 xrd5s4c,,

x0555b1
x05 x05s5b1
sans , ,x05s5b1

x2555e x05a5b1

x05s5e2 '4.s5b1
x05s5f s5f
x05a6a x05s5 f .

x05s6b X0.5s5 f

1,45s6c (X05,s5f

x0586d x05s51
x45s6e xl5s5f
*05s6f x45$5f
x05,S6cr x05end
whelp
atime
hack

p.

/86
299
311

.327
, 348 \
366
382
406

.410
442

457
471

548
559
578
5,91.

618

601 . ,.. 913 ,

_629 913 .

`642 661 . 664 .
Ar\,644

§.63 660 679
678 665 61 :

.

693 715 746\ ,

744 '7

723 /
.714 724 .

.9 753 776 795 ..

7-73 '1048 .* 1078 in 1131 , :1173

790 913

803 68. 75 1\2?

813 202
828 - 213 , 839

841 1-, 24,4 .

852 247

862 vo 297 880
-882

.. 326 .32.9 347 6
632 -7ftt...: 792,
455 : 557 771

378 38'8 429 _.

392 .

955 561 ,

961 958, .

967 704 . 724. 729' 466f 781 47;4 1-451
:. 179 . 1106 R 1132

979 474 ..,
,. .
033 . 627 -633 '

1W47 778 - 793

59 1-463

1067, 1076
1075 , 1094
1093

.
10.i7

1102
i

1095 1129

1128 ) 1096

1.191,
,

1192
I

198 j 21-21 224' g12

. ,

\ -\
.. ., ,

269 ,.. ,

297 309 879 -
.

Hr..). 3218 .368 4
,

., 911 . .

913-
"4151314 38\3,

369 -,1 407
"44. 384

.)

, ..,_:-,".448 444,

420,-. . 447 45,6 560
445 .472 = ',..

459 549
473

,,,
J

554
443

Viri
64..- 1045

603' 631. 966 959,
1

a59 , .-

915,
921
929

.11-: 350 621 600
912.

788 .

1103
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key
nc
n101 I.

n120/

n12.1

n21

n33.

'n41.

sin'
5t1rt

v1t0
v102
v103
v5

v55
v56
v57
v58
v59
v60'

v;1,

v62, '
v60--) / v70%'

VrmS
Y1 '

itv7.0

198 210 2'24 912 .

1170. 1178 1179 .1179 . 1191 1191
1111 11,12 11113 "..-'

315 344 -. 562 585 506.. bl7 598. Ily. 599
004. 914
004 009

1176 ,1177 1109 : 100
1178 1178 1179 '' 1179 .1191' .1101 /PM i 1192

76 )200 211 225 289 29/ 242 .4)8 245
658 1837 877 956 962
35' -76 185 1202 2'13 .1,91 227 ?4-7 241

,297 ..3130 447 660 039 cJ1 1 079 //75: 958
300

, .
390 939 940

394
1192 1192 a

, .
903 907. . 0

1112 1/1-4
1113, 1114.

,

565 500 . 5'96 .611 10'38 1841 1043.
319 322 337 353 ' 380 -300 .:31/ 390
322 332 596. 5,90 606.
939, '941 943 ,

. .
940 941.
394 .937 941941 941 945

_3914 396 1156 1157 . 1148 I1Y1 1158 //b i,I5,9
1160 .1160 1162 .

*1151 1157 1157 ' 1158 1158. -.1160 . i 16.0
1152 1160 11'62 ,
1160 1160 1162 t

. .

938 94I.
.942 943 943
332 353 606

"398

-952
t. . i

397 /053 41111'iks---- /96- i 9.5-i.

397 398 43D 431 432 ../.24 -433 724, 924
940 951 952

939' 942
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,lespn'ex06 at 2;43 em on tuesday, august 27, 1974

2 atop
3 *AA*

block la, aex06id

For Neal, CGERL, Room 248, ES.

4 One line description of this lesso

Measu of Transients.

6 Di isions of this Lesson: Block. .Unit.

7 Id for this file eex06id
Experiment, eex06;

, -

9 Objectives x06m0a- x06m0a
Measure.transient weveshapes x06m0a x06m1 a

11 Measure bind caic. time const. x06m1q0 x06m2a

12 Final edit 21,aug 74 neat.

13 *list info
14 'list s!)m1:, s
15 *list var an,charset,ceindex,cgechar
16 *vt,ice

17 start
1$ fini endunit
19 um e 4:a+,1010 Loading the CGE Character Set
20 arset Ogetndex,cgechar
21 erase

datacn
23 area eex06
24 e"ct 0

25 calc 794,1

block lb, x06m0a

27 unit xg6m0a
23 restart
29 join imode
30 jump n47,x.06m0a,x

31 next x06M0b
32 calc n994.0

at 407

34 write.

35

I

partl, biock.a-

Mused for restart skipping
.40

.part=1, block=b

MEASUREMENTS OF TRANSIENTS

This is an experimental study of transients in a

222
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36

37 , 'energy-storage element, such as'a capacitor or an
38 . inductor.

34 The principal objectives of this experiment

40 1. To measure and Compare the waveshapes of the input
41 and element voltages, currents, powes, and energies
42 in a series RC circuit, when the sourcervoltage is
43 constant..

\--series circuit alhich contains resistors and a single

.44
45
46
47
48 * *

2. To measure the time constant of the current of a
eries RC circuit and'compare it with the" slue

calculated from the nominal paratheters/of the circuit
devices. /.

49 unit xO Ob
5.0 back x06 0a
51 next x06 la
52 at 707
53 write A square-wave voltage is constant during each
54 If-period. ,Consequently, when a square-wave
55: oltage drives a series RC or RL circuit, the
56 ircuit's response to a constant voltage can be.-
57 studied by examining its response to the square -
58/ wave voltage during any half-period.? Furthermore,
59,

/ being repetitive, the input, and element voltages
60/ can be displayed on the Scope.
6 Co pause

,-
62 at 1907

,

63 write Hence, the response of an PC circuit to a Constant
.64 - voltage applied when.the capacitorqs INITIALLY
65 DISCHARGED. can be studied experimentally by driving
66 the RC circuit with a square-wave voltage having a
67 zero value during each alternate half period, and
68 a frequency sufficiently low for the transients to
69 decay practically to zero during eaCY half-period.
70 **A'

it unit." X06mla
72 back x06m0b
73 next x06m181
;7.4 help x06s1a.
75/at 707 0 A

76 write Display one period of.the adjustable SQUARE OUTPUT
77 ' of the Function Generator on channel A of the Scope.

78 Trigger the cope from the Function Generator.

79

80'

81

82

83

AccuratelY adjuatithe open-circuit SQUARE-wave
OUTPUT of the Function Generator to

A . ee.
V. I 28.V, O, and f 1000 Ht.

Use,A VOLTSFULL'SCALE at 2g V for greatest accuracy,
ancrlower the zero-volts baseline of the disflay

2 3



.6

-

84 :to the bottom line, '5 cm below the center 'of the

05 CPT 3cmen.
(7

06 'DiSregsrd- any small Peak at the start of the trace.-

, - : ' .

07 Recall,that the possible error'with the Scope is

00 + 3 '2.15 of the VOLTS FULL SCALE setting,..ao you.shOule

09 .

avoid introducing further errors due to inaccuracies

90 in your settings, readinK1 or calculations. .

block lc, x06m1a1--

92 unit x06mlal

9 6 pack n33,0000000k0013ga00b0c0000bc000a00.
94 join ckct

95 next n47,x06mid,x
96 jump n47,x,x06m1a2
97

Q
98 unit x06m1a2 ;

99 pack n33, +esie (cd) (de) caba< f (rstuv,) g (ab) >d
100 join ddw

.1ffi next .n470(06m1a,x

102 jump n47,x,x06mlb
103

104

105

106

107

' 108

10Q

110
111

'112 ***,

unit x06mlb
at 1001

write t The Scope is:the most,,accUrate of the rack-.
mounted instruments.-ConieqUently,* please readjust','
the 'frequency of the FUnction`Generator, so the-
4.4wept length of one -

period, as observed gm the Scope,
,

is exactly .10 cm, for the Period of 4.,,Ms anctthe..,
frequency of 1000 Hz.

parte1,131pckmc

113 unit x06mlic,1

. 114 pack n33,100000000000aZ0b0a0170bc000W
115 join- ckcw
116* next n47,x06m1a,x
117 Jump n4.7,x,x06m1b2

118 '44**

119 unit x06m1b2

121 pack n33, +gne (cd) (de) caba< f (stu) g (ab) >d (e (tu) +aaa+ 4

121 join ckclw

122 next-. e147,x06m1a,X

123 jump.. '1147,x,x06m1c

124 m

'

125 unit x06m1c
126 back x06Mla

224/ .1
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127 next x06m1d
. .

128 jump /199,x,x0416m1i1,46m1q0a 5$ units. added for retarts.
129 at 807.

132 write DO NOT readjust any dial or knob-On the Function
C/131 ) Geheratbr during the remainder of fhi.e kaiak. You

132 have correctly set the open- circuit voltage vizof the
133 Function Generator and it Wilil automatically fry

, 134 to maintain the'terminal vortage'eonstant.
cl

135 However, the terminal voltage willehtill vary with the
136 ' load current, a% waS observed in a Kievious-experiment
137 where it was found that.the Function Generator with
138 the controls at a fixed setting could be' pproximately
139' represented theoretically 'by an ideal volt - -e Source
140

141 ***
v in series with an internal resistance R

g' .

. 142 unit .5456m1d'

143 back x86m1c
.144 next x06m1d1
.145 help x0681.a-'

146 at 707 -
/1

-.

147 write, the`sensor ca le of the.PC B
148 to the CGE Interface.

,

149 Ground'Terminal'4 of the RC BOARD.

150 Drive TerMinaf1 of the series resistor-capacitor
151 circui with the adjusted SQUARE-wave OUTPUT of the
1-52 runctionGenerator, Note how the 'display of vin changes !

4

153 Observe t e input voltage vin on-channel A with .

'154 , A VOLTS FULL E at 50 V, and observe the input
155 current i on cha iel B with B VOLTS FULL SCALE at

4

156 2' V. Return the z b base 'line to the center- of
157 the screen,

, ITEM 33,

e

158
159 ***-

N
4

-HELP- is available.

160 At )06m1di
161 pack 4133,a0bc0V000000c00abd0000aj000c00
162 joi 'ckCW

next n47,x26m4-c,x
164 jump n47,x,x06m1d2
165 *** 0.

166 unit x96m1d2
167 pack . n33, kgoc Cod) (de) cdba< f (stu) g cab). >d (ef) (tu) +aaa+ +1

168 \join- ckdw
x-169 next n47,x06m1d,x

170 jump 1.147,x,*06m1e.

2 t.;

part..1, block =d



block 1;d: x06mle

172 unit x06mle
173 be
174 back' x06m1d
175 net x06mli.
176 Clefine x4n120
177 yr1121,

178 xmaX4n122
179 ymaxan123
180 calc xa398
181 5,425

182 Ymax4e2g
183 xMAX*40
184 join x06s1b
185 gdraw" -10,24-10, 16;0, 1641-,Z; 1.0,0

186 graph 2,20,ve(t).,

187 at 661

188 write t

189 at 405

190 write The voltage source of the
191 PC circuit is a square Wave
192 having:

/193 VmaX
=

volt._ ..

194 'vmin yott.

195 arrow 818

96 long 2

197 answer 20

98 no
199 at 1205 ,

200 write If you have not change the Function .:GeneratOi

201 'controls, Vmax of ve should be 20 volt.. The Scope

202 is displaying the input Voltage.of,the RC circuit.

N\

203 The source voltage is theoretically internal to

.204 Function Generator and cannot be displayed under load.

205 arrow 1018

206 answer '0 .

207 long 1

-208 inhibit erase
209- no
210 at 1205

211 write If you have not changed the genpratOr controls,

212 Vmin of v, should be 0 volt.

213 endarrow
214 ,:tiox'

215 unit x06m1 f

216 'back x06m1e
'217 next x06m1g
219 ca y$25
219 lo x06s1b

276



220 calc N. n954,1 s'

221 dot° 6m1f1,n940416.5.10_
.222 draw 4,0;n94,n95(20) 0

223 graph .., 0.i(t)

224 at,.....: 1561

225 write t

226 font n95(20)expv100-n94))4v100.n94,n94+10,e5
D227 caTtc n95*n95x-1

. /

228 06Mifl
\-229 -at .1305 . i

230 micite W.ithoAt changing a
231 , Connections, turn A PRE AMP
232 td OFF a by adj st'ng the
233 A*B SEPA ATION knob, Use the
234 undefle ted charAel A trace
235 for a 4.ro baseline of the
236 curre display.
237 ause
238 ode erase
239 at 1305
240 write Without changing any
24 connect ions, turn the A PRE AMP

to OFF and by adjusting the
.A4a SEPARATION knob, ,use the

2 2

43

44 'undeflecte channel A. trace
245 -for a ze baseline of the
246 current s. 'splay.
247 inhibit erase
248 jump x06m1f1,
.249 li**

/
250 unit x06m1f1'
251 pack n33,a0bcg.0000070c00abd0000ad000cOg
252 join . ckcr
253 inhibit erase
254 jiamp n47,x2651c,x06mtf2
255

256 unit x06m1f2
257
258 join ckd
259 inhibit erase.' /
260 jump n47:.1x06S1c,x06m1g

pack n33, kgjc (Cd) (de) edba< f (rstu)\ g (ab)cl(ef) (tu) aa++

fr

Ar

part=1, block=e

block x06m1g

2.62 unit x06M1g.
263 back x06m1e
264 next x.06m1h

265 at 13051 '.

266 write The exponential current
267 of the PC circuit, rea4?.,
. :

-----

2 7
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268'

269

270
271

272
273

274

2'7 6

9:7
78

279
280

, 281

282

783

284
285

286

287

208
239

290

ar7ow

Air i to

p

'1114,0

arrow
!ansv

inhibit
no
at

write

endarro
inhibi
v.**:

2%1 unit
292 back
29 next
294 °ale
295

298.. join
291 graph
298. graph
299 :Iota

3ori gdraw
301 funet

:302 06m1

301 at

304 write
305

06

7

308
309

310' *:o*

311 unit
312 next
/13--at

114 writ
315

316,

317

313 cave
319. pack
320. join

9.

experimentally has:

mA

mA

8.4,1

2205
You can read the ampit dc

more accurately by moment ily

going to,a smaller FULL ALE
setting on El VOLTS.

1918 .

-8. 0., 1

erase

22 5
You an read the ampl/itude

a)re ace rately by pomentarily
oink; to a smaller FULL SCALD
.ettino: on p VOLTS.

erase

x06m1h
xff6mIe

x06m1h1

-.(06s1b

2,-200,p,(0

6m1111,n944---10,-2,10

n94,0;n94,'20 (8.8)

200.6exp(-1.(v100-n94).,v1001n9.1019440,..5

2505
The power delivered by the

source ran be calculated_

by simply/multiplying the
source vOltage (20 or' ,0 V) by
the eur ent for each.poi t in
time.

x06m11-11

---x06M1h1

107
Nn i; in order to read i (t) versus

or the next 4abulationi please set
_t 500 ys and el VOLTS .at 1 V.

Turnithe A PRE-AMP to +DC.

n33,a0Pc0000000 2r0abd.0000a
,c1c.cw

-' 1 -----

t juOfe accurately
Scope TIME

22$

o.



321 jump n47, ,x06m1h2
32,2 ***

323 unit xff6m1\h2
24 net xff6m1h1

5 'pack n33, j foc (cd)1de) (cd) dm< f (rtu)/g
jorn ckdw

327 Njump n47,x,x06mli

1

blikck 1 f x06mli

329 unit x06m1
330 base
331 help,- xff6s1 f

332 back xff6m10.?;

333 at 1----277.

part=1, bl.ockt

334 write Enter the values f the source voltage vg,,
335 measure on the Scope display and enter t, alues
'336 of the circuit current i, in the table below. i'ls

337 roperly enter' each pair of values, I will then
___33-13---------;t----::!.--.6-alculate and enter p 1-- vaxi within 6 %..-

339

340 (ms) (V) (mA) (mbJ)

341

342

g. 02

343 0.2

344 0.3+

345 0.4+

0.5+

347 15.6+

3,48 +

349 0.8+

0.9+

of

you

346

350.

331 14elp is available
3,2:2 got* ey.back,replot;x

calc n10'0 1224
354 nit-104
355 v10120
356 v10248.4

42 9

Me,



357 join x06sIld

358 calc v1023,3
359 join x06sld .

36ff calc v11321.2

361 join xff6s1cJF,..

362 calc y,1102&5

363 Join x06s1d
364 calc v102.'2
365 join x06s1c1

366 calc v102-7!.6
367' N;11.1113

368 join x06s1d
369 calc . v102-3.6
.372Lejcin x0651.0

371 !'calc .v102-1.2
372 v,j.01n x0651d
..1 /4 cal(' -.5

. 374 join x26t1d
375 calc N1132-.7/-

376, -join xff651d

377 pause,

378
379

380
381

382

363

.'"" ,-.384

..385

.386
_

387

entry replot
next xff6Mfiff

jump keback.
at /1223
write

c.

a,

6b0e

-Qs, v810

Qs, v81> 4s,1v106>.

20 s,v82) Qs1v107>-

<s,v83)) .ds,v10820

20 Qs, v84)

4",v85>

<S; v109),

388 g <s,v86>

389, <f., v87>

390 0 (5, v88> 111

391 k1 Qs", v89> ,

392 t)'A*

393 unit x06m1 ir .0 $ this is "a dummy unit for restart

3.9'4 restart
395 jump 1199,x,x,x06m1a

396 entry x 06mlil

'3 9 7. zero n99

398 j ump' II xff6m1j

399

41f unit- xff6m1j

,



)4.01 back
402 next
403 at

404 write
405
400 ca 1 c
42 7

_40?

409

410 pause.

x46miri

x06011k

807

The input, power pg, calculated above,
wi41 be p4 fitted, versus t i me. t , when .you press

2<mci--el°
c2+46
y4160'

0.411 entry power V
412 join x06s1b.

413 gdraw ,v107;-4,-V1158;72,v10903,0
414. graph_ 2,2000)
415 graph '10,-20,E
X416 ' exit

417 n149104
418 doto .06m1j1,n15-5,1
419 graph (n150) ,v (n1 49 +n150) ,40

420 06m1j 1 ,

421. doto 06m1j2,°11150,1,6,1

422 graph 2 (nt50-1)-, 0/,

423' 06m1 j 2
-7 .

425 unit x06M1k
426 base,

427 term t work

428 back x06m1i
479 net y06ml1

430 at 405

4'31 write The' energy w4, (t) Supplied.ed. to the circuit by the
432 volfae source P is

x08m1k

"part= 1 , block =g

433. w, (t) = fa 1,D (t) 'It-
. .

.

.

.

434. When you press -DATA-, 1 will calculate and i
435 plot w,(t):.versus t for one period, .using your data.,.

'..

436 ca 1 C
Yma.Y.525

437 xl-;246

438 ,,y4,160

439 xmax107
440 p.a.-45e

441 entry work
442 join x06s1b
443 graph 2,50 ,waft)'

,144 ,o,raph 10, -5 , r

231



445 calc
446
4475
448

449
450
1451

i'452
453
454
455
456
457

459
460
461

eritry..,
ttklc'
dap
Cale-
"cal6
gdraw

'dale
0,6m1YZ

got'd
draw

exit
462- at
463 write
464 ,***..

46.5.
46'6
4-tit7

.468 ipack
469 next.

470 at
471 write
472
473
474
475
476
477'

n1.1144104
v112v1340
n1304'1 L

r1132-0.0

x06M1k1
vi314e(v(n1.11+n130)-v(n111+n130+1))/4
06m1}(2,v140 .25,1,.25 ,

v13349g:r (n111+.n130 +1)+ (1-v1-40+.2-5) 4 (v131) --*\
v112.112,+
2 1v140- .-25k.n132,

3'-
v133; 2 (v141) +11132,

v1.34V1-12

1.1130n130+1, .

wi132ri1`32N+2.

0,v112;10,v112-
.

`.;".
2912 . ,

w .(t) j'yiT p dt. =,(z,y112):...0*v

unit x06m1.1,
base 0.

, .resi5
xff 6m1k.

3

',While the energy was being supplied to the RC
circuit by the source,' energy was being diSsipatecLi n
the resistances of the circuits. The total ''resistance

the RC circuit..i4icludes the ;venerator internal
r.esistarte well as the resistances, of the vanirs
circuit e.lemavits on -the RC BOARD. Hence, in. the
equi va I ent, c i fcu. i t be l ow.k .

478

479.
48g
481
482
483
4

485
486'
487'
488

450
491
492
493 mite'
494
495
496 pause
497 fat

v112

.

draw 2023;20301931;2133;193.5;20
2341 .1.7'.4-4-7-15kipi.,344,-136; 2

circle 36,343,101,132,48
draw 2523;176,122
draw 176,149 ;2022
circle 14,176,136
at 1i1.33

write R

at 2'449'
write C

at 22.29
write
draw 235, 164; 271,164
:Bt 2318'

+

1105

OA.



0. . .

498 write As you y verify, 'the nufacturer'm rated
.199 equivalent smittange value for the Rinction
500 Gener nd the circuit and resistors give
.501

. R 00 + 2000 + 100'2308 ohms. . 1

block 1h, 145m1m,'.

583 unit x06m1m
._-. ..

% .564 back .., x06M11
.. 4.

' -585 next x06m Ill I,

506 at .507 -
.

,
507 write, Let's check tbit with your experimental.
.508 measurementeN .

4. . ,

A

..,, 509 RS, we mentioned previouslyi.the.. ,

,.510 capacitor voltage.is 'zero when viz jumpt from 0 to
511'. Wif Ihilts at the beginning of each period. TherefCre,

'.512 `, at that'- instant the on.ry,opposition. to theflow-of
.-

513 current is the resistance voltage vR.aR. Using
514 thi's relation and-Your. previoUsly,;measured.current
54 5 in Milliampires:

51.§.

1.7 When you press-NEXT-eI will use your value of R 0

510 with the'values,yOu read for'i,tO calculate and , '

51. .. displaYthd power:dissipetiop joR 0 iFR versus t.
.520 pause

.

. .)). .. °521 erase ' 4 ,
522 at . 210 a .

part01, blockh

R 20/(.001x 45,v810) 450q/(v80:e.601)) ohms (within 6%)

523 write
524

An, estimate of the power beingidissioated at
instant t in the circuit resistance .R 'is

/.
525 PR (t) i 2 (t) R

526 calc, yt350
527 ' x$248'

520 yirlax4200
529 xwax440.

530 entry resisp
join x06s1b

532- graph 1.5,200,pr(t).
533 graph. 10,-20,t
534 calc v14.20/v00

2, 2.535 gdraw -10,0;-10,vpv80)2;-0,V1(v01) 4-6,v1(V02)2;-4,v1(v0;.-,2el(y94) 10,0:
536 gdraw 0,00,v1(v85)2;2,y1(v06);4,v1(v07)2;'6,v1(v802i8,v1(v89)4;10,0*

537. exit
538 pause.
.539 at 1610
540 write. An estimate of the -.-ergy viR(t) dissipated in p
541 during the interval t = 0 to t = t is

42 !*ip (E)7 7 -4t PR (t) dt.

a

a .



)

543 .celc
,-1-44

545 entry resiesw
.546' join 6s rb
547 grapt 1, ,5.8,wr(t)
548 graph 18,-5,t
549: chic n1114179
550 -v112.v1344.0 °
551 n130401
552 n0241-10,

y41115

Ymax."

553 entry x06m1m1
554 calc X131* (v (n111+n130) (n111+n13i+1)) /4
555 dot* 06m1m2, v14041. 25., 1 ,.25
556 calc v13 v (n111 +n130+1) + (1-v1404425) 4 (v131)
557 calc av112+. 025 (v133) 2v1
558. gdr 2 (v140-.25),+n132

st
v134 2 (v1421)4n132,v112.

559 Cale' v1344:tv112
560 06m1m2
561 calc n1304m130+1
562 n13240n132+2
56.3 got° n13iS-4,x06m1m1Ax .
5,64 tdrawo -20i112;21,v112
565 calc n1114.84
566 n130.1
567 n132413

Pr

r .

568 entry x06m1m3
569 .ca lc . v131* (v (n11 1 +n1-30) -v (n111+n1,30+1) ) /4
5't1 doto 06m1m4,v140a.25,_1, .25
571 calc v133av(n111+n13+1) + (1- v1'40 +.25) 4 (v131)
572 bailc .0/112cev112+.825 (v133) 22.353
573 gdraw '2 (v140-.25) +n132, v134; 2 (v140):+n132,v112.'
574 calc v1344:y112
575 06m1m4
576 calc n1304:en130+1
577 n132an132+2
578 got() n13256,x06m1m3,x
e79 gdraw' 80.'112; I0,v112
580_ 'exit
.581 at 3112
582 write wr (t) ;or (t) dt. 4.(z, v112).

a
L ipartni, blockmi

QA

r
'block Ii, x06mln

!_ I584 'unit x06mln
585 base
586 back x216m1rq

587 next x06m1n1
588' at 705

-589 write Let 's exami,nethe voltage acrose.the capacitor

234



91 i the experimental Re tYircujt, and relate it to the
$9t rrent' i .

592 Fort rpose, pleasee'return the Scope\TIME to

tericreen.
1 ms1 B to-2 V, and A Vr ridto 50 V, *

594 raise the ese line to the ce -of the'

593

595 ... Since v34 across the" scurrentsening resistor is
59, insignificant in comparison, Ne4 is like vc. .

.597. Therefore, monitor Terminal 2 on the A channel to
59 4- display vc(t). ;

5 -s *ate

600 unit xe6M1n1
601 next x06m1n 4

.

602 plck . n33,aebs.00000000o00ebd0000a4000c00
603 do cKcw

'.

604 jump n47:X,x06min21
605 It

unit x06m4n2
..--nriw. _ . . _

08 pack .1:0,kgockv4 OPN (c4eba<ffrimOgfab
609 do ckdw \ ,,...

610 jump n47,x,x0 mto
611 ,I,

612 unit x06mlo
613 back .N06mIn-

614 'next. -16m1p
619 jump n9-9:.x,x,'Sc,x06mIci

616 cale.-:

617' y25
610' ymarx4,20

619 mayt10
620 'join x0651b
'62t graph 8,20,vc(t
622 graph 10,-2,t
623 talc n95421

624 doto 11asla,n9401-10,5,10,

4 625 funct p95(20-20exp(-.5(v100-n94)))*(n95-1)2(20exp(-.5(v100-n94))),v10044n94,n944.10,.5
626 calcc n95.1,n954.0,n9544
627 1asta
628 at . 505

.

629 write The voltage vc .00'oss the
630 capacitor iseronentiaily
6!3.1 . increasing towards 20 when

: 632 ve 20, and is exponentia
. 633 decreasing towards 0 w. v le 0.

434' **A

635 unit Y06m1p.
616 back -o.06m1c

637 term try:, '

638 'next x06m1q j

639 at 105,

a
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642 write For;thdi analysia,vplease read froth the.Scope and
641 proper/ ter each value of Jvc(t), I will 'then
642 'calculate and enter pc le

643 , t vC

(V)

\

644 jms)

645 LE-

646 0.1-'

647 -0.2-

648 0.3-

1

649 0.4-

650 0.57

651 0.6-

65'2 4'

653' 0.

654 0.9-
655 Irtato keyriback,replotv,x
656 calc p1004.922

657 h14,130

_65.8 v1024.0

659 jotn x06s1e
660 calc v1024.12

68/- 4.can x0651e
662 calc I--v402416
663 join ,..0651e

664 calc v1024=18

665 j..)in

666 calc v1024.19

667 join x06s1e
668 calc. v10220
669 Join x06sle
670 calc v1024.8

671 join x06s1e
672 calc v1024.3

673 join x06s1e
67'4 calc ?1024.1.8

675 join lo<06s1e

676 calc , v1024..4
677 join x06sle
678 pause

679 entry, replptv
680 next. x06m1q0
681 jump key=back,x;x116m1q0
682 calc n100022
683 n14.8.

N

Pc

(mA) (mtd)

236

0
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, .

11/

. .
, t - ,... '

:6114. Coto ../ 1plotolSg08.9,1 \\N
685 at

606 show .v(nl+n15.0-30).
607 ct n100410, .

6041 show . v6114n150)
6a9 'at n1qp+2).-

! ,
allow -Nyl.n-4T050-'20),

691! calc .4110000+200. ,
7

1plot.

\ 1 1 ,

I

block 1j. 'xO6M1.41

694 unit )116 1ol0-

695' restart
696 calca. n 9111,n99.2,n99443
697 jump n99,3c,x,x,x06m1a

698 entry 526m1q0a .
699 jump n99,x,x,x,x06m1n
700 jump x06m1q
701

702' unit xff6m1c1

703 next x06m2a
704 at, 505.

--'," 705 write
. At anY-in5tant, pg(ti. 7p0) +Act(t).

,

i . .

706 Over-any.0*riod 0 e t < 1:
707 \

.,..,

wo,"(t) = kip (1: ! 4... It
I

: -4 -
708 Graphs of p;- (1-') ; wc. (+) , PG(±) wG CO , PR (t), and
7.09 .wpkt) will be Aown when you press.-NEXT.:. .
710 pause
711 Alrase I=

712 calc ...5 ,..,

713 x1:120'
.

...

714 10

715 y:00
716. join . x06s1b
717 g.raph. 1.5,200iP0(t).
718 graph ro,-20,t..
719 ,Tdraw -104i-160,60:-80,6t;-6iY62;-4,v63;-2;v64;0,003,v65;2,v66;4,v67;6,v68;8049021,0
720. calc 5.485

721, xo898. ,.:-

7?2

723 loin x06s1b
,

724 -1e1ph' 1.5,50,w(t).
725 graph . 10,-5,t
726 calc n111*60. 1

727 vi 2av134,00
.

yo

1/4

p.

partfl, block-

/j

0
a.

73 n130$1 ,

7,29 321-.8

ft/



VA calc
731 doto
732 calc'
733 talc
734 sdraw
719 calc
73t 06.411gla

',v131cJ (v (60) -v (61)) /4
06rit1q1a.Vt4UN.?541,25
v1 3v (fi 1 .1 t! -v1 0) 4 (V1 30...

2Iv140,-.25) - 10,v134; 2 (11413) -1111,v112
v134t.v112

737

738
739

740
'741

742.

747-

744 J.,m1c12,

745 talc nfl01-n130+1

746 ri1?.'In132+2

747 ryoto nt'.;.:1.x06m1,114).;

.748 ?draw 8.v11;18.v112

749 entry '46m1q3
750 N.123-1

751

752

entry
ca lc

Y56m1q1
v131t-v (n1114.nl':10) -v (n111+n130+1))14

doto 96A4.1q:' , v1404.,. 25 1. '2. F.

talc 4v1334-v (n111+n130+11+ (.1 -v140+ . 25) 4 (v131).

calc v11-244112+.025,v1.33

.,draw 2 (v140- 25) +nt 3'7. v134; 2.0,1401+411/1"v.hi2

1" 1.

\y200
753 join re5tsp
754 cal.c

755.

756 join reyw
757 calc
158 . YmaxEI
759

760 join power
.761 calc tit :SGf.
762

763 join work,

764 unit .06m2a
765 hack -,06m1p

766 n,41.

767 at 507.

768 write Transients occur whenever a stable system is
769 disturbed,sso it behooves eas torelate the.wave-
770 shapes you have just obServed to tile values of R
77,1 and C in the equiVa ent circuit.

4

772 05 with any disci 2tive system containing .a
773- type 1pf,stdrage eleme t,,the:differential equation
774' which applieS during y half-period in which.the
.775 sour, re stint is
.776

'777
778

\ 1 .t
v ft) = R i (t) \+ - ./. i (t) dt Vag

C 0 .
'779 where .VO4 i..thecapacitande voltage at t the
780 / the V.,*,,7innin 4-)1 that half-period.

Differentiating witWrespeOt to.t gives the .

2 3 8



762
783
784
785
786

787

788
789

first-order differential equation:

di 1

R + -
dt C

or

di

dt RC

block 1k, x06m2b!

791 unit : x06m2b
792 \back x.06m2a

.

793 next x21f6m2C

794 at 507- .

795 ,write The differential equation i

. ..

796
797
798 .

799/

800

801

802

,643

804 1,
805

806

or

\\
Solves t.t

di A
R --- + i

dt

dC I

dt -RC

i . 10

t

partwi, block.k

807 where Is the current at - 0 and E.. 2.71828,
-808 the base of natural logarithMS.

809

810
811

812 * * *

Any variable; whose rate of change at any instant
is proportional to.the value of that variable at that
instant is of the nature) expopential fops, like ,/'

//

843 unit : 46m2c
814 back : x06m2b
815 next. x06m2d,
816 a 507
817: wri .Consider the ter*

818 ,c tRC

819 RC iS'dalled the time constant T . RC.

820

a

when t 0, 4,4'1/RCAre.-- 0/T/E0 a

821 . when e- tJRC T/T-,
E 1 ,

a
1.00

0./37

r

ars



\622 . When t 2,r, e- t/RC m e -2T/T., e-2 iAA

823 When t = 31', e- t/RC e-3T/T+. e-3 0.05

. 824 When t = 4i", e" t/RC = C-4T/T.2 C74 a 0.02

825 4 ,

when t 51..., e.- t/RC
'= C5T/T = e"5 = 0.01

826 Note that for any time ti t1../.4 t,

627 e... t2 /RC e-1 . e- t1/RC . IL37/e-t1/RC

/ ,

828 In other words, during any/time jrterval At = T
829 . the exponential function concerned will decrease to
830 37 .4 of its value at the begirming of that interval.
831' ***

832. unit x06m2d
833 term test2
834 back x06m2c
835 next x06m2d1 ,

,

836 at 1065 ' , /-
.

.837 write Let's. apply the above theory to measure the time
,

838 constant:r for the experimental RC circuit... :

/

839
840
841

842

84.3 *,y.*

/
.

Turn the A. '3PE, AMP to OFF, to provide a baseline
as 'we did before: Also, set TIME at 500 ps and
B.VOLTS at V, so you display one half-period al'
the curreit i;

,

844 unit xff6m2 1

845 pack n33 0bigg000ZZOc00+bd0000adZO0c00
846 join ck
a47 Soto r 71x.06s1c1,x06m2d2
848

/

unit 7 x06ro2d2

5.0 pack n33, j foc (cd) (de) dba< f (r:tu) g Cab) >d (efl Ctc.t) +aaa+ + I

851 join ckd
852 r.irnp n47,x06slc1,x11J6m2e

i

i/
' block 11, x066.2*:

854 unit x06m2e
`855 back vZ6m2d
856 .next x06m2f
,57 at 10E7 ' ..,

858 write Recall that 1 cm horizonta y on this dispiSy
85g iS now equf arent to 50 miCY. seconds,'and, beginning
860 at any ppTnt on the axpone ial curve, measure the
861 time interval"in which ..th current i decreases



862 . Ao37 % pi its initial value.1

863
864 arrow 1642
'865 long 2

866 army 92,10
867 no
868 at . 1705

.,869 ite If the per od of the rrent.
:870 is.still 1? , your meet rement.-
871 of T should be in the ange of t
872 80 to 100 ps.

873 Try again, perha s starting from some
874 other initial time on the smooth curve.
875 ***

876 unit x06m2f,
877 back xO6m2e
878 next x06m2g
879 at 505
880 write -.Another feature is significant for any first-order
881 exponenti I curve. Recall that
882'

. .

TiMe constant

ti

. 883
8-84

885

886
887
888

di, 1

dt RC

t
1

t T.

At any time tp c.the tangent to. the urrent!curve'is.

Ai
-- .
At889 .

890 Con quen
891 = extend from e t. .4...i'l to t . ti + Ts tke-tangent
892 line/thold d.et i = 0.

893 :Sin this Should apply.at any point on the
.., .

891 decrea Ing curve, you now have another method.of '.

895 _: graph'cally,checking whether the curve,represents a
896

.
/.firs -order decreas,ing exponentiarfunction.

if a/tangent.to the current curve is

097 *4*

898 unit Z6m2g
89.9 back x06m2f
900 'term test
901 at 205
902 wri e You should now be able tokanswerthe following
op questidns pertinent.to thiS experiment.,..

404 4. Whak element suppries:the energydissipated in R
'905 -dUring the second half-period when 14, * 0 ?.

906 2. During' the second half-periodi,. I
. t/T.

.

-907 wherein Tg = mil

908- arrow 6 0
909 specs b mpshi ft

241;

a.



910 ansWer (c,cap,capacitor)
911 wrong (v,,, generato, sovrce)
912 arroW' '918' . 41/': s

913 ansv -7.5,.5
914. inhibit erase
915 jump x06m2g1
916 ***

917 unit x06M2g1
918 next x06end
919 at 1405

920 write 3. During 4
921 versus tis a

..

half7periodOhe curve pR(t)
irst-order exponentia unction,

922 What is t e time constant 04--pR(t)?
923 talc ';'(4,246

924 ya205
925 ymaxa20
926 xmax410
927 join x041b
.928 graph 1.5,20, at., fit)

929 graph . 1.5,-2,40
930 graph 9,-2,200(ysec.
9:31 funck (20)exp(4.:6(v100).,v100013,113,.5.
932 At' 1451

93 wrItes jisec

9i 4 arrow 444
i /5 ansv -'40;5

'936 wrong , ,'

937, join x06s2c

block. 1m,

9' unit x06s1a
940 at 1010 .

941 Write The output vo ge is displayed as it was in --

942' earlier experim' s. Just connect the adjustable
94 SQUARE OUTPUT. the*Function-Generator to A INPUT.

x0681&

.

944. The circu current is not as easy to measure.
945 The'Scope i n1y capable of displaying a voltage
946 not a curr t ,, Uiing the basic equation v =iP,.
947 the curre7 n Can be measured by interpreting each
'948 k volt acro 6/the 100 obril Samplift resistor as -.

.949 10 mill'i mpere. Therefore, monitor the voltage
950 at Tr'rel 3 and multiply fit by 10 4:- read the. a ,I m
951 curren in mA. ,

,

952' end / P '
,

953 ,***
/ /

unit lb

origin

ti



exec.

,scalex
,scale"

9 metric

60 marky
9'61 end
962 *4%

-75,-75,75,75
%max .

*Fax
2xwaxocmax's

I. /

/963 unit x 661c:
,964 next 6m1e
965 erase
966 at 1007

967-:write /, You h

968
969 ***

970 unit x06s1c1
971 'next. x86M2d
972 erase
971 at 1007

974. wife You h not followed my.suggestions refuIly.

My suggestiOns carefully.

ain please..

975 Try again please..
'976 ***

977 unfit 'x.06s d1

978 bad x06 16:
979 arrow r0

980 -store v103
981 ansv v11
982 arrow 10.0+13

983 store v. 1-24r
984 ansv v10, .5
985 at

9166 short \:v103xV(n1 24).'
937 calc Nan14
938 v(n1)4=v103xv -25)
989 'n10041=n100*2001

990-,***

991 unit )(.66s1e

992 arrow n100
)993 store v(n17-30)

,994 ansv v102,2
995 at n1Z0+10
996 *showt v(n1)
997 at n16+21'
998, shOwti v (n1 -30) xv (n1)

99_4\ calc v(n1-20).v(n14.30)xv(n1)
1000. n14=n1+1 .

1001 n104n100+2001
100 **

001. unit: x06s1 i

1004 next xZ6slg
005 at 510

2



'1006 write The graph you see beloW4pholi ld 'look' similar

1007 to-the tradeclisPlayed on the oscillascope.
1108 If it doesn't ask Your. instructor for assistance.,

tA119 entry graph.

10 c.r'igin 248,50J
1011 ,axes -140,-140,140,140
1012 scale5( -10

1013 scale 10

4014 marlo, 2

1 at5 marky 2

1017 funct Iffexp (- . 25 (1.0÷v15.05 , v1511.1-0; . 5

!;i1 ou -10,0;-10,i 0; 1', 10; 10,0

111 ^i pause
1020 mode erase
101 at 510

write The graph you see,belowshould-look similar
102-3 to the traces displayed on the oScil.loscope.
1.17.14 If it doesn't ask your instructor for asSistance.

.1025 mode write
'1026 at 510

1027 Write You can obtain five of the needed dat.a points

1023 fromthis display read the voltage yplues at
10:9 the on the horizOntal axis. Each data point
103ff has, a current aAd a voltage reading.

'Slide the base line up or down to read any.
'1032 value that is off the'screen. When you read

1033 that value do,ndt forget that the voltage is
1034 from the new base line.

.

block In, x06encr

1036 entry points.
1037 graph -9,8,0,*
1038 graph -6,0,40

1039 graph
/ 1040 graph 2,0,4,

1041 graph'-

1042 exit
1043 m

'1444 unit x0651g
11145 at 510 . ..

12146 write For the other 5 data points the Trigger-

1047 c lide switch is use Switch the

1-048 Triggs Slopeto trigger the neg4tive

1049 side-of the wave. This will,giv u the

1051

second Cycle' of thave. 'The ttaces seen
on the scope should resemble the below ph:'

1052 join graph 0,-

.1053 gdraw -10,0;-10,--40,

pai7t=1, block =n



1054
1055
1056
1057

.1058

.11059
1060
1061
1062
1063
1064
1065

1066

1067

1068.

1069.

A070.

1071

10.72-

,4073

fUrct -10exp(-.25(104v150)),v150112-10412,.5::,
pause
Mode erase
at - 510,

write- 7For. the other 5, data pointS the Trigger
Slope slide switch is used. Switch the
Trigger Slope to trigger on the negitive,
side of the wave. This wit,1 give you the
second cycle of the apoe. The traces seen
On 'the, scope alipt-Ild resemble'the below graph.

mode Write
at 510
write You can obtain the fOal five data points

from this display read the voltage, and current
values at the on the horizontal axis..
? As.before theloase line can be moved up or
down to read values off the screen.,..

join points
end
***

1074 unit x0682c
1075 at 2105
1076 write Known equations:
1077 pr (t) .Rt Et), 2
1078 ic(t),Imaxgexp[-t/1)],
1079 at ,2505

1080 write Rearranging the equations: pr(t)/mR.ExIma.x2vexpE-2t,'Cil
.1081

1082 'Now .a different time 'constant, ./.2, can be defined as .r1/2
1083 This new time content is the time constant for pr(t).

1084
Pr(t)=Rtxlmax2"xlvt-ti

1085 gdraw 0,20;2.2,0
1086 end
1087 .***

1088 unit- x06end
1089 back,- -x+06m2g

1090 join' Imode
1091, jump,: n47,x06end,x
1092 course n2
1093 caloc n2'ee244', ,

. . .

1094 nc(n21+1)0(nd(n21+1)$maskSo777/7777700000.00.000)+04603000E00gi:
1095. nc (n21+1) c (#121+1)

1096 t,erase
o

1097 output //, student has completed*experiMent 4/.4
1098 join endunit
1099 /join jmpmes--,
4100 490r6LA cgeindex,questl

.

1101. entry leave
1102 end lesion
1103 'i **

1104 unit endunit
11105 course n2

245:



1106 jump n2 pi.ee244';leAve,X -'

:1107 calc nc(n2147)0n6(n2147)+ahelp
1108 "vcin21+6).vO(n21+6)+atiM0/6011SE,
4109 ***Incl.cge s:r. & terms sample,indeXiimode doM64,slides.
1110 use eex$0,ck1
1114 use ck2
1112 use '.ck3

1113 use- ck4 :

1114 use ck5 :

1115 use ck6

ckc not
ckcw not

ckd. not

ckdw . .- not
endunit x06end
graph-- x06sla
imode not
jmpmes not

leave x06end'
points x06end
Power- x06mli
replot x06mli
replotv x06mln
resisp xiltmlm

'resiSW x06M1m,

work. : x06m1k
x06end x0.6end

.x06m0a x06mMa

xgra x06m0a
x06m0b x06m0a

x$6m1a1 x06m1a1
x06m142 x06mlal
X06mlb mlal.
x06m1b1 lal

x06m1b2 a1

x06m1c al
x06m1d: -x 6 141
x06m1d1 , x 6m1a1
x06m1d2 x06m4a1
'-xR6m1s. x06m1e
x06mlf x06mle
x06m1f1. :x06m1e'
X06m1f2 x06m1e.

x06m1g x06Mig
x06m1h x06m1g
x06m1h1 x06m1g
x26m1h2 x06m1g
x06mli ; x06Mli
x06m1i0: x06mli
x06m1il x.06mli

, .

x06m1 j x06mli
x06m1k x06m1k
x06m1k1 x06m1]
x06m11 x06m1k
x06m1m x08mim
x06M1mt _ ,x0m1m

found
found
found
found

252,
94

258.-'

100

1104 18
. 1009 r1$52':

found
found

.

29

1099.

1101 A106'

1036 1071'

411 760
378 352
.679 655,

530 753

545 756

141 763

1088 918

27 30

49 1.

71 .

697

92 73

98
/

96

104 .102

113

119 117

t 125 123

142 127

160 144 ,

166 ' 164

172 170

215 175

2S0 248 '

256 254
.,

262 217 '

294 .264
311 ti 293

323 321

329 327-

393 379

396 128

400 398

l 425 402

R 449. ti 454

' 465

503
i..-...

429
469

553 563

246

846
15 .162 128 . 688
.851

. . 121 168 326, 689
1098

1091
50.
72

9,5 .

143

vf

168'. 1.74

260

312 324

401 42a-
,

380-

468

586



X96m1r4
x06 1n
'xi Mini.
$506th1n2<

x06m1d
x0 1p

6m1q.

06m1q0
6m1q2a

x06m1q1
6m1q3

4)'
x06 a

6-x06m2b
,x06m26

x06M2d
x04m2d1
x06m2d2
x06m2e
x06m2f
x04m2g
x26m2g1
x0661a
x06s1b

x04s1c
x06s1c1
xE6s10

Atsle

x06slf
x26s1g
x06s2c

0 x196m1m 568
xamtn 584
x06mln 602 0

146mln 646

00,
x06mln 61,2

xlitmln 635
X06m1q0' .702
x06m1q0 694
x06m1q0 698

x06m1q0 ' 737
x06m1q0 749
x06m1q0 '764
x06m2b 701;

x06m2b ' 813
-x06m2b 832,

x06m2b '844)
x06m2b 849
x06m2e 854

, x06m2e 076
-x06m2e 898
x06m2e 9.17

x06sla 939
x06sla 954

x06sla 963
x06sla 970
x0611a . '977,

578
505 604 .607 619 -;-691
5

01,

61f
.614

636
765

. 07 .1. .700
615 638 . 680' 681
128

747

703 . 792
766 0 814

.2193 ' .8.34

'05 . 855 971
835 ....,-

847

852 877
856 891 ,

878 1089
915

Y.

74 145 , 42,4
184 219 '296 53$ 412. Sit*
620 716 0.=L723 927
254 260.-

I47 852
357 '359 361'069 363 .24,445

,-.'
. 372 374 376 .

x06sla ---411

x06sla 1003
xfile.end-: 1044: .

x26end' .1074.

659 661 663 6697 665 al'i 667
673 675 . 677

. ' 331 I

1004 .

937
alielp-., 1107
atime 1108 .

,back 352 380 655 681
exp - 226 , 301 /625 625 931 1217 =1054..
1 223
key 352 380

i

655
nc 1294 1094 . 1095'
pn1 . 354 '657,

987 988 / A483atil

999 ' 10207 1000 -'
''''',n100 353 656 682

982 985 089
n111 445 450, 450

569 569 571,

681

1095
686

9g3

685
989

452

726

°

.1107 1107
688 716 690 9,97 983
996 '17y 998.' 791 6998

687 6qi 689' 919 691
992 /00i 995 rOcbi 997
549 54 554 96;.i 554
738 738 "740

ni20 176 -

nrii 177 , :,,,- i" n122 178
n123 179
.n130 447 450 .450.

556 Ski . 561
728. 73'8 738

n132 448 454 454
562..* 561--562 -'

729 742 `2 742

2 47
1

452 457 c,trip& 45Z .ti54" 551
566 569 4.A6 569 571
740 ,745 745
458 458 55V 59 J&Y 552
567 573 2777 '573 JelriP 577
746 746 . 747

4



n149
n150
n2

. n21

n4$

n'47.

n94.

/195

n94

Pc
Pa

Pr

VC
'vj

v.100

vI.01-

v102

y.103

Y1106
V106
v107
v108
v109
v112

v131

v1b3

y'134

v14.0

v150
v60
v6I

v 2
3

\

.

417 419 II

418 "D419 419 421 422

409,2 1093 1105 , 1106

1094 1094. 1095 1095 1107

03 99 114 .120 %. 161

325 - ' 602 600 045 850.

30 95 96 101 102

163 164 169 170 254

610 .- 847 852 1091

221 222 ' . 222 226 226

301 301 301 624 . 625

220 222 226 227 .227

626 .626.

25 32 128 395 .397'

697 699
, ,.

71.7.

297 414
532 928,

,

186 2.23 297 298 ' 414

533 5A7 548 *21 622

926
.

419 450 450 '452 554

571 686 688 69#' 73-ii

740 ! 983 986 ,988 988

999 999 999

1128. 1108

534 535 535 535 535

536 536 ', 557 .

226 226 lei 301 625

355 367 981

356 . 358 360
.1

362 '364,

375 58 6;0 662 664

674 67.6 984 994
9 98G

38e 413

363 413 .

364 413
385 413

386 413

446 453 453 454 455

557 557 558 559 56'4

574 579 579 562 727

741 741 742 743 748

L 450 452 554 ' 556* 569

740
. 452 453 556 . . 557 571

741

446 454 455 .0 -\.558

.734 735 742 743

571 ,573 573 731 732

555451 452 . 454 454

742' 742' ,. \'''

1017 ,1017 s . 1054 1054

719

719

719

719

U

A4' 684 670' 686 t

14E7 /0100, list

/WI 16,7 149 251

10 116. iaD, 1,17 .

347 260 op*. 32j
..

2400- 226 90 299
625 4 635.

445 628 6 144 625
.

6%4 615 6,6 696

.

4444. 415 14N.1 449
/2.y- 717 las 718

.3ZY -54 ti"69 556'
'73Y 730 736 732
//I? 993 NO 996

.

6':',4 535 6.24 536

..; ..

?AV ':;p25 9..,* 625 .

/it

37, 366 alg 369
6* 666 eig. 688

i416.) 460 :,3-0 460

..9r7:e 564 51119 572
7,01 733', 7-f 733

748. '',.

- li".0se 571 71$' 730
. , \

7.,V 572 7*54 732\
.5734 :559 727 573

, 1

6 '7,37. 73 .-7 i1704'

,04, ' 5, ..cciry 553

'



0

vt4
v6t
v66
v67
v68'

v64,

v821

v81
, v82

v83.
ve4-v"
v85
v86
v37
v08
.v89

vC
%Pc

wo ''
w
C

wr.

x

x NMa
-

,V

yew

psec

°

: k .

.

-

71.9

719

719

719
719

T19

382
383

. 384
385 '
386
387

388
389

'390
391

.186

621

724
443
547

196

754
178

959
177

.712

179

722

'04p

930

.

,

516
535
535'

' 5'35 '
535
536

. 536'
536
536
536 q,

.

les
757

183

959
181

720
182 . ,

'752 i

4..2;Z I

4-

.

516,

408
762

467
,

218
7J51pi

295
755

I Os',

..-

534

J

437

.923
439-

294
759

406 .

758
i fim 4

535

.

N

527 22) 616 7346 713
955

5241 -944 619 9.7, 714

429 'ioac430 617 526
924 955

436 64 528 '71.y 544
701 (00 925 '1b 958

10,31r 10440 10,A,

.0
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3

4

, lesson eex07 at 10;33 pm on wednesday, august 20, 1974

-4

block la, eex87id

stop
**** For Neal, CGERL, Room 248, EEB.

4 One line description of this lesson 77

5 Measurements of Impedance.

6 Divisions, of this Lesson: Block Unit

7 Id for this file eex87i4
3 Eicperiment eex87;,

9 Objectives ' eex07id x07056
18 Measure impedance.magnitude x07mia x87mla
1.1 Time displacement method- x07Mke x87m2a
12 Lissaious figure method x07m2e x87m3a
13 Calc.impedance from components x07m4a X87m4a

_...-

14 final edit 21 aug 74 neal.

15 *list info
16 *list syMbols
17 *Itst, vaian,charset,cgeindex,cgechar

ii18 ****

19 start
N 28 1-1/11511 endunit

\\t

21 write 4at,1810 Loading the CGE Character Set
22 charset.cgeindex,cgechar
3 erase---

k4 zero n99 A$:uee0 for rp5tani skipp.ing
2'5 dataon ,

26 area eex07 1
.

27 e.xt 0
28 ,si**

29 unit v87m8et

30 restart
31 join imode

32 jump n47,x07mHao
33 talc. n55.18-1 $$ used in review ses.

° 34 talc n994.-1 $$ n99 if restart
35 at 589

36 write MEASUREMENTS OF IMPEDANCE

37 When you have completed this experiment, you
38 shoUld be able,tb:

39 A) Experimentally measure the magnitude,,of an
40 .impedance.

/ 250
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1

41

43
44

'45

46

47

2) Miaiure the time-phase relation between two
waveforms by the time- displacement method.

3) Measure the time-phase relation between two
waveforms by the Lissajouslfigure method.

4) Calculate the theoretical impedance of
series circuit and compare this value with the
actual laboratory measurement.

block lb.

49 unit. xlVmla
52' base
51 back xO7mBe
52 next n55,x07m1b,x07m3e..

at 307 ..

write Consider a two - terminal electrical device driven

41'6-6-ingle-frequency sinusoidal TiOummrsource and
hiving an inPutVoltage v and,input current is

. :

58

59 draw
60 circle
61 draw
62 at
63 write
64
65 at
66 write
67

68
'69

1-707

198,391;248,391
8,227;375
166,375;219,37 skip;234,75;284,375
921

,

V
* 1205

Then dis
measures of
after t 'A

throug
as th

layed on the SCOPE, the convenient
sine wave are 'and the time angle

t yhich the ve is positive-going
We wi use the input current i

V

efer e, and thus show it by

in,wt,..i-k.5Ipp in wt71

72
..., 73

74

77,

.4

Now, the input voltage leads or tags the input
rent-by a time-angle equal to or less than v/2
0°or 9.'. Hence, the expression for the input voltage

can be shown by

v,(t) Vgp sin (tut ,+ 0.5Vpp sin tut + sto

where -9kd's' A S ge.
N-

78 unit. x07mlb
79 back x07mla
80, next X07m1b1
81 at 505
82 write ` In terms of the input volt&de,and current of a

,------

1

..0

251
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O

03! two-terminal circuit elemrt, we will define the

04 impedanceof that element by

85 - IFI LO

A'2.1 Vpp / liop --.1,.06 . ere

1
.

87 G . the angle by which tbe-voltage

'88 leads the current, as shown in the equati ns on the

89 preceding display.

Our, present ta- to measure IZI, the magnitude

91 of the impedanc an inductive twd-terminal circuit.

92 Select 1 IMPEDANCE BOARD, ITEM 35 from the

93 shelfbelow, ayld connect the sensor cable securely
94 in the panel connector below the Function Generator,

95 When you have connected the circuit-board sensor cable,

96 .

connect the circuit diagrammed on the next display.

97 .***-

98 unit idi7m1b1

9 back x217m1 b

180 net vt7m1y
.1.01 join. x07sla
102 pause.
1011; pack'. n33,ata00000HpbOcHca6a00001754.00:bn.00

184 join ckc
18 jump n47,x,xg7m1c
1Cfr: pack n33,a0a00000tObtc cabaffia11'0040baatit

'1R7 join ckc2w.

1P'rt unit x07m1c
back xt7m1b

lit i, i n xD7s,1b

y.t "2007

7. loite ,The.connectionocliaRram requirS the display of

11 the voltage. acrosS,the switch-selected impedance
on A channel of the SCOPE, and the v.,::.1+:hg? of the

i
current-sensPg resistor on, B.channpl, ot!

in31*7 ii?1 x 1"t 1 '

118 Therefore : liZl = 1H . Ivej (milliamperes)

119 As connected, -i7 . 100.- In order to display

120. +i', set the B'PRE AMP at AC-.

block lc; x27ald

4

122' units, ,x07m1c1

part=1, block=c



o

123 bad:. %Mac
.124 next x07m141
12t at 707
126 write Set the equipment so that:

127

128
, Two periods of a 2 kHz sine wave w4 20 V

are displayed on channel Aotthe SCOPE. , X

129 Externally trigger the SCOPE from the'A INPUT
130 for a stable display and use the AC ENT setting.

131 Set the A PRE AMP at DC4,1 and the B PRE t -pp.
132 ***

LO unit x07m1d1
134 next x07m1d
135 pack n33,+(gh) (nolo) d (cd) dc +++4.« +++4. (fg) <c (bc) b (uv)>+

/' 136 join ckdW .

137 jump n47,x,x87mle
138 ***

139 unit
140 back
141 at
142 write

143

'144 arrow 908
145 ansv 2.9,.15 \
146. wrongv :29,
147 at 1.510

148 write For the current-sensing resistor

149 / I 1 (milliamperes) IVE, X IS
150 wrongv -2.90.15
\151 at 1510
152 write e peak-to eak value cannot be a negative number.
151, no

x07Mle
. x07m1d

708

is the value,of-Ipp

000

154 at 1507
I

I

455 write You should recall that iz -ill m vB ., where
156 iz is in milliamp and VB is the voltage-displayed
1$7 on channel B. Be sure to set B VOLTS so that a
158 large-size waveforM is displayed on the CRT.
159 endarrow

. ,

160 :at 1397.' .
161 write Recalling that 2'. V , what is the magnitude

I

162 . of the impedance?

163
121 '1

\

-. ko

164 at 1906
.

165 write . NOTE: As this experiment requirei numerous calculations,
166 a calculator is provided for your-convenience.

. .

167 Simply enter the expression09,ou need to evaluate.
8 join x47s4e

14 arrow 1713

,253
-c



172

173

174

175

176

177

unit x07m2a
back x.07mle

at 505 .

writewrite Now that you have seen how to measure the magnitude
of an impedance, we will next measure the angle of

1

that impedance.

178 As stated earlier v and i have certain time angles

179 with respect to t 0. We selected. the time- reference

180 angle of the current as 0. Consequently, the tine -

181 reference angle of the voltage is A, the angle by which

182 the voltage leads br lags t4.14-'current, that is,' the

183 angle of the im rdance.

block Id, x07m216.

185 unit Z7m2b
186 back 7m2a
187 next n 007m2c,x07s2b
188 at 5Z

189 write e will noW measu
190 on he circuit board,

191, If: At is the time

192 the urrent; ..or the c

.193 disp ay, we can calcul

0 for the selected impedanCe
by the time7displacement method.

erval by which the voltage leads
rent lags the voltage,-,on the SCOPE
to 0 using the Tollowing relations

194

195

i (t

Op

sin w

part. 1 b 1 °eked

sin co (t At) 110 s i n (4.)t + 9)

196 wht = 2/fAt = (AtiT)

L.
.''

197 In t e sinusoidal expr

198 and wT - 2w. However, in

199 Oorm:en ent to.use angles i

200 is e ivalent to 380°. He ce, to measure q on the SCOPE

201 simpl determine the fracti n
and

the period T by which

202 / the v ltage leads.the curre t and multiply that fraction

203, \ by 3'0° to evaluate: G. InCidentally, to type the

204 deg ee sign, simply press -0 CRO7 and type -o.

205 *** . 6\

/
asions; angles are in radians
ircuit calculations it is most
degrees, where 21r radians

206

207
208

209

`210

unit
next
back
at

write

m2c.

7s2a
7m2b

05
Set the equiment so that:\

\
At%

254

-111110



211

212
213
214
215

216
.217

213
219 ***'

The.SCOPE is triggered,externallY'

Both the,A and B I
Mode, with the A +'ndt B PIKE R" It OP.
1#ith the 6 PRE s htthiS manner, i(t) will be
/cal splayed rather than -1(t).

The AUDIO OSCILLATOR should still supplyVoio 20.V
at a frequencY of 2 kHz to the A Channel of the SCOPE.

It is, not necessary to chitnie any Connections,

224 unit x07m2d
221 base

2222 jump n94;x007M3a
223 back x07m2c
22,4 next x07m2e
225 help x07s2b,
226 at 2410
227 write -HELP- is available.
228 at 505
229 write By What,time interval does the current:lag the voltage.'.

re

230 mtlliSecOnda.-.
231 arrow 705

232 store v60 ,

233 ansv
234 at . 905

.

235 write What is the period T ofIthe sine waves, as
236 displayed on the SCOPE ?

237 milliseconds.
238 arrow 1205
219 store v6

240 ansv '.5,

241 endart'ow

242 vat 13

243 write Recalling that = (Ai./T) x 3600, What is 0 ?
244 join, x.07s4e

245f arroW 1710
246 ansv__ kv6121/v61)16360,2

ao

block le, 1407m2e

24e. unit. 147m2e'
, 249 calc n514.71

250 base
251' babk X07m2cf.

252 next x07m2f
253 join: x07ss2c

.254 join x87s2ds

in

$$ used in x07m2fgotoand writec

I

a

partsl, block=e - -7



255 'at 1126

256 write ce'LADING waveform ,ael.a,%

257 at 1531

258 write 4' LAGGING waveform

259 pause
260 mode _erase

261 join x07s2d
262 mode write .

263 join xO7s2e
264 pause-
265 mode erase
266 join x07s2e
,.267 'mode write
268 join N07s2f
269 ***

.270 unit x07m2f
271 base
272 beck x07m2e

273 lab ex07s2d
274 /x07s2e

275 at . / 805

.276 write. Set the impede
277 Is'v(t) for thi
278

279 at 1011

287 4ritec n51,lagging / $$' inserts preViouS.response,

281: gotta n5.1,x,x07m2f2
282 arrow 1010

283 answer lagging
284 no
.285 at 1205

. .286 Write Remember, v(t) ite\display on channl A; i (t)

287 on channel B. Press -LAB- to review the
2F48 . defirtitIns ofleading and lagging.
289 endarroW .

290 adel m51 -IN

291 _entry 'x.07.T2f1

292 .at 1410 7--

293 write. Is e poSitive or negative?
294 at 1438

295 writec n5.1,,,negativ
296-.goto n51,x;x.x07m2f2
297 arrow 1458

298 ansWer negafivie

299 mo .

507 at. 1610
301 wrj"te ,e.for a a lagging v(t) is negative
off2 Qty rt;+ow

301 'a. dl .n51

304 entry ..x.07m2S2

305 at 1710

Do write Thus, this circuit is: (type a, r c)

e-selectdr switch to position 5.
Circuit leading'or lagging?

307

308 a) inductive

s

Q



/310
311' 'ro, p 1733
312 ns>uer b
313
314 09" .

..11MI,
. ,

.315 rite Press -HELP- for assistance and/o an ex lanation.
316 endarrow
31 at 2409 . . '

3 el write Return t impedance selector itch to potion
19 3 befor proceeding.

.'S
320 **lc ,

b)capaCit ve
c)reeiet ve

/

321 unit x07m a
322 'restart
323 ,base
324. 'back 7rp2e

325. next 07m3b
3246 help rq9,x,x07sla
327 -date n99,x,X07m2c
328 at 1 25 A

329 wri a The. next method for measuring phase angles is
330 he LiSaajOUS, figure thud. Before' continuing,
331 hojJever, recheck the b lance of both SCOPE,

.332 channeke and the positioning of the 0,0 point
333 on the SCOPE grid..
-33 at- -- 2010

5 writec n99 Prest -HELP- to see the circuit diagram

Press -DATA- for dial settings.
.

block,;;; f, x07m3b

337 unit x07m3b
338 zero. n52
339 back x07m3a
340 next x07s3c"
341 Tat 305

.342' write To obta'n a LissafUs figure from your
343 present,Cir uit, set...the Y DISPLAY FUNCTION
344 to A vs B an turn OFF the SWEEPMODE.

part- 1 15lock.f'

P

$$ needed for 'proper use ,of *-753e.

,345 Press -NEXT- when you have finished.
,.-- AM

346 Press -DATA- to see, 'a typical ,Liesajoue figure.
347 pause `- .%'

..,

348 keytype n51,dafa,.neRt,back
349. ,goo n51-0e,x07s3a,x

.
350 jump n51,x,x,x07s3c,x07m3as
351 *** .

352 unit ,x07m3c



353 next n55,x07m3d,x07m3e
354-1" back x2f7m3b -

355 at 205

356 Write The Lissa.jousfgure on display is a plot of
.

.,.
357 .. y . Vrn sin. (wt +, 9) versus X - In., sin tot

358 E.? cans be evaluated from -the ratio or M 2ie(-E at t 0,

to N V Theis:
PP'

359

360 entry Y.07m3e1

361 at 102(7

362 write, 2VM sin (wt+9)1641:=0

363

364 2Vm sin
365 join
366 join x07s3t.,

.367 .v ,At

3 8 unit Y.07m1,7.1

.69 base
/370 ri,7Nt. x.07me_

/ 371 back Y07nitc

a7 2 help N't..17m3(.1

323 n524-4-1

-374 at 305

375 write From the
376 mea4ur.-4-.7:

377

378

.379

M

2Vm sin (0+9)

2V 90'

sin e

L$ needed for V.0753a

LissajOti5 pattern displa,Jed on the SCOPE,

!

( =arcs i n

38I0 - HELP = is available

381 arrow - 620
33 2 "s'

383. ansv 8.41, .6

384 arrow '630

305 store v12.1

386 ansv 10.1,1
387 no
388 at 1605

389 write A convenient .method for measuring N is to turn

Volt s

lolls

,

390 theBl?RE AMP to
391 encla.rrow--

.39?, ..Y.G753 f

393 arras! 1030

3.94 ansv v102,5%
395 ***

396 '6.6i, 147m3e.

397

398 at 405

.1

/. .



399 write Recall our definition Of impedance 2:'

400, z. IZI Le

401 You should now be able to calculate the
402 .Magnitude, 121, and its phase angle 9.

403' Press) -HELP- to reiriww measurements ofmagnitude.

404 press -DATA- to review the use of the time displacement
405_, method in calulating 0.

., .

'`) 406 Press ,-LAB- to review the use of thelissajou
407 figure in determining 0.

408 Preps -NEXT- to4cocItinue:
4OF pause
410 key-Epe n55,nextJ'ack,help,data,iab

/

jump n55,x41417ma,x07m4a,X07m3dX07m1a,x07m2b,x07m3c

4

bloc ,g, x.07mii

413 unit xff7m4a
414, imain xfif7s4g

415 at '405

416 write 1Thus we have-e*ressed impedance in the
417' -polar form, .2 y 121 L0. 'Another representatiop,is
418 the rectangular or complex form:

.1

419. 2= R jX where j =

..

partal, blockg

420 in thig expression, R is termed the resistive component
421 and YiS. called th, reactive component.

422 'Fon convert _from the. polar form to the rectangular
.023 from,. use of Euler's identity gives:.

424
.

= )21 cos e and X = 121 sin 9

425 Similarly, to Convert Irom the rectangular form
426- to the polar .form, use the identities:

427 121 = 'Jp2 >,2 and 0 = arctan- (:X/R )

428 Since these identities will be useful in the
429 remainder of this experiment, you may obtain .

43.0 this display hereafter by pressing -SHIFT-DATA-.

431

412 end
!433 next x.07m4b

434 ,

Pres -NEXT- to dor inue:

* *

2b9

$



435 unit. xO7m4b
436 back x07m4a
437 at . 505'.

438 write ' For a. SERIES circuit, is the sum .0f.the

439 resistances. in the circuit. (Caption; 'this 15

440 rot true for a parallel ircU.it).'

441 . e Individual serie;:ellement reactances are related
442 to theoelement paraMeters,:i.e.', papacitance and
443'. inductance, and'the.frequency by the formulas:

444 XI = wL .rrfL (recall w = 2711)0

o

445
1 1

446' 4c = (7(: = 2/fC

447 X XL +

448 These formulas will also be usefulT,in the .,
449 remainder of this exberiment; you maybtain'this
'450 display hereafter by pressing -SHIFT-LAP--.
451 end

.
.

452 next x07m4c..

453 ***

454 unit x.07m4c
455 base _

456 back x..07m4c

457 next x07m4c1
458 at 605

459 write Ina given circuit, ine may. measure either
460 R and X, or

I

and ez, and. expect the r suits

461 tO be in a.v. ement with one another.

462
463. * *4

464, unit
65 pack

"-466 join
467 jLimp

46.8 pack'
469 join ckc2w;.6f

470 xgq,c I.

6

Set th Impedance Selector Switch o position 2.

*.07m4c1'

n33,aa00000000b1cOcabaOgff00+00ba0A!
ckc
n47,x07m4c,x07m4d-
n33,aa00.000000ac.0cabaff0000+00b

71 unit .x.07m4d

472 zero, n59
473 bane . /

474 back -x0704C
475 next xl.6g4e' /

476 hel
477 at .05

_
478 w Using. the same 2't:N.p-tb:,2'kHt signal from-the

. _

479 j t-iUDIU OSCILLTQR, determine-the magnitude of this
480 new impedance, Z. _

used in next goto and writec

1. 260"



o

4,31 MA." ' .kA

, 48? - HELP- is ayailable
3 in x07s4e

48 efrow 1118
485 store v.50

486 ansv 3.50"

.

bloCk.1N x07,m4e

488 unit x.07m4e

489 be
490 back .07m4d
491 next . x07m4f
492 help x0714d.,
443 lab 47s2e .

494 705
.\

4T5 write. TO complete thi3 calCulat ionOf. 4 in the' polar.
496 form, Z /-J21 qetermille'19 by the time-
497 'displ.acerrient.method

498 Recall that 0.. At
.

r e

499 enter T = illi;econds

500 enter At = Tillisecohcls
501 set' 2420
502 write -HELP- is available .\

, .....-

.

503 at' 1318

504 writec nr9,,(s,v611,
,50.5 at: 1.F.I3

506- 'writec n59,(s.v60>
07 :7,0'..to n59,x07m4e1,-x

50n -arr,T)w 1346
509 Store. tv64
510 arrA '.5

511 r,-.

512' at TI722
513 write Set t e frequency so 'T .. 5 ms. A
5.14 endarrw 1
515 arrow 1,,..5 1 6

4

516 store ev 60 /
517 ansv. 84, .15 ,

z16 endarrow
514 calk: ,n544.-1

520 entry xff7m4e1

'1921 at 1910 -

522 1411 te: entar
5?3 loirg 043734e

521;arrow.
521 t,,re

.part -1, 'blockuk

0

V 1.



510 ansy
527 wronv
5211- at

write520w
530
5.711

53?* unit

X534 ',ba

5.715 next

-(v60/1/51)06O,1
(v6f/v61)4$60,1
21,05

Pecali that 0 for a capacitive.circuit
-Preas -LAB- for en explanation.

x07m4f

xffl7m4e

cale v52sin(v51°)
5'7 catc- v53.;oz(v51")
508 at .410

53c4 write 'rou have,calculateA Z in,the

54A

541

542
543

544

545,

548

548

549
550
551

552

553

554

555.
r.r.f.

55:1

'559

560
561

58-2

564

585

5661

567
5617:

589
570
571

57'7'

573

'574

at
writ0°.

<s,\4.50.1, _Its)"

Usinfz the ic-W'okillieols

-411FT-DATA;-.

form !Aia 7 P
a .

P .

ti

ie negative.

polar form as

oilokle by pressing -

2 in the re/ctan7ular

1818

stn (,v511' °) m .1s:v521'.

co S (4s,v51)°)

at 12::1

Writec nE:945,v540
v,oto n5q,-.e,-.,117m4f1

join ..07s4e,

arrow *1271

,,,tore v54
arrw- 'v53.v50,1e.

at 1;'!37

wri:te Units of 7/aryl P are kn..

= IS,v5311

end crow
err, n59

entry N07m4r4
at 1416

4:4 -

efin

arrow 1421

store
ansv
wronav
at

write
no ,

v55
vF2xv.741,0%
- fv52*v50) ,

1437

You need

1417

write Units of are kQ.

a minus siTn.

ko.

262

part= 1 ,.blokoi

./1



blobk Ii,. xP7m4g

576. .unit xg7m4g
577 base
578 back x07m4f
579 next x07m4h
SOO help. NJ7s4f
501 pain x0751b 0
507 t 144,428

504 et ', 144,

501 eras.' 4 ,

505 write
506 at

57 write /
500 ratr..hup

5;19 .0: :005
5 write Using the reActance equationa which are available
541 by prrssin7 -SHIFT-LAB-, calculate the theoretical
592. value of the'imp;?dance of circuit 2, and express.

in rectangular form, P JX,
594
595 P kQ
596 ft :514
597 writec nc9,4s,V56A
59 'oto

599 arrdw 2!"Al

600 store v7,6

.601 ansv
602 'r' ?v
601 at ç5

6.04 write. Voltas,e is measured betwee»\Terminal 15 and ground
6r4r: Note that the lorp7, reton 15 not included in
,6116 this me,,surement. It is used only for sensinc; -the
607 IT-Per,(%4,- Current .
608 ;1,:>

609 at 7'700*

610 write a -...erte s cirruit, P is the sum of resistors.
611 endarrow,

612 ralr. n594,1 $$ avoi±rtin ffr branchin..7 key hit

613 entry_ 7.07m4g1

614 t 1203
615 write -HELP- is available
'616 at 2512
617 write X'. "

61.0 loin v.07s4e
61 arrdw 2536
620 ...tore v'57

621 ansv
622 wrcnsv -1600,10%
621 ..91: 2631
46.z4....write Check. Your units.
6 wronTv 1.,10%

e+:

5,27 ,1.1-11: Plmosti You forgot the minus in .



623
=,1

62,4 unit xU7m4h
610 have
631 brisk le07m42

612 ne-gt .07e:rid

6 at 509 , (

634 write " You have meaaured the impedanc4i of circult

6.35 2 and expreased it' itioaola'r form al.:.

- 1

Z =, ils,v.5n ko\ L1s,v511 °C.) lel:

617

63G'

61(3

You converted 7. tot rectancUlar form and exp

11 7 0 51,X7,4 ko j 44;v5c5))' k*

640 Finally, yoU calculated t he theoretical value of

t 7 in rectanItular form and fo nd:

642 t o 1:s0,60 Je.,0 71'1 ko.

1;41 If 47.hl! measured value of quation differtl

t44 oreatly. from the theoretical vale, equation 2, ,

"NJ WAV wish to 41157Wn 7. the discr pancy with your

646 thstrvtor. Bear in mind, however, that the values
the components used to cbtalVe ation,2 are rated
'lir.. Also, rec:7411 the inherent 1terror en-

c,.>untereo when reildin oscilloscope neasurements.

ti, x(41 ;1A

4'

651° unit
61:' draw -J1-.1;17;7;737:713:113

654 draw "41:349;60;R41:741
655 circle
656 ,-.1r.7lc

6;1 %r414

651. Carole 3, o4a, -,Jc4o

'65 circle H,163.110
660 at 3%36, '..";

661 im0te 1.

66'.7 circle ,2('i0,416

6153 -circle 3,264.416 .

f,,15.4.1_ ( 1,t9 .1719;1741:a341:21191 2719
. 665 ci, le 3,160,21

6'66 circ e 3,160,f6R
. 667 care! .1,304,176

663 r.ir,71, 1.208,406
66'4 cir,.. .- 2: f. A ),71 rs,

67o /1+: zAi.lir
1



671 write
672 at 205,300
673 write
674 draw 1921;1221;1224;624;627;skip;206,406;224,406 /
67-5 224,319;352,:319;352,176;304,176;skip;352,390
676 352,353;104,353
677 at 101,349
678 write
679 draw 2221;2421;skip;363,389;363,126;2421;5kip;634;639 0
600 1.139;363,336
601 at 360,332
602 write
603, at .322
604 write . IMPEDANCE BOARD
605 al. '137
686 write 15

607 7,t 1.

6i write 11

609 at 17422

690 write 1

691 at
647 write
693 at, '.!33

69 4 wrute
695 .draw ?22142232
696 at .2!;6,156
697 write
693,, draw .2:.37;2234;2139
699 & .48i163
7RP write ..10011.

701 at 16.;'3

wrlte currentt-serprirg
703

704 at

707
70P

pi {raw 19:1;19240024:14;31G!';2030;2024;1924;skip;1930;1939
7th .."1:;13

,,,---"711 at PVC
712 write set switch tc,
71?,

714 Term. t to 3
715 draw 109,197;160,197,
716 at 1c9,1'9,7.1

717 !or

718 at . :51,

.71q writ,=, NOTE: '

7N1 OUDIO OSC.
7' I strap.
722 ES:Nutd be di5-
7 2 n _

draw .949;345,368"
725 'at . 342,368
7.'26 writ47' t

72 draw 123,432; 18 ,432;skipr,5213n,460;152,403

2.6 5



y. 728 at
729 write.
730 At

731 write

1016

"A
929

ve,

732 circle 3,232,406'

733 draw 232,406;630;627
734 at 427

735 write trigger..

736. inpyt

737' 4

738 at 221

739 write riET UP THIS CIRCUIT

,740 a+ ,'1319

741 write Press -NEXT- when finished
. 742,

,
.E$14.14\1it4 74.0b

1.1

.

. .

744 unit le07s1b

-745 civ:fe 3,104;432
q,46 1:,ra.w . ,15;519

47 al: 144,42.0

742 write.'" ...,.---*.

744 a+
. .

. 176,428
750
7

,- 75'

753
-It

7y1

75 ,

754 rt+ -119

76P. write

761 :7.11747Aw 1.47,397;147,168

762 1019

,.trite

at
write

e
.

17:7',444

e . .

R t ' 173,41,2

write.
,t,

, ..'

prite.

161,400

144,396

write e

W
764
765

7V766

748

7f1.9

720
71;1

772

773
724

,At

717,, 5H
1- draw 623;635;835

write
A'.

At 1013

;.,irite

/
3.3kO

A1;. 1021

.05yF

drat!!! 168,404;216,404;9?8
at 213,352 -1"

write 1 .)fi

2.6 6

Ap

Oartml, blocku'k



778 at 69,368
779 write
780 r
761

782

703 'draw 5 4;530
784 at 2 4,428 '

785 write
786' draw 534543'940
787 at 386,352
788 - write'

709

79.0
I

791 at 1037
792 write 3.'131c.sI

793 at 6.310

794 write- c

795 draw 42;325;334.
.

796 at 264,460 .

797 write
79R draw 33 ;351;951
799, at 39,352.
600 write
801

802

1045
'804 write 8.8kn.
605 at- , U6,444,
806 wr qe .O5pF
807 :fl.re:le 8,1400,304
608 draw 1.71;400,311
803 draw 1350;147,304;1471 321
.810 213,304
art rile
812 ;'69,304
8 1 hir 14:F.
814 at 388 , 3A4
8.15 write
816 drab.' '400, 296 1551;'1545
817 a.t. ,%'0,268
818 tAirite

819 draw ....1541:1515

820 rircle 8,104,272
821 at

write 108c!
4623 at :1352

821 write 15 .

825 at 1413
.826 write 11

827 at 413
828 write
8.29 at 425
830 write 2

831. 41: r 525
832 write
87i2 F 625
604 write 4

217

1.



A
. /

8 at 100,402

.)6. write 5

03.7 at 155,191

838. tkiite, 6

834 at* 1724

es '\ 840 write IMPEDANCE`- ITEM 35

841 'draw 1E10;1655;1551110:181i
842. .a. 1422. .,.

.,

843 write current-sensing ..

044 resistor ___,..____.,.

845 at 1712

846. write -. V6
847 at .11?

.049 wr i 4: ,° ./ VH

1344 draw 152;1156
irk
n51 write

4F.2,288

440,32'0

blocf-, 11, x07qa

355 , unit: x.07s2a /
8.5F, next x07m2c i -

857. pa78k .n35.61) (fgh)( el (de) cdb++++++++ + (fi) <b (-tv)c (bcd) >4.-

858. loin ehrj

859 jun, n47,x,x07s2
.\

860 PrAck i133 (10 ..-.11) frIc")cil.c() (d'')cdb+++++++++.(N) b(uv)-tOtO)4
861 joiri c1(.6114 .,

a

it

863 Amii: X77..3.72a4

86:1 /
na.i7YacTgla+Offabpiltrfpfixfogbaffil.

1

k r "
067 juror: 1147,x,x07

:368

un

.1t70 n

87.1 at
872 r)ir'ii:e

373

874

876

877
878 ,

879
880 join ;!..95752c

881

3 02 vbar Tri4,1,1

-,27s'7b .

n55, x0,7.07m3P ,

c07

In order to measure the time delay betwee
two Sine waves, ,9ou must meaSure the distant
bet'im:::en a given position on the reference itiS e

.nd the -,,ame relative position on the displa ed
°wave.

N that both wavefor
are adjusted to he .s.rol triceel

about zero volts.



0

.

883. hbar //2,1,- '

884 hbar 3W4271",--
885 hbar 31r/4,

886 hbar 7

887 Jocate 0,.8 -

888 write - t4
etA .end .4

890 1(**

891 unit
892 orlgi 1815
893 axe_ 0,-128,2 6., t.28

894 -F....4alex 2-1/,

895 scalev
.896 Iabely /%.25
897 mark x , /q.it'

898 functj s,in(V70 0q2(0002f.0
899 funct / sin (v7 -.25V) ,V70
900 ***

90,1 ..nit x.07s2

902 at 305

903 write Tjhe folLOwine onyention has been adopt
404

/

/ rPg, rdingthe ign of 9.,, 12o-riskier the
' -*

905
//

po itive goi g, slopes of the two waveforMs.
906 / Th wavefo whose peak appears on the/left
907 i0:saidt LEAD the-othe?. Corregporidingly,
908 the sinkiWid 0;)ose peak appears on:the riight
909

/

/

is sa,e4 to LAG the other. ..4*

910 /end
q11/ *

91?/ unit x07s2e
4 at

914 writ`e The impedance angle 9 is"defiined as the
9175 angle otthe voltage wave With respect t

/916 the current wave. Thus, if v(t) is le& ng,
'9.17 0 is positive (inductive cir9.tit); jfivl(t)is

lagging.; 0.is negative (capaclitive,circui01
/919 ": 14 v(t) is neither leading; nor lagging, .e

0/ 920
.

is zero (resistive circuit) ,

921 end'

922 ***

92? unit ,x07s2f
924 at 305

' 925 write Note that the voltag waveform (displayed
926 on channel A) for this ci cuit leads the

,

_7427, s current waveform; thus, 0 is positive, i.e.,
973 1 an inductive circuit.
92n i,**,

o \

930 unit x07s3a
931 'lc v1424,50 \

':932 calc v14.1: (v141) ° .. e
938: ca lc. v 1 41t-abs 6r.141. .000001"

.

934 alc... iv1414--cO.s(v141)/sin'(v141)

N .

4

i 4 .

et.



935

936

937

938
939

94g
.941

942
943

944
945

./

origin 2132
axes -12.0 ..1200 020
scalx 5

.5caley
markx
mirky 1,.5

fu t

v 4/(acirt(16-16(y1412/(v1412+1)))
zx( sort(16-v140`)+v14ix-(5;i140

142,qaort116-v1402.)-v141x...(V140)

52,x07531o,'x. -

441413Ort(v141?, v1412+1)))1
,v1404=-4,+40, 1

,v140oc44+4,'.

A.

/

it /7s3b
gdraw/ -3,-3;0,-3
gdraM
qdr m -7.25,4,7.2592..75
wratti -893;0,3,

gdraw
53 .7,'draw 34;8,4-
954 1 1.25,73.75;T.2,0
955 ,IlAram 7.25,2;7.25,3:75
956 iwe 2 .

957 .7., ph 4'0.2,2 A
B

--;ize kI

962 unit
967., pac
964.'

'iumP
907

)uTR/
969 r4.auSe

970 1,1,)mp

971/. m

unit
base

//.174 1-14.1e.t

975 heyip

976 at
97 write`

978

/
..Y.07s3c/

n-71.3, (,no) d+ (de) ce+ + + ++ + + + (1' !;5,r,) <c (uv) >
qkcl,

n/7,x07s3d,x .

3,aga11000000b0c0ciabaP0000400ba00,
,Acm

-,07mb

x217s3d

x07m3b.

x0753e..
3O9 f

You 1-wie iincorrectly ,set, the
,

Press,-NEXT,- to try again
"

dials.

Piss -HELP- for a. listirt 6f your errors

,-
2



980 Press -pATA7 to see a typical
9.81 pause
982 keytype n51,data,next,help
963 Tato Ap n51,x,x07s1a0c.

.

984 jump rf510e,*0407M31604g7S3e
oi* -'9115

986

907
988

989,

990'

991

99

993

994

995

996

997

998

999

1000
1001

unit
pack",

join
p,Ause

rump

unit
at
write
arrow
store
ansv/
en arrow

"".!\

LisajoUs f'gure. /:

x0,7s3e

n33, (i j) (no) 44- (de) ce++ + + + + + ++ (fg) <c (bcd) b WV), >
Ckd 1 W

x07m3b-

.x0751f
82510

FjPCSIN CALCUL TOR ( enter M/N )
2'20 if

v 109
v120/v121,5%

lc v10245°
calc y101W
calf vi0300°/ /

1202 entry ( x07m1ci1/'

1003 Calc.' .v110,'q 9-ein(v102)
1004k,sotc+ .0001.101,abs(v140),x07m3d2,x
1.005 calqc 1.0^v1 0,y103.102,v101tv102
1006 cale y10 *(v1.014-v103)/2
1007 fze-st6 Y7 m3d1

100E

10149

1010
1011

1012

1013
" 1.011

1015

1016

10/17

1 ,9

1020
1.021

1022
y2'3
1024

1025
, 1026

\ 1027

\
, 10J"8

102.9

/
entry .07m3d2
cA1.7. \i.iff.2,; (100/10 "v102

-f'. r:9211 /

..Air't <1,v102)
at I

write NEXT= to enter
pau..-..

unit.

writ

write
pause
pack- n33, (ij)(fg.11)

n47,Y..07s4b,x

.07s4b.

05

1 Recall that

_-

\

the y Display "'unction must be

Also,
\
IZL . 1 PPS,St ,

,. I I

channel Aand channel B;
i is in mij)l iam

set to. A tt B ALT.

v is disp
displays. .11
1610'

Press -NEXT-

laved on
il where

when yoU

(no) d (cd

Is,
11..ve correct ly set then-4ials.

Ideicdb+ + (ig) <b (uv):c

271.



AIM jump
1031 ***

7'

n47,x,x0784c

41032 unit -x0754c
1033 next x07m4e
1034 at 707

.

1035 write II I o , milliamps: I
ep

1036 arrow 715

1037 ansv 5.700%
1038 no
1039 at 907

' 1040 write 'Recall that NI = 10
1041 endarroW
1042 at 1011

1043 write IZI = -I

1044 .join x07s4e
1045 arrow 1018

1846 store v50
1047 ansv 3.500% l"

44

1

,'where i is in Milliamps.

block 1n, X07end .

1049 unit -x07s4d

1050 next, ,x07m4e

1051 help x075441- ,

10,52 data x.c.M52b

1053' at 1108

'1054. Write- Press -HFLP-'for explanations on setting the dials.4 ,

1055 Press'- DATA- for assistance in determining G.

1056 t,**

1057

1059

1760
1061

106

1064

1065

'unit .07s4dl

base
next xff sod

join x07m2c.

vuse
pack

ump.

n33. (i j) (f7.1-1) (ns)(rrcde) (de) ddlo+++++++++ <b (uv) c (ocd) >+

.

n47,x,x07m4e

1..066 unit.- /s4e

roode erase
1 146 at 3219

ii rite Press - NEXT -.to enter your answer abovel

Li

mode write
1 .a"I at. y37
1072 erase 40

1071 at .2938

1074 enass 15

1075 catchup
4 272



-1

4016 dra 2717;2757;3E57;3E17;2747'
.1077 at 28.19

.A.07$ w ite CGE Calculator.
-1079 Enter Expression:
108"

'1081 arrow
1082 'store
1083 o'
1084 eidarrow

. at
,show

4087 'at
1088 write
1089 pause

. 1090 ***

c091 unit x07s4f-
Fig42 _at. -511.

1093 write The iM ortant
- 1E94 the,reacta is:.

.283:7

v100

3038
v100
3219 '.

Press -NtX*- to entei-, your answsr above

ation for use in cal1 cula

: 1095

1096
1097

1098

1099

1100 '1

.1101
102
1t01
1 4 end
1105

pcfr 1

jwC.

where f = 2,000 Hz.

(- )
2rfC :

if'you(0OUld'prefer, to use theSYTboli
is obtained by prey ing - MICRO -'then pressing

-
Note that your answe is requested 0 units

of ko, where = 103..T capacitance shown on
the diagram is rated i.ounits of ..107, where,pL 10-6.

. 1106 unit -,y07 4g

1107 dat Y07 4a-
1108 labd x0.7m4b

1109*

1110 unit y07end
1111 back Y07m4a
1112 join imode
1113 jump n47,X07end,X.
1114 course n2

1115 calcC
1116
1117

1118 erase

n2='ee244',

nc(n21+1) 4--(nc(n21+1)$mask$o77777777770.0.00.0.00.000)to45030000EE,
nc(n21+1)*nC(n21+1)

1119 output //: student has completed experiment ///
1.120 join
1121joim- jmprries

1122 'jumpout csveindex,ciL Stl,

1122, entry leave
1124 end lesson
1125 *#,x



1126 unit ' -endunit

1127 course n2

1128 jump n2 'ee'44 \,1eave,ic

1129 calc nc(n21+7)nc(n21+7)4-allelp
1130 ..?c(-121+6)vc(n21,-F.6).-.0.atime/80.000

1131 * **Incl.cge s.r..& terms sample-,index*impde,coMmen,slides.
1132 ectxfflg , ck I
1133 A 2.,

1134 ck3

1135 ck4

1136 ck5

1137 ck6

use
LIze
use
use
use
use
ckc
ckcw
ckc2w
ckd
ckdw
ckdlw
endunit
imode
jmpmes
I eave
y.07end

-;-<07m0s.

.;.07m1a.
*.r..87mib

xlJ7rnlbI
-.,(070 1 e2,

.4i 7 m I cl

-,:071-1 I d1

07 lit:-
)d,;:f

47m2k) .

'eg7m2c
-x.g7M2d

° yg7m2

7y'CrI2 f
-.:Orri2 11
2 <07 m2 12

C :1 7 m n.

77m3b
Yg7m3c...

I

-x..0 7 m3d

.-x07m3d1
x.0 7 rit3 d 2

cf7m3e
56..f7m4.11

7m 4b

xci7m4e
-x07m4c.1-
....<07nts4d

--(ki7m4e'
,-.J.17m4e1

y.07m4f

87m4f1

.not

not
not

. not
'not found
not found

'07end

not foUnd
found

found
found
found
found.

not
xE7end
v.B7endAr-'

-):!.27mba

x137m I a

-x07m1.3
23 7m I a
/wg 7m I d
-.417m I d

-437m14
.Kg7m I d

, x07m2b
.y.07M2b
Yg7m2b
xg7in2e
?::kf7rii2a

Yg7m2a.
-.41. 7 m2e.

Na7n2e
yii7m3b
xii7m3b
'43 7 m 31)

Yg7m3 b

x67 3b
xi 7m3b
x1.37m46

',4-17m4-,

yif 7rn4a
x07(.11.46,

-x470,4,9.

-x.g7m4e.;M74-
-;6.7.i 7 ni4e

1126

1123

1110
29*

49

78

'116

.109
122

133

A39
172,

;7%

2I46.

271'

294

r g 4

/
337,

352-

360.

360

10.C.;2

1AW0
396

413

435

454

464
471

488

5-32

562

1E4

866
107
858

136

.861

20

31

1121

112'8

632

32

80
105 12-3

1:34.' 140,

137

186

208
187

251

224,

252

28/

296
222

325

'372

35'3 411

1007
1004

52

411'

433

452

457

467

.475

507

491

7

o

.0466
967

469

964
1028

988.

11'20

1112

1113

51

411

99

173

411
223

867

272,

2.74

353
411

1108
456:

490
534
44-4

578
ft ,

I
40 110

it,40,14,

327- 856 T:0 86,4/

324

3,50

970 .974 410 984
968

,

370:.7 870

436 1107- 1111"

'4.67 . /i 474

1033- 1E50 1064



1407m4g
x.07414g1
)(.0.7m41.1

x07m4g
)(.07r.)4,7

IK.07m42
"x2.7sla *.27518

-).07s1,
x2762g

-,637s11,
:.10..07520

x07s2<1 xfii732..3
Sc07e2b .10075,7e.

.,-027s2d"

'5.07s2:1
let

)(075
xFf7 .9:j

,

t

417,

,,>4),7544.:1

576
613
629
651
744
855
063
869
891
901
912
923
930
947
962

986
942

1016
1032

'104.3
1057
1.066

1.0734f
k Gi ?.ncl

1091
1.106-

h' 93'3 ' 1004
!.3114=lp 11.-'n

1110
577 934.

nc 1116- 1116
1111 111,

ill "1 1116 111f..
n 1 {i3 -106

9hh
:1.:

967
iffn47

1.07; ;,' 114c:.4
n51_

n?.2

n59

n99

-vc.
NI 1 off

vi.u1
vt,cf2.

-4,4-
vAlz.

v1.40
vi 417

3 7 3

472 E"..'1' 4

. 4
536 8 9/
941 ,p42

1,-,1 .7*

535
598
579

01
111
207

59

631

, .
326

*581

1 7 *225
253 880
254 261
263 n \
268
349 365
366 941
3Ff 350

975 984
392
476 1029

1030
402 1059

.1.051
160 244

580

. .

'1117 1117
1127 1128
1117 1117.'

1°15 05'
1 027 062

137 467
1113

.,1-'"

..,'-'

2131'
.,-

290
Q'A 1j-* 984
9,04

;4.1'137 353
506

j'' c
.

, ,72,7' ; . '326
9? 9 934t
943

1130 ,A1 DO
10.I' (-1 11086
1. 000 .,/, 1005
391/ "95q

1 44,ft . ;-- . - 1.0104 L ,-

1'4,9.6 :140.3
1021 1204
182 J 992
.385 997
942, 942
931 -, ,932

I

1352

27.3
274 493 1

*983

I'

463 569 .523 6i 553_

1129

1129
460 0b5

,295

059

1003

1129

1129 1i 3c6 1130
857 963 860

867 /9,AY 965

296 3t /303

411 870
'551 ..CY7 552

335

.942
9)2



v141scir

v142
v50
v51
v51°

.v52
v53
v54

v61

v7.g

.

941 941 941 942 . ' 943

941
P

941 is942 943

465 40 1556

,.::F. 540 547

5.16 537
F.%6 547 568 569

r.'.7 549 556

. 5!.1 555 .19 .

,.047 600 642

... 0 642 1

246 J16

:.'7. 246 504

898 .:49 1

.1 0 4 .'';(

lo, 1047

2c:1
r.

883 . 99* 535 P86

0.,:e

w 560 569 636 1046

549 636

'q
.

t.

5'.

516 526 '527
519 i526 527

899/
568 569 b2.e- 621 '0/9+ 622

\
933 W) WO :001

. 883 .

1
8FA 885 886 hr 894 ,5'96'. 097

;'.;48 899 . ;').-.9 899 .1009

1 es,-7,ion information

lesson name * eex07
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author name = J P Neal

department * CE "--.
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disciplineg EEL

grade. level = Freshman

de cripi6n of leon * M

o
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block la, eexffaid

2 stop

lea on eex166 at 16:39 pm on wedreaday, august 26, 1974

partI, blocka

For Neal, MR.., Room 240, EEB.

4 Cr line deacription of this le,-.5on --

-:.....'.

MeaFAJrements of Two-Port-Witwotim.

\

*-
4

Divi1OriS OI thi5 1_,,,,15,7,n: BI4ok Unif.
-

7 Li for this filem eeldleid

n r-,per iment ee,e01,A .

q
"
,,opective:--.)

11:i .., . -'pefinition of two-port network

1 i ' , W.Itae 0.9.11, of a two-port

.100 rrequencA; response of two-port
rinit test

\

final, edit 21 ay? 74 neat.

'list info

it, 411st vmhoIs a

17 ?'117.t ",arian,charset.gdindeY. cTechar
10 ,r,=.#

1g start
20 finish endunit

, write tat,1010), Loading t he CGE Character Set

,t0Smila!J .06m0a
yO8mla

rZa -40m2a
'XY BrOa (fierosla

y.06m4a ?,08014a

c.7Fiart-einde-x,c,vechar
.;. "1-era",-,e

514 detlrn
' area .eex08'

block .11o, x08m0a,

II 26 unit ..(08,mffa'

29 19"± -.0amla

3g define Y16def
fli

31 . err=n50 .

3' 4rrm ss=n51 1

1 '-:::#
, #

.-,..

36.

-37

part -1,
4.

itmn . VS specifies ipputIterminaV fl two pOrt.

. ot=n '$$ specifies output.terminaortwolPort

1.=Y-
f,..,=v56. .

:-
.., . , .

zero '-err
.1.

mr01..=



,

30 rentart,
39 1..1n r mode

.

40 jump 14'.08m0a,x
41 .at 41 ,\

;
'4? oriteh MDEUREVENTS OF TWO-PORT NETWORKS

S'

43 at "or,
44 write Whenvau.have oompleted this experiment, you shOUld
der. b able t.".1

46 1. Understand the definition of a two-port, network.

4" 2. Meaure *he voltee-emin transfer function of a
41 -port network.

i .

i
'.0'49 1, h,?.3e,u, the frequency rqsponle'of the volteige .

4

q ii -ale' of a wa+-port network:
.

1. .
'4

.
.

51 "- -4. As 3 final to measure the frequency response
52, of the voita-ve c,an of a band-pass-filter.

' ,.

. btock to, Wiernia.

partl, block.c

S4 unit ' ,oamia
,',1t- back .78m0a -
56 'next -.08m1b
57 at 707

5W write Throughodt this lesson we will represent a network
54 a Moat. which may be thought of as cOntaining the

network.
_

61 Leads brought out of the bovAndicate that
62 certain termrals or nodes of the network are
!TI e.c-kernaH,; accessible. That isipwe can connect to
64, or m..:,,,sune. k-,!;t.,,,n these terminals or nodes.
65 draw, 172';;1742;2342:.:323:1723:2123;2117;skip;1923;191,7
66 /

Fikip:1942;1948;skipz2142;2148;skip;a335a2.23-8
67 ,Td:ip;2730;2330
68 at

,

219,187
69 trite , NETWORK P.,

70 circle 3,128
71 circle 3.128,

I 2 circle ,376,176
circle ,376,"08
circle ,212, 0, , \
circle ,.?0,71:1 0

I

.\

'
0 i

7 vector 52,41:272:80
77 vector 22,.41;232,813'.4f;232,822,.41;232,813'

78 at 7 200.2 N

79 write EFR1INFL1a

BO '.***

81 ,unit

273'

CI

- .5,
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ii

62 term,- Mlb . .-

83 1,-:a x08tpla

84 newt )t08m1c

85 at 3071 "*" , , 0.

86 write . A.pair of terminals is called a port. A two-port

87 . network iS, th.ofore, a network with two pairs of.

88 nexternal.terthinals.
.

89 In a'two-pOrt network, one of the ports is usuallPs,

90 connected to a source, and the other port is usually
91 connected to. a lOad.

..

r

92 For the arrangement shown below, the following

93 four, ,electrical quantities,can be measured:

94
95 N08s1a..
96 jpin ,.46s1b

97 join >08s1c

,i2, & V2.

1 )

98 at 2705
,

99 write Throughout this experiment, we will ateunie't}at 'the

100 impedance 21 is a very hieh impedance, i.e., tgat the'

'101 - magnitude of r2 is small cOmplired to the magnitude of IL'.

. .. ,- ,, part=1, block=d

0

.

block Id,.. x158m1c

103 unit x08m1c
104 back NO8m1b*
105 r,e.+ -,08m1d

106 at 30.7
107 mrife Consider any rof-t,"or pair of terminals, in a network

108 driven by a-single-frequency sinusoidal power source.'

09, Convent ions USed/here I:4- the voltage and current are:

110.

111

112

113

114

115

116

1,17

118

1,.19 '

1,20

When displayed on the SCOPE, the rlenient measures
of a voltage are Vp.arid the time angle 0 after t . 0,

wh e the .voltage is t,rough v = B.

rwthe.401tage is e'.pr- ised mathemabically.byiii

( ) a 0.5VPP
'wt' 11.00 = V sin (wt

re, this voltage iS'express_das- a her tyh

121 V = IVI where IVI = 0.707.Vpp.0
-- .n

0

2 19

141



122 Simi :arty, the current' repres'rtatio are:

123

124 ***

125 unit
126 back
127 next
128 at

129 'write
130

131'

tpz

xl mid
x0 mlc
x08m2a
505

'A transfer 'function is a-relation bett,meen tWo:
activities at two different ports in a network. This
c.,-,ntrasts wtth an impedance tuncti n whichTdS a relation
b-ween two activitte a't the same port in a netwo4.

133 The transfer function called thT voltage gain is

;
of interest .11h -,J,isetperimen. We 'will refer to it

A34 i

135 hereafter sAhrrly as'th--2 gain 1G and define i {by:

136
.

.

136 .L6'. 1Gr&G = V;./ yi = rlv;1
, 1V1P 4(93v2 .oviy.

,

137 Jhegain is ., complex quantity and can also be
138- written .111 rx-sigr. .,-,,e forth, like we did for impedance
139 .in1tkoi imp.,. experiment,.as:'

. ,.-

1,40

block le, `x08m2a.

Gre j G.

142 unit x08m2a
3143 back -4.18m1d °6

144 next x08m2b'
145 at 405
146 writo.. Now consi, two 'port shown below; wh
147 is: the driven pt-4.. and port 2 is the load pprt.

- part = 1, pi ock=e

148 If V1 = 15 V dc and.V1 = 3 V. dc,; what is the gain V-
149 -join x0es1a -.
1.50. jo4n x08s1,-.:,

1'5.1 join -.08s1b
152 arrow/ 926 .

153 at . 926 .

- d454 write N
'_1--- : 1. A,.

.... 1155'/Onsli\ .M..05
,

158 wrong \ -e.

,I57 at 1, 1111

1E3-' write- No,,the gain, of 't twoport iS:dejined-a the
-04 ''' -'w r&ti6 y,/vie
162-' 4* `',

161 unit xixEm2b

162 'back . -...0rm2a

, 163. next .mlrf-Cc
,;

4 .

28



,164, help ' 7,44.1.s2A

,16!z' at

.166 write Now suppose' you are given another. two-poOrt network.

167
..

V
1

= 10 1q. V drives port 1.
PP' )

V1 i, then ,measured as VI, . 5 L+32°..
. -PP

169 Whktsis the vol'tage .;,,m.i.n G of the two-port in polar form,

: 170 i.e., in te*form'IG(lie.? eress -MICRO- then o for *.)
,171

It

joint v00slat
1;: '1,-nn vO.Fj=,1,-...

,

-.1'13 Join N(P8::511.:,

1Z4 .at 1:'_10.

1: 17 write, Magnitude.' Phase age _
17V.,! at 3122 /

174 arrow/ 122n
174oritel -HELF%' is 4mailablr

I

179 ..arrsv r .;

- I 130 arr-7.w I,;40 ''''',

131 an.F.wer (.1-!!-!rees,deg,°:.31

1 lunl:TIS ,de-4,ree.F5;des.,,°)-31 e k
.

13 ?. : 4. ,. 4k .,

16P

484 *unit

i85 back

107 help
133 =it

t .

-,08m?b
.rifts:A:

. .

Consider the resistive two port network shown below.

190' If V1 = 10 V dc, what V2 and G.

191

19? at
193 write
194. et
19; write
196 l.7>in

n197 Join
198 y7,in

V9-
017

V d.
83

-44..s1d

.

-Ic
3IX2

200 mri1-0(--14-).J;:. Is

'201 ,_-)t-re-4.,\ 117.-

202 ..31.15v

2.J3 no
204- ak
205

nf'

-21:17

1005

Hint`: Think

vortage divide
83:7;

1011,,

You t V.. corm rout simply' e. the fo
,

. V ! -V 4 tr, fini.tlle Voltage ga n.
";.

f qt-two-por -6,trkas a simple
Note also t 21-1 LP- is available.

. 4.

.5

2$1

part -1, block=f



hlerk H. veY3m7d

214
215

216
217

1.21-8

21.

2.2

221

2"2

2.?1

226
7-.7

229

!Unit
back
next.

cAlc

at
write-

ti
join
join
join

.4f8m2d

-.)3:IrrOt--

-,O8m2e-
it1'
ot*3

[
I

40 5 1
Let:5 try to verify this last result experimentally..

The-resistive two -port just studied is part of the
the superpp5ition circuit.' Piug in the sensor cable
..f -f..h,.! 15i.PEPPOSITIONIBOAFD.ITEM 18, and place 411
-6.. !,kii+.-:11,7, on' th,. b,:,-,:l (51d1 'throu,7%h 9W4) in /the

. . -
,..!. p.7,,L, 1 t i :n .

a. ;

Yr.,-1 .711,74.4.1 ei now have ryr.., I.... : :. ,. w' n -2:o.lo-por r ne4.1.10r1r,.:
-. CI' 7, I

,,:-.:i-,
p'''

- 06,51A:i ,-

ti

30
271

'2 3 4,,

at
mrlfe
t

at

'12. 1 7

1

2 3 1 6

.'

r rrt

TiF 407 i te:
2'36 at 1:347
7.17 write .11
230
2:3q at 320
240 wr i tc L

241 at
24.7 *ri y.p.1:rirnPn+_, term inal Us.,c1 the

-

4

244 1.

24t: ntt * !".'3cr12=.

;! 7

_:-11-70 r 7.5443

24

2:,K;

24q

250
25.1

52

54.

55

2r6) jump

257 entry
253 pack
259 join
260 calc

37.21-1

-,40T8m f

n30, 4-4'fh4++a;NNORk0+aaatP1
-, 1-

47, fres2c,x

Iv08m2,,

nn,aacddOccOOkgk7OacOd 000000akc0

ermless445

2 ,

1



61 errsn47.

n470(0052d0(00m2h'
263 .*4,*

;764 unit vinm2h.

Z6".,era3e
266 ;zat:h4c,

2'67 back Nemid
26 next, m;v08m2j

269 zero err
O at
271 wri

405
Measure tVe gain of the two port

1

bye netting ttle

'following dials:,

1) Set the C 72ItLOSCOPE to display
lave with an amp itude in* the re.n.?e 5

the0 prspLA to A the A FIRE AMP

the pmm SOURCE to le INT, arnd he

A +1 kHz sine
LI V

PP
.1. 10 V.

to 4.41C,

SWEEP MODE to

I2) cet the PeNGEcontrol of the
C
ACUUM TUBE VOLTMETER

PMS VOLTS.

iJ
3) 'Adjustthe,frequeQcy contnois of the AUDIO

'7;CILLATOR tO7pr;dUceLa 1 164:isine wave vtpUt.
Trilporarily connect the VTVM INP V-; to terminal.

'4z,it of the two-port netw rk-an en

.)d:14st the AMPLITWE dial 0 ""

4) Now.reconneet the VTVM INPUT kr,
the two-port network.

YO8m2i

291 unit' w x..08m2i

29' at 2805
After, setting hese clials;,press -NEXT';

mina.rt(z,ot> of

x&Jm2j
n7;-3,+ (gh) mec fbab4.4.

ckd
errmess0
erran47 :-

n47,x08s2f,x2862k

+ + + + ++ (bc) b

f.

L

.1'

part=17, block.g



10.

. 304 next 1;08m2.1

.

. 305 tit . 405
.

106 write You have no, correctlY'set up the two-port network
-:j07 V for kaip measurements. Without changing the
3 8 .. AFIPLITUDE dial of the AUDIO OSCILLATOR t all;

.309 measuue the output porf voltaTe (term6inal 3) on the VTVM:
A

.
.

. .. .43110 What is'value that tau read. on the VTVM?.
,i,

311:
h I

iarrow 1110
112 at 1110 ro.." i

31 write rms V
.`114 store v52

315 ansv 1,5%' ..

316 at _ 1605, 1

131/ :write 1 The i.nput 4,rtage.;VI to tie I.vo-port fietwork was -
4 318 set,above to 2'rms V.

.
.

319- -.The output voltaae,V, that you obtaVi

.1

ed was....

320 4n,vu.,21, rms V. .

__ ..

. . . .

37I Idlit-C 17. the voltage garin of the two port?
.322 arrow ?417

.!

A23.aris,,:172,..1, 5%
. 4* .
3,:.4. wr!:41c,v !:.ir/529.

..-3.":5 i.41: '60!';
.

. .

1,r,1 t ..--- P..,,,,,-/- +'-.0,f,:.H-.:4 'rain of a two-port. !

.... A. ,..,+ Ill
. , , 1 .

4

Y6u haVe miscalculsated thivoltas:e kain G.
che.,74r arain to make sure that All is 2 rrj V.

and re.me.7%Tcure -the output -*<,.1-t voltage,

ba61 :y08m7k

3 9
-,!4!-Ct

08m2n
'005

Now varv'the frequendv Of the AUDIO.'OSGILLATOR, making
to P.4ep voltaeVI,conStant -as you:do this.

fined

./.?!.
.

, 342' elllitni -.JO, lr,r,

1 i
343' al..1 1 el?05'

.r ' :

, \,

.344 'write It m'iy be helpfil to first set to rills V, at al.
345'1 p41.r-17.icuJar P-eque?..... ;7. 1 t r, with A VOeTS
346 1FULL SCALE' rt to-5IV,'tahe ,... A ,E ArIlioff

i of 11

:347 caftbn5ti,:.n.t This ils done by rotating th r d knob
'348 if,7.11-1-..e VWIH5 'GAIN cuntei--olockWise.

, .

F3.4'4,djusting the VARIA$LE GAIN,

$C0PE
th4:.r. .

t the peak -to -peak

divisions and leave



352 .
Thereafter, as you rotate the frequency dial of thq

3 AUDIO OSCILLATOR, readjust only the AUD1O-OSCILLATOR'

5 . AMPLIyUDE control,to' maintain . constant' peak-to-peak .

. , 355 deflection on the SCOPE. -

'356 'encl.
.1.

4
blOck 1 h, x08m2n

350f unit xlifem2n.

359 back X00m21
360 ,next-- )(08m2o' t .

364. 1ib x08M2m 1- r .A
.

362 at 305 \

363' write Do you notice any change in theamplitude of the

.3.64 output voltage on the V1NM,.as, the input, freqUency

365 to the two-port is.varied? '

366 arrow 1220.' .

367 answer (n,no,N,No)
,

.

368 at .. 140
.f.

5 ' ,

,

369 write Right!,As,long as the input 'amplitude to a resistive

370 two-port is held constant, .the output- voltage

371\ x3nphitude will not. vary as. a function of fr. quency.

872, 7'. This, is because the impedancee of- a resi6for s-

373- . - in ependent,of frequency and hence the voltage.

3'+T'4 . pa i ofa re*ts+ive tworDork is independent of
375 f e.u. ncy,. . ---

376 wrong {y? 5,Y,Yespsome)
377 at .140 , -/ . ';.: )

\
J.

712.c.;--- wr i te M e-ke sore that.you keep `the voltage

1.3g). to th two-port constant as you very the frequency.

300 Press: AE):- if you need a..hint'on how to do this.
: -

381'

7
.

.:;Fs? unit y.08m .\

. 903 at 805
.

. 304 write If you have taken. t he AkVOLTS off of calibration

3/85 .,'
by adjusting the red VARIABLE GAIN knob, place.

386 the1A VOLTS back into dalibration-by rotating

387 the ree.i VARIABLE GAIN trial fully clockwie until

388 iil clicks.

*

389 Whei the A-channel is in its calibrated', mode,

0 the A VOLTS OindoW wili be lit.
1

1

I
.

1 t
1 1 ..-----

..

l'

392 ,entry x.

imode
06m2p1

'
i ..

393 join

394 jump n470(03m2pOillima.
..---.

partil, block=h

.

1

5:

,....
^N.,

r

.285

part=l, Iock=i

n



block li,, x08m3a

396 unit 1.08m3at

397 back -,(08m2n

398' next ,46m3b
399 base

at 405

1 write 1" Plug tkJe sensor 'CableS the TUO PORT NETWORK-BOAPD,
1

442 ITFM 36, 'into the interface.,

I
.

403 In th-i-s-part of the experiment, the' two port'
..:4g4 concerned consists 'a serilescapacitor and aj
445 shunt rofsistOr. The-input portis fermtnal's t & 2 1

)

.
406 'xld the output port is term1nAis 3t 2. Trmitual. 2
407 win beused as the gToumi ttrminal/. Lo:r-a+e these
4O8 terminals on the board now.

410 unit
411,"zero
412 hacl

413 nett,

414 join
415 .7nd

-.0 IT P.m

4ti'... unit -.4:3 3c

416 pack iabc4.4q40444gblifeacOG07.00170)TrabV
.410 join. c
420' e7.alc -rtunes1
421-- errl---n47

42,7' .jump. n47,x0Ps2.4,08m3d,,,,
4-'1 x'.4

.424 .unit -NM:Mild

.425 tbAcir. - xf8m3.3

"r., 42-6 n....xt -NlY6rif3,

421; ,,i-il. . -.r1;711121-1.

42f:' r ...

./,..

4-f .1 .'4Rci,

4:' i!"10 ,.'. S'et the eci4ipMent dials to th _ pp. bs
4,;.- -, you previously tse for Measu the %.9.i. the
`'.1:,`r d > i'-,-,,.iltiv,P.. two. p qL.1:

1

.Press -DATA =.-44 .



436
.437 .gas

438 Unit
n.i3,++m+cfbab+-4't+++++bb(Pc1)171

:kd

441 errmess1.1

4.12. errt-n1-7

443 jump . n47, x08s2f orosln3r

7,..08M3d

r r g

-A08m2m

405

NOw.

Pree,, -NEXT- after youliave properly set the dials.
.

0 '445

446
44,

448

449

450
4q1.

452

'455/54

456
457,

458
459
46 o'

461

462

46:1

464
465.

unit
back
nett
data

write
. - *I

monitoring the output port with the VTVM,
art the-AUDIO OSCILLATOR frequency-over the range

of -a Hz .+,2W Hz, while keepingthe voltage-
am aplitude r'sqle input port cons*nt..

,

at 4 5 . .

.

,

weite .

Press -DATA- for'a hint on keeping the input
port voltage amplitude. constant '

1405

write Does:the output voltage- varyas.a
freduenr, .

arrow 15;4

t

answer
a-17.

(9Y1Y.Y)
1.705

Pight.1 If the inpUt port/volae V1 is het
conatant, the olJtput'-port Vol-taTe will vary_as
a function of frequency/'

function

466 1.' .00r next goal will be to predict the' frequency respolyse

,467 o'f the gain %:..,1,,A si?.ople. 1,-.4p.:-.:r-1-, PC ne±work.
0.;,,,

46.3' .. L ave your e.luipMent.-.--.etupalone, as it will be .

<,4,7).7
..

46,4- u:7.... _ laer,.

.f 7 ..morons! (n, N $ no.ti-.) -,

47! at 1.711

:I./2 1.,01-117.-! . t ke,aurethat.you..are keeping tlie input

473 por.v oltage g-,Znstant and tl you 2e varying

474 the AUDIO osciInTop over th ffequency

475 range.,

476 ***

477 unit
478 ,-ck
47'1 "nest

40g lab

14E11 at
432 write
483
484

485!

4861

xoSmig
ki:8m3t"!

.),08m3h

08,152b

05
The stain

. 0.1.
,I

1

4 ,
-----t7-

G o
e.the,two'port

'you haveha ve

tjyst'.

Connecte d

ma"-be analyted asil,,by.uS. thelvalagividef
.concept, where imped npes are u5ed inSteadr resit;a:ces,4

...:

When I.s is netiglble.with respect to.I1,-:the gain
of the two-,ort under Hai,* i'Spproimated by:

' ,..

287:



487 `7 Q Cj'i0 ..Yi ... iopc ,.- __ . ----i-

488 ! V 1 + j wPC,,,

/

. where R. * 2 kn, C = .1 pF, ar4(.1- w = 211..2-489

490 ' NOte that the gain is now a function of frequency,
491 and may bie designated 17.,:,2 G(jw)'..

492 TO review.the voltage divider concept; press -LAB-.

\ 493

495

496
497
49

499

.0175

:We

k

loW

H
measure IGgw) as a function of freO4ercy. -f ° /

1

'piart=1,..lolOck4c

block k, 'x08m3h

unit xriF

back x.00m3g
next x.0P,m3 i

'

write The magnitude of G (j co) in deci '(abbreviateti dB) .

i s defined by
I G .(j w) IdB 20 x log 11x G (j0 dB

50.1 . ,The. advantage 'of Using ,the dec iBel o logar ifhmiC
502 notati en is that it pf2rmits the easy:com utation

/

503 ol ; the magnitude of a product of gain .-funct i one, ,by
5ri4. simply adding the indiViduel ded7iBel values, i.p..de

. ./. .:-

...

505 / / . t,G1*(.. "2 (i 0 ide, ..= 1.91 ri ..,0) 1 dr, + . 1 Gl I:j f;') I c.IPI

ty It , may alsok,be' noted- that the phase angle of the
., 07 / product of two igains.. i.7.. -,-rp!'..,.!y th,5-- Sum of t eir.art.,Ies:''.

( V
50-c / /GI T. j.(4) G2 (j 0 ,....f".G i f,,i 0 + 11(3.7, 1J 0

. .. A /
,09 I .

"

The measuremnt,of.iGidp, iS facilitated by the
510

. , use .01! the VTVM's dB.scale. Tii. use 'f this.scate
.511

-. in measur i n5', 1G I dry rj.ti 11, 6,7 sover.,=!d rAtxt .

512^ *** '

t :
,

513 unit. A em3 i .,

, 514 baCk .,,..0 am 3h

Xt 0 6 m3

1

5 ne '',: j

517 write USE OF THE ,dE5 .ScALE ON THE HP400D VTVN
. .

1
,

ll'

510 A deciBel is ef4ne+aS 20 1p iA
' 519 the lc:T. to the b5e110 of the ratio

1

520 : our (finding the gain Of a 1 ,- p ,.. the
5 21 d5 scale On the VTVM.Makes gain measurement's veasY.

a/b,' i.471 20 t ipte>

of twonumbers, '



522 The dB SCA on the VTVM is calibrated in terms of the

ratio of the acured volteTe V,.tothe reference vol take.
The referee: e voitace ...cs(si on the VTVT1 is Vr a 0;775 rm5 V.

f.he lit ea:iinµW on the VTVH of an9rvolt'aile 15

b Zef 1 10 IV.,,Vr1 . 711 Inn IVJ '1 :"(3
10.7751

in maltinc a pain measurement. it is convenieni to set

the VTVH to the proper volt.a.1,e ale +o read 1V,I, but
. .

ebefore readirr! it. iieadtust ', so the'pointer indicates
il.:-H ..r, fi, .ii --.,-,,i. Th:in .ie ......i11.1., ..7t IV , I co 1,-5 that

y,,,,..> , 0 J.B. pf,,:, the tav,1 -11 i,o Pl'INI.4.7 di.41 ='ettin'7i,.

4

turther V1 on ,

+ Piir4(41 switch a.. s t'o oive

rpaAtin-,. Th-n. the shM of
,1 Pr!o. lah,l.

.block 11, Ncram3)

SEZ unit t

t"740 tase.
41 karle...

. .17.

1;4'49

10:71(10.1

rile=17,1_1he,

2IdEN IYJLei

the f requ e. r r v response of IGt.ce:

11 adpit the A.O. AMPLITUDE dial eo that
why+ iscurrent.K, isrOainm V.. reads**.

4 dh., when the f;AE dial is set to +10 dB.

1 is,1,:N keepin VI cons*ant.decrease the frequency
5c f, *.al the 10. until the ,,a,iri is down 3 dB from its ,

..
. -4,c1 . '

A .'5 kHz value.
>

th

'55: Prees-=LABfor a sti ge `constant .

. T '

5.51,
. .

At what .frequency is the gain down 3 dB? : Hz.

\ 5 .

554 arrow 1649 ' .

\ F555 store r,

ct; 6,1sy 6tJ.5.5",

q. 5; . ,wrong 1 4 1 .. x.

59:1 at 1n0

550 write The frequency at which JCIciR is' dawn 3 CID 'from its

..;I:f hill frquOmcy.velye 15 knOwn 'as *be corner frequency,

F.6'1 'f:,. :-.,f +--e two port.
.

562 v**
/

,1

S

289

.r

part 1, block.1 ----- 4*

hS
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563 unit xO8m3k
564 back ti08rn31

565 at 410 ,

566 write Measure IGIdB at .5,7,1,2,3,5,8/ 10 times. o.

567

568

569

5701

571

572

57,0

ir-j.(11e

FTEWENCY 047.)

.5.f, --<e,.5.f,i Hz

b (e,.7.f V ...Hz

1.fo -,fe,1%cfcD Hz

1%40 c<e,31.1fcD Hz

c%.f,4e,5.fc> Hz

10.f, .44,10.f,) Hz

rt!,,I4A

C.76 entry '00601
577 (7,11c n61an61+1'
570 .7.11CS

579 arr..7m In604m60+200)

51 :.tore .v (n61)

501. v70,.3
502 end.,rrow

503 in10-,it

584 goto fnA1 >66),x08m3m,x08m31

505 1,**

586 nit - x08m3m.
-'7 907 r 00m3n'.

500 ,1:;ac. -.00rn3k

0 .509 at" 2105

590 prite . To make evaluation of your data more meaningful,.
.591_ the.data above will be plotted when you press -NEXT-.
592' ..t*

593 unit
594 back .

595 erase
596. origin
597 axes
598 lscalex
599 scalev
600 mark
64j label;,/

x08m3n
x08m3k

% s,'

100,100
300,300 ir .

10001,10
-0,-10 1
20,10,2 N
2,1,0 '''

. . .

6402 ?draw V' (..5,r 1'0) ,v62; (.7!.c.fc ) ,,v63; fc,v64; (2 xfc) ,v65; (3,4e) v66*9 (Sottel, v6719$(1.10fd ,v689

603 write 4at,2713)101" :102 Hz 103 10 4 ------- - :.

604 write _dat,1606)edB
605 at 205 .

.
.

606 write The h belOw,is known as a' Bode plot of the
607 -. V gain. dote thaitthe vertical 'scale is a linear plot
608 of 1 aritbmic values, and the 'horizontal Scale is
609 ,..a lop4thmid plot of frequency values.

23D



,:..1 V., -bin i }4: l'ir.,tf' ,9 1 5.7 . that at 'lbw frequencies (below f ), the

\i, 1.-,,i 7 ..?ain 1 3 low., woile at elitirequenciles, the c,_ain 'is
,ii approachin5, uni-lw 1.4li ce, ._ 1) . Her ie, thiF.;:two port
tl.14 tf.Attr,i-1". 1--, .7a117li 7 hi J-i-pa.3s/ f i lter. r '

block.m

block lm, xUt.mlo

61 A unit..
baCk

mrtte

A 2

''OrIM70
1-1

.

10.-2 W111 now measure the frequency respon se of the
fOr an,....,t'1,,?r type of two port network.

t-he two ,r,ort network br;ard-plugeci in, but
1.nd to the,:111 ..:onnf.ct."ions to the

r*-14...707--.

6.?1:. r......,.(7.1:.-' .:, .;11.,Orirfaciffr.TC...b01711311173itt-i0Ocifr{tl;,00
.627 .1iir1 -1..-.:

r.,,,;`', junr.. n47,...Rptil..-_-,%-gfrr?..1.,

.

6-2,0 unit , .a6m1r.
631 bar.:):. 01-...m1'--,

632 n-.7, t ..cInrn'Ti

6%:', 1A,1.:. :17;.E.."21-, .
.

.,
4 ii4)

P',...4 ...tero .---rr

wYl*O. 71-Kt nfrxt tutor, port nest'w.:srl:. to be studied con_.

..4. ,
67+7 .1! termintAttr. 4,5, .....- 2, e-"n tihe. TLIO PORT INETwORe:

,
. A .

hlA 1i-re input ,por17 isr }7..settkor.-7-1 terminal. 4+ Z, end t e

"..u+pu± port-j3 r:,_.t.,ween. ter rit inalt5,._, & 2, with t he common
641,1 ±,-.1-nainal . used a:5 the 4...r.11,u.nd:-.i.e.rmin4.1.

. . ,_ .

.4

641 . Make the ner:e....,fry conn!..-r-..t ions. to this two ort to
642' Aqvible wut.l. fT,A;:-.,,.ur., 1 C= I .-je, as .'

.11 fUnct ion of equ nCy.

i

64?

.0,46 tend
647 /Pt*

F'=' t_Tsd for

r;,-.. (F.i. r+.5. i3re4=..-LHE5- to review the.

. .

--\

64'
f 4- , par:k ClArfbc1313b2000.9 rri3rraza17fribcrr
65ft 1o1n ckc
651 cal,: errrne7.=.1.-T

n47. -c1:-:7_,:'.7.1,'Ygern-3r..6:5 .7* urnr.

291



block In x.08m3r

d

. .

pa,64.!, block.n

k

655 unit xg8m3r
06. back x48m3P
:07 next '),08m33

.,658 data N28m2h,
659 calc it4
6,0 ot&5

-<.7-- / . e661 at '405. / i

662 write; Set the dials on the equipmek to measure Iclata
663 :,.f this two pert network. Ose the some dial settings
6f4ii. that you, used to measure IGI:..eof the high pass filter.

665 Press -DATA- to'yeview the needed dial settings.
666 ':x4

6167 unit
68 pacL n33.4-4-m+cfbab+++++++++bbcpcph

669 join okd Ak.
67014...Alc errmess--2
671 , errt-n47
672 jump . n470(08s2f0(08m3t'
673. *;A)

674
'675

676.-
677
678
679

ynit
bacY,,

.--

ne-x t-.

.lab
at
wi-ite

10718m3t

x.08m3r-

-,.. 08m3u,

-48-m21
.

4135 .- ,. -
.. ---Now measure the frequency response of IbidB as follows:

.

680 1) At 108'Hz,. adjust_the.Atp. AMPLITUD /dial so that. '
, 681 the VTVII (which is currentl,, displayin V21 reads 0 dB,
62- when the RANGE dial is set to the +111?' dB scale.

e

'683

684

68 5 Press fo'r a sugyestion on keep i,ng VI constant.

Now keepins: V/ constant, increase the frequency of the
A.0: until the is downHi d13 from' its 100 Hz value.

686-
687 _arrow
.688 store

anav
,Ytorng

at_

write.

68P
67)1

671

,9"92

/693

694

,At what frequency is `the r in down 3 dE0
1549, ',. --

fo

Hz.

1'805 \ .

The'fre'quency-at which IGIciR. is down 3 dB from its

\low Trequen y valUe is knownav'the corner frequency.
...

f,., of this retwprk. ,

2 9 2
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blocic. ?a, -4718m7:u.

N474m3u696 unit
607

tab

00

71!i r ito M'e:4s Ure IGfr4Aof'.'this two port as, indicated below.

Press -LAB- to review the measurement procedure.

$11:4

FPEWFN IG1,..e

w

,

f

70"

7114 ,!1-117e

7fIr,

7f.47-

7PC

0.71.19

Hz

H71.

HZ'

Hz.

1fe, =le, I Y fej. Hz

ff>. ic,t. Hz

Hz

Hz71:

. =1e,3xf '1,

71' 111,17

roAt09

716 entry -,e0 ft-13v

717 a1. n6161+1

719 arrow .1n60*n60+200)

72R v(n61)

7./1 atlY.

11

72 en'1arrow

' 724 , inhibit erase
-7;1'5 sot., 0161:,,107),x0em3wtx.ff8m3v
7-;.6

727 unit ' NrDGmlw

2;i1 -,/.03m-Ju

71g 2riff5

^ T,7) make evaluation of your data more.meaningful,

fhe dat aboce will be plotted when you peas -NEXT-.

2d3



734 unit x0.8M3x
735, back x08m3u
736, nexk x08m4a
737 erase
738 origin 100,100
739 axes 300,3'00,
740 Uscalex 680000,1f0
741 scaley 0,-25
7,42 markx 20,10,2
743 labely 5,1,0
744 Orr (.1,tfo),v100; (.2mfo) ,v101r(.5,40),v104(.740 ,v1ff3;f00,104
745 goicaw f0, v104. (2mf 0). .1Vli5; (3xf 0 ),v106;f5mf,),v107; (IgKed,vtgeI

1 746 write, (at,2713)102.' 103 Hz le. 105
747 write (at,1606DOB
748 !at 205
749 write' The graph _below is the Bode plot of:IGIde for the two
750 port-network you currently have set up.

751 Note that the plot differs from the Bode plot of the'
752 high-pass filter previously studied.

.753 at .2805
754 Write Since low frequencies are.passedrnd high frequencies
755 are attenuated, this two port-network is known as
756 a low-pass filter. .

.

block 2b, -,f8

758 unit x08m4a
759 restart
760 base. a

761 back x00m3x*,
762 next 'xO8m4b
763 erase

"q-

764 catOlup
765 at : 405,
766 write The great utility. f the Bode -plot method of
767 recording G vs f is easily demonstrated.

partu'2, block -b

'5-

268 Consider the two gains you have evaluated experimentally
769 for the high-pass and low-pass filters. The gain for
770 a filtez consisting of those two filters cascaded is
771 simply the product.of the gains of the individual filters.,

772
773

774-
775

776

777
778 '31t**

The 2. two-ports are cascaded simply by connecting;
Terminal 3 to Terminal 4. The input port is then Terminals
1 & 2, and the output port-is.Terminals 5 &
'that Terminal 2 is the common ground terminal.

The tain'-' .

MdB of this,composite filter, using
your calculated values, is shown in the next display.

2,9 i
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/79, unii
720 \.1r17in

. 781

78:- I 707;'Al

71e5)
P4 mark..<

T.F:5 labeIy
86 write

7.07. t.vr1te.

,?81; write,
'9 ;;_rdraw

;91 Tdraw

v08m4b
75..400

-:15,0, 300

1000000,t0-
0, -25

209,10,2

5,1, 0'

<at , 270Q>104

(at , 28, 240,IG

ttat 28311, f (Hz)

. x fc) ,v62; 7x to) ,v63;

fc,1 (v66+v10.0) ; (5* f,.,)

I v68; (.4 x ft") vl C12

1,3 f,41
.

v106; (5., fo) ,v107;

102 1.2 1D'5

fc,v&4; (2 x f ) , v651(3 x f,) , (v65+v100) ;

(v67+v101); (1 xfc) ,vd6

(..7Afp ,v103; f0, v1.04; (2xf0) ,v105; (3xf0) ,v106;

(10.f0,y108

Avg

794
795

bloCk 2c, v013m4p

utik
be

796 bacI\ x.08m4a

797 data
79f:: lab x08s2i
7?) help x08m21
800. c.a.lc

Sal

;:la: at 405
SFi3.;4ri ±A Check the
8a4 and enterinc,

,805

806

807.

oyp,-

009

810

8 1 1

812

FREQUNIC'

50 Hz

108' Hz

200 Hz

500 Hz

1 kHz

2 kHz

5 kHz

T -- part=2, block=c

pre.<7edirg di sp y.experimentally,
1(.31 di.3 in the tab e belOw:

81'3 10 kHz

814 15 kHz'

815 at 2808

816 write Pres-DATA- to review the dial
817 '-...AB- to review the connP

settings.
i ons.
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618 -BACK- for the terminal- numbers of the two -port.
819 , -7tlEi...P1,, for a hint on keeping V1 constant.

.820 cal c n6tc839
&21 n6111-0

co

822 entry *),.018m4c1

3 ca 1 c .../""' n6 11--n61 + 1
8,74 ca. I c:s
825 arrow (n604,n60+ 200)
826 store v (n611...
827 ansv v70,:5
828 -
82.9 endarrot
830 -inhibit erase -

831 ?:04:o (n61 >116) ; 5c0.8M4epx.C.t8m4Ci.
83'4. ti,1,4

833 unit 'x'08m4e
834 nev.i".\ ' 08m4 f

..835 mode , , x e-Mrit e '
. . . . .

,-: -. o; at. .;',s'.;05 , $$ blank lines needed for rewrite
1-,-: 7 write Press -NEkt-'-t,; seeTyour experimental values
_),8. .superimpord as *'s on the calculated -Bade plot.
839 4. ...,

840
841- ***

842
843
844
845
846
847

;7:4,1

8,-117c

851
65?
851
85-4
855
856
857
658
/859
860

.661
862
8 3
664
865
866
867
868
869
670
871 palm

unit. 48m41
erase
origin 75,100
a-x-e=. 350,-300
scaleY 1.0000 \:scaley

gnarl: :( 20, 113',,

5,1,4
write -fat,C709),101 .102 10:4*---\441
write efat,28,24HCIAR
write ,fat , 2631),f (Hz)
=rOraw f,.) 0(62; (. c, 4; fc) ,v65; (3 xfc) , (v66+v100) ;.
gdraw (3x Pc,' ) , (N,,,66+v1g0) ; (5,4 fc) , (v67. 101) ; (10 x ,v68

fr,) ,v68; (.5,.1)),v102; 7.fe,),v103;fi.,,v/.04
gdraw,- (2.f) (3 )xfo),v106; (5xf,,v1,07

44dr.A.I.A f , v107; (10>,1;) v108
graph -50, v111
graph 100,v112,*
graph 200,v113,*
'raph 500,v114,*
graph 10004v115,*.
;.;,/..raph 2000,v116,.*
gra . o ft f1, vi-17,*
eiTaph .10000,v118;*
graph 15000,v119,.*
at 2905
write Note that this two port network attenuates frequencies,

greater than .600 and .less than 20.0 Hz. 'Because of thi'S
characteri;tic, this network is known as a bandxpass filter.

105

'233:
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872 mp x.08enil

block, 2d, x0851a

874 unit y.08ala

87.5 draw 1723;1742;2342;2323;1773
8?6 draw 1823;1617;skip;2223;2223;2217
877' circle 3,128,160
378 circle 3,128,224
879 at 1.91,7

880 write +

881 at 128 168
882 write
883 at 128,188

884 write VI

885 at 1719

886 write 'Il

887 at 1813

88.8 write
889, draw 18.42;1848

890 circl° 3,376,224
831 at. 373,207
892 write +

893 draw :2242;2248
894 circle 3,376,160
895 at 375,171
836 write
897 at 572,484
898 write V

2
899 at 348,224\
900 write, *
901 at 348,240
902 write I,

96'3 x**

904 .unit Y.0851b.

905 .draw 1848;426,224

906 at 423,208

907 write
908

g09

910
I

914 draw 426,160;2248-
.912 at 440,188

913 write 2.)

914 **

.915 unit xO8slc
916. draw -1817;1811

'90 circle 16,80,192

918 draw 1911;1811.;skip;2111;2211;2217
.919 at 76,192;.

297
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920 write
921

922 * **

923 unit x08sid
924 at 200,220
925 write -N/No-
926, draw 1830;1834
927. at 261,208
928 write
929

930
931 draw 2223;2242;2234;e2134;skip003408340842;skiP08260023'
932 at 192y223
J3-a write 3300s.

934 at
935 write
,936 **xe:

937 unit x0852a
938 at 505 .

,..

_
.

939 writ m iComplex numbers ay be written n two forms;

,
940 rectangular form 04+jB)",and polar form (ICW).

941 The two forms are intern -lated by the following
942 equations:

943/ at 1014--
94 jgnite--

5-
ICI

446 or = tan-1(8/A).
947 at 1135 .

948 write A=ICIcos M
949 .

950 B=ICIsin m
951 at 1605
952 write
953

954

ft

To divide'two complex nuMbes, first pat both
numbers into polar form.. Then divide the magnitudes
and subtract tile phase angles.

955 For example: Abe =
B

Ix

956 65. 1--

L(

957 end

block 2e, x08s2b

part=2, block.e

.
.

V' ' 1 ,

;4255 .

. , 0959 unit x.00.52b

. 960 at. k , ..
, .

_ ..% ,o.

961 write ,--The'neW6rrbelowirkfitilih as a volttge divider network;
962 . :01e-f2..:is_n4glile with respect to II: .<vv.

298
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9'63 'at 192,380
964 write ...v....4.

965 Ri ..

966' at 735.

967 write .12
968 .,____.:..._.

969 at 1034
970 write ..

971 ?O.
972 draw 820;825;s1cip;829;267,384;267,368;skip;267084.
973 82;skip;1220;1242;skip;267,335;267,320
974 at 280,148
975 write iR

2
976 at 152;346

\c-
977 write V1

978 at .320,346

979 write '1, '2

980 at' 920
981 write + 4

982 at -152,326
983 write -
984, at 318,327

',985 write -
936 at , '318,368
98^1 write +
988 draw 1023;1031;1121;1126;204,340;skip;204,332;200,13&
989 at 1124 -

990 write I
1

991 at 1405 .

992 write FroM the,abOve network, the following equations
993 can be derived:

.

994 A.t . 1626 _Jp,--

995 write 1) ..v R2ii.

996 21 II = VI/ (PI + P;):,

997 at 2005
,

998' write alb, fituting eq. 1) into eq. ,2) , the folloWineequat

'999 is obtal cl1 .., P7V1

1000 \
V2

R +R-
1 z.

S.

1001 The output voftSge V. is:just that part of the input

.1002 voltage.V1 appearing across R2. Hence the name 'voltage

1003. divider'..

1004
1005

'-1006
1007 end_.

*xeyk

°It can be.ShOwn that this voltage' divider
,in general for 'impedances; and.Z2 in place
R 2,

and also holds for ac voltages...

.1009 unit x08s2c
1010 nett Y x08m2f,
1011 at 405 .

,.
\

..--.

..-
.

1012 write At this Potnt,..ou haVe not.' yet been asked;to set

1013 any dials, Set all dials back to their initial mode

1,014
.. positions, and then press -NEXT- to proceed.

,1015 '***

\

idea holds

of Rran<1

299



1416 unit. :0882d
1g17 help' errmess,x,x08m2e;x218m3b,x08y6: p
10113 next:

s
e/41-mess, x,X.4dm2g,x0pm3c,x06m3C

1016 join --(err<0),26s2e,x ,
, .

6051020 at
.

,4.
:

1021 ,write Press -NEXT- if you know and have corrected'your error:
.

' .;/ .

1022 car; press -HELP- to review the'neec(ed connections.
.. ,1023 ***

1024 unit xOBs'2

1025 at 406
1026 write, There i something wrong, with your connections:.

bock x2(62f.

1028 unit x08$2f
1029 next errmess,x,x0em21,' 8m3 e048m3a

.

1030 help yO6m211
1031' . join (erre.0),x,46s2gx
1032 .at 1445' ..
1g63 write ..- Press =NEXT- if you know and have corrected your'

7 errors. '

part=2, block=

.1025'
1036 4settings.
1037 ***

PreSs''-HELP- if you wish to:review the needed dial

.1038 unit x08s29:
A. 1039. at- 81,0

. You. have incorrectly 'set <,-n174'dials(s
'1.041 zr. .

b

1042 unit Y08s2h
1'043 at 405..
.1044 write Now make:the folloWin'g connections:

,1045 ' Connect.the input port of the two port network-to
1016 'the AUDIO OSCILLATOR. ''.

1047 2) 'Also connect the input port to'the :A INPUT of the
. 1048 OSCILLOSCOPE.

1049 d3).: Connect the output Mort of the two port network.
%1150 tothe INPUT,of the VACUUM TUBE VOLTMETER.

1051 4) Finally, connect the output port of the two port
1052 network to'the B INPUT of the OSCILLOSCOPE.
1053 at 2105
1054 write ,' Did you remember to correctly Connect all grounds.

300



. It
,

1055 Press -BAN- tlo review the terminal:numbers of the

1056 two poet tinder stddy.
.

. .

1057 a 2605
0

# ,,. '.
,

1058 weite Wheryou are through making thy above connections,
1059 preSp :--NEXT-.. .:

1060 end%

1061 unit )458s2i

1062. erase ..
1063 catchLtp

1064 at : 405 -
$t

.

1065 writes Now make.the following connections:
e" .t.

1066
43.

1) '65itneet.the input port of the taro port network

1067 to the'AUDIO OSCILLATOR.

2) Also connect the inp4t port to the 'A INPUT of%e
OSCILLOSCOPE. , -

3) Connect the output port- o( the two ort net cork

to the INPUT of the VACUUM TUBE VOLTMET R.

1072 4) F'inal'ly, connect the output po4-Of the'two p

1073 ' network to the B INPUT'of the,OSCILLOSCOPE.
1074 at ., 2.105 .

1075 write Did, you remem ertp Correctly connect all grounds.

-1076 end

tolodk 2g,

1278 unit xiMend
1079 'back x0.0m3a

A 1060 join imode

1081 jump fl47,xO8end,x

.-4082 course n2 t

x08end

I.1 1083 caltC n2='ee24er, 11Y:". T'"--.

1084 nc(n21+1).04nC(n21+1) mask$077,77747777g00i000000)+84603000B200.

10195
c

nc(r121.4-1),mc (n21+1) :.-104, '. '

1086 erase .". .', 1-i. - ,\.
1087 'output /// student has comple 0 experiment'/?/..

11988 join : encktnit

1089 join .,,jmpmes
i 1090 HuMpoUt-dieindex,qUeAt1

--.k
, . .

109i entry, leAxe

1092 end lesson
4093 0*

1'094 unit endunit
1095 course n2.

10/6 jump n2o.ee244',1eAve0(
1097 calt nc(n21+7)nc(n21+7)+ahelp

t.



,
V . f1098 ! vd (n21.6) vc (n21+.6) +at I me/60800

1099 ***incl .coe ,p.r. 4 term;5. Sesapte, index, i mode, comment ,stide5.
1 100 usl ,

` ,eex130.ekl ,
1181 use .. ck2 ,

.ck3 .., i.... 1102.- use t
" 1103 use.. 0.4

. ,1104 -use' ck5 .'1,
_ .

01185 use ckt . .

'ckc nob fouhd
ckcl: : not ffound
endUnit )(08end .

;mode_{ not found
iscrif;rnes . -, not found
leave )(08end
)(08end - )<1384nd ill
v08rn8a )(138m8a -
)E.86rn fa )(Sarnia
X138m lb )(88T 1 a
y08rn1c .)(88ro1
-k08rn 1 d ).<138rn 1 c

)(.88rn2a 1X03R124
x1343n21) . )(08rn2a , .

x08rn2c .. "x08rn2a . ,

xgr8ni2c1 ',x08rn2d
:.. xiC8n-12e . )<Sarti2d

)(08m2 f < x.i3.8r02".:1 _1_._

038o-i2s )48M2d
O8m2h - )(0.6m2d

.xffern21 x8arn2,d -
'.',(88m? j ,(-13Brnr 2d '

- )(0.8m2k rl'),..013m2k
.

--yr.88.. )<S8r62k 'C. -.
.08 rt , .).(.08m2k
)(kJ arrnzn x0ern2n

....

. 0 Firn2,c). . "'xif .3m2n'
)0:03m2r. >,..S8rn2-1-1

-.!.86m3a. '-x08rn3a
ie.08m3b".. .),08rn..)a. ...
-,..a 8r-13,', )(08rn3c,
)003ro3d1 -'..446,rn3c.
-,.003n)3e .- wit 6' rn30-_-,

)(.83m3 f )(03mSc
0 ,7. mi; 7 x 0 8 rn3c

--'-0131)-,11) ° ',Ica m3h
..,)!..03n-I31 .. ?e,08r-n3h

r).08m83 )(88rn3 . .

7ffmtilt..--- )(0-ti_rnJ ' -------
)0'2)181 7, ill 3613 j ,:

!x.03n.03!)-1 ).:08m31i.
70.033-rn3n y0,3r0 j
-.0Am8,-) ')(08m3o
)4f.tm:ip y08m3o
<08m3q ).0.8rnao

xlit8.m3r .' -xif8rn3r-
:-- )48m3s )030rn3r
`. - !KS am3t . AZarn3r .

)(8arn3u -x8ern3i.i

.
)

'419 627 652
- .) 22:95 297 440 . 669

1094 21! 1088
- ,

39 393 1080
10(89 .

1091 , 1096. .

1078
..,

872 vi,,

28 48 55
54 .29 -8.3

'81 , 56 104
.183 .'8.41' 126'
125 105 t. 143
142 127 162

.
161 1-44 - ' 185
184 163' 215
2I4' 186 . - $46 267

N?45 2.16 1017.
253 247.
257\ 1018

1010

x 264 262 303.
291 .- 289. 1029 ,.

-' 29.5 .. 266-
' 302 300 337

334 304 359 .677 799
342* -- 361 448. 543
358 .336 ,, 397
3,82 3613

392 394 .-

396 394 412 425 ..-, ,1079
.41e 39.8 18176)
.417 413i 1018

. 424 ' -422 446

44 '':4' :'';

1029438
445 . ' 478
47.7 447 496
495 479 . 514. ),

.511 A 49.7 541 698'
5:39 %, 515 564

-----563 5'42 588 594 617-
576 . 584
586 534
593 587
6.1.'6'. -4.8 63.1
630 .616 628 656 1017
648 632 1018
655 653 675
6.67' 657 102'9 :

674 672 697
696 676 -728 735

427 658 HP.30 797

4
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x08m3v
x80m3w
);081113)4

X08m4a
x28m4b
x.08m4c
)038m4d
)(0m4e

wx08m4f.
)008s la .
xOps 1 b

.x08 Lc..

)(08sld
x.08s2a
)(08S2b

--)<08s2c
)(08s2d
x08s2e
x0852 f
X0862a
x08s2h'
ieff8s2i \
akielp 7.
at i me
er+.

errmess

! 1,

fo

"it
nc
n2
n21
n33
n47

.

n521'

n51
n52
n53

cE

vc
(,10.0

v101
v102

;

X05m3u 716
xam3u 727
)(08m5u 734
x0 altn4a 758
)(08m4a 779
x00m4c 794
x00m4C 822
x09 m4c 833
W8m4c 842
)(Basle) 874
)(08s1 a 904
x0051 a 915
x08s1 a --

4 923
of .08s la' 937
)(08s2b 959
x08s2E) 1009
x08s2b 1016

...)<08s2b 1024
x08s2 f 1028
x0862f 1038
x08s2f 1042
)(OW. f 1061

')(08def 1097
)(Ude 1098
)(08def 31

634
x08 de f 32

1018
-0.08thef

)(Bede f

35

789
853

,36
712
745
792
857

x08cief 33 *

)(08de.'f 1084
x0 8 de r 1082
-.(08def 1084.
x138 clef 254
)(06cie. f 40

-442
x08def 31

x.00def 32
x2J8def 33
)(.08,def 34
xfdedef" 574
)(08def .57-5

718
x08def 34
')(.08def 580
x08clef 1098
x)3'8deef 744
)(28cie f 7.44

x08(.1ef 744

37
.652
248

1029
555.

602
789
853

688
713
745.
792
857
217

1084
10.03'
1084
258
256
443

579
577
Z20
218"
720

1096
789

. 790
791

725
725
729 761
736 796
762

831
831_
834

95" 149
96 151

150'
196 227
164 L-
187 41:30

256
262

1019
300 443

1031
250
798

422

t 249
671
260

568
602
790
454

705
744
745
855

.283.
.1085
1095
1.085
296,;.
261
6 ?8

579
"5.77

725
286
g26

790
854 .
855

3J3

171 197 22
173

-'172 198
:- .-

22c.

653
41

672

. 633 ..

269 Aar 299 42

1031
420 61A- 441 10)1 '651

\ 570- 57.0 571 49% 572 .

) 602 79 602 78Y 7897
790 8j3 - 791 253 455

, 854 ' 855 ;
, '707 74 708 74 709

744 -NI 744 707. 744
791 II/ 791 77:0Z:

, 855 Y.4 856 S.4856

659 800
-1497 1097

1097 /08 1098
439 62P thg 6(49

299 061?-1 c. 300 iiZ2 594
653 0064 671 48/ 672

414
-

261
1019

569
602
790
854

706
744
791
'855

428
.1085
1096
1085

418
262
652

714
578
821
429

853

719 13.26' 719 8.45 82.0

580 =7 a 584 2_15

823 823.&/ 8244-
660 801

1 I

854



v1O3
v104.

v1Z5
v106
V107
v108
if111

v112
v113
v114
v115

-,Jv116
v117
v118
v119
v52
v55
v56,

v62

v63 .

v64
v65
v6(2

v67
v68

.1

x08def 744
x08def 744
x.08def 745

x08def 745
xii8def 745
x08def 745

x08def 858

08def
x08def 86
x08def 861

x08def 4862
x08def 863
x08def 864
x08def 865:

x08def 866
x08def 314
x08def 35

*x08deT 36

x08def 602. 789

x08def 602 789
x08def 602 789'
xadef 602 789

x08def 602 789

x08def 602 790
x00dgf 602 790
x08def 578 581

x08def 315

7'91

745
791

791

792

792

855

,79I
856.

792

856 a57
08

32Z
.-

323*.

853
853.
853
853'

790

854
791

718

324.

lesson name . eex08

starting date = 04/11/73 .

last edited on'08/28/74 at 4.39.22

by neal of course eecge

at s.ite 17, station.18

author name = J P Neal

department = E

,

telephone number 33-4351

d' pl ne EE

dfade ewe1 'Freshman

descripion of lesson . Messurements'of two-Port Networks.

n information

3


