e S el et el il Lt R e T LI ¥ SRR LR~ SR S V- DU SRR 1 T S L e I ¢

< . DOCUMENT RESURE .

ED 183 373" : P . SE 029 958
. . ) \
TITLE " Fundamentals of Electric Circuli+s., laboratory

\ Manual., - | . . ‘
INSTITUTION - , Wentworth Ins+,, Boston, Mass. A .
SPONS AGENCY National Sclence Foundation, Washington,” D.C.
PUB DATE 67 : .
NOTE . is2p, .
EDRS PRICE 'HFO17PCOT Plus . Postage. ;-
DESCRIPTORS *Collega gelénces Curriculum Guides. Electric

Cirguits: *Electricity: Electronics: Higher
Education: *Laboratory Manuals: *Physics; Science
Activities: Sclence Courses: *Sclence Experiments:
Science Lakoratories: Teaching Guides . .

ABSTRACT e

- This 1aboratorv manual cov@is%s of three major
sections, The first section deals with Direct Current (DC)
fundamentals, and is divided into 17 phases leading towards the
design and analygls of a DC ammeter and a DC voltmeter. Each phase
- consists of fact d problems to be learned in the phase,
preliminaf?‘discussion, laboratorv operation preccedure, preparation
test, and concluding discussion. The second section 1s. designed to
fapiliarize the student with the oscilloscope. The third section
deals with/ Reslistive-Capacitive (RC) transients. The purpose of this
section 1s to Introduce some of the basic principles of RC networks
and Resistance~Inductive (RI) networks. Directicns for the use of

s$tudents!? laboxatory kits are also “Included., (HUM) .
T {
i v - J‘_ . h
} .
}\ ) . %v/ _‘-

't~.~ -

. AR
**m********w********************w*****m***$*****************mw*** 3 e Y
L Reproductions supplied by EDPS.are the best that can be made * : p
ok frem the oriainal. document.. *

***********************************ﬂt****** *****************************

I3
A
~y

-
) .
N °
. .
\ . . . ¢
. . .
A . N . .



7

' : . vl OR ?ARTMSNT OF HEALTH
) EOUCATION & WELFARSR
: NATIONAL INSTITUTE OF
GOUCATION

» Tmiy DOCUMENT NA?‘ BEEN HEPRO:
DUCED EXACTLY AS RECEIWVED FROM
THE PERSON OR QROANIZATION ORIGIN-
ATING IT POINTS OF VIEW OR QPINIONS
STATED DO NOT NECESSARIY REPRE.
SENK OF FICIAL NATIONAL INSYITUYE OF
EDUCATION POMITION OR POLICY

.

£0183373 @

Y

PERMISSION l() REPHODUCE THIS
MATEHIAL HAS BEEN GRANTED BY

Mary L. Charles.
TS

TOTHLEDUCAHONALRESOURCEQ
INFQRMATION CENTER (ERIC) ©

1
’ ]
. X . .
Fundamentals of Electric Gircuits
g V4
.
0. ’
4 »
¥
: .'.,' ‘
. x /i-\ '
i . : Wentwpx% Institute
R . A ‘4 ‘
. " Departument of Eleg{ipnic Engigeeryﬁéf echnology
5 » ‘, :4

- SE 029 958

-
O : , . ‘.

. ‘ .
"ERIC T
S e

B T T e e

; 3 et
]
-~ ”
. N
.
<
i
- &
s
.
N ‘
.
Yy P ® i
- -
N 4+
. .
-




AT Ayt ooy e ST ARRENT S S SERALTTTR TS UTTRTTES TR Y T ser it e e b

B ) : - m— 5 petre = T AT e e iy e
LA . e .
, o .‘_ﬁ.. .~ :‘.- A
ey " ) . * . ¢

L A , . ) .
4 A .‘« L ,g' “ 4

EREA R A ‘

. : - .

N '
'#yf{ . _ Vectot kit

Principal
‘i_. ’ . Phase
_“./f/ _ _ f Phase
L

f
} 6: rParallel CLTCULLS - flcerrasvrnyttentenenenenennn. 37
v . 7: Powér ..... ...a.....& ............... Sesesenns ;ﬁ ........ bt
8: Maximum Power Transfér........ceveeveunnn. NN ST 52
. ‘ 9: Loop and Nodal ANBLYSES. ottt et i, ‘60
h 10! Thevenin's TheQrem....k.,.:.fg..,.' ..... ceeenas .:';"": 70
11: Norton's Theorem..... i{a .......... eseseee e e 77
12: Superposition Theotem. N :b et eeeeeaas ET 84
’ 13 Voltage Dividexs.: ...... “ ‘ 91
14: Current Dividers..; 97
15: Ammeﬁers..,,....... ........ | f‘ .. . 103
. ; 16: .Volpmetéra....;..' ....... 112
17: Loading Effect of Voltméﬁeré&a “ne .-‘ ;. ﬁ.;. 118
) Principal Prob%em Two: Oscilloscope...fg. ’= 122
Principal Problem Three RC Transients...,.k\' .‘;Ig o :, 136
\
P N
@

L)

. T . .
£PUNDAMENTALS OF ELECTR1C C1RCUITS:

LABORATORY MANUAL  ° | -

|TABL§g%f contents . A
.o KR !

. ) l _ T~ pagﬁ
d{rections. ...;...p.t.f..\.J.{ ........ EEEEEREEERREED e 1
Problem One: D.C. Fundamentéls.;..., ......... ..:..; ...... xx é
l: Resistor Color, Code....... Ceeeaan Peeeeetecaaereaan. oo 6
: ) .
2: TLabbrgtory Wir;ng-Techniqueac ..... _...i:.,,.,l.,,,,,.!, }9
3:, Voltage Relationship of Linea},Compbnﬂnts.f.... ....... 12

4: "Current-Voltage Relationship of a Nénliqear Device.... 19

5: Serfes Circuits........ teeean Peerertataenaans eeee e .29

- ’
.\'\.<



above has been‘rec$ived in good gondition.
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The vector br?adboarding kits (one for each pailr of -students) are t6

A

-

be qigned’ou% for the gemester. Theirrraturn in good condition, and com-

\

plete, will be xhe respon;iﬁility of the Btudent Students will be Lharged

for. damages and/or 1089@4/‘ Each kit will be stored in the Flecpronica De-

pnrtmont btockroom when not ip use in the 1ab0ratory . %
. . //
-Lach kit containg: e ; /
- /
-4 aluminum side rails and fastenecrs: 4 // ’ .
. ) ; ‘ .
1 aluminum bottom plate and screws - . ',*
I piece of phenolic vectorboard,’pﬁﬁched _// ’ S -
- % S ‘,-’ .
2 bus bars . / )

20 spring clip terminals | -

Check your kit when you recdeve jt. Sign recel t ‘indicating material
“ .

ﬂf.-—\ .
Directions for use:
‘ »

f the bottom plate.- Gently pu}l

-

(1) Remove the two screws at one end

@ @

nd remove it. Smgll parts'are

'S

stored ingide, . 3
(%) Special cablgé are provided 1;connecting to Wentworth Institute

-standard 1aboratory instrum nts, These have a banana plug on one
end, and ﬁlips that fit b
Y ) .

’

’
.

veen the coils of the spring on the spring

- “

/

(3) For short congections b twee¢n spring clips, use bus wire, obtainable

clips,

from'thqistqckroom., Fpr longer connections, use spaghetti on the
[ j R ‘\. - . )

* bug wire, or-hookyﬁ e%
. A
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which will pc turned in at the end of the semester.

.

When the kit {s to be stored, reverse the phenolic board so that

& v '

the parts are ingide the case. Put loose parts inside the  case -

9

and replace the .end rail. Replace the two screws on the botton

plate and t%fh the kit into the stgckroom for storage.

Scparate from the vector -kit, each\%tudcht will receilve 71 resistors
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D.C. Fundamentals
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§§ptemehtrof sthe Problem: -
!
This principle groblem is divided into 7 phases Leading
N

towards the success{ul design and analysis of a d-c

~ o ammeter and a d-¢.voltmeter. In order to complete the

- .

. .
solution we must gain e¢xperience with basic circuit analysis,

-
\ \
’

.

Preliminary Discussion: . . '

- )
JThe d-c voltmeter and ammeter are the most "important and

| _baslb instruments. Their use must be mastered by the tech-
nician. WO.will of necessiky, apply Ohm's law, Ioop and
nodal analysis, and network theorems to complete the problem.
Each step of the problem will be baséd on the successful com-
pletion of the preceeding step. Much of the required guidance
. will be furnished in this manual at the place where it wiil
. : ~ ' e be needed. 'I‘his"‘problem in turn will be the foundation for
, the next, and solon, for‘the rest pf the entire curriculum.
You will need to master néw measuring techniques as they
are requiréd, and apply what you can leérn, both in the class-
rdom:and Ehe laboratory, ta ‘this problen. The instructor
will poiﬁt out other related concepis and similar problems
which you can solve after increasing your.expérience té the
lllévgl reéuired.by the solution of this problem. Pléase write
all your data, caICulations, cgpclusions reasoning and obser~
vations immediately in the notebook.- Rg&gin a récord of 911
your errors since we sometimes lga;ﬁ mqré;by our errors than

.
) 2 3 1 . . - ’
o .
.

our successes. ) . L
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Facts and Pr}éciples'to be learned in this problem.

AN .

The {atts and principles to be learned 'in the princiagl

-
. *

~problem will be cnumerated or contained in the prelimi- '

.
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nary discussiow of cach phase.
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Facts and pr%ncipléé to be learned in this problem

Regigtor Color Code -

~
'

a . *
(1) Memorize the resistor color code

(2) Learn how to use the C.R. Bridge

- (3) Characteristics of resistors are classified : ,

by color code

-

Preliminary Discussion: .o T '

L
L]

Resistors are classified according to their resistive. value

v

in ohms, resig&ance tolerance, ahd to their power rating in

- -~

watts. Figure 1 illustrates a physical diagram and the

-

electrical éymbol for a resistor - - N - ]
CETIT Y. e
AR X ) “e Electrical symbol

L N Colored bands
Physical diagram 7 .
Note that the resistor has four colored bahds around: the .

bl

which indicates the resistance valug and the tbierance.

registor

.
’

The first band represents the first significant ffgure. The

-

second color represents the second sigﬂificant figure. The

third color represents thé multiplying factor. The fourth.

.~

color (gold or silver) represents the tolerance. The standard

reéistor coloxr code is listed in Table I:

, . /.



Color Significant Figure Multiplying Value *
Black : ; 0 1 ,
Brown o £r . - 1ol :
Red .2 . . 102 \
) . < . 3 - ¢
Orange ' 3 10
v ’ ‘ ) ) o * ' 4 ’ R
Yellow . 4 - 10 /ﬁ .
. . i . M - . ’
Green . 5 . : 105 LI
Y .
Blue , 6 108 ,
Violet - 7 : : 107 )
Gray o 4 8 ) 108
. White - 9 B 107
. 2
Gold + 5% tolerance - :
/- . -
Silver .+ . 110% tolerancg . . :
No Color +207% tolerance: t

Table I - Resistor Color Code

s

Table 1 - Resistor Color Code <
—————— . . N

AB an exémple, let us determine the resistive value and

tolerdnce of the resistor shown, below

\_,.,.,,.4 ’
i A}

-
.

Yellow Orange: .
| ﬁ“ ‘zl
T “7“’*‘ | .
Violet - "~ Silver _ ’

R ¢ Lo

The firstfﬁnd agconé bands are yellow and violet respectively.
- ) ) . -

The muitiplyingfband 1s colored Orange and .the tolerance band

° . -

is colored silper. Referring to Table 1 ylelds a resistancp of :

3 o, . ‘ Yo L«\ .
47 X 107 = 47,000 ohms _ 8 :

4

‘.. - _..‘ \. 1?13 | . -’



Laboratory Qperation Progedure: o,
| 1, Fro& color cade detcrmlne.the resistive Valué of . the
7£ resigtors you have ;e;eived\i Make a li;t in your _°
notebook for this will be‘verx gééfﬁl in later work.

2. Obt&;n and ngdylthe‘type lﬁSdk }ﬁpedapce Bridge

with the Céﬁdenséh Opefating'ln;trdétionh. Measiire |

the resistance of ten different resistors on th¢x1650A

»

Impedance Bridge and compare with the color values.

Al
[

Do these valués lie within 'the tolefance'indicated..__ y

3.. Measure the same ten resistors with an ohmmeter and

s compare results. : . » ’
. \ . . '\\
Preparation Tegt: . . )
* « Determine the resistive value and tolerance’of ‘the following
resistors:
;!// First Band Second Band -+ ‘Third Band, . Fourth Band.
o . & : . v -
\ . T * ' ‘ ] "‘: i T "
Brown Green : -~ Red Gold
Black -+ Orange . . "~ . .Green S Silver
Violet "o Red Violet . - No Colox
Concluding Discussion: - . . . o
’ . . Now that the use of the color code has been mastered, it .

_ - T
will be applied in some of the following phases. , .
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Factg -and Principles to be learned ‘in this phage.

T
S . ) . *

1. To learn how to construct a clecult from a SLhUmd[1L

r' ’ - diagram. | !ff - o {/ ‘ Co ) ,
Preldiminary . J : : o C
& Discusglon: Before any electronic problems can he:solved a basic knowltdge

[N

plus & m}nimum leved of: experience must be attainéd.i Only

. ’ ) e : .
. T after this foundat fon has beLn comp]etéd can the. studLnt divert N
his dLLenLion from how Lo uso th‘icools ofvglectronias Lo apply~ ’ ff'f
" [ 4 1. e -“l C \‘ 'Elg T \r : e "
-~ - . e e
in& thegg tools. \Thiq phaéﬁ is’ deai5ned ‘80 thaL Lﬁh GPAPE 5§§&;n Cog o
e . . . X . . . "6*. '. .‘” .. - N
i v gain an_elementary proficienby in constructing a circ@@%Wﬁfﬁm ;f' i
°. _— A . "‘%'_ - Sl
O : a schemgtic diagram and gain experience'in the cpnnection of R tee
. ¢ P y ""- - ; ¢ B °‘~-,'__'.'.‘
t ogs meters. . e o ; _ e _ T -
° e
‘ : : 3 o //{‘ . Q - _ . : , .
: * Laboratory Operution ) 4 . 5 R - S Y -
vV ‘Proceduré: . ’ _ - - T
“tConnect eaéb of- the circuits shown 'in thé schematic d%égrams -
¢ » - - ) - o *
. below. An instructor must check each setup before you proceed -~ = .
S— “ . ™. with ghe nekt one. -
- ) . 'Note: “Do not apply power to any of thse circuits. - L
. - ; » : ‘. J ' o X ’ ) '- -
4 ‘+l . -t = . o
() - -
[¢ N )T ,
¢ .Q\ . ' ) ¢ - ) )
. . . ) — ) : ’ _6 > .
.t Wentworth =t <E; 26K 4.7K i >
.‘.k s N ‘e-—qe:m . % . ~ .
& Power Supply i _ . S . )
& . . . . ¢ - .
. .- * ‘ . v R -40‘
L] . e . “
. / -« ) E . ,
' Figure » h o
[N LY . '
° v s
o / . . N f.
W - ~ v - - ) . - +
N . ’ - o ¥
- . . . !
. . . .;.9..,. , . ) . . a
1) R . '_‘)‘ . X - - .
- *N -

SRS “« R
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be + Concluding » e .
_ Discussion:. ‘It should be concluded naow that the most practical way
: . . p‘ 1 Y
.aﬂ . to construct a circuit is to 1ay it out as closely as possihle
Yy
@ to the circuit schematic. When this is done, it is easler
" - to troubleshoot and, identify differept components.
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Phage 3~ Voltage Relationship of Linear Components ) ’ .t
. ' Facts and Principles to be learned ‘in this phase: _
1. Ohm's law -
‘ ‘ -. . : - N - N ’
2. Charagteristics of a enies circuit ' E
\ - » ' | . ) \ . _/’
3. Characterigtics of a parallel circuit. -
. ¢ .-’ ’ . .'.’_- ;'\
Preliminary - R , ., E /
Discussion: Ohmls law states that the value of the currcﬁ\_l; in a dincarx
T - Tregistor 1s7directly proportional to the appl _i&éﬂ"étri’f‘dﬁa T
: { ) inversely proportional to the resistance. _.M'a,ﬂ\ematféally
L ' C :
- this is expresded as: . 7
. 1 = __1..:1... ,J/ -«
: R 7
, where 1 is thé current in amperes, E is the applied emf in
) ", - volts and R is the resistance in ohms. - =
. - This phase is concerned wil.th' the current - voltage relation- .
ship of a linear resistor. If we assume that the resistance
- . * . . g
is constant, a plo't: of equation (1) -results in & straight
line which passes tf\rough the origin and has a slope of--l_- on
these coordinates. This is illustrated_in-ﬁigure 1:
co I'a . .
. ¥ T Y
.. P A . . - N Slope = -“I]i 2
» - . .
° 4 4 la ~ 1 “'
4 * ¥ ‘}?
v L
.“.. h -
. " Figures 1 - Plot of Equation’l.
f ~ ' {
]2 - 8 .
. i |
5 .1\)
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.., . .

_ .. . / .
/. reBihtor.» Since curve is a gtraight line, the resistor is a
o ’ ) (o -’ o _ LS

N

,"fli"n at device. - Note that for negative values of applied enf,
. . l./ . \ .
the charactekistic curve ‘is atill

¥

‘fphegcu{feng revgrséa b&t!
* ' .nlin;’.,a;r. A nodlinehr d?{r'lc_g, as o.ne migh‘; sus‘pect has a gurrex‘]ta
o " - ‘:;o’,léagé.:c-harac.t.eristi/é/ that is not a Btraight‘ line." A %‘non-—iidear_
S / ‘ ' : :
./., d;_vib(‘. will be d;@cu/ssec‘l in phage 4. ‘aNost active devices such
e ‘ I ,,____--_"/.ﬂ"*‘ '_t;‘?F}?iust__o.rs__ﬁllﬂ__ vacuum E.\!.b.ﬁ;%%_a_r_e_m_nfl_:_i.ns;a__t but _'_.t,hey_ _siq__h_a_ve__._.
s ) _.) ‘f“' .!?jr }Qgio;s ;herg théi;‘currentquitage chérééte;isitics are-lineat.

v

¥ ' oo ’ .
1Y
p . . v

L x \
. _ Laboratory® Operation Procedyre: c i
— :

.l,u / ! \ ~
- SRR 1. Set up the cY{rcuit in Figure 2.,

;o 0 T . 15v

[ : '

/ : —

/ , .
foel \ ; \

b ' Figure 2 - Circuit to determine the current-voltage relation- ..

v , : ship of a resistor
&,

. \{} - ' \
v% o . 2. Vary the supply voltage from -15 volts to +15 volts in 3 volg |

steps and record the current and voltagg;readings of the 1K

N

w ; ohm resistor. . - '

. .
b . ®

3. Plot the current versus voltage.

| 4. Determine the regsistance from the slope of the curve. o~
- /o- . ! )
5 5. Measure the value of the resigtor on the G.R. bridge and
. . compare with your answer in step 4. /
® ' ~
- . ; . .
. »\ . ) ’.5‘
L B "““f@.
» v o e ‘ 'E'f’ '
- es{L', . . * -

e TR TR e, S n A s R, SBT L L e s a4 taean T TR
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6. Repeat for R = 3.3 K ohm and again for R 3,10 K:ohﬁt

plo

this problem. The following is a graphichl

anaiyzing a networks Lgt us cpnnidcr the

A
culit shown below. ’ ///
N R]--A N
7 : o /
. T ’ »
- Gt \ (: .
L I \\R
E - , MR 2
. R3 T a

. Figure 3 ~ Siwple Series Circuit .

It is desircd to determine the current flowing in this cir-

»n

cuit. Once again the analytical.method ja/ihe easiest way

to solve for the current, buf we will golve for this circuit
. . e ]

by graphical methods. We can obtain the 1V curve for the -~

)-.

Lhrge resistances in series by the followi{? method. Sinda

the resistors are connected in geribs the current will be the' *

*+  .same in each resistor. Now from the curves of step 6 we take
. 3 . , . .

and add voltages of the three IV curves for'given values of

R ]
-

currents., This should be repeated for three more currents.

“?ﬂ&Connecting these boints results in a straight line. This is

the composite IV curve for ,the three resistors in series.

iy
t

-

o e



A

&
& .
wy

rocedure is fllustrated in Figure 4,

-
1Y

I A "Ry N ) . ~
' . ) 1 R2 P ) - . . .
. ' / . Ry . \
A 1V . RT
! . . , . . - .h
4 .o NS "
VA v ..
LA L Rp = K1 + Ry + R3g y

curve for three resistors in gseries.

L4 )
Figure 4 - Graphical.méthod of determining éompqsite v

«

»

. Unce this composite IV “curve is obtained wé can determine

L Ll R .

what current will flow for a given source. E.

»
-

Using the three resisters ofjsteps 2 and 6, and a ,supply

voltage of 10 volts, connect them as shown in Figure 3.

-
\

Measure the current which flows. From your composite IV

L=
1 ]

curve of the three resistors in sgerles, determine the current
¥ . . .

-
, -

which should flowi{ Compare these two currents. . v

Repeat step 7 for the case where. the three resistors are in

- . o~ . . $ o
jpafallel- "Note that in tﬁis case, the voltage across each ’

resiston fg the. same, therefore we will have td add currents
for given values of valtages in ordéﬂ to obtain the composite
. . 1

IV curve. .

ona



Preparation Test:

e . < I e R A e B e

o

s

l'

[

&

6.

. - s *
WHaE Is Lhe resistance of a piece of #18 gauge wire ‘k

fifery féetrlong which allowﬁMQSQ amperes to flow when
‘ ' : . . N

= : C oy
conmected to a 100 volt source?

. v . ~y [ &
~What current wlll flow thraughr a 39 kilohm resistor when

. 1}

cnnne&fod_fo a 117 volt source?
Which ofhthé followiﬁgﬁc?é¥dinates_do not fall on the volt-
amperejcﬁar%éteristic of g'ﬁSOO Q2 gesistor?
a):'ZZS‘Goltsg%’150“ﬁ;' b) 150 voltgs Q'ioo ma

¢) 15 volts @ 1.5 ma - +d) 200 volts @ 133 mg -

With the resistance held conéitant, as the voltage Increases,

(s
' ) 1.
the current ’ . .

<

As the resistance'increasqs, the slope of the volt-ampere

curve ) .

b

Four out of five_fesistofs connected in series are as follows:

100 ohm, 680 ohm, 470 ohm, and 1000 ohm. Find the remaining

I4

resistor if the'-total voltage across all five resistors is

2Q0 volls with 65.2 ma flowing ﬁhrough them.

§eas
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Homewo\rk Exerciges: =~ - .

-

L3 S

. .
Draw. the compoaixe\'%rves for the following circuits. \

: .
. . IRl . Shqw \Jorkl. .oy - : . ‘ %
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. Concluding Discussion: ) ’
[ RN ' v ¢ .
In this phase, we have solvd a simple serids and a simple
"\ parallel network using graphical techniques. .In some of the. .
followinyg phases, we will solve~more complex circuits with
the use of some-theorems and applying systematic treatments. ‘
. . . '
A . ay *
N S, . .
- L 4 . .
. 1 . ’
8. e . . o
g
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Phage 4

\

Current-Voltage Rélationahlp of a Nonlinear Device

-

Facts and Principles to be learned in this phase;

.

4

1. %Yo gbtain IV cuaractefistica_of'a nonlinear dewice,

4

2. Uaﬁvof the 1V charécteristic curve .

3. Graphical s¥lutions of nonlinear circuits
a ~ n. . * ° N 4

Preliminary Discussiont A

1 (ma)

EER A

o

o - ‘ SN .
Figure 1 {llustrates the IV characteristic of a nonlinear z\

device, the PN j'ti_on diode. e

7» . '
.
.
! .
.

Ay
fa. ” AY
S R, -__~4mm~m+~vm4-m-+———~¢«;w;»~m) e
1 2 3 L4 56 i \Y (volts)

Figure 1 ~.iv Curve of PN junction diode.

One way of defining a very useful "resistance" {s, the ratio
of a small vbltage change to the conxesponding change in current.
ihiq useful patameter‘is called theﬁﬂncremental resistance. This

is illustrated in Figufe 1. Note Lhat‘yhis resistance, (rd),

[y

’

changes at different points along the curve, N
1 - )
ey
; . . / )
R ' ~19-
PN
[
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" Laboratory Operatlon-PToccﬁure;

l'

Construct théﬂzircuit of Filgure

2200

—AAN,

Ao mieey”

LI

Figure. 2 = Circuit used to obtain-data—to-pléthlv-eurve--~---~m»-—~m—mm--

of diode

L

[

N

The resistor R is used to limit the current'through the Y

\?'Vary the power supply fo

. . (

IS

should npte thgt'thg PN junction diode is a temperature.

'dépendent device and applying a voltage . across it as in

~

‘diode since excessive current may destroy the diode.

rm 0 to +5 volts /{

_resgpondding readings of diode current and'diode voltage.
. : . ) :

[y

ahd obcaiﬁ cor-

Y

-

'Plot diode current versus diode voltage. This resulté-}_

An the IV characteristic of the PN jdnct;oq diode. We "

Figure 2, will heat the diode. The increase in temperdture

wlll change the diode's characteristics. Later we will

ghow how to avoid this heating effect by obtaining thé,IV

~

characteristic with sweep -techniques.

¢

As an}épplication in the use of the diode IV curve, let us !

consider the cifcuit of Figure 3,

R '

-

Figure 3

-20- &

R AN~

\eata, v o e b - b ¢ i b 72— aar

-

A
Y

~

v

¢ +

A i. . | -
.I> X/ IN1693. ~ "
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. Since” the resistance of the diode is a variable quantity
it ig not easy to ngﬁdict by anaI}tical methods the current

LS

-~ - 4 . ' . .
1, which floyg in the circuit of ﬁigure 3. It is possible

to predict the value of current by graphical methods. There

“

“are two gene%ql graphical solutions. * These are:

<

ccen ' 1. Composite IV - curve

2. Load -~ line method

S -~ The first method ‘1s-as follows:

-"Fifsthit iS'fequired fhat we have the IV characteristic of
.the diode. We then plpt tﬁe v characte;istic of the reaiQQ

~:xor on the same plol. Since this is a series circuit and
the cufrent is common tp both coméonents, we add the voltage

" of the‘resistor“to the voltage of ?he'diode for given values
oﬁ current. Tﬁis\fésults in a composite IV_chfve which
represents the registor in series with the diode. This is

- - ‘

<. illustrated in Figure &,

Resistor .
Composite

-

Figure 4 - IIiustrécion of how’to obtain

K

Composite'Curve of a Resistor in Series with

A Diode
2] 34

e o~

f



 The procedurg is ag follows:

o~

~
-

If .the value' of E is given, we can obtain the circuit ‘current
9 @

bj projecting up to the composite curve and f@gaing the current,

.Note that we can also.ﬁick of f the voltage drap across the re-

~

sistor and gerxoss the diode. . . t T i
eross - v )

[
L 4

For the circuit of Figure 3f.determine the composite 1V curve

of &hc resistor and diode. Use the IV curve from step 3.
1009 g

.
b}

+

- E | 1 V-’ XZ IN1693

-

Ju— N

Figure 5. '
For the given supply voltage, ‘determine graphically the current

which will flow. Congtruct the ¢ircuit of Figure 5 and measure

>

the current, the voltage drop across the 100 ohm resistor and the
voltaée drop across the diode. Compare your gﬁsults with_the :
- l N .

1 4

graphical approach methods,
The second gbaphical procedure;, the load - line method, ils much

faster since we do not have to determine a composite IV curve.

. . )
. . . , »,
It.is desired as before to determine the current. and voltage
© . . | ) : "
drops of Figure 5, Writing Kirchoff's voltage equatign results

-

in, o V= E - IR - - (1)

hhere V is the.drop across the diode. Solving for I in equétiop

] -
o~

. (1) and plotting this on a set’ of Ithoordinates results in a

v . ~ . ‘

Straight line. Therefore only two points are required in'équ&tion

(l)o- . , . E L. ¥ b} , 4
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- 0- ’ ’ ! « (’ - e
One point can be determined be setting I equal_tm zero in

. . 21

.' . (‘(]lll!ti();\ (l). 'l‘his vesults in V - ], Anothcr point on

! - v N

-

the straight 11né ig obta}ncd by- setting V to ero. This
@ - ‘results in 1 u'E/R _ . ' o o

) Tua .
’\'—

Summarizing, o e o %,

. ' | 1 =0, V=1F - ~ = . . AT

oL ) : AN .
: 1 =E/R, V=0 - - . : :
¥ Vot . - ’ .\' ! . 5 . .
Once these two points ware located on the coordinates, they

Cay e em R . - [ R e . e e o e A P Py
e . - - N Y 3 -

- R o O 7 _ . .
. canbe connected with a straight ling. _ o PR v :

a

Plotting this equation on the IV curve of the diode'resultsi -

in'a straight line which intersects with the diode curve. *s

\ . ...«

The . 5traight line is commonly refcrred to as the load line.

- . [
. .

2
e

. . ca .
. -
' . . . - e
) Al * . . . ARY
- O . . 1 . N a .
. : . ) .

2

$;““‘Diode curve .

¢ -

. ‘ .

4~ Load line ' -

e

K~ Diode Voltagé | JC“ b YR .. }“4 B v i' - .

Figure 6 - Illustration of Load:&ing.
. Construct the Loadniine‘for Figure 5 on the IV curve.of the

. . : . R " . .
‘ - dlode. Determine the diode current and voltage drops :and T

P

. : . compare with' the measured values. oo . .o
3 . v & e .
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Preparation Test: . ‘

-

-

Use diode characteristic curve on page 28 to solve the

»
following problems. : 4

-

— ¢

~

1) Find 1 and the voltage drops across each component in the

.. following circuic./
. . 2552 . , - ‘u
' RAVAYAY, > "
L= SRvAY
.. v “"::_—- M . .
1009 -
2) What value of R will allow 10 ma to flow in the following
. s = . 4
circuit? ’
& D @ . . *
A » ‘
1.5y —— |
- 5 B
- N /a"‘""""\ .
) N
Y -
) A}
N\
s £
J
». . : . '94 ‘ .
r - o "24'5:3 ’ ®
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Homework Exercises:

k. f"‘ ™ Drav the composite curves Yor the following circuits. Show Work
‘- ' . » »

(1) o Sam—

R - 1 A D1 o T .
- SSZT Dy
3

D2
- Y o S o . o
\Y
rd
) D R
@ Ny
¢ oS .
R &
y
5\
° Ve ‘o .
r é -
» " For the following problems, use the curve on page 28
[} * 3) Calculate the total resistance of' the circuit at a
v : power supply voltage of 2 volts, after finding the
- composite curve. _ _
. : "D | : !
p L | ’
.. t. ’ . n T
et 1009
2y e
2 _‘r.—
N - wT -
e ’ * ’ s
-«;%
. 25~ oy,
; 28

N e R P 1yt = = s s e e

.
‘o
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(4)

(5)

" Solve the following circhits for current, voltage across
the diode, and voltage across the resistor by the compogite

curve method and the load line method.

Compare the results:

D ’
LAY
— 50Q
v ) . .
¢« .
'Iiv) D’
gl
e i 2000
| a '
» (]
: - -26-
n29 *

®

i~
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Conclud ng_Dlscvasion:%

~

3
In later work, a graphical approach as well as an’analytical

‘_\approach.will be used to solve Jrapsistor circuits.

:\
\

\

\
5

a1
~27~
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Current - Voltage“Characperistic
*«,. for a Diode . .
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Current (‘ K
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1.0 1L | 2.0
. Voltage (volts)
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Phase 5 | Series Circuits . .
11age J ’ ‘ ]

PO

Facts and principles to be learned in tﬁiﬁ‘phase.
)

1. The current is the Bame through any component in a series circuit.
- 2. In a series circuit the sum of the voltage drops is equal to the

'applied voltage.

3. The total resistance in a series circult is equal to the sum of all -

1 .

the resistors.

) Preliminary Discussion

J

A series circuit is defined as one in which the current is the same at

any point in the circuit. Let us consider the series circmjt illustrated

5

in Figure 1: ' - - )

I ' )
TRy R2 R3
VAN - DA e e e AN
® S SRR
. e

e B e e e i e e e s e e, fa i ¢+ ot ettt *tand

Figure 1 -~ Series Circuit

The voltage drop across each resistor can be computed from Ohm's law as

-~y = IR \ (1)
N . _ Vg = IR2 - ) C(2)
. - Vg = IR3 . ' (3)

_ *
The sum of these three voltage drops must equal the applied voltage E.

Therefore
E= V] + V2 + V3 T "(4)
. 'Substituting equations (1), (2), and (3) into (4) yledds,-

. ' _ ' { E = IRy + IR2 + IR3 '

""29* 3{'} ' . £

VN o - ' o '
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<

’?Factoring ' v
E =1 (R] + Ry + R3) . ) (9) -
Dividing both sides of equation (5) by I yields
‘. ; ” .
— = R1 + R2 + R3 h

1

-
-~

This ratic, (the applied voltage divided by the current) 1s the equivalent
regsistance whiéh Lhé source éees. Therefore the total resistance which ié

seen §§ the source is R} + R2 + R3.‘

In general, for N resistors in geries the total resistance RT, is

'Ry = R} + R2 + R3 + ... RN ' (6)
{

~

" Laboratory Operation Procedure;

e

A Y

1. Measure, on an ohmmeter and on a G. R. Impedance Bridge, the values

of the fhree_following resistors; 56 ohm, 120 ohm, and 330 ohm.

o

2. Connect the three resistors in series, as shown in Figure 2, and

“

with an ohmmeter and G. R. Bridge measure the resistance between

n
poiﬂts A and B. . ~
. B ' - -.
. 560 - 1200 33pa , -_§
T AN WA LA - ] Y.

J o -‘

|]l - N
A ' ’ | B

* id

Figure 2 -~ Three Resistors Connected in Series « i
) - )

3. To'the circult of Figure 2, apply 10 volts between points A.and B
and measure the current which flows. Also measure Vi, V2 aﬁd V3.
Does E = Vi + Vy + V3?

.
oo . ¥

s

== [T
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‘ L]
— ,'l.p,, ‘g [}
r's A 'y .
\. [m. i A } . I
N : . v, 564
{ | .y
0y Vo & 1209
| i
t - .-
) . 3309
. . V3 2
, ]
) ' T . .? Y J

Figure 3 - Voltmeter - Ammeter Method of Obtaining Resistance

e e e

Take the ratio of the applied voltage to the current flowing ‘%

This gives the total resistance offered by this circuit. -

»

4. Calculate the total resistance in the circuit of Figure 3 using

-
. N \\
a

3. Compare the resistance of the series circuit obtained by the Ohmmetef,

equation (6).

the Bridge, the Aumeter - Voltmeter method and the calculated value,
. , . )

a
- . ’
. : l
. - .
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Phase é Series Circuit
Preparation Test ’ . . A

)

1. What veoltage must b§5apﬂﬁdﬂﬂfﬁb,the following circulit for the

reslstive network to draw 6.25 ma from the battery?

y
IK

[ i S P S S
~ 7 :

| . [

. L

E - . b0o%
l N 6.25 ma '! o - )

2. Determine the value of Rx for the conditions of thé'following

L

clrcuit.

2.2K T

1.83 ma . .
30v

AN/ -
A

AT & /' '
4. 7K ' -
LA S
¥ |-
\ )
. 32~ 25 ‘ )
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3. If 1/3 of the applied voltahe 1s dropped across Ry apd the remaining

 . voltage is dropped across R7.
a) Express E in terms of 1, th and R).
. b) Express Ry in terms of E and 1. ¢
1
“ﬂ ) > ‘
1 ./ .
E
- Sl —
@ ﬁ »
(
P
Ry (E (»3.2 ‘
o
T '
— e -
. ‘a °
A &
4. Express the voltage across each resistor in terms of E, Rr, and R2.
H ) E
A\’\ . . !
. ‘i ] ‘ .
Ry < s e . ,.
'1 . . ]
T ~ v \ .
s "
@ :
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Series Qircuit

Homewqyk Exercises

NS \ ° .
1. Deternine Ri, R2, R3 in the .circuit shown below, if the following

-

condi tions exkbsp: It = }50~ma; vy = 23 volts, V2 = 60 volts,

- V3 = 15 volts.

-

~

e WA
Ry
£

\ L
R R2 R3
- A WAL - e A A
3.3K 6800
P
« - 25 ma
37
~3b4

e S B e £ AT e S s B TP S L e AL A e e < e A o E Py T et




v

PPN ——

R2

i @ - - = - — -
) ’ oF R I l 15v
‘ . s ! . J ,
}
* Ro 2000
/-
13 4 3 R3
e e 1 RA_ P e
~ L I
. v
had
4
R1
. AN —
~
100y - --i- \ )
\ [ Lot e s et e s e —— \/‘ 4 - - N
| ~ [
. - \

o
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Concluding Discussion:

. .
- .
- % -
S . L

In a series circuit the voltage drop across a given yesistor is directly

proportional to that resistance. Although series circuits are seldom

-

encountered in practice, it is essential .that the technician learn about ft

-

before proceeding to more complex circuits. ¢
' \ '. +
N\ , - :
]
\
&
/ ‘ .
3 ]
a -
A * -
) , ) M * L
‘ A
' . i
]
v {
,
\ . ‘
- ' -
- 7
iy,
‘ . A -
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Phase 6 Pargllel Circuity .
l‘- . " s

Facte and principles to be learned in this phase

N 4

1. In a parallel circuit, the voltage ascross each component is the same.

. +2. The sum of the branch currents 1is Lqual to the total current enttxing

the parallel network. 5

4
4

1 - '
S N S N O
B ) R_]_ ,RR R3 e Rn »
for n branches; N e .
/ L
. Preliminary Discussion:- . ' ' a ]
. . A pa'rallei circuit is defined as one in which the voltage is common Lo
: all the branches in the circuit. Let us consider the simple parallel g
circuit of Figure 1. .
- i} ’ - ’
- IT 7 -
r Fr - é’i t - , ) 1
’ . E E Ryc 1 Ro ‘ L12 Ry g )
S I B
o Figure 1 - Parallel Circuit ) _
. . . s . -

Since the vol'tage is the same dcross eath resistor, the branch ‘currengs are

-

o

A 3 W w B < - s
| ChtRp 7 | S
' . ’rl} ) £ E‘a—- : ‘ ’ - ey -
. N ‘ I, ¥ Ry ; o (D
L ek | o 3




The total current (I1), provided by the battery ig equal to the sum of

hd #

. the three branch currents: This*{ig expressed as,
- ¢« 7 '
IT = X1+ X3 +13 -~ ] .(4)
Substituting equations (1), (2), and (3) into (4) ylelds equation (5).
. . H/ ?, e
E ,E LE | | , |
Iy R} + Ry + R3 A (5
Factoring . : - “
1., 1
It = E Pl ot e 6 )
T Ry R2 R3@ - () o
. e g e e ._._.-----—------E—-—-— TTomTToTT I T T T T T o . :
Solving for ©— yields , _ ( .
It _ »
; ! _ . /
| e ——d ()
& Ip L 1 1 .
RL ~ R2 " Rj

@ v

Thus the total opposition (resistance) offered by this parallel circuit is, .

1 » T
""“? - Rp = 1 1 .1 - (8)
L Tt Rs '
3 : Ry Rz R.'i
. or p{;tting equation {8)-Tnto the form below,
. , 1 1. .1 ' : '
S P . . 2
/ GG | (9)
’ -+
Eaboratory Operation Procedure: "2
” i
1. Use the same three resistors as gPhase 5> and connect them in ‘ -
parallel, . | /j

1

\ ’ ; e :
2. Determine the resistance by the four methods that we used in Phase 5

. “ N
/ -8 i ) Ty . . °

_aﬁh compare. . ¥
o 3. Construct the c¢ircuit bf'Figure 2 and_measure the bnaﬁéh cdrrenés and
. : . ' . « . " %
.. total éurrent. DoésaIT = 11+ ¥2 + 13?2
’ Iy < : , e
’ 7 | L I.. .  f1.m { . | L
v 560 ii 1 1200 < T2 33003 | 13
: L s v | . .
: b e d | o
Figure 2 . B '

A | 41 | o



Phase 6 ' : l Pavallel Circuits : . 7

e
- — $
/ ‘

: / Preparation tesgt:

1. What is the total resistance seen by the battery in the foli%wing

circuit?

—_—— - - — - = LRt e — et —"— v e ,__ R -
W4 . .
E == 2 1000 § < 2200 2 3300 < 4700
haad « ) ~ b
-~ . { ’4‘7

- t -]
. . > . , .
. .4
C .
T
9\‘_.
_ , » -
2 3 - " , %

2. What current is dellvered by the battery in the following circuit?

. /
®
e e e e ® N
. . 2
J " .
v oo N S 5
. 150y, T EZJK T v 5.6K EBJK
MR : .
h §

- -39~




y Y L
3. What is the current in each branch of the following circuit?

®
: 9 ma - - » . '
‘ ’ -~ i
‘ o
, E r | | Ry B S
£
]
h g
P
4. a)‘ Express the currvent through R} in terms of IT, -R1, and R2.
' b) Express Ry in terms of I3, 12, and Rj.
\ *
W\J. » IT
q ————
\ ¢ \ .
- E * N
E ___'_::L:“_ ‘f R1 “ é R2
)( $
(N : \ o
. iy
‘ g '
&
{4 . ] o
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Phage 6 Parallel Circuits
- Homework Excercises
! N .
1. What current is delivered by the ?ﬁattery in the following circuit?

100v = 52500 5 1K | ﬁ 2K

e c e

[

’ 2. What is the value of R2 in the following circult? \)
500 ma + )
, ) .
UV S 50 mal A S > R3
250v° o : ~ . S <
v > Ry SR2 S 12500
. 8
[
b @
! e A e e e :




FEREER =y

3.

R V’ \ 1
Ry b ' 30 ma
| Ry : * 15 ma
- | -
| ; , .
- . R4 —_— .._.._.._ZK..._.__.. _:.__ U —_— ..,_L;__, r—— am
' R . L — —— .i
. o < "< < <
200\’ '-__,_4 - . < R * R > <
SRy >R SRy S
[ . )
.
45
by 2
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Concluding Discussion: . : =
. A ~
- It should be concluded that the total current in a parallel circult )
1s equal to the sum of the individual branch currents. ’
- ‘ ‘ \/&*' s
[ ] T T
J
& . N v «
L] “ a
] " 4
~ a ; R
)
L4 ‘ M ~
° ™
) )
-
" . . ~t
® ~
‘ '// .'i:‘«.". )
) i3 A4 N, .
d() e W
o »
& . :
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" Phage 7 ‘ Power
Facts and principles to be learned in this phase

1. Concept of power

o~ s a
2. Power developed in a component is equal to the product of current
' and voltage.

3. Powér dissipated by a device is actually the transformation of

" Velectrical énergy fnto heat énergy. '

Preliminaxy Discussion:

> o
One” of the most important quantities.which one is concerned with is
the power thidt a component ox device is able to dissipate. Thus it isxvital
that an engineering iechnician be able to make power measurements and

by

calculations.

Discussion:

Energy 18 the ability to dq work. The basic unit for gnergy in the

MRS system is the'joule. Power, having the watt as its basic unit, is the
;ate of doing work. One watt of power is\geveloped when energy ig expended
at the rate of lljoule pex secohd; "The pawer develope& in a resistive circuit .
is given by ﬁhe expressiqn, |

) Pafxl (1) . ' -

To prove that powér has the watt for its unit, let us perférm dimensional

analysis on equation (1). .



fa v = v it kel bdell tare

o/

\.n. - A TR e by e s i arm " - 5 P i T s A R P TR ST U T e e 8 b Fom e e R

Since the.basic definitions of the volt and the ampere are,

p W
X ] A
' . coulomb second |,
" then )
- s joule cqulomb joule
l = E X 1 L -
coulomb second sec.

L

and from the abave, a Joule per second 1s a watt.

-

In general, the power developed in a resistor is given by equation (1).

PrExI W

)
and gince from ohm's law

» . E = IR .
~ then it follows that . i
‘ P=1IRx 1= I2R (2) e
L R \
and also ) | 5
* 4 2 ’ -~ »
"P = E x E.E. . t (3)

@ ol

Therefore we ‘have three ekpressious for the power dissipated in, a resistor.
. 1 : . K

4

.. The power dissipated by a resistor or a device i? actually the transformation
of electrical energy into heat energy. As péﬁer is dissipated in a cowmponent
ér a device, heat is given off.to the surroundipg air. If the combonent
or device develops heat more rapidly than it can give it off, theffemperatu e
of the component or device will riée to a value such that a balance_is
échiéveda 1f the temperéture 15 at too high a value, the component or device
nay be destroyed or its characteristics may be changed. It thereforg seems
logical Lhat the physical size of the component ot device hds a lotggo do
with its power rating, and in general, thelgreater its physical size the

, . .
~ greatex will be its power rating. D ' \\\““
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Lé%oratoxy Operation Procedure:
Uin
10K : 47K
. AN} e .. .
2! R ‘ \/\ﬁ,2 l
ta\\\‘\ . ' ' ~
| t . ' ' . |
100v-= - Eyn 0 |
f 22K <
ot T

+

Figure 1 .

1. Obtain and measure the value of the four resistors indicated in
Figure 1.
2. Using these values calculate current through and voltage across

each resistor. !

3. Calculate the power dissipated in each resistor, and the total power.
4, Setiup the circuit in Figure 1.
5. Measure and record the voltage drops across each resistor using
one voltmeter.
6. Measure and record the éﬁrrent flowing through each resistor using

one ammeter.

7. Measure line voltage and line current.

8. Calculate power developed in each resistor and the total power - .
" supplied.
. _ s
- 9. Compé?e the theoretical with the actual results.
4. —

- . . Y



. Phase 7 Power ‘ @

Preparation Test:

~ !

1. What voltage must be connegted to a 4700 resistor so that

1.2 watts are dissipatied?

»

¢

1 watt of power?

3. What must the power rating be of a 12 kilohm resistor connected

across a 50 volt so‘urce?_ # -
{
te *
/
4, What(iﬂ.the power dissipated by each reaiétor in the followiﬁg
circuit?
3.3K - 39K
i VYV — VW
. J R1 R2
- Y - i » *
< > -
“ R3§ 56K R 5 6.8K
! ' E}a‘r’\\
-~
: 5

wly P

2. What current flows through and 820 ohm resistor which dissipates
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5. What_ is the maximum veoltage that can be applied to the followihg

circuit, so that none of the power ratings are exceeded?

2.2K @ 10w
WAA-

“;___"mu_m_~m_~Nm”m"_;_MME“_;i:;n;uﬂ_w”__w_mwu_“mm“i,~“~nmwuw;__;7_m;_f_5,3Ku@w5w__m_m__w“_“_“m“mm__ e

|
7
AN

. R .
i L]
L 3 L) e
- A
coan L - - o~ L] ~~\/\/\/\. - e o e e o+ o)
4 10K @ 2w i
N .
. -~ -
. . /
.
«
® '
. N £
»
. \
\k
*
1
<
’ ”
#ﬁ" . » - : ) H
: o )
e
»
iy »
'S ‘
fild 4 ¢
' i . E
* / : .
5 51 . ) / % .
’ I . ® .
. ” . o »
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Homework Excercises: /
. \
Calculate the volfage across, current through, and pqwer dissipated
{Kgi each resistor in the following circuits.” * .
1 . o
: ; -~ 1.2K ~
9 ) N ¥ SN - o m——— \/\ [OOSR ——
N Rl )
\ L .
“ \ - . ‘
— 7 T egna
100v R2 < 5600
' ) ".Q 4
@ \ ks
‘ | e AN .
/' J.K “a,
’ I} W - . » E)
’ 2.
12K 10K -
[. . . \N\/\______.,..._.__.. ;.«... - ) ‘/kz‘\/\._—_-___.-—..
LY ) Rl . .
° - £
250 < < 5.6K )
VoL, = 5.6K 5.6K <. . A
- R3 . Ry Ry
! | ‘
' U A SUNUUUUPUUVUNUO SUDUMOER
.. .
p @ "N
_‘l’ R : .
‘ ¢
ol E A
2L . \
=49~ B
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* 3. Complete the following. table for the circuit shown below. What
. is the ba‘ttery voltage? (} -
?
- ' R v 1 P
. T | l ' B
/ Ry 22K ' 7.5ma .
_ U o N
* ,"; R2 3.3K . . ) a
¥ ;o | ! “
. R A J-R3 - I R 2.5ma ) o _ .
] - ] * — LY
R, . 2.5 |*
. 4 . ! \ i . A
W q . .
. v '. o '
a E e 3 ]
; . / ;
R1 - - R2 .
- p—— """“\/W\T*—'—"r—————\/\/\/\—f—-——-———-. > .
. E- _— § R3 .?Rz;
. ', . | R %
.« Ca s
» . l"- '
h !
3 / ) . ~
N ' ‘o \ ,
‘ \ N @ v
_ . . . -\\1.‘*:'
. . - 'wils t ( R
- Rl ~ , - "? o »
] ( | ) y R
. i w50 ,
< ' s LI Wy R
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Concluding Discugsion:

~

.

w

Later, when one 1s designing an émplifiér, wé will see that poﬁek

ae

calculations will‘ﬁ3ﬁg to be made so that the transistor is not danaged

or destyoyed.

’
13
~
“
* ’
-
-;v ~
L4 A
M
L3
.
.
r
. !
¢
- - o
h
>
.
~
.
¢
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* %
_r‘\-
*
.
.
LN R -
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Phase.§ ) -Maximum Power Transfer

. . .
. . .
-k
R . - . ¢

Facts and principles to be learned in this phase

P

-«

1. Internal resistance of pover supply must be considered in any

%
calculations.

2. Maximum power transfer occurs when load is matched to internal

iesistaﬁée of pover supply.

5

3. de_iabotétory procedures ' for determining Internal resistance.

‘25 -~ Preliminary Discussion: _ ' ’

T ' ‘ Every practical genérator has an internal resistance. "As current is

drawn from the generator the termina1~voltage of th@jgenerator drops due

- ‘ -

. ; to the drop across the Internal resistance. In addition to causing the .

Lerminal voltage to drop as current is drawn from the source, the internal'

— s
N
resistance places an upper limit on ‘the -current which thé generator can .
L o deliver and theréfore there i1s a limit to the power which a generator can
i deliver, This phase is concerne th the Pfinciple of Maximum Power
- . @ . Yo -
Transfer. ‘ v
o - - '“ - -ﬂ ’
> . : x e '
Discugsion:- _ - | . S . %
~ S ) ’ . . . . . ] - . Lo o : 3
. . . . ay ) ) . . P . ) . . .o ) . 3.

source in series with a resigtance (Rx). An ideal sburce is -a saurce capable
- . - - -_ .o
of developing a congtant voltage at any qurrent. The resistancg Rx I the "

-

- internal resiatance of the gource. A schematic for this QQU}“éiéﬁtupircuit
- o ! £
_ o . S
: 'l' ; | ’ <
. ' \ - P e e e o b e+ e
Yo v f;
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poo Ry,
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“i v S
- i Figure 2

S

-

is shown in Figure 1. .
4/ Rx
) - — e s A AAA )
+ R Generator
Ideal == Termingls
Source =
n
& r— e 0 . .
* N " ~

Figure 1 - Equivalent Circuit for a Practical Generator

" Ta“order to determine the effect of connecting diffefent load resistances

to a practical generator, let us consider Figure 2.

Ry

Let- us determine the power delivered to

‘ ~P];, = ILzRL
but
g
Ry, + Ry ’
hence .
E2R

PL = (RL ; Rx)z-

(1)

(2)

We will now proceed to determine.the value of Ry, whichgvill dissipate the

largest amount of power,

4

This'resulcs.in equation (3)

/

.1,"“5'3"‘
Su

To normalize equation (2), divide numerator and denominator by Rx

A
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(:1 + i;;) 17

L}

Py =

Table I contains data which was calculated using equation (3)

. ~_

lge 0 0.5 a1 L5 2.0 2.5 3.0

P 0 22282 (2582 2482  0.222E2  0.204E2  0.187

3.5

582 ,173E2

4.0

J16E2

' R
Table I - Valdes of Py, for Various Values of L/Rx

s

1.0 RLfo

o

*Figure 3 ~ Plot of Py, versus RL/Rx

Plotting the information in Table I results in the curve shown in Figure 3.

»
-

From Figure 3, we see that maximur power is delivered to the load, when

Ry,

maximum power will be transferred to a load when we choose a load equal to

the internal resistance of the generator. When this is done, the terminal -

% -

voltage of the generator becomes one-half of';ts open circuit voltage,and

\

the'load cﬁrrenc becomes onewhalf of the short circuit currents
Having established this, we can also use this procedure to

the ilnternal resistance of a given source,

4 -

determine

a4

] ' . §‘ .
R = 1, or when R[, = Rx. Therefore in general when Rx is fixed at some value,
X
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Laboratory Operation Procedure: | o

The internal.reaistance of the Wentworth Power Supply will be determined

LN

by two methods .

.
’ .
@

Method 1:

A

Set the power supply at 100 volts, (open circuit). Attach a potentiometer

Y

A across the P.S. and vary/:;/until one-half, (50 volts), appears across the

potentiowmet® . Diaconnecg

and measure the resistance of the potentiometer.

This is the value of Ry.

Méthod‘Q:

Set the Wentworth P.5. at 100 volts with no load (Inffnite RyL). Using

th% circuit of Figure 2, vary Ry, in reasonable ateps and record the voltage

across the load and current through the load. Insure that Ry, has a
sufficient wattage rating. ‘Rebeat for the Power Supply set at 200 ‘pmd 300

" volts (nq,~1?ad).‘ Plot the-load voltage versus load 'current on g;aph pap'er.

This will result in a family of curves similar to the ones shown in Figure 4,

o L — |
~ 300 A e R -
3 7 T —Ie . .
F(,; | - ‘~-—-.\\ '
3 200 7| el P
. B " }ﬂﬂ-v‘ - ) - - h h
B a0 ] T (950,30 m) ]
.4 . ' - —

g ' l ' 0 r

. 9 0 10 20 - o ;
3 . Load Current (ma)

Figure 4 - Plot of Load Voltage versus Load Current

et e e e



T TS T EEL T D RN T Y e SRR TN Dy SV P 1 P S e e TR

o~

Thé/xﬁf:::;; regsistance of the power supply can be determined from these

curved in the following manner. Suppose we wish to determine the internal

. ' resistance of the power supply at 95v and 30ma. With no load the voltage

-~

.is 100 volts. When the load {8 drawing 30ma, the voltage has dropped to
95 volts. Therefore the drop actoss the’ internal resistance 18 5 volts and

the internal resistance has a value of 5 volts divided by 30ma or,

Ryt -2V 167 ohms ~ -
( ' 0.03ma pos .
£ %
We see that Ry can be determined by taking the slope of the VI, curve,

T Using the 100 ‘(Olt curve.’ obtain the internal res’lﬂtance at abproximtely

* 75ma by taking the slope of the curve.

-
e
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Phasea B Maximum Power Transfer

! Preparation Test

B

-

1. 1If the-internal resistance of a 250 volt (open circuit) power supply
is 300 obms, what 1s the voltage across a 10 kilohm load when
- - N

connected across 1is?

- -
C ) |
2. If a power supply has a termindl voltage of 24 volts wlien a 50 ohm

load is connected across 1t, what igs the internal resistance and

open circuit voltage of the pbwer supply 1f the terminal voltage

is 23 volts with a 259 load connected across 1it?
® | ﬂ

3. For the following circuit, détermine thgﬁinput power, the output

+

» A3
*

power, the efficiency, ‘and the load resistance to give maximum

“ -

power transfer, - o
. . . N
s ‘ ) ” N
I N < ST T T ; - ) |
- | - J i . ]
' Lo | .
v . l ] \
Ve, VAV —— " — e e e ; I )
L[ e T .
i o , ’ SOOQ SK | | 8K - . | Load
l110 — " Y 10K 10 o < < '
1110w N 10K | . _ |
' ‘ S { ' o 4K o 4K |
: ’ i- l.;;
!
,, - le A B
. i B | !
' . e oo I
.- l B o . B . o b e - \,
- Power Supply ,
c,g ~.
- O . .
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Phase 8

Ty T —F R

Maximum Power Tranafer

Homework Exercises: - -

1.

resistance of the battegy?_;

.

A battery has a terminal voltage of 100 volts when a 2 amp current

is drawn from it. When the load is decreased so thatya three awp

. 3 r
current flows, the terminal voltage ig 98 volts. What 1is thelinternal

What value of Ry, in the' following circuit will give maximum

power transfer?




/
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Concluﬁfég Discusgion: )

- .

The maximum power theorem will be very valuable in the design of

power amplifiers. We will now proceed to solve more complex ecircuits

» -

with the use of loop and nodal equations.

-

£33
~542*
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g 'Phase 9 Loop and Nodal Analysis

o .

Facts and principles to be learned in this phase. ..

Y

AN
1. Electrical circuits can readily be analyzed by either loop analysis

{
or nodal analysis.

N 2. Any circuit may be analyzed by either method, but one or the other

may save work for a given network.

.

Preliminary Discussion: !

Passive electrical circuits are made.up of resistors, 1h§uctora, and
capacitorg‘connected in gome fashion and excited by sources of energy. In
analyzing an electric circuit,_it 18 usually necessary to determine the ' }
-‘I' ° - branch currents and branch voltages when the sources and component values

are known. Electrical circuits can readily bemaﬁalyzedhpy either of two

) -

. systematic treatments: ' _ —

A. loop analysis

B. nodal analysis

Any given circuit may be analyzed by éither method, but one or the other may
save work for a.given network.
Both of these methods will be applied in this problem.

In oxder to solve a network, we must in general satisfy Kirchhoff's

\

1

oltage Laﬁ§, Kirchhoff's Current Laws, and the current-voltage relatioq_o>

each component, ' . N ; r
\ S )
The two Kirchhoff's laws are stated as follows:
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A. Kirchhoff's Voltage Law - The algebraic gum of.voiggges around any

closed lqaf of a circuit is zero.

B. Kirchhoff's Current Law - The algebralc sum of current flowing into
any node of a circuit is zero.

A an cxample, let us consider the simple circuit iu Figure 1.

1w A v2 12
i + VWA - Q- e _\/;{/\Aw_ NH\
Ry 113 2
+ 4+ + .
L Ey e uvé,g_m__ : TILZT'WEZ _ )
- N R3 -
. ..-,' - . C - k:i::‘_ P L. - . 4.,_____,_.,__,_. .
) ==

Figure 1 ~ Simple Circuit to be Analyzed
(Q' ' by the Loop and Nodal Methods ¢

In the diagram we have defined six variables, a voltage and current for each

. +, resistor. Thus we need six independent equations in order to solve for

these variables, o
As stated earlier, we must in general satisfy Kirchhoff's Voltage Law,

Kirchhoff's Current Law, and component relations. By inspection the two
. p X
A

4 .

! . . KVL equations are; . .
El.=Vi+ V3 " | _ (1)
B2 = Vy 4 V3 - @ .
Note that applying KVL around the ouier loop yields,
| Ey -~ Ep =V ~ Vz
This does not give anyyadded information since this Fquation can be obtained
- by subtracting equation 2 from equation 1.

Now applying KCL at node A yields, . . . . —— -

I) + Ig = I3 ' | (3)

—61- Q{i . . . | hd |
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Also note that applying KCL at the other node, (gyound node), does not yleld

ﬁ. a different equation. -
.-_. ~ The three component relations are; /
: - | vy = IRy | - (4)

V2 = I9R9 ' (5)

Vy = I3R3 | (6)

We now have six equations with six unknowns. Solving these six eqﬁations

simultaneously will solve the circuit. We can save ourselves a lot of work
i '

~_________._._.._4__._.if..wnsa_.d(af.:I.ma._f.he..«var;mt:;lees--:Ln-a-::;(mlex«rhat:'-—difi.’tr'ﬂ:*exat:-i;lr.‘sty‘---t:lmt:---aatbovvez.--"'""Laset:“m;‘"'"“""'"""“

~

firgt tonsider solving the above network by. the Loop analysgis method.
Instead of defining six unknowns, let us define two loop cuqrents as shown

in Figure 2,

Figﬁre 2 ~ Circult of Figure 1 With Asaigngd Loop Currents .

Theseg¢loop currents automatically aatisfy.KCL equations. .Thie is readily

N =

seen by summing the currents floﬁing into node A,

I1 I+ 17 ~11 =0

~

thus KCL.is gsatisfied.

e —

+

Now we need only write ﬁéi around both loops resulting in equations

7 and 8. ¢
& .
E;j = IyRy + I3R3 =~ I2R3 : " (7) )

[ ' < aﬁz = ~]1R3 4+ I2R3 + I9Rp . (8)
Where we have introduced the coﬁponent relations directly'ihto KVL equations

‘as we went along. . .

A
Al . . ’
' - . . .
. ) N - l \ ’
. ‘ .
. i ! . *
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Combining liké terms in equations 7 and 8 results in, ' .
. Ey = 11 (R + Ry) - 12R4 9 w
' -E3 = -I1R3 + Iy (R2l+ R3) X (10}
Now solving équations 9 and 10 simultaneously yields Iy and Iy. Uaing_the
components relations, we can find the voltage ‘drop across each resistor. .

3

Note that we arbitrarily assumed the direction of I{ and Ip. A negative
X I1 or 17 simply means that we were wrong in our assumption and the current

1s actually flowing in é&e opposite-direction to that assumed.

The nodal analysis for this circuilt is as follows:

First we défine a datum (reference) node and define each unknown nqdef

voltage with respect to the datum node. These voltages will automhtically
‘le )
satisfy KVL. This can easily be geen from our example:

. b‘ i
! Va VB
p ' e A A e O O ATA T —
® o 5
* e .
. E) : s R3 = Ep O\
M 1.
- - P PR ’.jl:..._.--_.... R T R Q
© N Datum
4 Figure 3 - Circuit of Figure 1 to be Analyzed by Nodal Analysis
) Vp - (VA = VB) + Vg = 0
v .
We now need only write KCL equation at each node, in terms:of component
\
equations using the voltage variables already defined. This method
. - : A
results in only one equation (11).
Vy Vp - E1 Vg - E2 B
i e R eI .
Ry Ry Ry - Qn |
Afrer this equation is solvéd for the one unknown (Vg), we can then use
! the component relationa_td solve the rest of the network. Note that for
‘ this ﬁarticular_circuit, the nodal method gave the easier solution since we N
.‘ had to only solve one equation. This is not always so. And a‘s.é’x), example
\ \ )
A
-63- OB _
AN
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let us consider the circuit in Figure lo We wil] éﬁl-ve\ ﬂt}i‘“‘sthk %xr-re‘m,
" . . s, ’
’ in the 60 ohm resiator by both methods. ..
' . - ’-\l.‘. -
— - ¢
‘ .40 80 \ N
- s l W e ool
“‘i : e ' , ‘. .
. “ 100v I 60 150v == |
- S )
R ? S S I S '
) : ,‘../' . .
U U S _-@—12" Wi =Tl . ,__...__._:___\_;:.,._____.,,_,3.9,,._, [ R
' . Figure 4 - Circuit to be Solved by Loop Analysis **
) We have defined two loop currents Iy and 19 as shown., The currents are
' defined in this manner so that we nced only solve for Iy in order to
h obtain the current through the sixty ohm resistor. f
~ . s .
Traging around both loops, we obtain the following two equations;
100 = I3 (40) +-11 (60) + I2 (40) «(12)
4 . -
. _ 100 - 150 E\Il (40) + Iy (40) + Iy (80)  (13)
Combining like terus,
o, , ) . . ,
1100.= 13 (100) + 12 (40) ~(14)
‘ ~50 = 11 (40) + 13 (12?) (15)
Solving- these t\go equations simu‘ltaneously for" 11 results in . R
‘ I} = 1.348 anps . . & , L
L . . . :
N \ We will now solve.for the current through the 60 ohm resistor be nodal
analys:!.'é". Sulhming the currents at-node A results in,
or "
& . .. .
o - . Va - 100 va . VA - 150 ' : -
: w % %0 YT 8o ° Qe - |
~. . .
Solving for V, results in _ _ . A
. Vp = 80.9 volts o ¢ |
The current through the 60 ohm resistor is then’ ' W
. ‘ )
. ' ' VA 80.9
SR 1 = 0 60 1.348 aui\ps.
; .
fq
! 4
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Laboratory Operation Procedure; - « )
?d{ the followfﬁg circuits,
1. Solve for the currents and voltages designéted'3y‘ )
(a) loop analysis and | ‘
(b) ¥ nodal analysis, .
2. Determine the value of /the resistors on the GIR. bridge. :
TN A o %
3. Set up each circuit and measure the currents and voltages of
each resistor.
4. Compare the theoretical results with the experimental results
1?nd determine the\% error,
. . N ‘6‘
- _ %&?K Ry .
i c—— - ERPSY; N e -
| i *
. 207K “3.3K
VA RNV, VA o
1 [ R
25v = : 3 = 20v
.Ré 1K
3.9K l 4.7K
EAAR - SRAAVAS P
n Rs Re -
i
w , %;
’ - n@..w-\ - &
3
S 2.k ; 31'{9‘{
1" R .1k 2
1 K g3
EEQ2Sy [T TV -
< 6.8K V, s 5.6K -
N Ry
& v’
al w -
’ ey 5o




Phase 9. ’ Loop and Nodal Analysis

. " Preparation Test: ~ e

,

R
&y

1. Make the ﬂéeeséary corrections in the loop equations for the follow;ng_

‘ ° circuit.’ . R
% .
| |
N e S — - e
© Ry ) '
- g
d ‘ S Re
'13 e’
A 'J
.;_:,; Eg .
‘ ~E] -E3 = I3 (Ry + R3) + I Ry ° _ | |
¢ _ . - ' N
-~ E5 = -I3 (R3) + 12 (Rp + R3 + R4) -I3 (Rg) -I5 (R4)
Eg = ~I2 (R5) + I3 (Rg + Rg) ~Is5 (Eg)
Ep +'E3 -B4 = I4 (Ry + Rg) ~Is (Ry) % - S
_ N ; . ,- - _ ) .
E4 + E5 + Eg = ~L12 (R4) + 14 (R7) + Is (R4 + R7 + Rg) ¥ : b
# "'“’ ) B

.
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following circuit.

! ——
~— Ej

&
u

VAN »(r-/ e \/\,’\/\--'————»—- L SNy

R

L L L . T TR e

t

e “L“;Cw S e P T, T e SR Y

2. Make the necesaaryhcorrections in the nodal equations for thé&



Phase 9
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Loop and Nodal Analysis

Homeworlk Exercises:

F3J

R R R e T A S T s BTy e e

For the following 91rcuits, solve for the current through and the

voltage across each resfstor by:

-~

A. loop analysis
B. nodal analysis.
1. ‘
12K 4. 7K
SV V VAR
. 3
S 8.2k
< N .
S -
25v ~—== ”‘“"“{:i 10v
.- 15v
5.6K 2.2K
AN N A e T
2.
50v o
27K . 12K .
AV S ’f,}—- © VWM
18K , 22K
- \/\/‘_\/\ ‘ - 'VW' LN
‘ » §1x '
et 3 6.8K
25v N i ]
| L 1oy
, 10K 8.2K
P SR V. SRR S e e AN .
§

68 w1

VTS T e a
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Phage 9 Loop and Nodal Analysis
- Concluging Discusyion: coe | )

/A
The two systematic treatments for solving electrical netwvorks, namely

loop analysis and nodal analysis are very valuable when analyzing éomplex

Y .
circuits. e

In gsome of the later phases we will introduce some theorems, such as

Norﬁon's; and Thevenin's. These theorems are glso useful fot analyzing

complex circuits. "
1 -—
i *
N ?
- éﬁ
5
. ~N
L] w
L !
L T . N %
* ’ ~ *
W
. ] L) Q,Q
}
‘ .
9~ .
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Phase 10 S Thevenin's,Theorem ®

Facts and principfes to bé learned in this phase.

<&

1. Application of Thevenin's Théorem.a

A L)

Preliminary Diacugaion:

¥a
¢

— - R e s . ——- - — — e .

In wmany cases, a network can be analyzed more eaaily by applying some
network theorems, These theorems are general statements gome of which are

applicable to all possible networks and others are restricted to networks

-—

of a limited_clasa. Thevenin's, Noftonls,'and the Superposition theorems
will be discussed and applied ih‘thié problem. They will be given without
proof. ‘This theorem gtates that a network which feeds é load Ry, behaves,
. | as far as the load is concerned, as a single voltage source 1in serilith
a single resistor. Consider’the network illustrated in Fiéure 1. The

. A\
network in the box can be simplified by Thevenin's Theorem to a voltage

. , S
: gource (ETH) in series with a resistance (RTH). s )
\‘.' . . IL i
| 1y . N \, .
: - .0 — :
e| '**0“1 l . co
‘I Network contailn- % . _—
y ing Sources ané R S Rpu |
i ing Sources and § Lo ~ji. g R
! Resistors . =L : "
i R . ‘ : i~ Erg o X
; | B " ._,.—’-t e -. | N ‘|: L | . | v' . | EY
A General Network - Thevenin Equivalent

L.

Figure 1 - General Network Simplified by Thevenin's Thebrem .f’

. | | . . / “
The Thevenin equilvalent source (ETH) 1s obtained by~de$armin1ng the open

circuit voltage at the terminals of the original network., The Thevenin

t .
P . . e . - “a
Loee . N .
N A -~ r L .




equivalenﬁ resistance (Rry) is obdained by deterﬁiuinglthe resiatance looking
. back into the netyork with all the Qodrées set to zero. As an, example,

suppose we \condider the network shown in Figure é. It 18 desired to

determine jh} current in the 4 ohﬂgrosisfbr. This vulculatign can be

-

simplificd by reducing the circuit to the left of points A * B to its

. Thevenin equivalent, i.e. a sihg;e ideal sour and a single resistance.

’ . 2 A .

\ . ’ _ \,/\\\»_ N ’ o o,
———— - . - - . . . I . ) . . . l' -
1. 27 .
) [+ 15v 1 '
JSV - I - B
s - ’ N
Network to be Apalyzed by
Theven&p)B Theorem - -
. Flgure 2

| . The first step in applying Thevenin's thearem is tQ determine the open

circuit voltage at points A - B, With the aid of Figure 3 the-open circuilt °

voltage is as follows:

: N — . , -

l “vVWW C[~— o e 20 ,
17 [ 23 T
. T 1 ® .
-+ At €oc o
Vo
15v ,
[_ i \Y] ¢
. PR <
7 B
. Figure 3
. ‘..‘ - * - .
Solving for thé current I,.ylelds
.i - 35 =3 - 12
. 2 .
r 12
¥ v s ; |

74 _— T e




determine the thevenin resistance, we look Into terminals A and B and

set all sources to zero, This results in Figure 4.

¥ 1 2 . RTH
]
L -

o

- TFifure 4 - Circuit to Determine Ihgyeniu_Resiaagncgmmunnm,”w___m“_“”m;

Thus the Thevenin resistance is,

"3 (2 6 .
LR S

Ay

Therefore the éircuit to the left of points A - B can be replaced by

B,

Thevenin's equivalent circuit consisting of a\ﬂO.Zv gource in series with

a 1.2 ohm resistor. This is illustrated in Figure 5.

“

A &
° S ‘
1.2 2@ I {
. ' <
; . .b. . . - 3—&
10.2v 7T o
L
-, : B

Fiéure 5 < Simplified Circuit after Applying

Thevenin's Theorem

v

The current through the 4 ohm resistor is then : i
~

[« 10.2

) . 5 ® 1.96 A

As can be seen the original netvork is simplified to a single loop circuit.
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Phase 10 ' Thevenin's Theoxen -
Laboratory Operation Procedure:
Determine Ig for the three circuits below by applying Thevenin's Theorem
at the indicated points, .
Construct each circuit and measure IK.
- : P T T
: 2.7K ! K | .
20 b s wer yd
i ! I
- . 2.KS 1K <" 3.3K
\ <
. | l
Qa t
A .
g \
20
N\
o ..
- had - a
. 56K al o
.oa -V,‘\/\/\“ (r k\‘_ Ay
! ® \/-
39K - o | 1 .
120 > 6.8¢ 3 \L :
) : . }
‘ !
- J) AR | ‘
® "

- Jus
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_ . Phase 10 Thevenin's Theorem
*
i Preparation Test: i
Find the Thevenin's Equivalent Circuit for the circuits shown below.
100 58 3N A
- | VO YWY WA ey -
: : ‘ '
Z L »
16v .- Sl S 100 < 1000
g > | S N
- ) X ' ‘ ,
f o i g (
® 2 :
| )
Y * B
209 A 100Q " B 408
AVVAVE l» D AR € ; VA *
. t .
~ 300 N 200 600
lO‘V ) ! - . . ) }l \| N
i ' | | ‘
- 20v 10\{ Sl 20v
| 10092 3?“ | ‘
\// ."\-» 1 —-V«\ \,’\. .- ; ' » l -
1052 7 @ [ . _ ) -
< j ]
]
v - ,,"
. ; &
Q # . | - y 77 §
EK[/C( - : ‘ ” -. . .\ . ”"74*1 . . A
. . . ‘»“ Y . e . \ ! ‘ - B - . . L e . .. ¥ T
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Phase 10 Thevenin's Theorem

Homework Exerclees:

In the following networka, solve for Iy by applying Thevenin's
v\ ) ‘ .
Thedrem at points A - B,
g g e e e
A% T Xom VWA e v ANA
K L ‘ :
10 . 20 . 10 ZO\C
L+ ‘ + +
8 5 - 3o 8 ==
10K . 10K
o A v SV o
S : |+ ‘ 1 ' \ *
b . ;: TR S v <
: 40 725K L was 30K,
‘, . Y ke
L §
20 . s

. Y a 50 b .
20 , !.' A" N\ 7 Y - ].
' 20 Ix . 20
i ! ¢ -
i '
/
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Phage 10 " Thevenin's Theorem /

® o -

Concluding Discuéaion:

4

‘iy Application of Thevenin's theorem to aﬁy complex networks generallj

simplifies the netwd@k to a much simpler ¢ircuit. Although the circuit éould

14

be solved by Ioop or nodal amalysis, it is sometinmes ea%ier to solve the

. _network by applying Thevenin's theorem. . The next phase will deal with :
Norton's theorem, another simplifying theorem.
SN |
f Ku , | _ ‘
// . (’ i . .
/ , SN
\./. Finy
- %
\ ¢ K

=T
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Phage llf Norton's Theoren
Facts and principles to be learned from this phase.
* 1. Application of Norton's theorem.

Preliminary Discugsion:

Norton's Theorem replaces a given network with a constant current source
in pérallel with a single resigtor.
) . .
Consdider the network of Figure 1A once again. This is repeated in

Figure 1A with the Norton Equivalent 11lustrated in Figure 1B.

y

. . ' . »
- __,im..__ -1 . . . . , . ’
. Network | 1 ' _ .
: : _ ! L L :
. containing | N i L . l. Iy,
‘ o d < ISC{ A\)‘ ‘ RN RL N
! ources an Ry, - r ) %
i Resistors | |
- . i [ ¥
Figure 1A  Figure 1B - Norton Equivalent Circuit .
v The value of tﬁe'current source is obtained by placing a Bho%g\across .

»

terminals A - B and measuring the short circuit current (Igc) that flows.
The parallel resistance is the same resistance that was determined for
Thevenins equivalent circuit. As an example, let us consider the same:

circuit which was analyzed by Thevenin's theoren.




TN AT LTS e e s

R = TR Y PR F . i Sar O . T

2 A .
;' /\/\/\/ - '([ """" e ) — e
’ 1 2 S .
: ] 4 2 l IL\!
+ _
3 4. 15 1 ) -
. - 1o ) 4
.. |- o .
B
» B} . -Flgure 2 -

. N
The first step in our procedure is to determine the short circuit current

(Isc) which flows after we short terminals A - B. This 1s illustrated

X
in Figure 3. ~ -
2 A
: —"N\A v L e )
. : “~ o I I
_ h8c
1" 1 ‘J o2 12,] J o
R 15 !~~ — ]
- . J —_—
B
. Figure 3 - Circult to Determine ISC
. ' : —
Writing the two loop equations ?ields ‘
~ (3 - 15) = I3 (5) - I3 (2) ’

(15) = ~ 11 (2) + I3 (2) (iJfgjjn.

R ' v;Z = 511 -~ 212 . "
15 = -213 + 213 ©
Solving for I2 by determinants '
5 -12°
Iy = "z 13 wr =15 =24 = éi
Z 5 -2 10-4 6
-2 2 -
NS
~78-
£\¥‘

(1)

{2)

(1)

(2)
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'Thefafﬁre )

’J S Igc-m 12 = 57

vy

To determine the Norton resistance, §¢ set the voltage sources to zero.

. ' ’/;égké_cirCuit then results in - i ; )
Y | ‘

s ‘ G

N : WA~ - A
.o
1 \ 2 . ‘
5 vy < ) Rin
— - [ ! } - _ .
thur% 4

Solving for RN yields, as before

-

:

6
Ry = e

(9%

+ 2

»

This results in the Norton equivalent circuit shown in Figure 5, (ﬂ////>

| -
_ sc | }) 6% | 54 .
- T~ S < b
17 g .
EXA B .
2 A ) A S L
’ © _Figure 5 e

»

Now appiying the- current divider expression results in

‘L= ___ 5  x 17 =1.96 as before |\

2

L
» -~
. ’ . .. S
» ° -
- - .
4 -
. . .
»
. o
- . Do
. : ’
. " “
o o
- 4
‘e
8 i
- _
- . \ “
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Laboratory Operation Procedure: ) ]
8.2K © 47K

[ ST AN "- - VWA .y 1

i
5.6 :

6.8K_~ 2ok IL\[ < 15K
+ ’ : T
10v' ] z 20v-

e R

1. Determine‘IL by applying Norton 8 Theorem.

-

2. Construct the circuit and measure Ip.

. 8
3. Short the 15K rasistor and measure I1§C.
. _ .

4. Open ‘the circuit at points’ﬁrand B and“measure the volLage EOC-
5. The Thevenin résistance is equal to ” ‘ :
A
Eo& ® . _
RN = == - _ - - .
Isc B .

6. Construct the Norton equivalent circuit and measure I7,.

Note, that in ord & to construct the Norton equivalent circuit, we -
need a constant;currgnt;géﬁefator. We' can .build one if we place in series
with a voltage source g very large resistor compared to the other. resistors

’ ©
in the circuit. 1In this case the qurrent drawn is not dependenL on the ) "
rest on the circuit. ,
Y ) w- ¢
S % %
3. , .
© 3 ? h )
Y
v ¥ o o N 3 T AR
T e \ Ve
“- ﬁ ~ ’ LN 9 ‘
N N Ny . » « . »

A . N . .

:J" ) - . i“:\ -;“ ,'ﬁ( - . -
) - h v . .0 N
- ' - ‘ *
. ‘ - X ] . . !j ° * . o
» Fl % X -
v ! S . 83 R 3 ) ' . . e ¢
o * ' * - " .
) . . -80-~ AN v@g# ?

- ] . 2 . RS :
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"Phage 11 Norton's Theorem
® - .
Preparation Test:
1. Change the following Thevenin's Equivalent Circuit tp;a Norton's
: /
o Equivalent Circuit. v '
_ - _ ) . >

&

67.2v.

—) 3

\ ' .
. . : ' ., . 4 ~ v .
2. Find the Norton's Equivalent Circult for the circuit shown below,
¥ . " "
C200 o T T g : :
AN e T e AN e '
S L |
. i - e A S 4
10v . sase P 14 Zosg
. R 2 S <1000 S
§ R S G B . :
' S T R T D .
@ | -

i
]

R -
ot

3
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Phase 11 Norton's Theorem

Homework Exercises:
~ - ¢
Find the Norton's Equivalent Cirecuit for thi.following circuits.
I R
- --..Vl'.".' .:.“.y.T ’ - - — - -
S 1. AR
W,
1] . '.' X -

i N
i Y . Tt ANy N —

———

.‘ ., S . 300

. ' 3 S . -
. ? < -l. 0 OQ

159 . : w100 . -,
SRAVAVARE ]I

250
LA | R

— =

C 100 . 149 - 3Q T 60R | N | L

) ',' .
. L < * oo
- ‘
» A LY
® \ "
. N r > N v
- ! we -
o % N 4 e
9 ~ .
- 85
82
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Phage 11 ~Noxton's Theorem | N Y
Concluding Discussion: | ' . . .

H

As seen Norton's theorem simplifies a complex network inte a simple -

circult. The simple circuit can then be readily analyzedh In general the

|
. parameter being sought usually dictatee which theorem (Thevenin 8 or
4 S, - e e e e e e e
Norton's) givés the quickeat reaulta. E ) '
' ¢
L
£
' . ” ) o . .
s . ' ) ) -
e , N . e My :
b‘ﬁg -
\ ' -
-~ N o L)
b -
o * N B .
AY
1 t
[} 4 - »~
) @ - . R
» ‘ ot
~ ’ "ﬂ
L . “ R < .
) ) . f,'
i o e ° . .
- , ‘ .
< hd F.] ‘ .,
L ° . . ¢
® ~ -
- » L]
4 v . . &"' N 4 ’
. é;(;. T
~ L} . v 'S ’
)
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Phase 12

(w;‘ Superposition Theorem

4

Facts and principles to be learned from this phase,

..~ |

1. Application of Superposition theorem.
~

- : . .

- Preliminary Didcussion: . ‘ o __;;__| h

[

/.

e et f el R L

It is possible to solve a hetwork which contains mbrb than one éodfme

O

of kM by applying the superpositlon theorem.‘ When applying this theorem zo

to a network it is poaaible ‘to avoid the. simultaneous solution of . Ki;choff 8.

u;."' » - ‘,l
laws. _ RN ) '
® R -t E _
by i y 7 e o -
Discussion;. < - . .
T - . "
v q

- »
.

The superpdsitibn theorem states“that the current in_any-branch of %

network is
source oflEMF.~

If a network has ¢ore than one gource of EMF,
\ b

be. detcrmined by considering one source of EMF at a xime.

o oA

-

. -

the algebraic sum of the currents separately produced by each

a

the branch currents may

‘" The sources of

EMF that are not being con81dered are shorted and feplaced by their internal

resistance. Let us consider the same example as before.
tepeatgd in Figure 1. .
v 2 .
‘ : i AN ! . :
. ' i
% PO 2 .
b 1.0 B T »
< - I, 2 4
» v + -{ ’ j+ * | "l
. L R 15 ‘*k;‘ . -
) " oo I i @ o
- .

Figure 1 |, .

| o 87
W L ' ':"8[."" . .
- . “
T P . -

The circuit is

v

¥
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CUTEOTTTITERTRY TR T s AL ey b SRS - At T R e ST TR SR .4'..‘;\.6‘—:.—‘:11-1.-‘)r_ﬁhl‘-_-sl-‘—.':?-".:‘-.(sw!.u.-l/“—."—‘:)l:_ e oty s e R LW -

' . ' . | ' \.' N _. . - | . a { . ) . ‘ .
) ¢ 1 " "0 g . F ) -
ane ugain it is deaired to deturmine the current IL K L
&- 3 . %

Q : Our firset step 1 to aet the 15 velt aource to %ero,'h'l‘liis results in

) 3

, ! Figure 2. o . S

Q ,_ dL | |
P ILl?} o 4 X ~
- I _ Y _ A v T_f _ — I —
Ly . -
N U
Y R .
Figure, 2
’ . We will now solve for the current which flows due to Lhe three volt s@urcé. f,

v - . o

oy T g'The'parull el «Gombination of the two and four ohm resiator is,

- - §x4

<

.o N A e - - 1“.-33 ohms. B
- v e - et ..

The loop current is, t A o ' 3 ;iﬁgqf é';\ ' JV.‘
‘.' - . . wn - ) o _;'Gi' ‘*i .:; . }}'.
| ' , U Lm0 608 e e e

‘ ; L 2 4+ 1,33 ° 4,33 2077 L o -
N RN . . e \\% C ) , o BN IR

. The voltage drop_across.thé.parallel cOmbinationjjé}': uf_--.

. ! b 7 ) : ‘ v ; "'"_ I : ~'.'" _ :-; _
o : - Vp-= 0, 693 (1 33) s (0,924 volts ' L - '$_7ﬁ IR

. Therefore the current through Lhe 4 ohm, resistor is ) -
: . \-

N e ' A ' o . o
NS e | _,

o L4 In a similar manner now, e ‘set the 3 volt source to zero and again*solvg
) for the current through the 4 ohm resiator due to the 15 volt source.
This results in Digure 3 s : . )
T . - . {). ) . 9" -
£ '~i-\ * * L4

« ©
P
. : -
N
S . - S 0
. - -
. a
» S . S .
-2 . - ) . N
. 3 P b
. N (-
» [+ I .
Ll - -~ o ~ Q A N W ..
» -4 : '
[y X . Y
- [ - .
A ] .
- ] .0 ) . e ]
)
2 Y :'r - / [
° . o S - »
c o
© o. . . o
r, *’85” 88 -
-5 - °
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e i T o s
3 RN
N
. [ v L '
. 2
’ 1 ' , A
] 15 It N
- Iy
I‘igure 3 - Setting the 3 Volt Sourceio Zero | T .
The circuit in Figure 3 can be simplified €0 the circuit shown in Figure 4.
- ' . b l“ *
| |
3 . [+2 ' 4
S
i
' ettt e M
Figure 4 / )
We can combine ‘the 3 and, 4 ohm resistor since they are in parallﬂ
| : - 3 e 12 ' - .
...__ S - Rp 3 .,7 = 1, 72 ohms ‘
Combining these two i'esultq in the circuit shown below. ', ' t
' e L Rp * | \ "
A ¢ . o
‘ , o ]’ ] - 1.72 i . .
s 15 T . ,L * .-
~ . 1 J ‘
Figure 5 S K _
%, .
' ' S Yo - o
The cireuit currenL is therefore \ : &
@ , - ) . - . . W
. ’ s . L 15 y ) V\
. CleyyagE e 40 L .
i ‘ The" voltage drop 8Crosg the parallel combination is _ .
. . S - Y s
R L : Vp # 4 03 (1 @g,p = 6 9 volts, _ R
. ) . s t 3

s - 0 Pl - 2t
o L o
: ~ ) . "
° ¢ o JU 5 A . - e
3 . . g :
N _:—1' L
. “. ¥onga T
- +
° x 0! ¢ ).-: . - ®
Nl L . .. . -
- [ L ' [ P 5
-, - fie e * 2 - - = -
" . - .
- R : , .
» %0‘ 3 L a0 - DA > r
PR 0 v "y . G
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v
\\\- Therefore the current through the 4 ohm resistor is
o .. . . _ -
. - & g 6.9 : AN
’ | | 11,9 TT 1.7;3 amps . . ,
. The total current through the & ohm resistor is now,
I, = 1.73 4+ .23-= 1.96
Thus we have solved for the circult of Figure 1 by three different wmethods, -
b
Thevenin's, Nortons and the Superposition Theorem. Usually one of the
K4 . .
e ,thgxema_mﬂymsimplify_Lhe“circuit.mnrcuthan.Lhemochers.~nw1th~exp@rience~0ne~~~w-
’ £ .’ - . . -
can tell which theorem simplifies the network more than the others.
.’
) Laboratory Operation Procedure: :
f 1. For each of the cirguits below, determine by _the Superposition
o Theorem IK. . - | (
2. Construct each circuit and measure QK' Compare with the va¥ye
. . Y determined in step 1. )
< g . \ .
6. 8K 8.2K \ "
o 9 2 ' » ‘,/ . B \'-_‘\/‘\.‘:, \@
- T . |+ ' - * o '. «
. . . I T
. ) ; 8v ' 10K l ra g v
- - l | 1 . -1
3 o v - ~
' 8 ° ’ ' - !
A u‘a S Al
v _‘V
» (=3 . - ¥ A
2 ) . " -
|
A " b,
y 20v ]_
. ’ . g”,
[ s .
4 &% " 2 ) b ““ . .‘u< . . * N '.l d “ r‘ '
T R e v “Flgure (b): C '
(< T ‘&, . N : * -y S s ) [ g L Q‘ ) o R
e e - ' T ;“ﬁgfdﬂéiﬂ T B s
T R S A S - ey o ' N

BN S0k VU A . . ¥ RE L . A A
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Phage 12 Superposit ion Theorem

Preparation Test:

®
>

Solve for Ig in the following circuits by Superposition.

~ ( |,.‘, A B
| o )
I. . . r
aoK : 12K IKl ?101< S aso
| :
i — T \/\/\ _,.. a NSV ‘. .__.

18K 47K

e N ‘
.

2% ~

)
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X! ’
Solve- for IK In each of the followlng circuiys by use of the
Superposition Theorem. )
10K 10K ,
1. O /\/\/\I' o
/ ~“ | |
i + - S
d 30v o 20K “:l‘ IK - :t— 50v
' .
$ ) . @’ .
. \
. 2. °
. = Solve for'ey ‘also
+i o ‘
v ‘
.
— - ) _ o )
- . ot , _
Figure (b)
! £ ) " "
. .
> 3.& -'b
(l. a “ '
. @ l g
? Wt ~ s * " » ¢
o ‘M o
. . . } ’ .

Homework Exercises:

e R 2 Y ST e 14N e Ay e - e L7 e e

Superposition Theorem

-

e
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Phage 12 Superposition Theorem ,
T o . g) ] - ’
S Concluding Qisgdhqipn:_ ' _
2 . | o h
When applying the Superposition thearem, it is essential that'the

internal resistance of every power supply be included. Thevenin®s,

Norton's and the Superposition theorem will be applied in the final phaye

of this problem.

1
. )
” o 3 R .
T . -,
* ) 4‘ -
‘& - -~
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Phage 13 "Voltage Dividers

Facts and principles to be learned from this phase.

oy -

1. Characteristics and application of a voltage divider.

Preliminary Discussion:

L

In partically all electronic systems various voltages are usually
required at different point in the system. The h;\\ prdutical method of
obtaining these various voltages is with the use of a‘\@ltage divide

networlk. ' , \

A simple voltage dividey network consists of two resistors in series.
% » : %
As an introductory -example let us analyze the simple voltage divider
$ .

shown in Figure 1. !

———p
<
[l

< T

: N
z

a : el

Figure 1 u.Simple Voltagg Divider )
Suppose a 100 volt quﬁjﬂy is available and it is required to have 20 volts ~

across a load Ry. For the srmple case, we will assume that Ry, is wery

large cqmpared to Ry. 80 that it does not load down thé voltage divider

l.e., assume that Ry, draws nugligible current.

Ry and Rz is.called the Bieeder éprrent: In general, the bleeder current .

-

The current flowinguthroqgh



K4

at 150 volts.

should be approximately 10% of the total current aﬁpp]ied. )
’

Writing Kirchoff's voltage law equation around the ldop, gilves

100 = IR} + I1R2

-~

Solving tor the current 1} ylelds, S | ®
100
MR R ¢ ‘.
2] ///
The voltage Vi, is, . .
¢ b . 100 Rz )

and since it Is desired to havk vy = 20 volts.

20 = 111(1)0+R1212 .
’ L &RZ . | . :.
. 5 Rp + R2 : ' : -
- Solving for Ry yfelds, . , _ ., ‘
y g ' . Rl - iry ot «

-

Therefore makiug R] four times greater than Ro und ‘algo with the: requlrement

that-Ry >> R2 regults in the désired 20 volts atross Ry,. "

In the previous oxample -the design of the voltage divider was simplif%gd )

¢ <

-

'since we assumed no load effect. In a practical appyication this loading

.- . R ’ ' »

effect (the current drawn by the loa@ Ry) cannot be neglegted. ,Let us ‘now

°

congider the dase Qhere the load draws appreciable current. %uppqse a-

200 volt supply is available and it is désired to supply a 1oad with 15 ma

v ’ o ' . B |
. + 7 ' ' ‘
R B | . .
Rl -’: ! T 3
200v o
. Ry l Iy )
\ Ipy, 2Ry, 150v ET ¢
. 1 L \;ﬂ ~ \
P °. )
Figure 2 _ )
. B .
‘ - ) * p) .A ' . T Y
) - ot , )
~92- 95 |
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10% of the total ?¥§ren£ résﬁltd_in a bleeder current of 1.5'ma. - . 'ifi. o '_.;:

-

. The load resistante.can also be calculated as,  -,;-

‘P ' ’ ' .. 4 ’ d(
Laboratory Operation Procedure: . ' -

Al Minindhibe sl nb bbb b bt o T i e e g e T T T T R e e R

D) - P s Ny
N

g St ST T i R g

-~
’

~

Applying the general rule that the bleeder current shguld be approximately '

. . . ) i
-

. i R . . i ' N
Therefore the®™total cugrent supplied is the load current plus_ the v

bleeder current or 15 + 1.5 = 16.5 ma. ;,- /: C ‘
Solving for the réquired value of R9 and R} yieldg; - o .}.,_ .. .
R = A0k - N
. 1.5 ma . . o C
’MQL““ ) iSU' S N e B
= ——Q—~——~——---— : w " oo - ...'
] RL = 1675 wa 3.03K 7 ¢ < ,

..,f . ‘_-‘..~ PR - '..' - . . . )
- o By *“'12' LY Ly - TN AR VA
- : . l.}md : . Y v W
v - - | :
. e » ™,

. - . N

(9 - e

. . y -":‘ B .

.‘1. Design ‘a. voltage dLVidLr &o meet the {ollowing 8pecifitatiﬂus..ﬁk...: ) -:.is‘*
s SUppiy Vultage : .QQ v o | T ::i "L * o . i”gﬁtﬁﬁl;
| Load Rpp \\\ 30 v e 8 ma” B T T e
Load . RLZ N 45y oL@t 2 ma . S s o . D h
\ . .. 2 . .
] : 'Lo§d~ 'RLj'» 60 v '"% .5 ﬁa_ . Coy ) s
) 2. Obtarn tﬁ¢ reéisto}s wihh Qélues_as.;loge to the

© . 4 1

" as possible and'conqpfﬁct the cincuit. .Cﬁbck to

dvsiged currents and: VOltagE$ are obtqine RN
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Prepardtion Test: "ot
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Phhse 13 ’ : * Yoltage Dividers

v ' . A

3 s -

. 1. Design a voltage divider to supply the
) ' .
. 7200 volt power supply. 150 v @ 25 ma,
+.and 23 v @ 20 ma. ‘

VTR e 4 ~ L I P T AT R S - o TR ¢ T A i VN 55 R et P

following loads from a

100 v@ 10 ma, 75 v @ 1 ma,

2. erivefan expresaion,for-the voltage acroés Rx in the,following

. circuit?, ‘
0 5

sJ [ 4
F - o 2 .
R ps R2 R4 °
.
N : h Rx \ A o
! s
: ) ! , ¢
"
, ot
7 - b N
. . K
. ) o .
: el . - o —— —_— '
P A
£
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Homework Exercises: - . . R , o ?
. . — > . . . -8

. . ry ¥ . : . . . &, '. . » ‘. /
N - 1. What value of bleedeér resistance should be used in the following //////,/#

' . P
voltage dlvider if the bleeder current-is 5 ma? ,‘:3 ,//,///

I :—-_- o G ““=-‘==—1..00y ,,_@,_: 30‘}1_!_8_,_.@_ . —é 'r(v);A:“ u”‘ s
‘.'%a'[ \‘ - . o | : ]
. - Ry . - ,~ /wd“ . ) ’ | .
. \ '“M'{)O\L"‘@;ﬂs/m%/ . '.. ._..-,.—*:', ' R ; S ‘ |
M < / - %) . _ S | ' |
b | |

_ -
A0v @ 12mal . p
S : ‘
1)
er 3 ‘ ) %
l --.. g I
1 R A Y )3
. ' ﬁ | @ . ) # “
I . ¥ - ) J
v ¢ . .
- { oY
7/ * ' . * ‘ 4 ‘ (f’.
- : -/ (- )
d 0 L /
. . iy R
- L ’ (‘/(. .
R | /S "
2. What is the voltage across Rk in the folibqing circuit? : : v,
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. Concludidg Discussion: : /S E
e . . N
. 2 g S | v - .
4 . e R - .
e . s L * // . - . . . * '
Use of the¥voltage divider is afery useful tool. It can save time . .
- . L - .
e . . ® ‘. -f--- ’ o . : . -
E | whén analyzingg a given circuit. circuit which divides current, a .
. A Py
v, v \ ¥
A} s : . ] .
turrent divider will now be -aphalyzed. ’ <o .
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. Phase 14 "_ I %r_rg:nt_ Divider . _ : , -
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. Facts and principles to be learned f}'ém' this phasq. |
: - .Y ' SN : . .
) l".; AR
“ ) ) . ) R LIS ] ] . - . K d ~ . ) . - :‘
1.  Basic aﬁ:tion of a current divider- T . b +
. . . . l . 1 . .
\ - Preliminary Discussion: oo | . A
e D T TN T T T T gl U T T A . .
.’/. . . - ) .’ I} . 7 ‘
. SN . . ) . N _ ; '
" A current divider is” basically a network which reduces an input curr&ent, '
. A Y
- . . s , a\’
Consider the circuit in Figure 1. . o o K ‘
] s ) ‘
= [ IT A . \
N - , .
» + . - e W , PN *// ~_
, - o ) 'ﬂ/
\ L
‘ RS SR - '
- . VT & ‘1 . h 2™ 2 ¢ /I’ ?
-, Ip ] e, R
. ) - ‘. o “
{ ., - - s —E )
’, ":“? . /" /. - -
- Figure ], - Simple Current Diyider / .
Figure 1 1is a simple parallel network being supplied with' a current It. )
4 4
_",-; It 13 gésired to obtgin ‘the current I .»and I2. The voltage across this )
parallel combin,ati()n {s given by the following exprizssi n. . _
" ; , L
. , 1 R2 v
to- L VT; Il.R1-+R2 (1)’ K
a The current 11 is_. their, , . '
» N : \Y I "Rl + R ; >
e S ., R L N Y 2 (2) ,
R - Ry .
/N : .
) I _ [ - RZ N »
! K A f 1 T R} + Rz '
/'} - .'1.!\ . v (
D‘/IV | )
'< . ) ¢ ’ [ ! "
% . " v ~ ! .
. \ﬁ%oo - Y " v
2 . . LU
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‘The cyrrent tﬁrpugh the resistor Ry is,

|

’ - )

C.- . . ' Rl. ,
, Ig ﬁ.ﬁ; = IT_EI";"EE (3)

)\ '

Wc theyefoke can gonglude that wheu a current sphits between Lwo resistors

-

¢

" the current through one re@isto¥ is dirgctly prﬁportional to the other resistor

and inversely proportional to the BuUm of the th resistors Ag a practical
1 .

-

example, let us conalder the circuit in Figure 2

. - )
. . * !
~\\ L T -
R "("Z"ﬁf'_’\.'.w..ﬂ' AR L T o f’ o
v 3okéjll 12\L320w3 @o,/ L”' T f; "
e 2 -/ L

It ip desired to determine the output vol}age Ens. This problem'can eagily

be golved once I is determined, Using the ¢urrent divider expression,

3
L)

\ . -0 30K : e .
Coo 2= 10 30K + 10K + 20K {9 % ? macs ‘
Therefore the output voltage Eg is - ‘-" : .
B ‘ﬂ . .
Voo B = 12. (20) = 5 x 20 = 100 ¥Olts'
. As seen, tBe output voltage is readilmfcomputed by applying the current
- . " . . » +
" divider expression.._Q Ce e '
Laboratory Operatiop Procedure: ' . ' . .
. £
* . b.\ ' . I? ' -

1. Measuré and record the resistances that are to be used in the circuit
. \ R

' below. R : _ P -

e

+/
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2. Determine the value of R, which will allow 1'ma to flow through {t. .
S 3. Set up circuit and measure the curfent through Rp,., %.
. ' '.q‘ .
4. Using( the value of Ry ¥rom step 2 detg,rmine the currernt through )
it if points A B and C are connected t:ogether. .o " ) :
5. Set up the circuit and mea‘aure the currént through Ry. . 3
. . ~ LY
N ’ -
. l P _]\ - Do (%
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Current Divider

¢ -
Preparation qu;:
- -
1. Find khe ¢prrent'§hrough Ry in the fbflowing circuit.
- \ ¥ }
e L N - e . e e
. '}DOQ T e .
K O e e AN/, ] - - L
» ______) ¢ - -
<
20 ma f ‘ ETIZOQ
oo |
| Cos 20 J200 ¢
: < ']
: S 809
| s R
Y N > 100
’ . ' S1502 7
(;’2 ] fu— e
, ‘ .
X N
‘ o . * a . [Y - 1*
_ o S - X ) _
///7 2. What value of R, will al%ow 5 ma tqg flow throqu’Rl?
. . ’ . \ )
: . M ] . ." 4“ . . . '&
. 10090 R '
- e \/\A\/\ N X P .. S
e | ®
‘ 25 ma ‘
- \ 2500
\ . e \\ }
) 100 ma l_
) | .y I .
. ? 2000 Rx .
\w. . N 4 . | "y . -
. . ] L. : .
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Phase 14 Current Divider . : ,
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Homework Exercises:
_ . | -
. a : o . - ' ) . AN
*» 1. Derive an expression for the current thrdugh Ry in the following
circuit
! - * .
- 4, __
- . L &
T VAN ] A -
* s “ hd
L By 3R
I h R7 . X
. _ LYYV —
“ : / . L \ ; e 1 . .
x Rs Ré pS Rg < Ry -
' - I 9 7 : c
w ) A o i ‘ ——J °
L]

2. What cufrent will flow through Rx in the following circuit? | N
— t . v
. g ./ I
6 50 10
w WAA - AN '*‘_-‘\/\/\/\' R
'\\ N [ R}C v
ov ¢ < s 30 <
< T R < 50,
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Concluding DBiscudsion:
“ .
9_5-1. T ' -7 . *
The current divider expression is very helpful when analyzing many ' :
circuPts. In many cases it can save valuable time. , :
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Facts and principles to“be learned in this phage. ' . )

t

\ L]
] . o . ) . R ) C
- . N ' ) . . u'_\{ . ) \ .
- 1. Construction of basic D'Arsonval,metew. : ) L
. _ Co2. Design of a meter to increase the maximum current capgbiltty of a .
basic meter movement. ’ . -
W% LT
e e o e e S e e ey e - ._..', B el P S & Ll e e e e g e [T _.__',. Bt s e -
. - Prelimingry Discuesion: .
L S ‘ o - .
Vs

- , (Y ) ) . ... . S .
Since the primary funetion of a technician is testing and troubleshooting
“ L]
cirCuits with the aid of meters, it-is important that he have a basic

understanding of theser met.ers. + ATl d-c meter%rk on gt\hem principle i;hat
. ' the needle _(pointer) de‘flegtion iS proportional to the current wpich 15

. being measured The' most common type of meter in uge today .is the permanen‘nt;f

A N
. magnet moving: cojl system /c‘ommonly referred to as the D Arsonval movement .
.‘ ¥. ] ._ . - kN ° e 'l e
< /' ‘!?"w‘;\ X h . o .- . «~ ‘z -~ .
Discussion: . : -

. [y
@ -’ -
r.\ .
~ ’ ‘ !
. . o -

. The D' Arsonval meter movement workca on the principle of two ,magxletic .

fields interacting with each other. When a magnet which Iis free to rotate

i% placed in the vicinity of a fixed magnet, there will be a force exérted

R J

) C _ . oo o
. on the mmiablg pagnet s(xch that unlike p%les align opposite one another,

Let us first consider the electromagnet;.shmm in Rigure 1> .

’

S ‘

. ~103-. o R




s e e .Eiguxe 1= Simple Electroqagnet
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With the battery connected as shown conventional current flows as indicated.

~

Use of the right hand rule enables us to determine that the magnetic lines

of flux emerge from the right end and enter the left end of the bar, thus

cregating an electromagnet with poles as indicated: Placing_this‘electromagnet

%

. lnside .a magnetic field and adding a spring forms the basic D'Arsonval meter.

This is illustrateg in Figure 2.

{ , o / Stationary Permanent
. . ; ) Ny
' Direction . . '
. . . Magnet

+ L / i of ) ’ ' &

;s //A\\ Rotation

/ / _' ‘ ’ : 1
. /N - .

N s - S
~ - - ‘ . ‘I
- S /A
* ' . « ‘ N (% \ —
Spring produces Lo o o o
e "7 Electromagnet

Countertorque ' : : , » .

' : _ (moving coil) free to Yotate

L ! o _ about its center

. R LT T ST
L \ e
Ly - R ’ .

L)
s

Figure 2 - Basic P'Arsonval. Meter Movement
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Let us analyze the action of this moving coll system. The current to He ™

neasured is applied to the woving coill as shown.  The moving coill attains

g

T T e T S e e e BTt s T B 8 Spr W I oy - i e e 7w R e BT f5 ¥ 20 e g e oy it e Th s s
: T gy T H v
IS L . '
: ., » .

poles as indicsted which intetacts with the magnetic fLeld of the permanent.

.

magnet. The spring supplies the torque to oppose tho torque produced by

the 1nterattion of the magnetic fields. 1If the permanent magnet provides

a flux ¢p and the current in the moving coll producés a flux ¢c, the .

t
<q

turning torque on the moving coil is proportional to the product of the

- two fluxes. This 15 expresaéed as'°'""mf”“m;" T e
. T =k ¢C ¢P _ (1)
- * , - . . - N
where k is a proportionﬂlity constant. bince“¢p ia & constant, we ‘cah
- .“- ."1'._-', _:,‘“n‘ " ::.\ii ‘; _:’g..;---.- ) ". - ]
rewrite equation (1) as, ~‘M- R B
T = k1 ¢¢C . ' R ¢3 1 )

where kj =k ¢p

now since ¢g¢ is directly proportional to the current in the coll, we can

sag . - wd n
b = kg T X . (3) .
N ' : .. . ! s ¥

where 1 is the current “#n the coll\and k2 1s a proportionaldty congtant,

A )

Thefgfore_ . i o

[y

. | YT = k3. ) 1 ' (4) “

Thus the torque and thexefore the angle of rotation op-the moving coil is

(e ~

2
I

»In order to complete the. basic D'Arsounval meter, we need’ to’ add a

LY

‘G"
" meagured. The complete basic D'Arsonval meter is shown -in Figure. 3.
) -~ v - ’ .
- [ ° ¢
v ¥ l o
»
~ . : v . 4 - - ~
4 , <’ - ':
h' »
L \ ‘.
> EEYIRN "
r v - 3l b /
\ B -
[\¢ ‘ L3
*
~ 105~ - \ o
%= 108 q
v T ~ .

directly pr0portlona1 to the current in the C011‘5 e ' P

)fheédle tq the moving boil‘and a gcale ge indicate the value of current being

s
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syt Needle 2 T

— e —— ‘? * ' \ e «
- . Coroee
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}
S N _ . - R _ .
, -
‘ o
- Spring — - —— ) o . -~ ,
.-'- -~ 7 ’
. . : l I 3 ° hY .
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- . ‘ s
. , '
s . ) . . 1"
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v . Figure "3 - Baslc D'Arsonval Meter : e

The basic meter movement is designed so thdt when ‘a certaln amount of

current flows through the movingfcoili the needle deflects tq-the full-scale
. ’ &« g f"‘ .
position. The current required to produce this full-scale deflection ig

»
d [3

called the meter's deflection gensitivity, TFor example, a meter which

requires 1 ma for full-s&le deflection has a deflection sensitivity of 1 ma.

‘mode]l the basic.meter movement with the coil résistance'RM, in series with

- %

The moving coil is constructed by windinghéurns:of copper wire around
a soft ipoﬁ bar. The coil being made from copper has a certain amoggp“of\

resistance. Since thesgurrent to be measured flows through thiS'coil,'ever?S
- : @ . . . '

L) - o . .
meter has a certaim amount of resistance associated with it. Thus we can-

.
>

- [
L

an ideal meter having no resistanceé. This ia shown in Figure 4.

1
o

%

N .
. . R .
. » ‘ ,\ L e



-

T ow
r

/”T ' ) : (meter)
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(coil resisgance)

o
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Figure 4 - Model for Basic Meter Movement
r.’_ - 1 .

- The maximum current of a meter may'be increased hym&ddingwamreéiggér_._m_._

in parallel with the basic meter. Supposg we have a 100 ohm bas{t movement

&

with a deflection sensitivity of 1“ma, and we wish to increase' the capability

of the meter so that it can read up to 3 ma. We must therefore shunt the

basic movement of a suitable resistor. A circuit diagram is shown in
A ] N .
Figure 5.
' . P Tw-*~—“ﬁffv Y M- C o
. __._>‘ . .
1 ma 100 . ! ’ @g\
- _-RS' : I ;
3 ma A/, o) |
.t __‘\.,
KRN Yy 2 ma 3 ma
‘ »

+ -

o - Figupe 5>

4

. The calcmiation of.the shunt resistor -is as follows: Since the basic

- movement is only capable ‘of handling 1 ma, we must bypasé 2 ma through

the shunt resistor. We now have a parallel circuit which has to be analyzed.

This -is shown in Figure 5 - The voltage across the parallel circuit is

Ve IMM =1 (.1) wlO«l volts

{

The total cugreﬁt is équal to tﬁe meter furrent Im, plus the shunt current Ig.
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P g
s Ip =D+ I | .
- . Solving-: for the_shunt cur/r‘ent Ig, ylelds _ :
. _ /- S oo
' k = ) IS/iG 1T Do IM = 3 - ]. = 2 mna. R
. Lt [ ) ( ' * ’ . . -\,\ :
Thegfﬁgie the value of the shunt fgpistorlia -
. - < . ’ - S
A v_ 0.1v ' ‘
Rg = Ts 37&; ;59 ths. . \ ,
' . ) B B )
The value of RS can gasily be computed by the following expression. We can
gay that, , ~ . .y
IM Ry = IsRg - " . .
L .

solving for Rg yields

IM I |
- Rg E'IS Ry = 7 (100) 50 ohm.
Thetefore by placing a 50 ohm resistor in shunt with the basic meter, we ' )
have increased the meters capability from 1 ma te 3 ma.
Laboratory Operation Procedare: :
- b AN
‘é .
1. A 0-10 williampere éﬁggrument is to be comstructed. Using the
3 ' :
resistance shown on the basic meter hovemént, compute the necessary
ghunt resistor and its power disbipation .
2. Obtain the proper resistor and comstruct the meter. ,
3. Check the resultant instrument calibration against a Student meter
) .. \ N ) -
. (the latter switched to ite 10 ma range). Use the calibration
‘circuit below. .
f . ‘-‘} .l
+ *
Power | - <&
: 2 47008 . :
Supply v T
- 2 )- I
g - |
[ - + - + |
- A A
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‘Prebaration Test: L ‘e - . o o /i‘
?

I' ¥ L4 » - \ .’. .\ Ld
, M . . . S
T £ . R e N . i [

ho ° . : . . .. '., » .

“ 5 s
L. Desipgn an ammeter to read 1 amp at full-scale wTth a 5 ma ! ' q’/'

.

(. ’ ‘~ . . f . N B .
! - Lo movam@QE\Qﬁring a resistance of 100 ohms. X / P
: . - N .

«
‘ . 2 ¢ o

.‘, ] ’ - ‘ !
R ) ~- k] !

hd O Y AU R S

e i e s - p v

2. Solve for the shunt resistors in the falloying ammeter so Lhat 1t

- has a 1 ma,*lo ma, and 100 ma range. Itnuses al ma_mqument *
with a resistance of 200 qhms. : L St
] 4 4 ) - . N
< i ; &
« - 1 ma
’ . /e ~200Q
S e WA ‘
® A
i i *
! : t v
‘ I o Pl Tt \
| \ 10 ma’ ’ . .; Ny *
l-- e (e e n s (e ANAN e e
! | - " s ' | - .
100 ma S N
‘ . e A A A B P
- . ":
. L
- R} '
%, ol \
» /
. ! '
-
N
.‘ *
.
. C
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such th

F L]

. shunt es?stor?

/ - '

/’ .
e A 100-pa movement with 50 ohms of resistance is used.
,'. Y 3‘ . . ) \ )
" the values of the four shunt resistors.
[ ’ 3\ Y ~
/ \hJ R
~ P Ty .
. .
[}
o,
’1 -~
‘ } 2 .
A
- » F-J )
. . [}
¢ h
L )
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Phagse 15 Ammeters x
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Homewdrk Exercises: . PR
A N ' L, ~
\ : \
' 1 > - .

1. A 100 nh movement ﬁitp a deflection aenaitivity of 1 ma is shunted

;/Qt\san measure 5 ma full-scale. What is the value of the

2. A multiscale ammeter has scales of l'ﬁh; 5 ma; 10 ma; 20 ma.

Célcylate/!/
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Concluding Discubsion: T -
. B l.- ° o P - 3
. - — 1 - ’2“ ” . -
LT The impottant point- to 15 ‘memberﬁﬁmq deﬁigﬁing an smﬁneter from :
basic metex;. movenent i‘e thatﬂ({he §(mrrgnt ‘throughs the moving coil cah\\ot.
’
. exceed 'L‘he current required for full«aéale deflection. "1t also ahould he -
s

meter by adding aéveral interniﬂ\ﬂhunts.-
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--»—e,asy to- dee that--the- basi\“me;:ér ﬁovement c:sm“be extended to a multirange —
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Phage 16 Voltmeters
¥ . . - . ¢
® | . ’
Facts and principleg o be learned in this phase: T\A, N
; . .o
P 4 : : .

, . {
* 1. Cpnstruction of a vbltmeter. '

2. .Increasing the voltage range of a basic' meter movement.
3. Concept of voltmeter sénsitivity. a .

e e e e eam o e e e

- Preliminary Discussion: ' ) . ' .

. : . P

-

- Suppose a 1 ma movement which has“a coil r%pistance of 100 ohms is

available. At fullmscale the current flowing through the metgr is, 1 ma and

\

the voltage across the meter is, from ohm's law,.
. VM = IMRM = (1 ma) (100Q) = .0.1lv = 100 mv.

If the same mo&ement hag 0.5 ma flowing through it, the voltage across the

at >

R terminals is, . : ,
' . VM = IMRM = (.5 wa) (100 ohm) = 50 mv.

Therefore not only does the meter measure currént, but it measures voltage

’

-as .well, Thus this méyér could adso be calibrated }n millivolts. The

.y - Ve ! \

P

. L. . A
voltage range of the meter can be increased by glacing a resistor in series

& . '

with'the basic méter movement, Suppose, for example, we wish to increase

the'voltage range, of the basic meter movement so that it isAable to. measuye

r
a N

up to 5 volts full-jcale. The procedure for® calculating the value of the

geries resistor (Ry) is as fbllows: : '

| 7

FRw e D = EPEF e ey et St e g TR 8T L Tt TS e @ ER IO SRS, (T A% e o T e an SR s BN A B e 1t o - B e
aide T3 1 3, N LS w~ o . o v

.
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§ ~ I v . .a |
Ry Ry . . ' :
: .
: . . ! \‘
s
% .
¥. N ! _- l &~ @
(,) - - - v O ) . *\
) 6\\\‘ N » St . / B A .
o - ' Meter Terminals . . -
a ¥ L . ..
i Figure 1 ~ Circuit for Increasipg the Voltagé Range
’ ol .
o of aBagic Meter Movement s
The basic metep~movement gives fullmscaie deflection at 1 ma. : i%ﬂ A
Since it is degirved*to read up to 5 volts, the voltage across the .

‘terminals of the meter should be 5 volts when 1 ma 1is flowing through the

\T_,.-

meter. Th7refoxe the serie ‘combination of Rx and RM is -

E_ .. 2.3¥_
Rx + R Iy 1 ma X’ _‘.'

> RC = 5000 ~ Ry'= 5,000 ~ 100 = 4900 ohus

Therefore by adding a .4,900 ohm resistor in series withvthg basic meter

movement,, we increase the fgnge of the meter so that we,'tan read 5 volts

full-scale. The total resistance on the 5 volt range is 5, OOO ohms . The

M r

L

total resistance divided by the full-scale deflection voltage gives thes

valtmeuer sensitlvity For «the voltmeter degcribed above, the sensitivity

‘2

'is > . - ) : . i. . ¢
.. 5,000 ohms o .
- - B = 1,000 ohmbs per Nolt
. 3 volts

-

NoLe that tQL% figure ie unchanged by adding Rx. Jff ls a basic propef&y of :

°

-

a meter hnd docs no change for different’ values of Ry. . )

Far_example if w&,wish to construct a meter”to read 20 volts full-scale,

using the same baslc meter movement,

e require Ry + Ry to equal,

= 20,000 ohms.
v ST

E
Ry + RM w T§ =

. =lib6 '



- it A-—:\*‘»- & Do Salddainsaled T SR NV o S Rt R o = - -~ N e
- ‘ﬂ{‘ %
. M ' ) 4
s ¥ . . ‘
A v - s
Thus the voltmetei's gensitivity is; & . , o
- . " el .
’ ‘ o 20,000 ohms ,
- | } ' =70 volts 1,000 ohms per volg,
the same as before. v . .
. - A (
B § “ .
. We can also determine the voltmeter'g semsitivity by taking the peciprocal
. . . . . /..__ R . . Iy
,”"“” - ° of the current sensitivity of a mete . For the meter above this results in
s ' . . 1 . ' ’ . R .
. - Tk = 1,000 obms per volt, . o
e ' - - R
s : T s : ' (Q\ . ' \
B _ which ig the same as before. T Voot v .
< T . | o 1o
. ’ b ) } : ¢ " .
= Laboratory QOperation Procedure: k .
“ f
R >
1. Using the 1 ma basic meter movepent design and conatruct a 0-100
v . _. v 1 e
- ‘yolt inetruyeﬁt having a sensitivity of 1,000 ohms per volt. Compute
~;/f *7 . ; .the necessary series-resistof. ) . {i
. - . - ¢ . - .
. . 2. UYsing the circuit below, check the calibration against a student, '
\ . ,
. meter. Place the studentymeter's switch “on the 100 volt range.
E ; - ) S ’
1 .
e \ ) f ok + .
Power ¢
Supply”’ . G 'Q) 10K
: Y LQ,.“........__.._.:.__.___.__ - | * S ’ - ‘ T _ ‘ hd
1 < . - - \ .
4 ~
3. Design and construct a 0-100 volt weter having a senéitivity of .
100 ohms per veolt.
-~ _ »Rep%at step 2 for this meﬁer% L
. . " v { o o . . _ / ]
» \ ) < . . ) .
® *
. i 4
. ' . - - ,- \ Loy

“114-
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" Phage 16°
Praeparation Test: .

.

Degign a (-100

per vé}t using

volt voltmeter with a gensitivity of 1,000 ohms

Voltmetears

A

a 1 ma movement with a resigtance of 250 ohms.

a

#

me e b mrre

Design a voltmeter to read 150 volts full-scale with a gensitivity

of 100 ohms per volt uging a 100 pa movement with a resistance

of 300 ohms,.

3
«J 15~

. &
°
L]
e N
-,
i
N.. *
a
Y
.
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Homework Exercises: . _ . ?
: 4
. . £ i
' -’// -

L. A weter movement has a resistance of 50 ohms and a full-ggale

-

1 ,
deflection of 1 ma. What is the value-of the resistor required to

increase the meter range so that it is able to read up to 200 volts

ﬁull*scale? .

~

-

L4

v 2. A 50 pa movement whose total resistancg is 1,000 ohmgffg ugsed to

construct a voltmeter. Calculate the series resistofjfreQUireH

for 30v and 150 volt ranges.

~
3
-
4
! ¥
» -
N .
- x . =
° 5
- b
.
o
[ !
1
+
i
w
]
R . .
~
!
‘g
-
13
)
L]
r
Al
.
! *
4
< [y
+
.

”~
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Gongluding Discuseion®. . . _
. ' Ammeters and voltmeters are=cong$ructed from the, same basic meter
' , movement. The difference lies in the method in which the exterhal resistance
| . £ . e ) :
is connected. The ammeter has the extejynal resigtari¢e connected in parallel
. . ’
_ __wi® the moving Goll while thd voltmeter Ras the-external -resistor-dm - —— - - o
series with the moving coil. . ‘
- Good ammeters should offey a very small resistance while a'good ) ' ?
Al
' : }
voltmeter should offexr a fairly large resistance.
- ’ 4 ‘ .
\ I
® . |
ags B {
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Facts and principles to be learned in this phase,

Load}ng Effect of Voltmetgra

i

. /-.” h
v ) _.'_i?;‘._
T 1. Effect.of dlfferent voltmetere In a circuit. - é*
-
. é . /
. PPeliminary Disculsion: “

.

An ideal voltmeter should draw no current, But since.the moving coil

SRR

_-requires a small current to obtain a reéding, the voltmeter must draw this

current from the circu1t which is being meaeure?w Thereere in order to

- obtain accurate readings the voltmeter should not load down the circuit

» a

appreciably. The voltmeter should thus have a high resistance if the above

£ A

is t6 be.true. Let us consider the circuit of Figure 1.

»
-

VAYAYA

- ]
20K

. 1
Bl e

it

i . D0K

Figure 1 -~ Circuit to Demonstrate the Effect

"\

of Different Voltmeter Sensltiv1ties

5

-

Theoretically the voitage—drop across the 50 K resistor is by the voltage'

divider eﬁﬁtésSion, : ' ' ' o
. \ . ) v

. : .
V5ﬁ% = 56*1~§§ x 50 = 35.7 volts

Suppose we connect a 10,QOO ohm per volt meter on a 50 volt full-scale

What will'this voltmeter read?

-

*

across the 50 K resistor.

. 1&.
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The resldtance of the meter is

) 10,000 25%% x 50 volt = 500, 000 ohms. - o

This 500 K resistance in parallel wvith & 50 K resiBtor results in a.paréilel

resistande 6f . '&hi ]
T ., 500 x 50 o . , .
. Rp 5004 50 45%4 K _ . -
-Tﬁus this voltmeger will read . . .m,
- E : . 45.4 e g | - . e
. S A 7. .x .50 A.§L.3_(V\ J voltg - «. - .. e e
ey S L b ‘20 3 45.& \ i AT . ;
‘ i ) 9 ZQ% ! S
or about a 3% error.. ) e
Now suppose We replace this voltmeter with one that has a sensitivity - ) %
. »? . v . ' N . .. h
of 1,000 ths.per volt on the 50 volt scale. What will this voltnieter reat? o
A 1,000 ohm per vg&t meter on a 50 volt range has a resistance of ?
. (- P - . h . ) - ’ . . '%:l
R AL 1,000 2 %750 volts = 50,000 ohms.
Therefore this resistance in parallednwith the 50 K registor has a pérallel
combination of 25 K and'the,voltmetef will now read
Y om = 50 = 16 7. volés; ‘é
- 20 + 25 * ; :
Wi _ .
which represents an error of over_SOZ. - Therefore it_can be concluded that
. LI .
the higher the voltmeter semsitivity, the more accurate will’be the voltmeter
reading. i
. Laboratory Operation Procedure:. )
1. Calculate the total resistance of each voltmétef‘écnstruqted'in T
) : . 3
the preceding phase. : B
' pE T ’ . @
L] .' J
[ 4
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- 2. Tor the circuit below, ca]cd&a;e the voltage Vap by five different
m methods, namely. . N ;
& ) . - Y
(a) Loop Analysis
(b) Nodal Analysis
(c¢) Thevenin's' Theorem
ol . (d) Norton's Theorem )
L - (e) Superposition.Theorem
- T ~ Include the meter resistance which was calculated in step 1.
3. Comstruct the circult and measure Vap with each constructed volt-
meter from the previous phad@. Compare the results.
& -, .
~N
L . - /" 3
- ’ . - . <
® 7%
' - VAN -
!
100v " \ v
|
s | \
oY
’ A
- £
. . »
® “
s ) 5
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wh =120 .
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Phdge 17 . Loadinp -Effect of Voltmeters

, . ¢

Prepanétion Teat :

L4
; L+ Y
5 -

What vol%ggé/;ould a 10;000 ohm per volt meter on the 0-50 volt range

read i§ connected across the 12K resistor in the followinﬁ%%ircuit? :
. ' : &4
39K 27K )

| : WA s

l . ) ) '
. ' .
U B | )
.
T : ° \
H =
.
R
’
~
-
i )
1]
- "
S
Ll
hd «
-
v t RN
-
o ~
[
A4
K] .
< .
-]
. L2
r
@
& Ld o



Phise 17 N ‘ Loading -Effect of Voltmeters

Homework Bxercise:

- . /

1. (a) What would a 10 ohm per volt meter on the 0—190 volt range

-~

read if connected across the 10K resistor in the circuit

\ s
below? ‘ "
< \(b) 100 ohm per volt on the 0-150 volt range?

o S (o) 1.060 oh;mﬁg;u;éik on ‘the 0- 250 volt range?
« (d) 10,000 ochm per volt on the 0~250 volt range?
| (e) 20,000 ohm per volt on the 0-250 volt range?

. 4
¥
5K
’ . - WA
150y ——=— 10K § ] V)
. _ i ‘.!
u.ﬂﬁm.u4 _
‘-
) S

125 | B

o . t . . Y ° “".122""

S - |
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Phage 1% Loading Effect of Voltmeters
e ' |
. Concluding Discussion:
. N . - \

An ideal voltmeter should have an infinite resistance and therefore.

should not draw current. As discussed earlier the moving coil requires a

small current to obtain a reading and therefore does offer a finite © .
. A Y
resistance. Thils resistance which a voltmeter introduces depends on its
- - Fsensitivity. This phase should help the student in future measurements
\ . . ’ a \
work.
4
/‘
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PRINCIPAL PROBLEM
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0SCILLOSCOPE



senses. Learning how.to establish & pidure of a waveform )ia mere ly the ..

e 5 - - EE PR . 2= R
AR M e e e R R T T BT e M ey TR e Tk S e A3 - b T € Gt o v -

Statement of the Problem:. | .
e . _

»
The oscllloscope is one of the most uééful pieé&a of Electronic‘:quipment

which the technician will come in contachaith. The technlcian must be able

’% >

to uge the oscilloscopé as a diaghostic tool. He must kdow its limitations
‘ . . N

1
and capabilities and practice its Vee until it becomes an éxtension of his

4

beginning. Learning to measure and 1nterppet the wavgform for the purposa
of understanding a problem is the real and most difficult part of learning
. ‘ il )
how to use the oscilloscope. It is therefore imperative that the technician

become very familiar with this versatile instrument . This prd%ﬁem is

. -4
therefore designed to familiarize the srudent with the oscilloscope.

- LY
~

e
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'Facts-and-?rinciplea.to be learnad fn this problem.

1. Introduce the oscilloqcoga to the student.

LI

. 2. Learmxthe capabilities and limitations of theﬂaacillosc0pe.'

“Pre]%minary‘nis_chagian:“ - '“" ” Tttt Tm T T e o e
4 7 -, ’

P

Basiéélly the oscilloscope conailsts of a cathode - ray tube {CRT) and
electronic circuits such as agplifiers, power supplies and sweeb generators.

The oscilloscope is a voltage indicating instrument which is generally\used _ "
. \ . .

for observation of electrical phenomena and for making many types of
2 - >

. . r“ measurements. : . )

The CRT consists of three basié_parta, (1) an electron gun (2) two pairs
' &

of deflection plates, and (3) a screen. The CRT is shown in Figure 1.

-~ «j;\\\\\\ ' %; '
- Cathode - Ray Tube . N\, r——m"?‘:crelen .
o \ :

/

Vertical :
-Deflection ' -/
, S Plates 7
e s ' ' : /

. : f : - e = . .
Elactrrnﬁgun s o . \\\\\;w#;; 4
‘ L 7 .
R . . .,.--’"”J& , - . , E
‘ v X
YN
.'f',./ ! \ . \\,’ ¥
‘;”;Kb .\, ﬂ,/*" wene- -~ Horizontal Deflection Platag .

) ' . : . . . .. ~~
. k’ - \\ ‘

Electron Beam

Figure 1
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The function of the electron gun is to emlt a narrow beam of high velocity
electrons aifed at the gcreen. Upon-atriking the screen, the kingtic enexrgy
of the aléctrons is converted to light energy and a visible spot appearé.
on the sc%een. The function of the deflection plates is ta deflect the begm

i . R
so that the viaible spot will_ggﬁe anywhere ont thesscreen. With no potentlait'

applied to the deflection plates; the electron beam pﬁases through the

deflection plates anqﬁaﬁfikes~the center of the screen. The screen is coated

’ with phosphor so that when the beam strikes it a visible bright spot appears.
A characteristic of phospor known as phosphorescence retains the spot for
a brief period. This is useful when it is desired to view a rapid change

in signal level. If ad - ¢ potential which makes the top vertical deflection

LY

plate more positive than the.lower one, is applied, the electron beam will
be deflected upward. The beam can be deflected downward by making the lower

‘I' plate more positive than the top plate. Similarly the beam can be-deflected

.

to the right or“to the left with d - ¢ potentials on the horizontal plates.

e

One word of cautfon- here. The intensity of the'spot'should be kept as low
: . _ .

~.as possible to avold destroying the screen. o
Now that we have dilscussed the operation of the CRT let us look at a

block dliagram for a typical oscilloscope.. This 1é“shown in Figure 2.
. - g . .

[N
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Cughode -~ Ray

Deflection .

- vy -/ - "_"_'_—"""_"""'"'"'Pl’at”és ‘

Vertical .

~ Input

O
. ;- Horizontal
' ) ' [ ‘ Input
' v o : .
. L. , - iime .
! Power o R
Supply Bage
' 5 enerator 7
- . | ’ .
. e 3
’ ! y'b -
. *
L ‘:. ’ . “ ' . °
Figure -2 - Block Diégrém of Basilc Oscilloscope € / S
.-. ‘Q * pn. -
® ' -
' -‘:128"* .




-

Note that the basic oscilloscope congists of a;
1. Vertical amplifier
.2. Horizoﬁtal amplifier
é. Time baée generator
4. Power supply
5. Cathode - ray.tube .
o~

When it 1s desired to observe a pariodic:timewvarying waveforw, switch S is

R S wrn T4 = - = - = = Sl o SN PR =, e T e SN S . - T S £ e ¥ e L N

\'37' oy

placed in positiqn_A and the signal to be observed is_applied to_ the vertical . .

amplifier. With the switch S in this position, the time base generator (/
provides a saw-tooth voltage which is applied to the horizontal deflecting

plates through the hdérizontal amplifier. A typical saw-tooth wave is

~y
- -

illustrated in Figure 3.

* _ _ .

»

Figure 3 - Saw-tooth Signal which is . >

P

~ ‘
Applied to the Horizontal Amplifier

Yy 3 -

“As geen from Figure 3 the saw-tooth wave starts from a négative value and

rises linearly to some positive maximum value. It then drops sharply to

L

zero. When this santooth wayve is applied to the horizontal amplifier and
1

132 .
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with no signal applied to the vertical amplifier, the spot oﬁ the screen is
. deflected fr(;m_left to right at a constant rate. When the saw-tooth drops
back to its original neg;pive value, the spot re£urns rapidly.to the'lefi
then starts sweeping to the right again. This repeats at the {requency of
the saw-tooth. -The %re&uency of the saw-tooth can be varied by a selector
switch which is on the face of the oscilloacope. This makes the_spofltravel
from left to right at different rapesff If-ﬁhe frequency of ;pe shwﬂtooﬁh
"“is'iqcreaseﬂ;tO“a"high“éﬂ@ﬂgh“vélue;“thewsput"willmtravel"from"}eft"to-right»- —
at a higq ratg. ‘D;e to the phosphorescence of the screen, instead.of seeing
a spot sweep aéroas the screen, ‘a horizontal line will be observed.
Suppose it is desired to observe a sinusoidal voltage wgyeform on the

oscllloscope face. This can be adz6&plished in the following manner. First

we place § in'poaition A so that & time bage 1s provided. Next the sinusoidal

. r _ . \ .
. signal to be observed is applied to the vertical amplifier. By doing so tlie. .

electron beam will be deflected both horizontall and vertically. With these

y v . _ . ¥
two waveforms applied simultaceously, graphical methods can be used to obtain .
the waveform appearing on the screen. This procedure 1s 1llustrated in -

P Figure 4-
~ I
q)
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4 o F
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.. . Graphicéy method of determining resulting waveform
. Figure 4 . /’ : :

The two ampli%iefs ére required since in many cases, fhelvoltage 1evel§ of

aéme signals to be observed are so small that the élect;sg beam will not be _/
deflected éufficiently. The amplifie;s will amplify the signal to such a

.valuf that the electron beam can be deflected enough to be obsgrved. In

order to obtain correct data from the waveforms observed on the screen, it is .
essential that the gains of both amplifiers be properly calibrated. The
pfocedurad is usgally given in the inétruction ma;ual that comes with the =y

3

. _ oggillascppg. . - _ .

The péwer supply provides the d ~ ¢ voltages which thé\circuits and
"the CRT require, 1In a - ¢ analysis, it is sometimes réquired to determine

a . the phase angle between two signals. This can be acCQmplisheg by switching

: .
i | C ' S 331 J- 3 4 s
' s . ' . ) - .
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Q . the position of the swit,:;:'h to position B. In doing so the time base
generator 1a,bypaesed& We are now allowed to apply a sighal to the horizontal
amplifier. Applying two a - ¢ aignala of the sawe frequency but of different
phase angles results in a pattern.of the acobe face. This is known as a
J'u Lissajous' figure.ﬂ From this patﬁefn, we can'determine.the phase angle.
-\' +  between the two signals. %his is one of the many measurementa which cam
_Hbe made with the ald of an oscilloscope. »hnn_fT e Lt

R

Laborgtory Operation Procedure:

‘ 1. Obtain a Fairchild 701 Instructional manual and become familiar wiggp

\ (e the oscilloscope and its controls Make.a 113t of each control and * !

its function. ” i ' N . -

‘ Note that the cont'ro], that is marked TIME/CM and VOLT/CM is the
. switch that was discussed garlier. When this control 15 in the
R TIME/CM ppsitt;n,,the switch is in pogitioﬂ A. Aé.can be.seeﬁﬁ

theFe are several frequengies to be splected from. When this control

is on the VOLT/CM position, the time base generator is bypassed

(switch in pésition B). There are two or thqge different géins iﬁ-

-

- -+ which can be selected in this position. )
k 2. dalibrate and balance the horizontal and vertical amplifiérs.
3. Set up the oscilloscope so that two geparate d.~ ¢ potentials may
L be applied directly to the vertical and horizontal plates. Center
- the spot on the screen, Apply a d -~ ¢ potential to the vertical | ‘:i-

| plates and record voltage and deflection (CM). Plot voltage versus .

o '~ “deflection. This should plot into 8 straight line since the deflectiog _
. | : . : v ) ..' T e
o . . v, "'132“‘" ~ N i_“ i .
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sensitivity (volts/cm) is éssentiully a constant. Reverse the
_/pal%rity and repeat‘the above procaedura.’
4. Repeat step 3 for the horizontal plates.
5. Calculate the deflection sensitivity for the horizohtal and
vertical plates:
6. ‘Apply an equgi'voltage.to;both plates. Increase in steps th}s

. voltage and observe the path followed by the spot.

B
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Phase 1
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Preparation Tegt:

. - Why ‘must te emplifiers be calibrated? @ a

\ ;
Name the three parts of the cathode - ray - tube and their

N v

- Draw a block diagram of the basic oscilloscope.

What is the function of a time base generator?

F.
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Concluding Discussion:

e s
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This pfoblem has served the purpose of introducing the oscilloscope.

In following problems much use of the oacilloscope will be made. Por

example, in a- ¢ work it will be used to make phase and frequency .

.. —-meagurements. -The cscilloseope will- also be used toobtain Vaéuum Tube — 7

and transistorncharacteristic curves. For the present it 1s eufficieZ

e

&

that the student understand the function ¢f each knob on the oscilldxcope

; fac& . - \_,\_v’/

N
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PRINCIPAL PROBLEM
 NUMBER 3

R C TRANSJYENTS .
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Statement of the blem:

Many electronic systems such as radar, television, and computers require
circuits which change the form of an incoming signal to some desired shape.
A circult which performs éuch a funcéion is usually called a wavéshgping
circuit. Many of thase circuits utilize RC,.(resistiva - capacitive),.

-networks and RL, (resistive ~ inductive) networks. The purpose: of this problem

48 to introduce some of the basic principles of-RC networks: — - —

~
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Phase 1 Transient Analysis of RC Networks

it

® 5

Facts and Principles to be learned in this problem,

1. Capacitor charging and discharging through a resistor.
2. Voltage across a capacltor cannot change instantaneously,

3. Characteristics of siumple RC waveshaping circuits.

Preliminary Discussion:

One of “the basic definitions of capacitance ids; C = *{}-

The above expression.state§$phat the cgpacitance of a capacitor is equal to
the ratio of the charge on the capacitof to tbe vgltage across the tapacifor:
When analyzing RC networks, we must keep in’mind that ‘the chatge on a
papacito: and therefore the voltage across a capacitor cannot change

instantanevusly. This 1s a fundamental but very important poinf to keép in

mind. Most’RC circuits can be reduced by Thevenin's Theorem to a simple

»
serles clrcuit consisting of a d - ¢ source, a resistor and a capacitor.

¢

Let us consider the circuif shown in Figure 1. - ‘
A - »
[y “ { /,(\....._._. e e u,_‘_.__ﬂl - '
S _ (L+ ’ '
B ' ' 4
. — "‘ R $ -, - VR o
E o ) 2
L Ve
| C"j'w
L I R 2
. o

Figure 1 - Series RC Ciycuit

. o ~138~.
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At t = 0 switch § will be placed in position A. At t = 0, we will assume

" that there is no charge on the capacitor and therefore no voltage across

the capacitor. After a sufficlently long time, the capacitor willl charge

3

to the battery voltage E, and current will cease to flow. :

-

Initially the voltage across the capacitor is zera and i&s finsl

voltage is E. 1t can be determined by mathematical analysis, that the
gy
voltage waveform varies expomentially in the time that the capacitor is

~chargingr{0»thé~batterymvoltagevn~Le§-ua—lookminto-thié matter-a dittle— - - . . .

clogser. At t = 0 the awitéﬁ is_cloaed and the applied voltage is E. Now
since the capacitor voltage cannot change Iinstantly from zero, the voltage
across the resistor has to jump instantly to E volts in order for Kirchoff's
voltage law to hold. This\is seen by writinglKirchoff's law

E= Vg + Vg . ) 4

f ~

and initially (t = 0), Vg = O

Therefore -

-

Vg = E - - ) :
Now gince VR = iR, . . -
) iR = E o o

solving for 1,

R

! 1 =

= feo

. .

we see that at t = 0, the current jumps instantly to E/R amps. This.initial

current flow soon places a small charge on the capacitor. Since v = Q Z
- C

a small voltage will appear across the capacitor. This small voltage is
in opposition to the battery voltsge, therefore the current must decrease i

and the'capacitor will charge more slowly. This process continues until the

. v \/-sj

-

. wl 9"_-_7 . .\ « :
.' . e . 42 . Lo v,



. voltage.

to get there depends on the resistor and capacitor sizes.

.capacitor bacomas fully charged and the voltage.acx§sa it equals the battery

At t.ia time the voltage across tRe registor is zero éince no
current flowd”in the circui®s The diagrams below illustrate the manner in

which the current, the voltage across the resistor and the oltage across

’

the capacitor'vary with tiwme.

E T E
"//
y
/ . ’ \
R O S
. VC
&
| [y 3 v .
' »
T=20
T=0 Figure 2 T 0
Note that st every ingtant that Kirchoffs' voltage law must hold. Therefore .

at every instant the véltage drop acxoss the resistor plus the volitage drop
across ghe cépaéitor have to equal the battefy voltage E.
- The capacitor charges to the battery voltage é and the timé it takes g%E%
We will now
introduce the concept of a time constant (t). 'EXI a simple series RC circuit,” |
the -time constant is equal to"the product of R and C. |

6Ae time constant is equal to the time required to charge a capacitor -"
to 63 per cent of its final voltage or for a capacitor to discharge to
37 per cent of Its final voltage. In general we can assume that the charging

>

or discharging, whichever is the case, ds completed aftef‘five time .
. A%

| constants, (5¢). ' . ' ' ' .

a

Now suppose that the switch has been held in position ﬁ, a sufficlent

time (&t > ST) 80 that the capacitor has been charged toﬂthe battery voltage

g

° ' N r

l43 . . "



E. At t = t; the switch is placed in position B thus placing a diract short
across the charged RC network. Since thﬁfvoltage across the capacitor cannot
change 1na§ant¥y, then any sudden change in yoltage must appear across the
resistor. Writing Kifchoff's voltage law at t = t1 yields
0= Vg Vg w Vg + E

‘Therefore

> Vg = -E,
e —.o...Thus we see that the voltage drop fcross -the resistor ‘must-suddenly drop to — -~
-E volts. This means therefore that since VR = ig, thét the current must
instantaneously dwop t% -E/R. The capacitor voltage will then start to

A .
decay exponentially to zero as will the voltage drop across the resistor,

g VR, and the current i. This is illustrated in Figurepb._ Note that the
‘ . - . S
b -
time constant. for this circuit is also equal to, 1 = RC. Therefore these

exponentials decay to zero at the same rate as when the capacitor was

charging. .

T Ty
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Figﬁré 3
We will now give without proof the equations for the buildup of a voltage

across a capabitor with %ero initial charge; .

Ve = E (1 - e~ E/RG | )

where Vg is the capacitor voltage at any time t. The voltage decay across

“the resistor is given by, (x

L

15 B
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t/RC

Vg =Ee™ (2)

vhere VR {8 the voltage drop across the resistor at any time t.

Thus, for a given RC netwotk, we can determihe Vg and V¢ at a given time
- . /
by substituting into equations 1 and 2. : -

v -

. Instead of substituting into equations (1) and (2), we can develop two

-

fomiversal curves which can be used for any.circuit. Dealing with equafion

“ ~
.

(1), we figst normalize the equation by dividing both sides by E.

v ' | :
S ;:“9'“1 e ¢ 7

t

¢ _ . .
now letting x ﬁ'ﬁg » Wwe can write the above expression as

. v -X
- 1 ] - e ) (1B)
Similarly dealing with. equation (2), ) \
‘ V bad )
: : iﬁae"‘ ~ (24)

From math tables we can plot equations (1B) and (2A) for different values

A%

of x. These two plots result in universal.exponentiai>curves, showm in

}

Figure 4. Note that these curves can also be.used to determine exponentially
b0 B} |
decaying or rising currents also. - 07 k -

0.5 meg -
Y\ P,

\

5

.’"“"‘""‘"‘“()/()

50 - o—— , . == 1 g

Figure 5 - Simple RC Circuit

As an‘éxample, let us consider the simble RC of Figure 5. Assume V¢ = 0

'iﬁitially. Suppose it is desired to determine the voltage across the resigtor

LY

and capacitor 1 bec. after the switch is closed. | \<:::

e .

B 146
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‘Solving for x,

of its final VA

Thereforg

* First we know that the capacitor voltage will start from zero and rise °
expongntially to 50v. The resistor voltage will start at +50 v and decay

exponentially to zero volts.

x =

From curve A, we find that at x = 2 the cgpacitor voltage has risen to 86%
at x = 0.5 sec.,

Ve = .86 (50) = 43 volts. -

From curve B, the resistor vdltage le down to 14% of its makimug value or;

Note that at 'this instant that Kirchoff's voltsge law holds.

S o

. 1. Copnect'ihg,pircuit-shoWh in the figure below.

1)

100 Hz

Symmetrical
Sq Wave
4v p-p

2., Obtain and ské&cﬁ Vg and Vg.
. J \" ) ! - .
3. - Determine the ‘time constant from:the exponential rise

4. Compare this with the value obtained by multiplyi

Laborétory Operation Procedure:

f
!

(¢

1
(.5 % 106)(1 x 10-6) ~ -5

Vg = .14 (50) = 7 volts. .

Ve + VR = 50

: N
0.015uf 1

“and decay. -

ng R and

3o
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. . gPha&m d ‘ Tranaient Analysis of RC Networks
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g % Preparation Tesat: ’
1. For the circuit shown, determine Vo 75 usec after the switch
| is closed.
> . S N e e —
- CoTmTT L O0K 3
T oo - T e +
© 1000° S
— < f. 1
. =20 100v 4ok 2 Phoge v ‘
J <
] . -
s . -
- f—
" '\, . . s SN
. Problem No. 1. - : .t
o o - . . t
. . E ¥
L I . 2. For the circuit.below, determine the capacitor voltage 20 psec.
' ' ) o after the switch has been closed. .
(,.—‘ ) .
5K S
Y -
- < 3’ 20K © -
) . > . 800 .-
, - . - pf 7 Vo
' ) + . . f .
200v G T* 300y ;
3 - . {
| Lo A “ -
5 ‘ . ‘
& . :
. Problem No, 2, ?
a - ~ .
% v ! SO ‘ ’
¢ "‘1"6“\ B ¢ ¢
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Phase 1 Transient\ggﬁlysis of RC Negborks

Homework Exercise:

1. By graphical and énalytical methods, determine thé'voltage,
Vo, for each of the following circults, at 100 usec., after §
is closed.
(A). -
— I
il IF 4
{ 1000pf
/s
I > 30K :
50K S Vo
2\ <. "?
< 13K -+
9 :‘ 200v
® il y
(B) ’ ~
. Vs 7
q
%
) P
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Phase 1 ~ Transient Analysis of RC. Networks

Concluding Discussion: |

Since resistors and capacitors can be manufactured to precise tolerances

7. £

<_it is possible to make precisionatimfﬁg networks from the combination of a

)

*
reasistor and capacitor. The precision of the time interval is often’ not
J

limited by the ‘resistor or capacitor but by the precision of thesnetwork . ......_.. -

which reads the timing voltage. We shall see later that the/:ime congtant
1s the natural frequency of the circuit. If the capacitor is charged to a

test voltage level, then connected to a resistance network, the capacitor
. N . 8

will discharge at some hatural frequency. -If the resistance - capacitance
network is part of a voltage amplifier, the reciprocal of the time constant
nay determine the frequency above, whi_ch the voltage gdin 1s below 0.707

times‘the mid ffequency gain. In short the time you spend in understandlng

~

time constants is a necessary step toward und@rgtanding the frequenCy

L4

dependence of many types of circuits.
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