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. LESSON 1: QUADRATIC FUNCTIONS O R
OBJECTIVES.A ;’¢li“,ﬁ#'y- LT e e T
Thelstudent will E -'h o . o ' ' o -
; '}orecognize,quadratic functions.

.-pzt uadratic functions in standard form.

f-c rrectly use. the terms vertex, axis of symmetry, y-intercept, parabola
and opens upward as they apply to the graph of y = xZ .

e

‘ PERIODS RECOMMENDED' .'

e ST T LR

| OVERVIEW,AND REMARKS' e j ST

‘This'. 1esson begins a sequence on quadratic functions. The first nine lessons.f_f'
+ . cover the theoretical aspects of the subject d1scus51ng graphing, square completion R
and the quadratic formula. These lessons: have been developed with the follow1ng -

v

purposes 1n mind.

\ o ’ : ,,..‘

1. ‘«The lesSons are intended to prOV1de some . general ﬁackground for college-'

-

entrance examinations.
. : o, : o
2,w The graphing materiaI is 1ntended to prOV1de some preparation for the poly— _

nomial graphs encountered in the second year of this program

!

3. The quadratic formula material is intended to prepare students for the

'~app11ed quadratics material which follows 1mmed1ately..

' -

The applied quadratics sequence beginnlng w1th Lesson 10, concerns chem1ca1 N
. equilibrium in the digestive tract.-’ Quadratic equations of various levels of dif-;*_-“‘
IS ficulty/are used ‘in exploring the folloW1ng SubJeCtS. ,‘- . - o L

R N ' :

*\

l‘.l. The behav1or ofantagidsin the digestive tract.

1”2; The behav1or of- ceftain food additives in the digestive tract.

e

3. The behaV1or of heavy-metal pa1nt pigments after 1ngestion. ' .
SRR .Q-In preparation for the applied quadrat1cs sequence, it- is essential that Lesson 6
] “.d and Lesson '8 be. covered. 'If you wish ‘to omit any. of the remaining. material in the

first nine 1essons, it will not 1ntefere w1th the applied development.

Unit III ends ‘with a: d\bcussion of complex numbers. This subject arises. naturally~'
from imaginary roots of quadratic equations. s k//-: I ' Lo .

”"KEYf-pRosLEM.SET 1:

:';ﬁtgfl.ﬁ.a.g'quadratic :'b.'~linear'.-c.: 1ineari.~d.c quadratici.' o _:., .
2, a. y = 12x2.5A2x“+-3 ‘b.. y Sx?ea c. y=2x?+5x . d. .y =10x%
3.f;;.a.@ontagj e y=3xtomea T 13.. 8 17 b 0 ¢ 0
hyl=_fx2.f 8 'i-q h:9. :s:= 2t2 +i4t +:l; .A; ' 14..5parabola= ;{f '
s = 3t214-t-‘ 10, g-=74w2'~'20w‘+'24 5. dbward"" (f;
Y_“mx2,+~2x . : lllf“y = fxz-zx + 7 - | -]l6.' ax1s of symmetry.“
Coved? e 12,y 2t2 +2 A o0 T
L o . 18, vertex . . ..




onJEcwxvms: |

The student will"'

. .:LESSON, 2: - GRAPHING FUNCTIONS OF THE FORM Y= ax2 + o

draw graphs of functions of the form Yy
e L correctly apply the terms vertex, axis of - gymmetry, y-intercept, parabola,

o4

'axz + q.

v o

opens upward, gpens downward and congruent to functlons of the fdrm y =

‘ax“ + e, .

“ .. - 3 . . e - e

'lPERIObeRECOMMENDED: St e

. ohe"- - .,'_':' [

fREY--pRoaLEM SET 2: . EINmMNWWl

./r-

Y, '_NOTE., STUDENT SCALES NEED NOT ‘BE THE. SAME AS THOSE" FOUND HERE.

4

x| -a|-3F=2|-1] o] 1|2

Z

- I v : A
2 .

=x" '+ 4 20 13ﬂ 8- _;"_4'7 5] 8

13| 20

ly =x%-2{14| 7] 2]|-1]-2|-1]2

4
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| ygjnterceptzq_‘

. vertex: .

(0, =

(0: 0
Jto,n
e
0y

)L3. downward . 15. -' a. To __-. ' Lo | o 4- "i v . . ) )
14. b | | R |

N :

LESSON 3: GRAPHING. FUNCTIONS OF THE. FORM y = a(x.~ wi+sp

"OBJECTIVES: Tt _ L e
. The student wills “h: ' ”1- R L
e 1-draw graphs of functlons of the form y = a(xA’-‘k)2 + p““

- “correctly apply the terms: Vertex, axis of symmetry, parabola, opens upward,

opens doﬁhward -and congruent to functions of the form ¥ = a(x - k)z + p. B

TPERIODS RECOMMENDED.'

o One or Two

'KEY--PROBLEM SET 3:.

o

nl. .k :

2y P,

e

.

vertek:"
‘yertex:
vertex:

. vertex:

vertex;

vertex:

i
@, 2)
B, 5),
(-5, #1) .

(=7, <)

(- 10 5)

R

[
-
f

T
L4

5‘*ﬁ5§¢jf -
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L
L\

Y =

¥ = 20x - )

15.

"220 y = 3x% - 60x +307°

~ 20 .
21.

J,\
%
%

L ig :
N(x= 2) T 1
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18. = (x - 2241
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"LEQSON'JQ- COMPLETING THE”SQUARE.(PAQT_I),r;__ R e “fff.-_{‘
- The student will pht functions of the form SRR '7'y-'
R, _ ' _;,-_'= Ly = x2 + bx +c
_ into_the form _ T .
° PERIODS RECOMMENDED: .~ . . =  * |

".0ne

:‘KﬁYe-?ROBLEM SET;45-_::1i” ﬂin;-: - 'f;,.;-.'_'f;i,7_f o | L ' - ‘_:;:_;

. Ve

6. 49 .o S

NHE] N
-l oj= »n
-l '

x + 11)% - 131

_7;!_9¢_ | - o L e

b,y = x2 +18x +81 - 24,

i

Ceuel o sl gf 64
x-15%4 5 |

_ 3,279

(x "-2') - z-

= (x4 %)2 %3-

"
%
<+

R L 2.

el yes B R 27,

n

(x - 4) .' o o 28. .

v,

.. ..9..-‘ y‘

..(x * 8) A & .. . _. ""--.\29_,.

[ .
» DR

11, o R I

'?;5 g R KR K
o

12. é;(x”f.zs)?

14. no "

.  15$ ‘no’ . _ o o . o




10 A RO
"“LESSON'St"COﬁfLETiNQVTHE-SQGARE.(PARf Ii%» IR i_v_ |
'-_OBJECTIVE" '"t:}.gAf'} o it A

| The stu&ent will put functiong of’the form - f;:' S
| _ f ‘»_-3'r_,h: y = ax2 + bx + clf' o ;¢.
i¥-int0'the:fo;h;~ o ﬂ | :

[ 4

:-:-‘"_Y.' =’a(x - k)'z +.p

~ PERIODS .RECOMMENDED:

‘e One .

 KEY--PROBLEM SET 5: B
. 1. 12(x +x) + 1 o SRR ".1-5._: = 3(x + 1)
: 02;’_—3(x‘_+.3x) + 1 . . '___' ~ 16. = -2(x - 2)- + 8
326t -1 #1300 yeam -9 19.‘
4, =4 (_xz - %x)-s = e o 18 .-'(x - .1.)_ .-

5. 61x 19. y = 5(x *'3)?7+ 2

'5(x2“+'3-x)~ -;-7 ' a L 20 = ?(')'{.-';_"6)2'

N I I SR R
n

.-1000(x "y Iax) o

RN T

.22;1 y‘;1-3(x3+-l)2y+
2(x + 2 + 1) - 2 ‘6 ST
S 230y =¢4(x + 2)
—a(x? _--8x + 16) + 64 = 11 AR : 1;
Sx? - k4 4) - 20466 o 2 VS E‘x - 2’
. -3(x + 20 + 100) + 300 + 2oo_ o f25."y-=b-.-(x - 2’ +z
. T 10k + Casymams <60 e
-10(x 18 + 81) + 810 S

. . . . a L .
A A . - . ) - .

LESSON 6: . MANIPULATION oF RADICALS . -~ - .
o SO . B RO I A
| gerECMVEY <L R R

7

.-__,p

e

- The' student w111 use a sguare root. table and the properties
-_'3f 375 E 7]",-7_77g7; =e/f | L e

| o o SRR 87 L Te . Ca e ‘

to find the square 9oot of a number with éhree digits or less.

C Pnnxons RECOMMENDED-




v

A Y S U e

,.—' -- l . o i ) . .‘I_
. ovmnvmw AND REMARKS._ e e T

= fa".y_ The idéad introduced “in this 1esson will be expanded iR LéSson'13,_whiCh.trpets' T

o .

-square rgots of numbgrs expressed 1n SClentlfic notatlon. : el AT L
;-a e .\" . S L . . .. N L o - . ' S :

L KEX--?ROBLEM SET 6 ;,_‘ R SR .
f-- e 1 3 606 .:;,‘. ~ ;._- ‘_"kj.ﬁ'lpoaf! | ,'f f'}. 26, 61.81

v
Y ge

;nS;gwé.j 325:v woe S 1400 1000 .. 0270 195.4 1,

L 29 57 ST e T s, 1000 28, "1.944 ¢
Y A.- ;s 6 . 16. . 4.

20, 8.028 . . . ..
. . " . ’ s . .
A 23, 56,;f';a._,'_ﬂ cr 1 17. 5.

. .30. -301.8 °
ﬁ};"p ‘6. \45 T LS e U

. ~'7r 67 o8 L o " 29, 10 o

.‘},. e s

e eass
.’ 32, 2.‘054 - ‘ e o -".v'.~'- .

8, 33, .6496 . - .

; 85 see\-" T 200 ~2 17 }

.. ~9o 99.90 . . . S 21.: 6 . . ’ ‘
o ot e e T "“ DR
10038, LI TURE I L A | RO DR 2943

34,7%2, 943-f,v T
- '-%ﬁ:' 100~ C w230 5. el 0 T3e. 4L 5 month§
7 A I : Co o - R L . SRR
}""f”'12-ﬂ;190 o, f;f-:-;' . 24. 10 s f;ki o ‘37. 3 3 months o “eg/’J

‘“%EssoNV7= 'QUADRATIC EQUATIONS . . - . = = T lphew
Y N e e
- - OBJECTSVE{ U I o ST o
e . The etudent\uié)'solve'quad;atic dquations by the method ofiggusre ¢§@P1¢£i6n;;“:'

1.\).- éEBIoﬁs RECOMMENDEB-V‘“. S

. . ; . . . . : N ” . Cretey. .
- . . . . . . g .
- . . - . e . . X ;- . K . wan '

KEve-pRopLgM SER'T: T s
XEY--PROBLEM SET'7 T

e
Q

10. 3, =2 ~ . h__ 19.” 697, 4. 303 j€:*9l "

"=,

17. 172, 5.828
s 18) -3.449, 1.449

v o . LT
u : Lo ST,




B LESSON 8%*_THE QUADRATIC FORMULA R T :
" gaamcm:vm: ‘ DY '_t\;-';. - e e S R
. ‘rhe student will: SRR i . o ' . R

;solve quadratic equations by use f the

. S has. -~ "‘ S .

PERiQE%SRECQMMENDED: ‘t,F;; R }f_
.o [ . "‘..- B . ) ) ’ .o . - ) L. ‘. o N o - C . a ¢ ,
] : . . . . . -

KEY--PROBLEM SET 8: _ N N R
1. b¥e4ac=1  2roots - 1l. 4y -1% . o LT
)n9.roots .. 12, =5,.-8 , e e

PSR, > S
[
A ad

T20 e T aa

o

no real.roote
§=0.333 3
-1, -0.8

no ‘roots, -/ 13.

. e C .
: . _ 1'r°8t5:

14, = 0.5 =~

) "
th

1 rdoat © .15,

|2 roots |

2 roots

. -4.792,
17. .

-3.236, 1.236 -

~0.208 .. =

Wit 8. . " o0 lrxdot . _x6. -7.140, 0.140
t h .

" no roots 19. --5.76,.0.26 .

48 *:2frootsz

‘p “ LESSON 9: REVIEW o - T ot
. g . i ._ e .. ] o . _ . . . )
\!OBJECTIVE- ' ' B : : S Sy

E o The~stu§ent will solve problems related to the objectives for Lessons 1
througha T o . _ |

‘?ERIODS RECOMMENDED- S e o B B
1 L one df Two :' _ . N ‘ . S e o ‘ . SO N

QVERVIEW AND REMARKS. e S, BT E

« ’ ’ - L oA
.._ ¥ ;

" Before the students begin working on the_problem‘set, you:maY‘want'to*review

the“?ollowing terms, - e . S -} ST s ' L ,,‘
parabola f__ o ' _; 5. :x-intercept y-intercepé»\ |

congruent parabolas - ARSI T completing the square

tex - [m .
ver ex e ;'.?.
axis of symmetry 4 e 8

,Huadratlc;equation

‘quadratic formula

v




Lyt e, o . . . ] v

. KEY--REVIEW PROBLEM SET 9: . .« =~ .-~ 1 . o oo

1oacymzdes o T e y= =i

| l'-:b_'.__.-__. y = -3 (%, %5 2.2 R a. y-=

|
®

'
=

.20 ae Lo : b, ‘ o
A\l 1 I | ' : : :
“}l..’"‘ . ) - . . "

AERRAMEEE . 1110 -
L 11 . . -1 AX|S OF SYMMETRY
1 AXIS X=O' ; , 115 =% 111

i

0

%

+
& o
. VN
$

|

. “’.'_ T — e [ E VERTEX( _,:—_-(3)

\.,:, Tz = Z

b VeRTEX (0,8
Y-INTERCEP
| NN EE

- s

[++]

1
: N
,"

¢

3 \’:lh TERCE

x=%ﬁf¢ ETRY]
)

X=74

nN
AXIS OF SYMMETRY
[~
_—
AXIS OF SY

_1Y~INTERCEP
1-11.

[N VERTEX(%,-)

. . . . " . - .
[] [ ] E L .
.

a. y = “6(x + 1)2 -9 :b."none c. y= -5x
= -6x? - 12x - 15 L o

S

a. 25.81 " 'b. 35.78. &, 70.71 d. .8832.-e. -3.050 £. -9.132 - - ¢
“a. 6, -3 b. 11, -1' e. 2, -1 "d., none k( £, 5.123, -3.123.
“a. 1,-% b. 1.236,-3.236 c. 6, <2 B -

a. two 'b. none. ‘c. one

Q




LESSON'lO:T-SCIENTIFIC_NOTATION-AND-MOLAN R S S A
. R S ‘ , T S T e o
o OBJECTIVES. ' "'L ' ' - ' ‘ A
The student w111: .' R : T ‘ S -
-Ar-convert dec1mal numbers 1né! scidntific notatlon .
_ {;:*convert numbers in scientific no rtlon into dec1mal form.g '
o ‘ -1nterpret concentratlon SymbologY (1 e [H ]) |
* pERIODS RECOMMENDED- S T LT .."g;:‘\ |
On?%"."‘ o | : | 3
ﬂ;.'OVEkAIEW AND' REMARKS : yﬂ e o s
a"’.J " Th1s lesson 1nit1ates the. applled sequence of thlS unit. -Lessons]lo through 19

- w111 deal with chemical equilibria. However there will be no quadraticjequations un-
til Lesson 13.. If the students are disabpoin ed at having to wait sojlong to solve o
".more quadratic’ equatlons, explaln that all in ermedlate mater1a1 must be masteg'd‘be-l-V

:'fore the appllcatlon can‘be understood '

L -.Eash lesson in the" sequence 10 through 15 reV1ews one mathemat1cs sk111 and. one - 4
L chem1ca1 appllcatlon of the mathemat1cs sk111 ‘All skllls in th1s_sequence are cum-
:’mulatlve.?_Eor example, pH is rev1ewed early and_then-used:in(the balance oflthe..

< sequence. : ' ,:~ o .t . . .-.

“ Phroughout th#s chemlstry-related sequenc%,it would be very beneficial'toTbe:in
day to-day contact w1th the science teacher. For'examp the method of determining;
a gram molecular welght is rev1ewed although it is ‘not7an objectlve of the lesson.:

" The sc1ence teacher, on the other hand, mlght want to take the opportunlty to review "

' 1.'tth1s teqhnlque durlng sc1ence class on the day you teach ‘this 1essop. '

-’

Sc1ence Unlt III ‘deals’ w1th blood and the c1rculatory system.' Mathematlcs
Unit III is applied ma1n1y to’ chemistry and the- dlgestlve system with on;y*gpcaslonal
forays into toplcs related to the clrculatory system. We have focused on the -diges-

cA ytive system because the equ111br1a are generally s1mpler and more - 1mmed1ately relevantlz
'K‘.Er--PlR_OBILEM s_E'r 105 : o [‘ o . >
" (Answers in equivalent “forms are also correct). _ R
“1. 6% 10Q o .4,L,5;473296134 xf}O?'gi‘;7.‘_Isoboood€'x 1073 ~
2. 9 X 10710 1gssz 4.5 % 1oll'ff.'3_'-3,_.8,l 1.047 x ;04' o
. ,_3.: 1, 0004 x 1o -4 6. 4.03 x Lolfff - '2; 6.34. 107 . -
T e '.A':'AA H 10. 6.402 ;'lq‘6' s
o A | ; ' T ' EP
.311{ lgo;ooo,ooo,oooA"% 14, 314.1592654 . .17. -.00000048 |
;,12} _50000600000604 ,f e 15."6 023, 000,000,000 / . | 18. '50,000;000;000_

%

13.-3,141,592.654 . - 16. 0078 T Y 19, .00000000007

LoLa T

.20, 700,000

s ’f-"‘l:'l.‘l# - :f-l!?;;




o -

23

' 29, ,@ 023 x 10237 T

;36i The concentrLtlo of carggnate 1ons«iS/three-tenths molar.' :J'

31} yFirst, determlne he molQCular mass of ‘the substance.“ Then, weI@h out a mass in

grams which is: numerlcally equal to the molecular welght. __' - L e
: 4 ! S Te _ R S
o33, 12s kDM
‘34, 5.4 x 107 o o o -
- K o o S ' s e,
. S _ _

LESSON 11;7'A REVIEW OF. MULTIPLICATION AND DIVISION IN SCIENTIFIC NOTATION AND .
. THE pH SCALE ’ . ‘ 4 . '

Ty

' OBJECTIVES: - - . e 3
.N The student w1ll.‘-A , ' IR .I T
s'-‘xp -multlply and divide numbers 1n sc1ent1flc notatlon.

+convert pH values to molarlty values and the reverse.

PERIODS RECOMMENDED._ a
.-Two.f

OVERVIEW AND BEMARKS'*

R

o None of the materlal in th1s lesson rs new; however, exper1ence has shown that I
- a review is. wq;thwhlle at this t1me. The mater1al first appeared in Unit I and many .
students may have forgotten 1t by now. e R IR

- . It is. especlally rmportant that the conver51on -from pH to [H ] ‘and the reverse "
be mastered : ThlS is an 1mportant skill for both the mathematlcs and’ sclence courses.

-

F1nally we want to call your attentlon to Problems 1 through 47. These prob-'
the end of the problem set.

KEY-kaOBLEM SET 11: - ',f S
1.oa (x? (xP) = X3P ﬁl_ . ap X

The answers need not be in the same form as. .giyen below.' :

2. 180 x i 8 x 1o12
L3 24 x 1015_'
412w 107
. 3sx 0% -
6 8 x 10720 ..
RN 4.8 x 10

N‘8l 5 x'1614'

*



6.3 x 107% .
7.9 x 1074
-5

2 °%.10

4. 1% Mo “ra.. acidic . S 7.9x1078 |
5, 1x100y ¥ 7 p pastc . o37opexw0®

26 6 u”'1:~ .. 32, a, -4.3 ¢c. 5 o .;f 38, 3.2 x 1078

P PR LA - ' | | 07 o

Caniies . e Y pS T & sx1070 M 39, L.25 x1070 . "
o atp s o SRR R ' : Y'Y
T T T 40.. 5.x 107t

. S - g 3. . ‘ ' a a
RVLE 9 erythrocytes A 10" ml blood liters blood 13 erythrocytes
'41'v 5'3 x'}o". m1'blood-. Iiter blood 5'? adult hale - 2 97 X 10 adult male

.- .' . 8 hemoglobin molecules
42‘.12'7-x_&01 ,-erythrocyte ' '

T hemoglobin molecules ri'13 erythrocytesi" o

4'3'.." '2.7", g 10 . erythrocyte 2 97 X 10 adult male J I o .

| 21 hem;globins S
aﬁﬁlt male Coe _ :

= 8.019 10

44. 2.3 x 10%
o ‘"o 2 .06 deaths sec min hr 1 o 4 day ; = 15 deaths ) R
-, 45. 2.3 ><V1o_-___§35_aﬁa 60 ‘I‘ 60 T g4 3y 1.9_5.10 53'§F -f3.6_f_10_..56—§;—..f [
e ‘ o 1 mm | ‘ | |
46. 7 micrometers ' . an=3

: L 103 micrometers 7 x 49'

v

47. 10 nanometers 13micrometer e 3 1 _mm = 10’5'
- : . 10 nanometers .10~
. e "3 ’ :

. mm
micrometers -

‘ 4
'LESSON. 121 CHEMICALEQ£ZLIBRIUM'AND'SOLUBILITY_PRODUCT' Sy
: g\ . o _..".-".‘ ' P . ) . .
OBJECTIVES° R | . BT ]

. \ .
srelate. the concept of dynamic equilibrium to solubility products.,-_"'- _ /f_

‘+determine whether or not t precipitate w1ll form: when given initial concen-
trations of reactants.s,' L S :
-identify the larger (or smaller) of tyo numbers written in. scientific o _;L:'
notatiqn. . _ . . i

g The student wills o I . ;j o :"71 o "/@

.
* ' PERIODS RECOMMENDEDurV‘T-

One or Two - - B

Vovsnvmwaunnmnnxs.' T BT

[

4“\2' _,,Once again, close cooperation with the science teacher would be very beneficigl.
’ -For exampls, in 8ection 12-4 there is a list of issues that quite naturally arise

ingconnection with solubility products and ch mical equilibrium. since these issues fgﬂ

18




;,:. .r :{lk.;_ ,_ﬂ‘: l

;”hare beyond the ken of typlcal math teachers, it would be very helpfql to you 1f you -
' could get the science teacher to take a few m1nutes to dlscuss Iﬁem. - '

_ Once agaln the problems which deal w1th the pr1mary objectlve, predlctlng whether_f'
a preclpitate forms, occur-'at the | very end of the problem set. ' Do not"overlook them.f

‘A note. of cautlon- the procedure described in this segtlon for pred1ct1ng the»'.

formatlon of. prec1p1tates applies only to binary ionic compohnds. If a compound formS' )

A three or. more 1ons when it d1ssolves, then a more elaborate approach 1s needed For .

--example, 1ead chlorlde d1ssolves as descrlbed by the equ111brrum ' N

o O .
S PbCl .P—-Pb * o4 cL” +'Cl

. . 2 .

'_and the concentratlons at equ111br1um are governed by ‘the solublllty product equatlon

-

[Pb ]X[Cl] S'p o - | »

'Notlce that" the [c1” ] is squared Bince we ‘do not wish-to deal with tht mathematical h
1mpllcat10ns of th1s compllcatlng feature, we will treat only compounds that form two
.1ons upon d1ssoc1at10n. Those teachers who wish to generate more problems must keep

. this restr1ct10n 1n m1nd More problems may be generated by referrlng to. the."solu-'
o b111ty product" table 1n the CRC Handbook , of Chemlstry and Phy31cs. L . e

KEYr;PROBLEM_SET 12: . 8
1. False -, _".1,3,-_True ) " 5, True 7. False . . . .
2, False - . 4. hFalse' 6. True . '
. Note: There_are.other'ways-to correct Statementsh#B through'#ls.

8. "TheisymbolfICa ] is. read, "The concentratlon of calc1um ion.

9. “If‘the'product of'[Ca_ ] and [SO ] is less than the solublllty&product, then

4

f_all ‘of the Cas0, is. dissolved. _ _
10. ° The product [Ca H X_ISQ4T-]viS an example“ofAsolubility;product.

"~ 11. *‘The- symbol K sp “is ‘an abbeViation for solubility product.. )

«1?._’l saturated solutlon 1s in equllibrlum.,: S IR ﬁf_--_ '_-; ; '.f:1;~

13, The chem1ca1 equation'

Ca304l p— ca f so4"

_signifies that the'reaction is reVersiblel o ” S S o

-

144 (2AX'1'0-11)(6'X 107%) =12 x 107 =3 e e T
‘ 15;' The 1nterpretation of [ﬁa : 1 M is T"The'concentration of-bariumﬂionslis one~
tenth of a mele.per llter of solutlon. _f« o e Y

-16. A mole of water has approx1mately 6 023 X 10 molecules;'° o o .
S o R s




8
. ;1§eg~1o"7 < .9 x-1o“7%ff oo 220 .38 x 1078 <9 x 1078 o
18, . .47 x 8 a1 x107 [T 23,03 x 1072 > 005 x 1073 -
o190 o6l x 1073 <18 x 1073 - 240 60°x 2078 < 140 x 107"
| 20.. .07 X 10 8. gx108 © T2, 210 x107t > 1.9 % 1074
i, 27x10°% <30x107® oL 26, 430 x 107 > 2% 107H
: . . R -
27. Pproblems 19,.23, 25, 26 ch |
‘28, a. 1M °b._‘.2ym_ e, .02 =2 xflof?_- d. greater e. yes
20, a/ I x107%H b. 1M o 1 107 cd. Yes . ool
ST [Ag ] x [Bry 1=e x1071% o e T
I 15 VR IPR
er s.x;l_o'5'<’.h”><_1_0713»- SO e
. -". ; -. . . .. 7 . “ . - .A . | . ] - ‘ ._ .. .V 4‘..' "
- LESSON 13: APFLIED QUADRATIC EQUATIONS. | L _
OBJECTIVE..: T ‘_'_s' . _';".‘-j S
. The student will calculate the concentrations ‘of ions 1n solutions of slightly-";7 L
' soluble compounds. .
‘:PERIODS RECOMMENDED: . - - 1. LT 5
_ . S ‘ : oo . _
SUPPLEMENTARY REFERENCE. o _".‘_" T T
: - . ) y _ _ o
\‘f . Mary E. Clark- Contemporary Biology, W B Saunders, Philadelphia, 1975 o e
OVERVIEW AND. REMAth. ’ . ‘
I ' ' v ' ' ' Lo
In this 1esson the mathematics takes a back seat to the chemistry. Perhaps the ;]
¥ ‘most 1mportant idea in it is ‘lead poisoning. Even though lead ébmppunds are only
. 8lightly soluble, the amount that_dissolves (i. e., the . part that dissociates into
Vbe+ and anions) is - dangerous. Typically lead poisoning develops after a long period :
of low-leveluexposure. The body, absorbs a small amount of the lead to which it is = .
exposed. Once- absorbed it tends to stay put. therefore, a dapgerous: level d% lead 1n
the body .can be uilt up slowly over ‘a long period of low-level exposu{e. o )
;*_ Ingestion of . lead-based paint flakes is a serious public health problem in many .
\of the . nation's central cities.  This 'ig the major: cause of lead poisoning by inges- '
tion. In addition to ingestion, much lead is absorbed by way of theelungs. It is in R

the Jir we breathe and -comes mainly frong leaded'gasoline. Lead from gasoline additives ‘l._
also finds its way into our food and water, this compounding the problem. T

If you or jyour students want to know mor;\about this topic ‘the supplementary
reference ‘has a great deal oftgood information. . _.:_1' :

»

. "‘_ Starting with Section 13, we use "z to represent an unknoWn concentration in~ .
S stead of the more traditional "y, mﬁis is dgne to eliminate any confusion with the‘
?ﬁgj“ multipl}oation symbol "x" used in scientific notation. '

'::s | | o 20 ,Il




- ’ : . i) i . : hid : ' .
- Ty o - . . ) .. R .
: . R o . . . L - . . . s ' .. y

‘5'PREPARATION FOR FUTURE LESSONS

Lessons 15 and 17 are deslgned to be taught ln coordlnatlon with Sc1enge
. Lessons X and Y. These sclence l'ssons prov1de concrete experlences relatlng to
the material in the rele'

nt mat matics 1essons These sc1ence lessons are . of . the

"floatlng" varxety They, o n f‘flt w1th1n the ﬂ&ow of sc1ence mater1al but -are

'_deslgned to be 1nserted a the approprlate t1me “for mathematlcs You should alert the

:jsclence teacher that .you- ‘are approaching the time of need and determlne together how

"to coordlnate your: classes to ach1eve optlmal sequenc1ng {4 3 o : -
3 ! ° o

Sclence Lessons 17, 18, x and Y deal w1th aclds and buffers - An ideal seqnencing;

would be afprox1mately as follows .- e - SRR
- L '.| 7 g
SNV R T - A ™ v g X -
L _ © math 14 ‘l ! lS/Ti 16 . I _'.I o
‘The 1mportant thing will be for Sc1ence Lesson X to be used right after Mathematlcs
' Lesson 15 and Sc1ence Lesson Y to. follow Mathematlcs Lessqn 17. '

e science | | 17 X -l
~ _

4

KEY--PROBLEM SET'13: .. - - ‘ E
. \ . .

Loax 107t o0 9 T w02

2. ex10=1.6x102 . 1. 11 x 1073 ¢

- 3., r/IU'XZIOAIjzﬁj.iGZZX:10'1; N 11 3 x 10-7l

4. 5 #“106 ¥AA'-;3‘ S _ 3'_- 12.-a.- one o

5. yZzx1072=1a14 x 002 0 w2 T
Coex a0t - R 10 -4

5 R T "‘—5.:. -

R

6 . . - .
7. 713 % 107 d. “[Tar™"] = 8.8 x 10 -4y o
8. 20 x 10 = 2 x 10% |

.o
.

- Answers in any equivalent form are acqgeptable for’ Problems 13 through 23,

[ﬁb**] 13.3 x 107 % .
'14. ™Mg*™]

15. ca't + 8.9 x 107N

. 16. .18 x 10713 M

<

Il

-24.. a: less - '

R

‘5.1_%j1of3 o " b, small, small
- - c. vermilliony Hgs T
PbSO, - . - Y

>
-
o]
.—

§i S o .
17, 6.3°x 10 | L
: 18.-«6'0-X*10-15“M o . Tt . 25, nny four carbonated .

o -6 o R S beverages - R

. 19. - RER 1076y T UL 6’ ey
| 6 . e 2 SR
Moo L
N _ o - .o b. PbSO4
, B e S

. 21. lr? f,;O '-M-,-,r. """ ;’ o ,,.;\ T S _c;: It W1ll+tend to lower

T22..18%108%wM. \ the  [pb* ]

M (about one'molecule in 300 l1ters) C L ge. lead-

20. 9 3 X 10

(1

23,1 % 107"

* (
:. L SN

e

L F . vt
VA - A

-

‘ . . - ‘ . . . e . } ) . A ] o, L . . . .
. ~ L E cL _ . a . N7
' . . v . . . - . \
c ' . . L . : . . T o . . v . Lot
" . . . N . . . . . - . ¥ N
. e . i . . . I

-27 o - ' L ) o o S S I

will precipitate _—

1,
' "' ‘ﬁ ‘g . ‘ _‘, . -. \._\\\ i . t } ‘e .
w v
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g LESEOﬁ!s': WEAK ACIDS AND DIssdtIATIons CONSTANTS
ES: N ) - \. . DR . -. L. ) " 4’ ;1,‘=i" .. '_. ..... ) v “‘.,‘. " R " ) _ L‘{.r._ ~ .7-_ .. ;._7

OBJECT

- -calculate the dissociation constant for a- particular weak acid whén given
' the equilibrium pH and the. 1nit1al concentratign. B Y T

--add and sub&p‘ct npmbers expressed in scientific notation 2t

PERIODS RECOMMENDED.JQ o T
T SR “« 7 :? ) : '%'u T S I - : _— LR

Two or Three - = .. -~ ... oLt

.,4--

} ~ This lesson and " Lesgbn 15. prepare for Lesson 16 in which: equilibrium problems will
be con91dered that require the quadratic formula for their solutron. If you think*

Lesson 14 will be frustratingly difficult for your students, Lessons 14 through-'18 may

be omitted.. No subsequent mathematics or, science material depends on them. Further-

more, quadratic equations ‘have - actually been applled in Lesson 13, although the quad-

. ratic formula has not yet been required for the solution of an equilibrium problem._ .'l

We have included the Lessons 14 through LB;to demonstrate actual applications of
the ‘quadratic formula torreal biomedical situations.. However, we realize that -the .
level of the material may ‘be " above capabilities of SOme students. If thlS is true for

actually required for the solution of certain kinds of real problems."
[ . . .
. If you elect to delete part or: all of the lessons, be sure to notify your col-w

e

- league in Biomedical Science since it will. affect the student's mastery of’ equilibrium
concepts needed for Sc1ence Lessons X and Y. o

-KE!--PROBLEM SET414- All answers may be in’ equivalent forms._xl S _. E '.“
Jlaixdeha o o e d 10 a.ex 107
75 %10 S S Lax 10T =T

-5 S P .
l 8 x 10 S R .. o= 1 4 x 10 - ) ;‘

. o R . : . %‘“r"
. 44 @ : .-'m _ . . ) LY
K = (; X 10 Y (3 ; 10) 00 g K ™ .
- 5 X 10 T e ﬁy_m

il

n

- (3 x 10" )(3"x 10°°) 7 o sfx\kl; (3 x 10 )(3 X 10 yoo -
S -1 ' T S - : -
. 5 x 10 I | o 2 X 10 S B L
.',' 1 8 X 10 S' :_‘ .; - St \4;t}x 10-3'c.}' ’ '

7“
A

2 s x¥10'3)(6 x 107%)

_ (1 4 x 1o )(1 4 x 1o e
- e & o T T g -3

-1;41£'1o o o 'i”).3:=,455'* 1073 t;,“fﬁj?,". S
‘ . _ . : . - . '. . - -. .' ,
g; s 10 xa0th o 2 x 1073 1.2k 10
1.4 % 107 =2 T 13.2 x 10 It
o g ;.4 5 x 1073

s

3)'

The student will- fﬁ'i} . S '.kT.- 'i, ST S, ;':?fb_"fzgf

! ! e Lt AR _ . .
OVERVIEW AND REMARKS: . L ":‘-T'_- f~_' ‘.-‘,=_._J s ff:g S

your students, you may Stlll want - to spend a cLass period or: twb scanning and discuss1ng:'“
the sequence--the objective being to- conv1nce them that' the quadratic formula is ; .

‘(9 x 10° 7(9 X 10 ) T |



R e g
oAb e 0T T e g d.1_85 x 107 R

120 206 x 10 -6 R L es 1 x 100w
BERINS E PR B 21 %:10 11 B T AR E T ::-.;:_- cooe

~_114;ff35054¢x_10_5 ',é - ";' g - 947610 “S'm I

oo

s 20207 o ﬁ.f'“:i'ﬁ;ffg_x_lo.S_"
fl;g.‘-i.z7'x.1o?$ -'_f L eiR2. . see graph . -
il]l}_l %L10-13.:' B "i”f:‘ 1H:_. .. - _ ﬂ;..éeg_graph. ‘ ﬁ ' "f._ -';
| 18. 4.6 x".10"'-’9 { " o e -']_..eAs.s"_-_ o L
R T R T T FE £
i{* S0 20, 45 x 107 =5 '; : . . f_.:_-;':.:F:- ';:e; s&Ccinib';i‘;f“’ f' b
_21','-:"_'a‘\.Q see- graph_.-' Er ; . k Y - f _stronger o

‘ o b.* see gr_aph' S v :_ o . q. V.:smaller, more easily

<O

ac. 1 x 2078

2. . 21b x-|x|o5

. A
.. k ap " T 5 ARD

3

a; oo

g

N
&

I

= -

K

¥

NITIAL [ACETIC ACID] IN 10-5M
'S
"

%i
k4

.
g.

1 3

DA 3 .2 4 O-1. 2 3'4 5 6 T
| . N oy ‘,:‘ : B [H*] 'N"}€—5 M N




. 23, a. [H ] = 4 X 10 24,  a. [H ] o 2 5 % 10 ';‘, f) e
. -\ -4 o S S

b. same, [NO ] =4 x 10 im0 ;'a-;;'u;"[Sac 1% 2.5 x¥10° 3.
“o; initial [ T ﬂ'c;}i{HSac}x='2;5 x 1074 _:f3~ ' ;\5?

a4kt KR =‘2'§'§ 10720 e
o _ ~ | ! -4 L Lo o _ 5 .. .A‘. f L . .
R 264 K 3 2 x10°° ST A

! - _ o ) U . - ¢,

LESSON 15: CALCULATING THE INITIAL CONCENTRATION FOR A PARTICULAR sty

. OBJECTIVE.;;”

R -The st%de%t will calculate the 1n1t1al concentratlon reéulred«to ach1eve a partl-.'
k_ o cular : ) . . ) :

"' PERIODS RECOMMENDED: = : T A SR
o ’ - . -.. . . LN . V A_ . . ’ . o . .. a - . N : ¢ A ' oy . a
- fTwot' . ST R : /{ T

- OVERVIEW AND REMARKS: -~ , - @ . = L e IR ". ;:'4."

" The pattern of the problems in th1s sectlon d1ffers in one. important deta11 fromk L?'

A'those found in Lesson 14. The initfal . [Acld] is an. unknown instead of a glven. .To

'\
.:.\

: .-:_;:G; IR

f1nd the 1n1t1al [Acld] it is- necessary to- solve a llnear equatlon. 4 f
The reason1ng requlred +0 flll ‘the - tables'as pérallel Wlth’the reason1ng re- %
‘ qu1red ;n Lesson 14, It rests on two ma1n ideas? ' ' :

_"'4 1. Equ;llbrlum [H ] Equ111br1um [Anion”] . i‘
_ : .

20 In1t1al [HAnlon} = Equllibrlum [Anion™] + Equillbrlum [HAnion]

.

' » 'science Lessorf'X: (ynlt III) should be coordinated .with - this lesson. It w1ll pro-_:f .
4v1de direct laboratory support for the concepts taught in thls lesson, Students will

”“Calculate the initial concentratlonsrequlred to achieve certain pH's and then actually
-make up the solutlons.. For maxlmum effectlveness Sc1ence ‘Lesson X should occur N . _
shortly after uprk on’ this lesSon has begun in mathematics.5‘“-- U T glsxﬁf“ : T;,L-

- ; R T
KEsz/ROBLEM SET~15° R .l

'.10'.a.n:. - o " 3 , . ’l.

“e .

Concentrations Initlal‘ : 0

T : ‘ rium ' ,

Gus

+

b,z ®2.5x 107

M- e W

. Initfal [HNO,] = 3.5.x 1077 M -

. v L. : .
v v : :
v




S O I

“-3a:;In1tLal [nuoz]._ 675 x 10° f 6.
5. Initial [HUT].

. - LESSON. isy

- BJECTIV§ T ,'~7 ST

' OVERVIEH AND REMARKS: S v

* . Set 17.

” S ‘ :‘r).- A T .J “ ) 77.'7 ..
. : o A e
- " y =
. z .'”.".. H+- .. . . ‘.]7 .
- e — _ +— — o
o s | 0 |0 | we2ee]
Concentrations; | t%blal A0 P T A ' oy
. R AL , \
A Equlllb-' R w

riom .

. \

v ——t- - - 3

' 2 -= 02-5-M .\ . ( R 'j“ . . " 4 _‘-_ . v 3 \ . . ‘ .. . ’.' ...‘

.26 M':'

c. fInitialv[HNoé]*

2.6 x 107 ”;"5 Ty, L "; e, ;f‘

Initial'[H, Tar]-= 7.5 % 107
... :
= 4.04 M S

4. Initial [H,Mal] ‘Initial [HBenz] = 1.26 x 1074 m

=s226M 8. = 2.17 x 107 "

In1t1a! [HBut]

CHEMiCAL.EQUILIhRiA-AND'THE‘Qb@pRATIanORMULA,'.j AT

The student will determlne the coeff1c1ents for the quadratlc equatlon that ré-
sults when the equ111br1um concentratlons ‘are calculated from the initial
[HAnlon] ' : :

-~

PERIODS RECOMMENDED:- LT T e _.'?,.,"

Twp or Three

‘ . . . . . E . .
The answ}rs to: Problems 4 through 10 Ain Problem Set 16 are ‘used in Problem
- The correspondlng problem number’ in Problem Set 17 completes the solutlon

of the problem begun in thls lesson. - » -9

‘KEY—-EPOBLEm;SET 163 e

.

1

a.

/

"_Concentrations'
B

SR}

Initial 0

| Bauilibg | - - |-
rium ? Z

o
X

1074 = 22

S AR
AR [

Azz +. (9 X .10 4)2

-4

1,b-9x10,

s
c

(9 1007,
=‘—9 x 1077




. . Aq- : N . . 4, 0
v . . .- A B . . 3 rd

| concentrations ~fInitfil‘;".°':' 205 x10 ™
S (t. ’/_'\" _. N - . . . \ . . . ) . ... « . .
oW [Equiaee | "

R . R I T O Y )

b. - 9‘..x1o4-=‘ A L S e

_ c._f._.‘ 0 = 22 + (‘9 x 10\ )z - (4_..5..1‘:x ':\1-'0“-6). , ) ','h:'i, a ‘,f o o S
L a; a= 1,fb'='%.x 1074, ¢ = -4.5 x207% % o o R
3.a o AT b reie | sicie o | S

T . . . o~ - C e . - ] . . S C o . ) - I
e . 0 ) y . G T . e - B A -
L :

| Concentrations |}

Initial | o0 . [“7o ¢ 1072 Y w0 0T

ey Egu;lib~ P b, T e e
. (M) e . rl\mn A“ u z: ., ‘ z | “ 10‘ 2 v.-...‘.zv\.":.(" e . ) : . . . ’. i § ..

o ” - - : . Lo

. b. 0 =. 2 =3 (9 x. 10" )z - ;9’x 10~ r.-¢ I o RRTE

1, b=9x10"% c=-9x 10
8 x 10 5,“;

_8 x ]"9 e o " L ‘a2 '.,”“".‘ N ": .

} S e -~ Lo S _ . - S
=3.2x10°% ¢ = -3.2 x 107
6.4' 107>, ¢.==6.4"x 10"
-4 x°107%, ¢ = -4 x 10'8 -
."-o : -3 - S ..‘:\0'
=86 x 1073, c=-2.3x105 N
2

@
®
o

-
o]
R
L
o
"

2.5 x 1072, ¢ = -6:25 x 10’4 S R S Y
l‘."4 _,x?11074;: .c'.___. _'4.02_-;” 106 -

W

AR A - N - -
it X

10. .a = 1 '

e ) ] ) . - ) . . B . ) ) ‘-‘ ; . ] " ‘.' . .A\V.

LESSQN 17:— THE SOLUTION OF . QUADRATIC EQUATIONS RELATING TO THEMICAL BQUILIBRIA: .. ivsu. . +0
: R e T T e e e SRR
The student W1ll complete the solution of quadratic equations that were developed . .
in Lesson 16, - These.equations. occur when the equilibrium‘concentrations are calfulated s
.. from initial concentrations._:‘~ _ T o E J.oo :

-

Af.PERIODS RECOMMENDED: '~ .. e

Two or. Three «th.‘,i;_ o ‘_1_ ) u."; 1& _l ;"i't e _.“: !
'OVERVIEW ANDdREMARKS". e Af ' .i;.fﬁt

e

_ Science Lesson Y (Unit III) should be coordinated with.this lesson. It provides A
~airect. laboratory support -6f the concepts developed here. Students will’ confirm .-'1;;1
their theoretically calculated predictions by actually making soldtions and then -~ ' .
checking»the pH. For maximum effectiveness Saience Lesson Y should be in shortly

after work on. this 1esson is begun. !




f:‘f }J. 1 Since Problem Set 17 uses the answers to” Prqblems 4 through 10 of Problem Set 16, f_
' _be sure ﬁmt the correct answers to these problems are" available to. all students ‘be=~ ’
" fore work ,on Problem Set 17 beg1ns. Otherw1se students- w1th the: wrong answers to - vo

l_. ..

':T”Problem Set‘lﬁ will Waste’ their t1me in Problem Set 17. "i;} o ;ug;tﬁ'- : n S

e 7]

s
’

, YouOmlght w1sh tojglve the students the follgwing set of rules that may be used
"'-to test the reasonableness of thelr answers. '

L ’ . \ : , N
: '; - RS I 1f %he 1n1t1a1 [HAnlon] = 2K, then the acid wlll be SOE‘FISSQClated at \'

lﬁequlllbrlum. Therefore, -at equlllbrlum j“?_ "_ e . SN o S

A To T e "[H ]- - K, o R | “ .
' ' . .- . ‘ “. ‘:-."o i - :‘_ 4-‘ ’ . [Anlon ] ;_%- : . . . .
o T S | [HAnlon] = K

‘This 'may be easily checked. " ° % )
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~ ._ . . . o ’ . . . " - .. v ‘ Co ': ° ‘. .
2, ' If the 1n1t1al [HAnlon] < 2K, ‘thn the acid will.be more than 50% disso-- .
N clated at equlllbrium . o S N ftv' _ L "_7' lfr‘ ""_h‘ ;

'S

B3

- 3;; If the 1n1t1al [HAn;on] > 2K, then the ac1d w1ll be less than' 50% d1ssociated :

e

- at equLllbrlum. f R : o o o A L
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N} ' .'fl., '!' Each n1tr1te }on in . solutlon used to be paired Wlth %n H 3 therefore;l S o
: +. . : . . :
- [H" NOLTYr L T N : : : Ao L N e

. [ ' } = [ ) ]’ (- e o RS S S S _\; e

' b. Each NO2 .1n solution comes from former HNO2 molecule, therefore '
. T ' vy
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S 7' S : INOz ]'+ [HN02] v'Initial [HNozl T e
Y . or, equivalently, ./ . S
b e e [H&Ofl.‘ S
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' ::h. Negative concentratlons are p051t1ve1y meaningless.:
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'LESSON' 18: _DISSQCIATION CONSTANTS AND THE BIOCHEMICAL BREW
, S . ; .
. The student will calculate. the equillbrium [u* ], [Anlon ] and [HAnion] when given__
" the initial ‘[#t] and [HAnlon] : . e , _ _ P
PERIODS RECOMMENDED: o ER - ' )
. ' \
Two: or Three o L . .
o - ' . o
-OVERVIEW AND REMARKS. . - '

. o | .
'v- 'If your students -had trouble with Lesson 17, you may.wish to .omit this lesson and .
' - move on to ‘Lesson 19, the review lesson. The srtuatlon dealt with in this lesson iﬁ a-

1itt1e ‘more realistic regardﬁ.ng\ equilibria, .but also a 1itt1§ more complicated.._- -

. In this lesson. and earlier: ones we. have dea1t w1th certain acids of the tyge
L 2Anion and H3An10n. We have- always assumed that only one H dissociated from a given
: ‘molecule.f This is not strictly ‘true, but the contribution to theltothl [H ] made by
_ the second and third ut dissociating ‘is generally very 1nsrgnific nt in the kinds of -
. 91tuations that, we have been analyzing However, in solutions of the salts of thése: :“
"-anions, this effect becomes important. v
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Since 3. 2 x 1073

.(.

3 b. "The same' amount’ of H,Tar is disso;ved in one tenth the wd!er. This causes a
tenfold 1ncrease in the initial [H Tar] S B ' ' -

i . : . BN

< K’p’a precipitate will not . ;orm ’ *‘
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.:LESSONLIQ;' REVIEW-:_. | o : . : ﬁ_:..' . -_i'n"-.-.'"-/

OBJECTIVE. o T T R S
_ The student will.eolve proﬁlems'relatingfto the_objectives of:Leesons 10 - .- -
through 18. : L ’ ER e <§ L \

bneor Mo o s T T

PERIODS RECOMMENDED'

ovn:avmw AND REMARKS-'_'-_ N ‘ 3

If some 1essons were omitted and you want to use this review, be sure not to'
assign problems based on o tt%d 1essons.' The folfbwing tableiahows the correspondence

between problem numbers and lesson’ n?rbers. -f:‘

N R S




u'{' . © .. PROBLEM. . LESSON- -~ ‘.. - LT
-l vl v " NUMBERS ~ NUMBERS . . . R
L __T ,. T 1=10 0 iiOf._-; S : R
U e, A
e =1 1, 12 L

o | A 20,20 013 L
I L N T

23 1 o
R T o 24 -:{5115 . e S

S T - R R U
L .x._‘t _ _t | S 26 B 115‘;_' 7  }' S '."';7_.‘0 o N
o e e e 2T 16,17 T ' ;

o

KEY--PROBLEM SET 19:

3Answers to Problems 1 through 5 that are 1n equlvalent forms are also correct.

8. f'ﬁ.'u LY 18, [Ba ™11s0, * - (3 %1076 (8 x 10
’ :" S X TR i
3. 1.06 x 10'2 L {)1'" ezt

4~‘_3'x21°-23' . ‘17_3 IR WP T Rl ¥ 6 x 10
5, j:x.1013“_fl '."")4-ﬂ ST o precipitate forms

5’

-l. . 1+49 X% 10

2. 4.6 X 1Q

" 6. 60,000,000,000 . | 19. [K ][HTar ] (1 x 104 )(7 x &0 ')'f;
) .- 7. 3,000,000,000 o | T 10 S
N R S e v o4 Y
N e T, 000,000,060,000,000 " " - ool X 10 s 4_*RL° e
W e ° : ' precipitate does not form - . - ..
N\ 9. 15, 000, 000, ooo 000,000, ooo 000 - T, o T |
| T - 20. [ag'] = [0R7] = 1.2.x 107" M
_.0000000317-;._-‘, R e : S 3
o e gt * = [co ] ® § %10 > M
- 22, [H*Y.= 1 % 10

; e e o L - - [HTar" ]\= 1 x103m .
T~ A3..pH = 8,3 LT e ; R U S

: o 7¥’ T L T : ‘LHZTar]ﬁ =]_ X 10 _
S 23, “[H'] =.9@6'%“1075_M:]' FER
o [HSuc ] =4 1075 M

o -5 m .
:[HZSuc} 6 % 10 __M.

M

17, [eb*1080,77) = (20732 x 107 g 3
' o AR L - 24, Initial [H,Mal] = 3 5 x-1o M
| R 4. 2
T =2 x 10 o 3 _

S " - s, :[H ] =3x107°mM

2 x 1077 > IU'x 10'| o [Hsal”] = 1 x10 -3 u.

. precipitate forms - - 7[H23a1] = 3 % 107 -3 " -

~26. Initial [Hy8a1] = 1. 1 x 1o -1

- 27, [H'] = 1.6 x 107 M

. "-15353' ' [Pyr ] = 1.6 x 10, =3 M

oo Ty //{Pyr] = .8 x 10 3~M,

M.
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" LESSON 20: ' -COMPLEX NUMBERS o
_f'fonancwxvns: e T o '\ | |
Lo The student will R ; > _;.»f’.f.;"' , l “', ST e _ .
'Qraph complex numbers,. . . . . e PR

*f{" , ;-solve Quadratlc equations having complex roets. -gﬂ.; ' C
- ' e .. - . : '
R PERIODS RECOMMENDED. PR A

Lo eme g Ty
“..VOVERVIEW AND REMRRKS.j | -

LJSsons 20 through 22 treat the subject of complex numbers. This subject arises -~
'naturally lﬂ'the process of" solving quagratlc equatlons. The basic arxthmetic of :
complex numbers is the principal topic. ' ' ' -

. & )

’.fxsx-;pnoanM SET'éo;

»
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LESSON 21: OPERATIONS WITH COMPLEX NUMBERS . ~~ ~ - -~ - = < =75

The student will L o SRR e T
¥ -add complex numbers.

. ‘,.-subtnact complbx numbers.' L .Af- S ‘3.":J'ﬁij"f l“:'"

‘ ".multlply complex numbers. o : F '_ ' “"E.“: ot _
'4 ~compute powers of i e IR R
‘ e o . .
: : . . .. -
PERIODS RECOMMENDED. T S T

'KEY--PROBLEM SET 21 - e AA."_ S
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LESSON 24{ vaxsxon OF coannx NUMBERS e e R
'OBJECTIVES: e A e |

Ty . _. The student g}ll-

6f1nd the conjugate of a complex number.

;1'- w£indthe quotlent of tWO complex_numbers. e
PERIODS RECOMMENDED '

'dne

| VERVIEW AND’REMARKS.r‘

If you-want to dlscuss.the long d1V1sion example on the flrst page of Sectlon 22,
‘you: will probably flrst need to rev1ew .the technlque for the jtudents.

P

'\ KEY--PROBLEM SET 22:f N
< . . . . W
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