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LESSON 1: 'QUADRATIC FUNCTIONS

OBJECTIVES: 't
e

The student will: ,

erecognizefiquadratic functions.

13 qUadtatic functions in standard form.

.c rrI ectly use the terms vertexl'axis of symmetry, y-intercept, parabola

.and opens upward as they apply to the graph of y = x2

PERIODS RECOMMgNDED:

One

OVERVIEW AND REMARKS:

This. lesson begins a sequence on quadratic functions. The first nine lessons

cover the,theoretical aspects of the subject,.discussing graphing, square completion

and the quadratic formula. These lessons liave been developed with the following

purposes in mind.

1. 4The lessons are intended to provide some general Awkground for collegpL

entrande examinations.
1

2,. The graphing material iS intended to provide some preparltion for the poly-
,

nomial graphs encountered in the second year of this program.

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

-applied quadratics material which follows immediately.

The applied quadratics sequence, beginning with Lesson 10, concerns chemical

eqUilibrium in the-digestive tract; Quadratic equationi of various levels of dif-%

ficulty/are used in exploring tbe following .subjects.

1. The behavior of antagids in the digestive tract.

2, The behavior of cdfi'ain food additives in the digestive tract.

3. The behavior of heavy-metal paint pigments after ingestion,

In preparation for the applied quadratics sequence, it is essentia], that Lesson 6

and Lesson 8 be coveted. If you wistCto omit any of the remaining material'in the

first nine lessons, it will not intefete with the applied development.

Unit III ends with a di cussion of complex numbers. This subject arises naturally

.from imaginary roots of quadratic.equations.

KEY--PROBLEM.SET
.

.1.', a. quadratic b. linear. c. linear, d. quadratic
,

I

2. a. y = 12x
2

2x + 3 b. y = -x
2
+ 2,' c. y = 2x2. + 5x d. ,y = 10)(2

3. 4.6 months/ 8. y = x2 - 2x + 41 .

.

13.. a,' 1 'b. 0 c. 0

1. y .= -x2 + 8 9. 2t2 + 4t 4- 1 14. parabola
. .

. 2
.,

. s = 3t + t 10. z = 4w2 20w + 24 15. Upward

.

.

2 1 2 -4t

, 6. Y. = x + 2x 11'. = yx, - 2x t 7 16.. axis of symmetry.

1. v es 2 1. 12. y = 2t 2 + 2
.

17. 0

18 . vertex
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-....LESSOM2:.".GRAPHINGTUNCTIONS OF THE FORK"y.= ax. + c:
...

. ..
. .

OBJECTIVES;

.-.The:student wi1l4"'
.

Arail graphs of functions:of theform.y".= ax
2

+ q.

corredtly apply" the.terms vertexfaxis,ofsymmetry, p..intercept parabolao.
, .

opens upward ,. opens dOwnward and congruent:to functions of the fdrm y =

ax2. + c.

. .

PERIODS RECOMMENDED:

One".

1(4X--PROBLEM SET 2: .:ss

NOTE: STUDENT SCALES NEED NOT BE THE SAME AS THOSE FOUND HERE.

24?,

x .-4 -1 IG

_

1 2 3

.

.

A I

20 13 8

Val 16 W

5 4 5 8 13

.

20

y = x - 2 _14,

I

-1 2 7
.
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A

a

x -4 -2 -1
..

, 0 2..

_

3. ii

2
y = .x

". 1
- .2- 15

1
7

n 1
0 .7 3

17 17

A

. 1

.1"

1

3.7'
.

Y = -16 1
2.

1
-9 .is.

'

-16
.

1
7
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6. y-intevcept:

downward

14. .:13-

o'

-5

. 3.

55

vertex:.
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LESSON 3: GRAPHING FUNCTIONS Op THE FORM y = a (x k) + p

OBJECTIVES:

The student will:

draw graphs of functions "of the form y = a(x. -°k)
2 +

correctly apply the terms vertex, axis of áymmetryj parabola, opens upward,
opens do4hward and congruent to functions of the _form y = a-0c + p.

PERIODS RECOMMENDED:

One or Two

KEY--PROBLEM SET 3:

1. k 3.

2; p

.5. a = 1

6.

7. .a

8. au=

9. a =

a

2 k = 8

4.

. p 2

.P =

p =

=. p 0=

-1(1 = 5

vertek:'

vertex:

vertex:

vertex:

verte:0

vertex:
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x =



2.2 111111111111111111111111ma 11
11111111111 A

III4 1111IIIIIIIIII
MN MONNE gi MEN

id1111111111 .1! ANNNMI MINUM AMIE
nlIMINMPAIIMIKU
111111111/21101111111111111

11111111rAllWILIMIN
III 0 IIIIKEWMIWILIIIMUUMUU MIN
111/1111111111MIMI IBM
1101111111111111In MINIM 1111MINIM

11111111111111I
1111111111111MIN

13.

11011111111E11111111111111111

EN1111111111111m rs wu...

11111111111111111111 1111111111111111111,1 11
ME111111111111111 1111111
ISMIUMMIll !IMI
11MUM1111 11111111111111
111111111111111144 ME111111111111
111111111111111511111111111
11111111111111111MH11111111111111M

111111111111111,1111111111111111111111
1111111111111111111111.11A
10111111111FIEMI1111111

111111111111LMFAIIIIIIII111111
1111111111111111111111111EiMEMEME11

1

1111111111EMEM1111111111111111111111M11
1111111111MIIIIMENIS111111111
111111011111/1111M11111111111111111111111111111
1111111111111111111114 11111111111111111111111111mummumm munirm ui
mummommmummEimmommumMIMISEIIMIMIIIIIMill /ME
1111111111ESMMMIIIIIIIIIIM 1/4',r MEI
11111111111,011111111111-1 ARUN

111111111111111141111111 111111EVIIII 7110111
11111111111111111111111 111111,411111111111111.111111111I18

11E1111E15111:111 o IIIIMIMMESIFIII11111111,AMINNIIIIII 11INE
1111111/411111 1111111111111

1111111111111111 1111M11111111111
111111111111
11111/111111111111.111 IEW11111111111 vall11111111111111111111111111111 ImmEENIN
mrammmmommiclommmommmumm
11111111111111111111

ff111
111111111111111111
N MI EIEROMS111,111PAIII111111111WMM INNEN.
IMMUNISE "3 MOE=

111m1111/111M6, `,..
11111111ImardmirI ormInmarnim

E lmo 1111111111 MUMS
11111111,111411111 14 1111E
MEMO IIIII1111 ,..111111111
K IM 1111111111111
11111110V111111111111111 ammo
IURlUUURUUL1IUl
MEMS111111111
1111111111111111111111111114ffillaillallII11111111
11111

IIIIINM11111111111111I11111

16.
1111111IIIIIIIII1111111111111

UlI1lIMlUll ISIilU
1111111. MEM NIIUUMIME NW
1111111111Ma Ill 11IU
1111111111111FINEN
1111111111111,1SIM 1IilUl
1111111111111011111 111111111SEMI NM 111111EMMA 2111111110
1111111111INHIMIIHEI111111111
11111111111ilki1111111111111,1111111111111

EER IIOMMKAIIIMMII
1111111111111111IIIVAMES1111
11111110111011111111111111111
ImIrli111:111EEIMIFEES
111111111M11011/%111111111
11111111111111111111011111111111111
1111111114/11110111111111
11111111111WIIIIIIII.11111111
IIIIIIIIIIII1111111111111011

20. y = 1) 2 + 1
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21. y = -2(x 4)2- - 3
222. y = 32; 60x + 307



LESSON 4.:, COMPLETING THE SQUARE (PART. I)

masECTIVE t ° .. ,.

The student will

1

into the form

PERIODS RECOMMENDED:

'KEY--PROBLEM SET 4:

1. 49

t functions of the form_

y = x bx c.

Y = (x k)2

16. no

17. 9

3. 18. 3-6

4. 19. 4000?
-7 2G. 25

16. 100
25

7

29)8. a. _ (x + 2 23. y (x - 5) -s622

b. y = x2 + 18x +11 24. y = + 11)2 - 131

25. y = (x + 8) 2 - 64

26. (x 15)2 + 5
, 3, 2 927. y = Ix - 2./ -

7,2 5328. Y = Ix T -

= (x + 11)2 - 121
4 e

tio 30. (x + 5 2 + 1

9.'

10.

11.

12.. ,0 (x 25)2

13. no.

14.. no

15'. no

C. , 81

d. 81:

e. yes
2y =-(x

Y = (x 8)2

1.1v: 4

. , .

* 4



I

LESSON 5: COMPLET/NG THE SQUARE (PART II),

OBJECTIVE:

.The Btu/lent will put. funct.ion? âf 'the:form

2. ax hx-+ a .

into the .forrn

PERIODS .RECOMMENEED:

One

KEY--PROBLEM SET 5:

1. 12 (x2 + x) + 1

2. -3(x 2 + 3x) + 11

3. 2 (x2 - 11x) + 13

7
4. -4(x 2 - 2.x) - 6

1
5. 61x

2
- t-x)

2
6. 5(x

2
+ .5x), 7

2 3
I

7. 8(x + %Tx) - 100

8. -1000(x4 t'ux) - 10

9. 2(x2 + 2x + 1) - 2 + 6

10. -4 (x2 - 8x + 16) +464 - 11

11. 5(x2 - 4x + 4) - 20 + 66

= a x - ) + .p

12.. -3(x2 + 20x + 100) + 300 + 200

*13,. 7(x2 10x + 25) --.17-5 60
A".

.14. -10 (x2 +, 18x 4.81) + 810

LESSON 6: MANIpULgTION OF RADICALS

OBJECTIVE:

15. y =. 3 ( ic + )

16. y = -2(x - 2)2 + fl

iL 4 (x 5)2 + 19

18*.** y 7..1)2. -'1

19. .:y = 5(x + 3)
2 + 2

20. 1,, = 2(x 6)2

21. y '2(x -
,*

1
. ,22. Y. -3(X'+ 2.-J

?3 Y =. 4 (x +1)2 + 2

2.4-.

25..

1
y(X - 2)

2
- 2

1 1 2/ 1
- yi

e'.

The student will use a square root table and the properties'

42; = SIF

s.'
11.

; .

if to find:. the 'square -rot of 41 number .with-Oree dicjits or less.

,

. PERIODS -RECOMMENDED:.

.

ILL .* L112



ee. .1
44.1i

!OVERVIEW AND REMARKS:

The'idati introducedin this lesson will be expanded'iri Iesison 13, ,whiCh trpats
, .4

.square'rgOts.of numbers expressed in sciontifig. ncAatidn..
. -. .... 4.,...1.,,

KEW7-PROBLEM_ SET 6:

cell. 3,606

6.325 '

4, 3.1.28.57
4.

.4.. ).8.76If.., a

33. 100. ,6

-14. 100

15., 10.0

16. 4

la. lo

1.9.. 10

20. .247
21..

22. 31

23. 5

24. 10

25. 10

4 12., ;100
`

14 9.

\

i

26. 61.81

.27:, 195.4

28'. 1.,944 g

29... e.025"

30. *301..8

31. 6.496

, 32*. 2:054

33. .66496

35. .2943
6

36. 4 ..5 monttit

37. -3.3 MOnths

38*. 2.6 .months

,

HiESSON 7: QUADRATIC EQUATIONS

OBJECTIVE:

,The student

PE40ris RECOMMENDED':

'

,

One or Two

.KEY--PROBLEM SET.7:

1. 0.

,2*.1 T

3. F

4. F

5. F

4;

I.

.

solve quadratic elquations by the method of qq4re. "

9.

10.

NR

13. 1,

-2,

5

16. -6

17. .172, 5.828

18. -3..449, .1.449.
t.

comple'tion.

'tt '

. 196.. a 976.11.303
''

20. 74.5.50, .550.

6

-21. x

1 ± 4c .22.

- 23.

24.
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,-LESSON 8 THE QUADRATIC -FORMULA
.

OBJECTIVE:

Artie .student !WA::

4.

;solve quadratic equations by user the. quadratic form la:

usie tfie discriminarit to decide how many roots a given cjuaaratic equation
has.

.

PERNik RECOMMENDED:

.:One

KEY-7-PROBLEM *SET 8:

1. b2)* 4ac = 1 2 roots 11..

ii . )
4., 2. - ,-44 no roots 12.

I

...4 a. -73 nO 'roots. f

)

II

: 4.
-10,

1 root
.

,. 5., 0 f 1 ?lioqt . :

.

,:i
P 1 , .
i, 6. 11.

'
3 2 roots

.7.
., 40 2 roots 17. -3.236, .1.236

-8

13. no real roots

1 114. y =e0.333 = 0.5

-1, -0.8

-4.792, -0.208

.8. 0 1 robt -7.140, 0.140
,

9.
-35' no roots 1 . -5.7e, ,0.26 .

ri
10
, 1

a It: LESSON 9: REVIEW
"r

'-` OBJECTIVE:V
.

. . .

The, stustent will solve .problems related to the objectives for Leseons 1

. through 8..
, .

4

'4vERIODS RECOMMENDED:
1 »,

s
'One dt Two

OVERVIEW AND REMARKS':
.

,. .
i .

Before the ptudents begin working on the problem set, you may want to -review

ti?e tollowiqg terms. . . .

t.
. r

1.-.. parabola 5. x-intercept, y-intçrcept

.2. congruent parablkas 6.. completing the square'

3. vertex r P 7. quadratic equationn
4. axis of symmetry At r 8. quadratic formula

48 2.roots'.

!

A.
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LESSON.10:' ,SCIENTIFIC NOTATION.AND MOLA

WECTIVES:

The Student .

..convert decimal numbers inAlkeci ntific notation.

4 Vconverthumbers n scientific no rion into decimal

interpret conce'ntration [H+].)..

PERIODS. RECOMMENDED:

ori;'

VEV/XEW AND'REMARKS:

,

This lespon initiates the applied segue

will deal with chemical equilibria. .However

til.Lespon 13. If the..students are- disappoin

more- quadratic'equationei.explain.that all in

lore. the application .canioe.understoOd.

ce of this unit. Lessond.16 through 19

there will be no quadratic'equations un-

ed at having to wait so.long to solve

ermediate material must.be mastewd'be-
,

Eash leseon in the sequence 10 through 15 reviews one mathematics skill and. one'

chemical application of the mathematics skill. Aal skills in this sequence are cum-.

Imulative. For example, pH is reviewed early eizi then ,used in the balance of the

eequence.°

'Throughout this chemistry-related sequencti it would 'be very beneficial to'be in

day-to-day Contact with thescience.teacher. For exam4 the method of determininN

a gram liolecular weight!is reviewed, although it is not an objective of the lesson..

The science teacher, on the other hand, might want to take the opportunity to review

thia.technique during science class on the day you teach.this lessor..

. Science Unit III deals with blood and the ciroulatory.system. Mathematics

Unit.III is applied mainly to' chemistry and the digestive system with only,,sscasional

forays into topics related to the ci4rcplatory system. We have focused A-the diges-

tive syetem because the equilibria are generally simpler and more immediately,relevant.',

KEY--PROBLEM SET 10:

(Answers in equivalent °forme' are also correct),

1.

2.

6.x 10')

30-10

.4. 6..473296734

1-5: 45 x

1.0004 x.10

11. 160,000,000000

,12. .0000000000004

11. 3,141 592.654

. 6. 4.03-x 107.'

109

14. 314.1592654
0

15. -6,023,000,000,000

I. 1.0000064 x 10-

8. 1.047 x 104

9. 6.34 x 10
7

10. 6.402 10-6
sj

16. -.0078

17. .00000048

18. 50,000,000,000

19. .00000000007

20. 700,000



21.

22. T

P

423: F

24. T.

3.0: 'the cohdentrittio qi carltnate 1one-4s/three-tenths:molar.

Fikstvdetermine he:molecular Maes of the .substance. Then,-We4h out a Masa i

25.

26:

egraM4 which is numerically equal to the molecular weight.

33,. 1.25 x 10

'34. 54 x 109
4

LESSON 11: A REVIEW OF MULTIPLICATION AND DIVISION IN SCIENTIFIC NOTATIfON AND
THE pH SCALE

OBJECTIVES:

4 --""

.

The student will: IAN,

multiply and divide numbers in scientific notation.

conVert pH values to molarity values and the reverse.

PERIODS RECOMMENDED:

Two

OVERVIEW AND REMARKS:

None of the material in this lesson is new; however, experience has shown that

a revievi is woxthwhile at this time: The material first appeared in Unit I and many.
. .

students may have forgotten it by now.

.It is especially impOrtant that the conversion from pH to [H
+
] and the reverse.e

be mastered. This is an important skill fortboth the.mathmatics and science courses.

\ow .Finally we want to call your attention.t6 Problems 1 through 47. These prob-

-

/
;

lems deal specifically with blood and should not be ski ped even though they-are at
, -

theend of the:problem set.

KEY--PROBLEM SET 11:

a
1. a. (x ) (x

b
) = xa

+b
b'.

.

The answers.need not..be in \e'same form.as-gi below.

2. 18.x 10 9. 8 x 1612 144' t. x 102.16 '

A

3°
24 x 101.5.

.

10. 9 x 10-3 ,.' 15. 30 x 1021

4. 12 x 10 19
.11. 5 x 104 18 x 10

19

18.

-. .

5. 35 x 1026 12. 4 104 17. 12 x 10
4..

a. 24 x 1017 18. 6 x 1016
,

).

7. 4.8 x 101 at: 3,6 x 109 19. 24 x 10 .

k
-

15

1014 c. 36 x 106 20. 48 x 1013

0

7
13



21. -1.x

22,, 1 x

:23. 1 X

24.. '1

25: 1

28. 10'

2.9. 2'

-30.

.11.-a..

et

acidic

basic

32. a.. -4.3 c. 5

b. 7 d.- 5 -x

-0

3,
erythrocyes ..10 . ml .blood
ml 'blood liter. blood.

8 hemoqlobin molecules
erythrocyte

. .

hemoglobin moIecul.es x 10
. erythrocyte

6 d
0

the
second.:

33. 6.3 x 10-2

34. 7.9 X 10-4

35, 2 10-5

-
36. 7.91 x 10

6

37. 1.6 10- 6

38. 3:2 x 10-8

5.*

10- M 39. 1.25 x 10-9

40. 5 x 10-11

liters Lb lood 2.97 0l3 erythrocytes
adult bale adult male

Ir
erythrocytes
aault'male

017

= 8.019 x 10
21 hemoglobins

adult male

6 deaths sec min hr . .
45. 2.3 x 0

second
. 60 ErE . 60 -h-i- . 24 .. 1. a

46. 7 micrometers
1 mm

j -3
= 7 lo

10 micrometers
x mm

47. 10 nanometets
1 micrometer

. 10" nanometers
4

LESSON.12: CHEMICAL EID

OBJECTIVESI

The student will:

.1 mm

104
day' 1$ 4eaths

3. x
P yr 6 50 -7F-

-5
- 10

. mm
U m ordmeters

ILIBRIUWAND SOLUBILITY. pRoDucT

.!relate.the concept of'dynamic equilibrium OlsolUbility products,

.determine whether or not .0.-precipitate wil1lormHwhen given initial concpn-
trations of xtactatts,

identify ihe larger (or smallff) .Of two.numbers written
notation.

'IPERIODSRECOMMENDETW".

One or Two

OVERVIE4 AND REMARKS:

Once again, close cooperation:With the science,teacher would

ror exampler*.in Section 12-4 there .is a 1),si of issueS that quite

Wchonniotiori with so1ubi1ity.products aiM ch mical equilibrium.
. f

in scientific

4

I
4

be Very beneficiAl.

naturally arise

Since these issues

v.



: are beyond the ken of 'typical math teachers, it would be very helpN to you if yoU

could get the science teacher to take 'a. few minutes to discuss Item.

Cmce again the problemsfwhich deal with the primary objective, predicting whether

'a precipitate forms, occur at the very'end of the problem set. Do not overlook them.

A note of caution: the procedure described in this seition for predicting tile

formation of precipitates'applies only to binary ionic compotinds. If a'compound forms

three or more ions when it dissolves, then a more elaborate approach is needed. For

example, lead chloride dissolves as described by theiequilibrium

PbC1 'Ph+
+.C1- -1-q1.7

+

and the concentrations at equilibrium are governed by the solubility product equation

.4.

[Ph
44.

] [C1 ]
2

= ICsp
1 1

Notice that-the [C1 ] is squared. Since we do not wish to deal with thb mathematical

implications of this com'Plicating feature, we will treat only comppunds that form two

ions upon dissociation. Those teachers who wish to generate more problems.must keep

this restriction in mind. More problems may be generated by referring to the "solu-
,

bility product".table,in the CRC Handbook,of Chemistry and Physics.

KEYr-PROBLEM SET 12:

1. False

2, Oalse

. True 5. True

4. F1S L. True

7 .- False

. Note: There are .other ways to correct statements #8 through'#15.

++
8. The symbol 1Ca ] is read, "The concentration of calcium ion."

9. If-the product of [Cat-41 and [SO4--] is less than the solubilitOproduct, then

all of the CaSO4 is,dissolved.

10. The product [Ca
++

] x [SQ4, ],is an example of solubility product.

11. 'The.symbol Ksp
.is an abbreviation,for solubility product.

1?. 11 saturated solution is in equilibrium.

13. The chemical equation
++

CaSO4 ..--- a- SO
4

411
signifies that the'reaction is reversible.

14.' (2 x 10-1)(6 x 10-2) = 12 x 10-3

/ 15. The interpretation of [ia++] M is, "The concentration of barium
4

tenth of a mole per liter of solution."

16. A mole of water has approximately 6.023 x 102 ntolecules.

.

-

ions is one-

.40



;77

x,10- < 9 x 10-7

18. x110-6.0 44 x1O

14; .061 x 10-3 <.18 x 10-3

20. x 10-6 .8 x 10

421. 27: 10-8 < 30 x-1078
%

27.

28.

30.

PrOlilemd 19,.23, 25, 26,

a. .1 . .2 M C.

a. 1 x 10-8 M b. .1 M c.

[Ag'] x [Br:-] =6 x 10-15

2

-
6 x 10

15. <1c
-

or 6. x -10'15 4 x

"r

a

22: .38 x 10- 1A-8< 9 x

23. 3 x
-3.

> .005 x

,24. 60 x 10-6 < 140 x 10-6

25. 210 x 10-4 > 1.9 x 10-4

-1126. 430 x 10 > .2 x 10-11

2 x 10-

1 x 10-4

di ,greater. e.

r:d. jes

VESSON 13: APPLIED QUADRATIC EQUATIONS

OBJECTIVE:

The student will calculate the concentrations o ions in solutions o slightly
soluble compounds.

PERIODS RECOMMENDED:

Two

SUPPLEMENTARY REFERENCE:

Mary E. Clark: Contemporary Biology, W. Saunders, Philadelphia, 1975

c

Pfrt

OVERVIEW AND RE,MAilKS:

In this lesson the mathematics takes a back seat to the chemistry. Perhaps the

.0

most important idea in it is lead poisoning. Even though lead cppunds are only

slightly soluble, the amount that_dissolves (i.e., the part that dissociates into
+4*

Pb. and anions) is dangerous. Typically lead poisoning develops after a long period

of low-lecteLiexpdsiire. The, bod absorbs a small amount of the lead to which it is'
4 It

exposed.- Once absorbed it tends to stay put; therefore,-a dangerous level ot lead in

the body can be Lilt up slowly over 'a long Reriod of low-level exposuie.

Ingestiori of lead-based paint flakes is a serious public health problem In many

of,the nation's central cities. This ie the major cause of lead Poisoning by inges-

tion. In addition to ingestion, much lead,is absorbed by way of thefltings1: It is in

the tlir we breathe and comes mainly froli leaded'gasoline. 'lead from gasoline addit,ivee

also finds itsway into Our food and water,,t44s.compounding the problem: .

if you or Pour students want to know more about this topic the suppleMentary

reference:has a great deal of%good information.

Starting with Section 134, we ute "i" to.represent'ar.i unknoWn concentration in.,.

stead.of'the more traditional "x"...", Was is'A?ne:to,eliminateany confUsion With the

muit4.040ation symbol, "x" used:in'scientific nOtation.

20 I.



PREPARATION FOR FUTURE LESSONS:

7

Lessons 15 and 17'are designed to be taught in Coordination with Scienee

Lessons X and Y. These sciepoe 1 ssons provide concrete experienced relating to

the Material in the rele :ft mat matics lessons.' These science lessons are,of the

"floating" variety. They, o n fit within the giow of 'science material, but are
,

- designed to be inserted'a the appropriate time for mathematics. You Should alert.the

.science teacher that you,are approaching the time of need and determine together how

to coordinate your clatses to achieve optimal sequencing.
4 .11

5cience Lessons 17, 18, X and Y deal with acids and buffers.. An Weal sequencing

would be approximately as follows

science 17 x 7
),

math 14 15 16 17

The important thing will be for Science Lesson X to be used right after Mathematics

Lesson 15 ahd Science Lesson Y to follow Mathematics Lesson 17.

KEY--PROBLEM SET'13:

1.

,2.

3.,

-1
4 x 10

16 x 10.=

/1-0 x10-1

1.6 x 102

= 3.162 x

4. 5 x 10

5. a x 16-2i 1.414 x

6.
49 x 10

7: 13 x 10-5

8: 20 x 10 = 2 x 102

9. 7 x 10
-12

4 -

10. 11 x 10
-39

-1 -
10 11. 3 x 10

77

10
-2

12.- a. one

b. z

c. = 8.8 x 10-4

d. Tar--] = 8.8 x 10-4 M

Answers in any equivalent form are ac eptable for Problems 13 through 23.

13. 0644] = 13.3 x 10-8 M

14. W*41 = 5.1 W10-3 M

++ -
15. Ca = 8.9 x 10

5
M

16. :18 10-15- M

10-27 M. (abOut

18. 60 :10 15.11
!.

:

19. 10
-6 M

-
20. .9:3 x 10

6
14;

-
21. 17 x 10 13 M

1

22. 18 X 10-0 M.

-4
23. 1 x 10 M

.4

'AA

pne'molecule in 300 liters)

_24.. a: less

b. small, small

d: PbSO

ee. lead

25. Any four carbonated
beverages

.P8SO4 will.preCipitate

.d'a- It will tend to lower
. ''. the fP.b++1.

.

.

At*



WEAK ACIDS-AND DIssObitIoNs. coNviANTs
,

OBJECT ES1:
.

The student with.

0slculate the dissociation constant for apa'rticulr weak ACid when,giyen.
.the equilibriUm pH and the initial.concenttatioD. .

.add anti subtAlict.npmbers expgessed in scientific totatioh

.PERIODS..RECOMMENDED:

TWo or Three

OVERVIEW .AND REMARKS:

.45

:

t.

. This lesson and.Leston 15. Prepare for Lesson 16 in whichui.eqlibriuwprOblems will
4

be considered that require tpe quadratic formula for their solution. If you thing" ,

'Lesson 14 will be frustatingly difficult for your students, Lessons 14 through.18 may

be'omitted. No subsequeni mathematicS or,science miterial depends on them. Further-

more,\quadfatic equations.have actually been applied in Lesson 13, although the'quad-

ratic\formula has not yet,been 'required for'the solution of an equilibrium problem.-

;

We have included the Lessons 14 through .i8fto demonstrate actual applications of

the 'quad atic formula torreal biomedical situations.. However, we realize that the

level of he material may te above capabilities of SOme stddents. If this is trUe for

your students, you may still want.to spend a cZass,period ontwb scanning and discussing

the sequence--the objective being to conyince them that'the quadratic formula is. A

actually required for the solution of certain kinds 4 real problems.

If you elect to delete part Or:all.of the lessOns',4e.sure to notify your. co1--

league in HioMedical Science since it will:affect the stUdent'sSlastery.of'equilibriusi

'conbepts needed'for Science LeSsons X and. T... .

KEY-PROBLEM SET.14: All answers may be in'equivalent forms.

10 )

2.

(3 x 10-P) (3 x

.
5 x1.0 .

.

-5
= 1.8. x,10

6. K
4 -4

(1,4 x 10
-

) (1.4 x 10 )

1.4 x 10
4

(1.4 x 10-2)(1.4 x
4.

1.4 6
i.4x 10-

= 1.4 x 10-4'

(9 x 10-21(9 x 10.

K 1.8

= 4,5 x -3
10 .

_ (3 x 10:2)(3 x 10

2 x 164

-4 x 10-3

16 (L0-3) x 10-3)
9 T

8 1 0

x 10-3

4.
(1.2 x 10

3
) (1.2"x 10-3)

:

0.%

3 3
(1.4 x 10

-
.)(1.4 x 10- ) .

. 1.4 x 1072 6.2 x 10-4

4 4.5 x 10-3

, ,
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23 a.

same, [N037] m 4 x lob.

c: .initial I

d. '4 ; 10-4

e* K =94 x 110
-4

[114-] 4 x 1 -4 M

11101
LESSON 15: CALCULATING THE INITIAL CONCENTRATION FOR A PARTICULAR lel

OBJECTIVE:.

The student will calculate the initial concentration re uiredeto achieve a parti-
cular Del.

PERIODS RECOMMENDED:

TVo

OVERVIEW AND REMARKS:

The pattern of the problems in this section differs in one important detail from ,

those found in Lesson 14. The initial [Acid] is an unknown instead of a given. To

find the initial [Acid] it is necessary to solve a linear equation.

The reasoning required-tO fill the tables is larallel withothe reasoning re-
.

quired in Lesson 14. It rents on two main ideas/4

-
b. [Sac ] a 2.5 x'10

c. [HSac]" = 2.5 x 10-4

d. K = 2.5 ;( 10-2

25. K = 1.6 x
111

26. K = 3.2 )( 10-5

1. . Equilibrium [le] = Equilibrium [Anion-]
I!

2.. Initial [HAniont = Equilibrium [Anion-] + Equilibrium [HAnion]

Science LessoreXliititJII) should be coordinated with.this lessgn. .It will pro--

vide direct laboratory S'U.Ppolj for the concepts taught in this lesson. Students will
*

calculate the initial concentratione required to achieve certain pH's and then actually

make up the solutions, For maximum effectiveness Sciende Lesson X should oc-cur*

shortly akter wpOvonithis lesson has begun in mathematics.

KEY-4RO

1. a.

3LEM SET, 15:
,.I.,
,

-v
+

H IMO
2

.

,

Concentrations

(m)

,

.

Initial 0

.

-3
10

,

z

-Equirib-.
rium

'1 '3 1 ._

.

z x 10
73

,Initial IHNO] = 3. 10-3 M
:.&



77-7-

,

a.
.

.

- .

,
NO2,11..

...

HNOe 2
\

-

Condentrations ,
-

;

.

ItAtial
. ,

10
- 2

.

N
z

Equilib-
rium
.

.

, b. z = .25 M

c. Initial [HNO2 = .26 M

=. 2f..6 x 1071

41,

.

4.

5.

.Initial [HNO2] =6J75 x 101 M

Initial [H2Ma1] 4.04, M

Initial [HUr] = 5.:226.M

,

7.

8.

InitialitH
2
Tar] .= 7.5 .)s 10r

4
.M-

.

Initial [HBenz]-= 1.26 x.10-4 M

InitiaY [HBut] = 2.17 X 10-4 M

LESSON 16: CHEMICAL EQUILIBRIA AND THE-QUIRATIC FORMULA.

OBJECTIV,4:.

The student will determine the coefficiehfs for the quadratic.equation that rb-
sults when the equilibrium concentrations'are calculated from the initial
[HAnion].

PERIODS RECOMMENDED: '

Tlp or Three

OVERVIEr AND REMARKS:

The answks to Problems 4 through 10 in Problem Set 16 are used in Problefil

Set 17. The corresponding problem number in Problem Set 17 completes'the solution

of the problem' begun in this lesson. 41,

1.. a.

KublaiM bBT lb: - ',
1

,

1

H Cit- H Cit

Concentrations

-It

--,.. (m)' .

i

Initial 0' -0 1

Equilibi
rium 2.

, -
10 - Z.

b. 9 x 0-1 z z.- -c. '0=.z2
+.. (9 ..X,10

4
)z. - (9 x '1077). . .. 4 :

4.

d. 'a = lit, =.9 X.10-4. c , -9 x.1.0-7'.
pa"



'COacentrations
. .

(M)

Initial
, It

Equilib-
rium z

H
2
,Cit-

b. 10-4 , z z..\
(5 x.10 )-- z ,

. .

'\2 "` -4 -I -6c. = , + (9 x 10 )z - (4.5. x1.0 )

c = -4.5 A 10-6
..

a.

Concentrations

.. (MY'

\\

b. 0 = z
2

47: (9 x ix 10-6 )

Initial

Eg41411".',-
ridir :

H+
0

H2CIC

H Ci

5 .x

H Cit

-4 -a = 1, b = 9 x 10_ , c = 9 x 10 6

4. a 1, .3? = 8 x 10-5, = -8 x Ar9

5. a = 1, b = 3.2 x 10-3, c = -3.2 x 10-5

6. a = 1, b = 6.4 x'10-5, c = -6.4 x 10-9

7. a = 1, = 4 )010-4, c = -4 x11078

8. a 1, b e. 6 x 10 c = -2.3 x 10-6

9. a = = 2. -25 x c. = -6.25 x
1

10. a =,1, b = 1.4 x 10-4, c -4.42 x

LESSQN -17: THE SOLUTION. OF .QUADRATIC EQUAT.ONS RELATING TO..-`t HEMICAL
r.

OBJECTIVE:

The student will complete the solution of quadratic equations that were developed
in Lesson 16. These equations occdr when the equilibriumconcentratione are caleulated
from initial concentrations.

PERIODS RECOMMENDED:

Two or Three

'OVERVIEW ANDOEMARKS:

Science Lesson Y (Unit III) should be coordinated with this lesson. It provides

direct laboratory aupport of the concepts developed here. Students will confirm

their theoretically calculated predictions by actually making solaions and then

checking. ale pH. For maximum effectiveness Science Lesson Y should be in shortly

after work on this lesson, is begun. :
. (

#



,

,

Since ProbleM'Set 17 uses the.:answers to-Problems 4:through

be surelkat the'correct ansWers to these problems-are,avai101e

fore work oh Problem.Set 17 begins. 'Otherwise studentswith the

..1.0 DE Problem Set 16

to. all students' be-

.wrOng..antwers,to

Problem Set-16 will Waste their time in Probkem "Set 17.

You#might wish.tobgive the stUdents the follQwing s t of rules that may be used
i

o test the reasonableness of their answers,

.1. 2f khe initial:[HAnion] = 2K, then,the abid will be 50% dissociated at

equilOrium.

VI

.Therefore,

:C> .

at equilibrium t

= K

[Anion-]

[HAnion] ft K

Thia, may be easily checked.
1

and

.

.

,

.

H
+,

Anion

. ,

HAnion
.'

-

Concentration.
,A

.

Initial 0 0 2K
...,.

Equilib-,
rium

K. K

.

2K 4. = K

N

H
+
][Anion]

[HAnion] y

K X = K

2. If the initialJHAnion] < 2K, 'tken the acid Will-be

ciated.at equilibrium.

If the initial [ffAnion)

. at equilibrium.

V

KEVPROBLEM SET 17)

a. Eacq nitrite .ion
+ 0 -

[if =,[NO, T:
A c

moke than 50* disso-.

i
K then the acid will be Less than'50%,0dissociated

in solution used to be paired with laniej therefore,

$

tIo.,Each:NO2-, insdlution comes from former .11NO 2
molecule;

.

orv equivalently,

.

.[NO -]*4- [HNO2] ='Initial'IHNO21

#

[HiOi]. 1

Al ,
23

,

therefore



.

40,.
,

')

.
..,

H+

.

NO
..

.

: HNO
2 .

..

Concentrationst,'

. '.(Mr 'il

-

..,.
In.ltlal .

0
.

-310

Equilib-
trium .

.. .

-3 - z
. -

At:.

. ,g

(1

h.

-4 . z z4.6 x 10
10731- z.

0 2 (4;t6.x i3O

a = 1, b.= 4.6.

.x 10 4

-4'

Negative concentrations

.;

[H ] t- 4.9 x /0-4

[0j 4.9 10-4

x
7

c = -4..6,x 10

are positively meaningless.

-.IHNP .1. = ...I.- x lu
..

H
+.

.

fiTar- -H2Tar

.

Concentration's

'(M).

Initial 0..

,,

:0'
_

,
.2 X 10-2

Eguilib--
riUm z.

___

2
,

x 10 - z

0 = z2 10-3z .- (2. x -10-5)

. z = 4 x 10-3

4.0 x 1073 M

[HTar-] = 4.Q_ x 10-3

[H2Tar] = 1.6 10.42 M

:d.

a.

.

4. [H+] = 5.8 x 10-5 M

[HAsc-] 2! 5.8 10-5 M

[H,Asc] 4.2 X
& r

5. [Hi] 4.3 x 10-3 M
-3

r[Pyr"] tt 4.3 x.10 M

[HPyr] ==.- 5.7 x 10-3 M

[11.k] tt 5.4 x 10-5 M

flisuc-] r.t 5.4

[H
2
Suc] = 4.6 x 10175 M

7, [Hi] := 8.3 10-5 m

[HMal-] = 8.3 x 10-5 M

[H2Mal] 1.7 x 10-5, M

[Hi] 3.0 x 10-3 M

[G1y-] = 3.0 x 10-3 M

[HGly] le- 2.0 x 10-3\1

9. [Hi] 1.5 x 10-2 M

[Sac-7] a 1.5 x 10-2 M

HSac- 1.0 10-2 M

Concenteations
1

esl

6 (M)
,

Initial . 0.

.

0 ..2 \

Equib -4i1
briuli

a.
Z. 6

-"`

b. t4.+44Er )

.c. .4... 1.4 x 1072 m

.111 pit.1 is 14 x M

[Karl IS 1.9 0( 102
Ili2Tar]!...186 m

10. [Hi] 2.0 x.10-3 M

[Lac-'] te" 2..0 x 10-3 M

[H1,1] -v. 2.8 x 10-2 M

28
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4

. 4

4
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1.4

11. a..
.

. ! 4 4

.

U
CO3

1.

CO2

.

Congentrations

4 ,,

itial
11P-

.

,. 1S ,

Equilib-
rium

,

z --: z

_

.15.- z

k ,

. 0 =.
2 + (4 x 10 7

)z 6 x 1
8

)
-

2 -13
c. b . 1.6 x 10

ii. -4hc - 2.4 x 10-7--

e. -4ac = 2.4 x 10-7 is more than a -13
million times larger than 1.6 x 10 .

g.

/2.4 x 10- 4.90 x 10-4

[H+] te 2.4 x 10-4 .M

[HCO3-] =2 2.4 10-4 M

[CO,] ti .14976 M

.LESSON1B4 DISSOCIATION CONSTANTS AND THE BIOCHEMICAL BREW

OBJECTIVES:
. 0

The Student will calculate the equilibrium re),
,

the initial[e] and (HAnion]. .

BERIODS RECOMMENDED: ,*

Two,or Three

OVERVIEW AND REMARKS:
i

.\ . If,your students:had trouble with Lesson 17, you may,wish to omit this les_Son'and

move on to Lesson 19, the.review lesson. The situation, dealt with in this lesson ih a
-,

.

little more realistic regardingteqdilibria, but.also a litq4i more complicated.

In this lesson and earner ones we have dealt with certain,acids of the typp
..

. H,z Anion and H
3
Anion. We have always, assumed that only one x

+ aissociated from a4given

molecule. This is not strictly true, 'but the contribution to the

1

tothl [H
+
] made by

the second and third le* dissociating is generally very 'insignific nt in the kinds of %
..

sitOtions that, we have been analyzing. However, in solutiOns'of the 'salts of thèse.
0

/
[Anion-] and [HAnion] when given

b

anicins,.this effect becomes important.

KEY..-PRQBLEM SET 18:

1. a.

4

.

+
H- . . H2Ca.t 41... H3cit

,

.

Concentrations

(fq

Initial : 1.3. x
.

.

.. ! .

Equilib-
rium

(1.3-x 1(ir ) + z .. z O.
10 ): - z

25



.



-(1 x 1
2 . I

± x 10- ) x 10-4)
2

%

/2.4 x 10"

. x 10
-2

) ± (1.549x 10 2)

z = 2,745 x 10-3

e. . [i ] . 1.2045 x lo-2 m

[Hvit ] . 2.745 x 10
-3

M

[H3Cit] = 4.7255 x).0-2 M.

pH = 1.9

It decreased by about .1

3 [H+] = 1.2 x 10-4 M '-

[HAsc-1 = 2 x 10-5 M

[II2Asc].= 31x 10-5 M '
4. [H.F] =-5 x

IGly-] = 4 x 10-3

[HGly] = 4 x 10-3 M

5. [H.F] = 2.8 x 10-3 M

[Pyr ] = 2

[HPyr] = 1.75 x'10-3 M

[1.1]'* 4 x .10 M

DiMal-] = 2 x 10-

[H2Ma1] x. 10-.

11.

..

Since 3.2 x 10-5 < K t a precipitate will not iprm.

b. The same amount of H2Tar is diss4ve6 in one tenth the wa/er.. This causeS.,a

tenfold increase in the initial [H2Tar].

-3
7. [H ] =,1 x 10 M

1 "1.0-4 M

[HNO.21 = 2.5..x 10-4. M. -

8. [H+] = 4. "X 10-2," M

[Sac-] = 2.5 x 10-
[HSac] =_4 x 10' M

9. [H.F].= 2.9 x 10-2 M

[HTar-].-= 2x 10-2 M

[H2Tar].= 5.8 x 10t1 M

10. a. .z =.°4.9 X 10-

b.. Eel 5:15 x 10-? m

4.9 10-3 M.

-.3
.[H

3
Pb

4]
= 3.1 10 M

-. -= (2 x 10 2 ) (1.6 x 10

= 3.2. x 10-5-

c. pH = 2.3

o

tt. _

31



.Concentrationti

(M)

Iruttial

briuth

-5
2.5 x 10

-10-3
(2.5 x

- z
(.2 x 10 =, (2.5 x 10-

o$

HTar-

x 10 1 10.
3 )z +1(.025 x 10-3 z-

-4
10 = (1.025 x 10-3)z*

-2 x )1,0 4
z

1.025 10-"

1.95 5( lel tt

Equilibrium [HTar-1 rx 1.95 x 10-1 M

p.

e.
#

[K,][HTar U0.11(1.95 x 10-1)

-
10

2

H
2
Tait

-4
Since 1,95 x 10.'2 -> 4 x 10 a precipitae will form.

f. Yes_

g. , Probably

LESSON 19: REVIEW

OBJECTIVE:

.2 - z

The student will solve prolSlems relating to the objectives of L ssons 10

through 18.

PERIODS RECOMMENDED:

One or Two

OVERVIEW:AND REMARKS.: . tik
is

10
If some lessonswere omitted and.you want to use this review, be- sure'iot to

assign Problemi; based on ol`ittld lessons.' The foltowing tableeshows the correspondence-
between problem number8 and lesson nu bers.

4

4

4

s.

:2t

#



PROBLEM LESSON
NUMBERS NUMBERS

. 1-10 10'

11-16
17-19 11, 12

20,21 13

22 * 17

23 I. 18

24 . 15

18.25

26

27 16, 17

0.=

KEY--PROBLEM SET 19:

AnFwers to Problems 1 through.5that are in equivalent forms are also correct.

1. 1,49 x 108

2. 4.6 x 109

3. 1.06 x 1012
-234. 3 x 10

1013

6. 60,000,000,000

7. 311000,000,000

8. -14,000 000,000,000,000

9. 15,000,000400,000,000,000,000

..cloci000uly-

11. pH = 2..9'

12. .pH = 5,1

14. 4 k

-.15. -.1..6 x 10 io
M

16.. .4 'M

17. [Ph ] [SO4 = (10-3)(2 x 10

= 2 x 10-7
7 -82 x 10 > 1 x 100

Precipitate forms

18. [Ba++][SO4-L] 10-6) (8 x

( )
,= 24 x 10-11

= 2.4 x 10-18

2.4 x 10-18 > 1.6
precipitate forms

10-6)

19. re, [.HTak7] x.10-2).(7x t0-21

.7 ..x 10-4'

.7 x 10-4 < 4 x 10".4

precipitate does.not form

20. [Aq+] = [OH-] fx 1.2 x 1.0-4 M

21. [Mg++] = [CO3 -] S x 10-3 M

.22. [H+].= 1. x 10- M

[HTar-\]`= 1 x 1Q-3 M

[.11.2Tar] = .1 x 10-'3 M

23. *[11 ] = 9.6 x 10-8

[HSuc-] = 4 x.10- M

[H2Suc]..= '6 x 10-6 M

24. Initial [H2Ma1] = 3..5 )61.0-3

25. [e] ..3 x 10-3 M
[HSal-] = lx.10
[H2Sal] = 3.'x 10-

, 26. Initial [H2Sal] $2 1.1 x 10-1

27. [H+, 1.6 x .10-3.24
[Pyr-]. le 1.6 x 10,-3 1.4

APyr] se.8.x



LESSON 20: .COMPLEX NUMBERS

OBJECTIVES:

The 'student- will

.graph complx numbers; . . .

;solve/quadratic .e4uations having complex roots.
//

PERIODS RECOMMENDED:

One t.

OVERVIEW AND REARKS:

assons 20 throlfh 22 tieai the subject of complex numbers.

naturally 40the process of solving guAgratic. eguationS. The basic arithmetic

. complex numbers- is the principe& topic.s,

This subject arises

of

r

. .

'KEYPROBLEM SET 2
k

2. F

3. F.

4. T

5. T

6, F.

7.

8. F

9. T

10 T

11-15.

16. x = -1 ±

17. 3 ± 2i

18. -1 ± 2i

19. 2 ±

20. -2 ± 2i

21, -3 ±

11111111111111111111111111111

11111111111111111111411

1111111111111111111411
1111111111111111111111111
11110111111111111111101B
111111111111RI

1111111111111111111WIM
11111111111111111111
NI MI CM MIMI
111111111111111111111fl
umimmmuni
mammua
111111.111.111111IN

7,!0111.411.11111111111111

111111111111111111111111111

11111111111111111111111111
011111111K1111111
1/111111111111111MMIff

1111111111111111.0111111
011111111.1111111111111
111.11111111.1111111111

111111111.111MITLIIII
1111111111111M111111aramonm
11111111111MMIIIMIIM

111111111111MLIIMIIIIIuuurnsrnuau
wiumuuuuu111111111.11111110111111

4

'4

7 t
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, LESSON 21: OPERATIONSy/TH COMPLEX NUMBERS

OBJEC EO:

The stiVent will

'add complex numbers.

..subtnact compfx numbers.

multiply.complex numbers.

.compute Powers of i.

PERIODS RECOMMENDED:

One

-

'KEY--PROBLEM SET 21:

1. 8 - 9i

2, 5 + 4i

3. 1 - 8i

4. 2 i

5. 1 + 9i

6. -2 4, 2i

18..

'o

7. -8 + 6i

8. 11 - 4i -

9.. 1 + 2i

10. -6 + 22i

11. -5 + i

12. 3 + 811

r-.6+ZL NUMI"
IRSIIIMI MUM
11111111111110.1111111111

-6,12111M1101111411111
1111111PM
MIESZFRIMOIMEIN
11111111111011111111WiErill
11111111IM
Mall III 11121rIal

.19

4

13. 35 - 20i

14. -14 + 22i

15, 13

16. 17

17. -10

20
+ 4i1Q +' 2i) = .-234 2i

. iUUCUUUUUUUlUUUIUUUlUlIlUl
IIIMENIIIIIMIMMINIIIIIIIMmix1111111111111111111URUUlUlIIlllIlUlIUUU main

1111111111111111111111111M111111111101111MMULIU
111111.a:C=ELIEN11111111111011111111111111111111111M11
1111111101111111111101111111111111111111111aNZUMMIIMMEMIE
INUMEMICC1M1ICE1 -10 11:11C1EW411111W111111
11111111M11111111111111MI1111111111111111111111EMIIIMMII

BM. MEIN
MEM

10i
IMI

111111111

1111111M1111111

IU.UUAUUfrU
11111111111WHIMMIBI
NUM mr744 AIM
1111111/111W41111.2110111
1111111111EIMO1111111111111
1111111UFA'N1111111111111111
11112VEMW1 .4 MIN
111111111111111INIMMIIII

(b+loi)

7 .= (3. ) (3i )
4

-i

9

. 22.



LESSON 2 DIVISION .OF COMPTA NUMBERS

'OBJECTIVES:

The student V.11:

find the cOnjugate ot a complex number.

. find-eve-quotient of. two complex numbers.

PERIODS RECOMMENDED:

dne

OVERVIEW AND-REMARKS:

If you-want to discuss the long diviqion example on the first page of Section 22,

you will probably first need to review .the technique for-the Itudents.

KEY--PROBLEM SET 2 :

1. 3 4 2i

2. 8 - 6i

3. 100 + 30i

4. -10 - 7i

5. -15 + 191

6. -6i

2 1
7.

8.
r0- TIT 1

1 1
9.

1 2
10. 3- -

1 1
ill.

32

d.wev-4,4

1 2

1 1
.13. -

14.
4

15. 2 -

16. 1 + 3i

17, 1 -

18. 1 + 4i.

19. 1 - 3i

20. 1 + 5i

21. 2 + 2i

22. -1 + 10i

t

r

'r

4


