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INTRODUCTION

You ore about to use o programmed text.

You should try to use this booklet where there

are no distractions—a quiet classroom or a study

area at home, for instance. Do not hesitate to

seek help if you do not understand some problem.

Programmed texts require your active participa-

tion and ore designed to challenge you to some
degree. Their sole purpose is to teach, not to

quiz you.

This book is designed so that you con work
through one program at a time. The first program.
Equations], runs page by page across the top of each
page. Equations 2 porallels it, running through the mid-

dle part of each page,andEquations3similarly across

the bottom.
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Equations 1 SIMPLE EQUATIONS

In physics and many other subjects it is useful to be

able to handle simple algebraic equations. The purpose of

this first program is to help you review the basic operations

necessary to solve equations.

Equations 2 APPLICATIONS OF SIMPLE EQUATIONS

In this program you will gain practice in applying the

basic algebraic operations you learned in Equations 1 to

equations actually used in physics.

Equations 3 Combining Two Relationships

You saw in Equations 2 that relationships among physical quantities may be repre-

sented by equations and with the help of operations developed in Equations 1 you gained

experience in solving these equations for some particular quantity or variable.

Often in physics we find a particular quantity in more than one relationship. For

example, the quantity F occurs in each of the two equations F = ma and W = Fd.

In this program we are going to see how two relationships having some quantity in

common may be combined into a new relationship. For example, we can combine the two

equations above and find an expression for W in terms of d, m, and a.

Often in this program more than one frame is used to solve a certain problem. We

have followed the practice of repeating the problem in a box at the top of each of the

frames concerned.



INSTRUCTIONS

1. Frames: Each frame contoins a question. Answer the question by writing in the blank space next to the frame.

Frames are numbered 1, 2, 3, . . .

2. Answer Blocks: To find an answer to a frame, turn the page. Answer blocks are numbered Al, A2, A3, . . .

This booklet is designed so that you con compare your answer with the given answer by folding

bock the page, like this:



Introductory Frame A Answer Space

Adding and subtracting. Study a, b, and c; then write

down the results for d, e, and f.

a. 6b^ 4b= 106

b. 4 - 10 = -6

c. p + 2q - 5p = 2q - 5p + p = 2q - 4p

d. 6k * 2k =

e. 4t - lOf =

f . -X + 2y + X =

1 Answer Space

In physics we often represent physical quantities by symbols

and then represent relationships among physical quantities by

equations.

For example, suppose a car which is moving with an initial

speed v/ is given an acceleration of magnitude o and thus acquires

a final speed of v/ in time f . The equation which describes the

relationship among these four quantities is

— V; = at

(i) How many symbols representing physical quantities appear in

the above equation?

(ii) List the symbols.

Turn page to begin Equations 3.



Answer A

91^

-6t

f. 2y

A1

(i) four

(ii)
yf



Introductory Frame B

Multiplying and dividing. Study a, b, and c; then write

the results for d, e, and f.

Answer Space

a. (-1) (+3) = ^3

b. (-5) (-a) = +5o = 5o

6a . 6a -6a
c. — = -a (Note: — =

-6 -6 6

d. (-1) {-3b) =

e. (4) (-2p) =

6a

6

First operation: \( we add the same quantity to both sides of an

equation, both sides will still be equal to each other.

Example: o - t = 4c

a-b + b = 4c *b
a = 4c + b

Note that by odding Jb to both sides, we get a alone on one side of

the equation, that is, we have solved the equation for o.

Solve the following equation for vi in the same way:

Vf — V- = at

If m = 2p and p = 3, what is the value of m?



Answer B

3b

-8p

A2

Vr - V; = af

V/ — V; V; - of V-

v/ = Of V.

A1

m « 2p

m - (2) (3)



Introductory Frame C

Operations with parentheses. Study a, b, c, and d; then

write results for e, f, and g.

Answer Space

a. 3(o - 2c) = 3o - 6c

b. 3(o- 2c) = 3o- 6c

c. -3(o - 2c) = -3a

6. -{p * q) = -p - q

e. 5{k - 2m) =

f. -(f-5) =

g. -4 {7a . b) =

6c

Second operation: If we subtract the same quantity from both sides

of an equation, both sides will still be equal to each other.

Example: fc + 4 = a

fc+4-4=o-4
fc = o - 4

Note that by subtracting 4 from both sides, we get b alone on one

side of the equation, that is, we have solved the equation for b.

Solve the following equation for v-:

v- + at = Vr

If V, = 4vj

V, represents?

ind 2, what is the number which



Answer C

5fc -





Answer D

d.

f.

2o * b

-7a * b

A4

Vf = at

IL 21
t ' t





A1

since the left side (3) (4)

is equal to 12, and the

right sid« will equal 12

if b is replaced by 10.

A5

(a) (t) -.

-f
(t)

or v/ = at

A4

H





A3

X - y = c + rf

X - Y * y = c * d

but -y y =

so X = c * d

A7

7nR

T = (^)(r)

'T = IttR

A6

This is the varioble which is

common to the two original

equations.





A4

Add 20 to both sides

Thus k -70-- 6

i - 20 > 20 - 6 20

k -- 26

A8

vT = 2r7f?

vT 2,7/?

T =
2jtR

kJ

Substitute the value of v# m the

first equation (that is, of) for v/

in the second equation

rf -- ^(ol) (f)





A5

X 2 = y

X 2-2 = y - 2

X = y - 2

Note that by subtracting 2 from

both Sides we got x by itself on

the left hond side of the equation.

A9





A6

^O - fc * i





A7

c -6 = 3

-He- W= (-1)(3)

Note that (-l)(c) = -c

and (-l)(-fc) = *b

so -c b - -3

b - -3

All

y2 = OcR

Take the square root of both sides:

= \ a^R

If you are not familiar with squore

roots, osic your teacher for help.

AlO

F = mo

but o = ?

so F .(P

F = ^





A8

2b = 12

3fc =

3





A9

25 = c - 40

2b _ c - 4a

2 " 2





A10

To get c alone on the left

side of the equotion, sub-

tract b from both sides.

c- i= 3

C fc- t r 3 - i

C = 3 - b

You hove thus solved th«

equation c * b = 3 for c.

A14

at = '*t ~ ^

Divide both sides by a:

at f I

a





All





A12

Subtract x from both sides.

A16

n,T.

n,T,

A15

02X2

P2V27-;

P,V,T2 PjV.

Subtract v from both sides

V r = m

* = m - V





A13

-y = 3 - jt

(-1) (-y) = (_1) (3 _x)

y = -2 * X

or y = X _ 3

A17

(„,T,) = !-^^(n,T,)
"2

T2P,V, =

A16

5v 2f = t

but f = m — V

SO 5v 2{iii - v) * k





A14

S2 - S, = 3

Subtract S2 from both sides.

S2 - s, - S2 ^ 3 - S2

-s, = 3 - $2

Multiply both sides by (-1).

(_!)(_,,) = {_1)(3-S2)

s, = -3 - S2

= s, -3

A18

PiV,T2

P,V,

P2V2niT,

(P,V,)n2

P,V,n2

A17

5v 2(m -





A15





A16

6 - X = y

6 - X . X - y • X

6 = y + X

6-y=y»x-y
6 - y = X

A20

(i) Multiply both sides by 02X2

(ii) Divide both sides by P2

A19

(0 \T}

(ii)
I

V = of

(ill) Divide both sides by a:



17

Here is another similar equation:

Sit = 5f + 15s

Solve this equation for k.

21

Perform the two operations listed in A20 to solve the equation

P,V, P2V2

n , Ti "zTi

for V2.

20

OUR PROBLEM: If v = of and d = jat^,

find a in terms of v and d.

Substitute the value we have found for t into the second

equation, and do any necessary simplification.



A17

5k -. 5f * 15s

5* 5f 15»

k = t * 2s

A21

P,V, P,V,

"iT,





A18

4=2.

5b 5(2o . c)

lOo 5c

A22

P,V, P2V,

Multiply both sides by n^T^:

r^y^ - —
02*2

Divide both sides by V,;

P,
''2T,V,

A21





A19

3(a i) = c

3o 3fc = c

A23

^k = F"*^^

Multiply both sides by 2:

Divide both sides by m:

m
Take the squore root of both sides

-W

A22

v2

Multiply both sides by 7d:

7ad = v2 or v^ = 2ad

Take the square root of both

sides:

|v « V2orf





A20

3o . 35 3 c

Subtract 3o from both sides.

3o • 3fc - 3o r c - 3o

3i = c - 3o

A24

^ Cm )/n2

/?2

Multiply both sides by R^'

FR^ = Gm,m2

Divide both Sides by F:

„2 .
Cm ,m2

Take the square root of both sides:

\f^
ma

A23

Eliminote o by solving the

equation v = of for o.

and sub





A21

3fc = c - 3o

3i c - 3o

c - 3o

or i =
-J

- o

A24

Substitute the value of F m
equation (2) mto equotion (1):

W = Fd

but F - ma

so W = (ma) (d)

or Mf B mad



22

Here is another equation with a quantity in parentheses:

5(x - 3) = 5

Solve for X following the three steps used in the last three frames.

25



A22

5(x - 3) = 5

Remove parentheses by multi-

plying (x - 3) by 5.

5x - 15 = 5

Get 5x alone on one side of

the equation by adding 15 to both

both sides.

5x - 15 • 15 = 5* 15

5x= 20

Divide both sides by 5-

_5x 20

5 5

1Z\

A25

W = mad

I -'4

W - ma

" - "lo-

i"^





A23

2a * 4b = a * b

3a * 4b - b - a * b - b

3o + 35 =

A26

*n'mR

If you got this answer, you

can feel confident of youf

ability to Kandle simple

equations. If you missed

this problem, review frames

24 and 25, and then try again.

Should you still have trouble,

asl( your teacher for help.





A24

3o 3fc = o

Subtract 3o from both sides.

3o*3fc-3o = o-3o
3fc = -2o

Then divide both sides by 3.

2b -7a

T ' 1~

b -- - 2a





A25

2(p -q) =2h ^ q

Remove parentheses.

2p - 7q - 2h • q

Subtract q from both sides:

7p -3q - 3/1



26

In the new equation in A25 on the opposite page, solve for

q by getting -3q by itself on the left hand side and then dividing

both sides by —3.



A26

or



27

Following the steps described in frames 25 and 26, solve the

following equation for s:

3(r - 2s) - r + 3$



A27

Note: As was pointed out before, equations can be solved by iso-

lating the symbol being solved for on the right hand side of the

equation. Thus, an alternative way to solve for s after removing

brackets from

3(r - 2s) = r + 3s

would be to (i) add 6s to both sides, or (ii) subtract r from both

sides, and then (iii) divide by 9.

3r - 6s = r + 3s

(i) 3r= r+9s
(ii) 2r = 9s

(iii)

3(r - 2s) 3 r . 3s

Remove brockets.

3r - 6s = r 3$

Sufctract 3s from both sides.

3r - 6s - 3s = r 3s - 3s

3r - 9s = r

Subtract 3r from both sides.

3r - 9s - 3r = r - 3r

-9s = -2r

Then divide both sides by -9.

-9s -2r

-9 " -9

See rx>te at left.



28

We shall conclude this program with a few simple

equations to solve.

Solve 6p - 2t = s

for p.



A28

6p - 2f = s

Add 2f to both sides.

6p ^ s * 2f

Divide both sides by 6.

P =
s * 2/

s f

p = — + —
6 3





A29

m — - n - S

Subtract m from both sides.

— z- n - S — m

Multiply both sides by -1.

— n = — 8 m

or — n = m - 8

Multiply both sides by 2.

n = 2(m - 8)

or n - 2/n - 16



1



A30

2(3o



You have now completed Equations 1 and are able to handle

the main algebraic operations. You can practice this skill in the

context of physics equations by going through the program Equations

2. It begins at the front of this book just below this program.
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