USING THE GCF IN EQUATIONS
AND FORMULAS

0 INTRODUCTION

Consider the following equation
@Wx-7) =0

There are two solutions to this equation -- what are they? Before we
present the formal process, here’s what you should note: What would
happen if we let x = 0 in the equation (x)(x — 7) = 0? We'd get

0)O0-7) = O)7) =0

And so we've stumbled upon a solution of the equation (x)(x — 7) = 0.
Let’s “stumble” one more time and choose x =7 -- check it out:

(D@ -7) = (N0O) =0

Can you see how we stumbled across these two solutions, 0 and 7?
Each solution was chosen so that one of the two factors would turn into
zero. That way, the product of that zero factor with the other factor (no
matter what it may be) would have to be zero.

0 SOLVING EQUATIONS THAT ARE ALREADY FACTORED

EXAMPLE 1. Solve for n: 3n(2n-13) = 0

Solution: We have something (3n) times Ifab=0
something else (2n — 13) whose product is O. thenag =0
orb=0.

We saw above that if something times
something is 0, then either the first
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something is 0 or the second something is 0. So we set each

factor to 0 and get our two solutions for n:
Setting the first factor, 3n, to O:
3n =0
= n=0
Setting the second factor, 2n — 13, to O:
2n-13 = 0
= 2n=13

_13
= n==

Let’s check each solution:

n=0:

3(0)(2(0) — 13) = 3(0)(-13) = 0 v

:E‘

="

3(%)(2(%)—13) = 3(% (13-13) = 3(1—23)(0) =0 v

Thus, there are two solutions for n: | 0, ==

Homework

Solve each equation by setting each factor to O:

a. x(x-3) =0 b. ala+4) =0
c. y2y-7) =0 d. 2¢(c-1) =0
e. 3d(d+12) =0 f. aw@w+1) =0
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g. bu(Bu-5) = 0 h. 7z2(z+99) = 0
1. 13n(13n+12) =0 j. b(7b+1) =0
k. -5wOQw-2) = 0 . -12a(13a-13) = 0

O SoLVING EQUATIONS THAT ARE NOT ALEADY FACTORED

In the Introduction and the homework we solved the equations using
the following reasoning: Since the product of two factors was given to
be 0, 1t followed that either of the factors could be 0. We then set each
factor to 0 and solved the two resulting linear equations.

But what do we do if the expression on the left side of the equation is
not in factored form? Simple -- we factor it ourselves and then proceed
as above. Also, if the right side of the equation is not 0, we can remove
whatever’s over there in order to force a 0 on the right side.

We now have a formal process for solving an equation using the
factoring method:
1)  Write the equation so that there’s a 0 on one side.
2) Factor the expression.
3)  Set each factor to zero.

4)  Solve each linear equation.

EXAMPLE 2: Solve for x: 6x2+7x = 0

Solution:  We first notice that one side of the equation is 0,
which is necessary to use the factoring method.

6x2+7x = 0 (the original equation)
= x6x+7) =0 (factor out the x)

Using the GCF in Equations and Formulas



= x =0 or 6x+7 =0 (set each factor to 0)

6x = -7 (solve each equation)

The two solutions are therefore 0, -

2] EN

EXAMPLE 3: Solve for y: 9y® = 6y

Solution:  In this problem we don’t have the 0 we need on one
side of the equation. But we can make the right side into a 0 by
subtracting 6y from each side of the equation and then
proceeding to factor and set the factors to 0.

We start with the original equation: 9y2 = 6y
1)  Make the right side 0 by
subtracting 6y from each
side of the equation: 9y2 -6y =0
2) Factor out the GCF (3y): 3yBy—-2) =0
3)  Set each factor to 0: 3y =0o0r 3y—-2 =0
4) Solve each linear equation: y=0 or 3y =

2
- 2
Y~ 3

We thus get two solutions to our equation: | O,

w(bo
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Homework

2. Solve each quadratic equation by factoring:

a. 3n2+7n =0 b. 2x% - 8x = 0 c. 3y2=y

d. 7t? = 6t e. 5u% = 10u f. 7a® = —2a
g. Tw? — 84w = 0 h. n2+83n =0 i Tx? = Tx

j. —5y2 = 2y k. 13¢% = -a . w? = 19w
m. 13g% +12g = 0 n. 8n—3n% = 0 0. 23Q% = 19Q

3. Solve each quadratric equation by factoring:

a. 3n?-Tn = 0 b. 2x2+10x = 0 c. 7y2=y
d. 7t? = -9¢ e. 10w? = 20w f. 17a*> = -2a
g. 7¢—TTc = 0 h. m2+93m = 0 i 9x% = 9x
j. =Ty% = 8y k. 14k% = -k . 22 = 21z
m.13A%2+11Ah =0 n. Tn-4n®> = 0 0. 29R* = 17R

d SoLvING MORE FORMULAS

Do you remember how we solved for x in the formula (literal equation)
wx+y =A?

We subtracted y from each side of the equation:
wx = A-y

and then we divided each side of the equation by w:
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x = —< and we've isolated the x -- done.

This 1s all fine and dandy when the unknown occurs only once in a

formula. But how do we isolate something that occurs more than once

in a formula? For example, how do we solve for x in the formula

ax—c = bx?

There’s an x-term on both sides of the equation. This x is going to be

tough to isolate. What would you do if, instead of the symbols a, b, and

c in the equation, they had been numbers?

For example, suppose the equation had been

Tx—10 = 4x

We subtract 4x from each side:
Then combine like terms:
Now add 10 to each side:
And last, divide each side by 3:

Tx—4x—-10 = 0

3x—10 = 0

3x = 10
— 10
Y73

We follow a similar procedure for solving the formula ax — ¢ = bx for x.

The original formula:
Subtract bx from each side:
Add ¢ to each side:

How do we “combine the like terms”
ax and —bx? Here’s where factoring
comes to the rescue -- by factoring x
out of ax — bx, we get x(a — b), which

contains only one x, not two:

Divide each side by a — b, and we’re done:

ax—c = bx
ax—-bx—-c =0

ax—-bx = ¢

Factoring out the GCF

v
x(a-b) = c

x:a—b

Note: There are no x’s on the right side of the answer. Can you

explain why this fact is so utterly important?
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EXAMPLE 4:

Solution:

=

=

EXAMPLE 5:

Solution:

=

=

=

=

Solve forn: qn-n+P = R

n-n+P =R
Qn-n =R-P
n@@-1 = R-P

n@-1) _ R-P
Q-1

A

Solve for a:

cla-d)+3 = 5(e—a)
ac—cd+3 = be-ba
ac+ba—cd+3 = be
ac+ba—-cd = be—3

ac+ba = be—-3+cd

cla-d)+3 =

(the original formula)

(subtract P from each side)

(factor out the n)

(divide each side by @ — 1)

(simplify)

5(e—a)

(the original formula)

(distribute)
(add 5a to each side)
(subtract 3 from each side)

(add cd to each side)

Note: These steps were designed to get the variable a on one side of

the equation, and the rest of the things on the other side.

=

a(c+5) = be—3 +cd

a(c+5) _ 5e—3+cd
c+5 c+5

_ be—3+cd

a
c+5

(factor out the a)

(divide each side by ¢ + 5)

(simplify)

Be sure you understand thoroughly why there must be no a’s on

the right side of the answer.
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Homework

Solve each formula for n:

a.cn+dn = 3 b.
c. Ln+n =M d.
e. rn = 3+1tn f.
g.an+3)+b(n+tc) = R h.
1. an—-n-a =0 j.
Solve each formula for x:

a. cx+7x = 14 b.
C. WX—X = W d.
e. u(x—a)+tx = w f.
g mx—-3x—w) = z+u h

cx+ta)—-alx-1) = a->b j.

Solve for x:
Solve for n:
Solve for y:

Solve for x:

an—cn = d

in = c—sn
mn+l)—-@Qn—-R = 0
an+bn+cn = d

2m+1)+an = c

re—ux = w+v
ax—-b = ¢—-dx

alx+1)+bx-1) =0

. plx—3) = qglx+2)

ab-x)+tc(2-x) = R-Q

Review
Problems

“17x(34x + 14) = 0

—23n2 +46n = 0
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e. Solveforx: a(x—1)+x = b
f. Solve forx: b(x—c)+dn-x) = T
g. Solve forx: gx—a = hx->
h. Solve for x: c(x—d)+b = e(x+n)-w
a. Solve for n: 15n(12n-16) = 0
b. Solve for n: 23n%-69n = 0
c. Solve for z: 62 = 14z
d. Solve forx: cx = ax—-b+c
e. Solveforx: b(x+1)+x = w
f. Solveforx: a(x+c)+dn+x) = z
g. Solve foru: eu+a = hu+b
h. Solve for x: c(x+ad)-b = e(x—m)+u
Solutions
0,3 b. 0,-4 c. 0,4 d.
_ _1 5
0, -12 .0, -3 g 0,3 h.
12 1 2
0, 13 j. 0 7 k. 0, 9 1.
_T 1
0, 3 b. 0,4 c. O, 3 d.

o
o
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0, 2 f 0,—% g 0,12 h. 0,-83
_2 _1
0,1 j. 0, = k. 0, 13 l. 0,19
_12 8 19
0, 13 n. 0, 3 o. 0, 23
7 _ 1 _9
0,3 b. 0,-5 c. O, 7 d. O, 7
_2 _
0, 2 f ) {7 g. 0,11 h. 0,-93
_8 _1
0,1 j. 0, - k. 0, i1 l. 0,21
11 1 17
0, 13 n. 0, 4 o. 0, 29
_ _ n(c+d) _ 3
cn+dn =3 = n(c+d) =3 = crd  c+d
n=_4d
a-c
_ M
A

th = c—-sn = tn+sn =c¢c = n(t+s) =c = n =

- 3
n r—t

mn+1)-@n—-R =0 = mn+m-@n-R =0
= mn-n+m-R =0 = mn-@n = R—m

= nm-Q) = R-m = n==2"2

an+3)+b(n+c) = R = an+3a+bn+bc = R
= an+bn = R-3a-bc = n(a+b) = R-3a-bc

_ R-3a-bc

= n
a+b

d

n(a+b+C) =d = n = m
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na-1) =a = n=—9_

11

2n+2+an = ¢ = n(2+a) =c-2 = n c—2
a+2

- 14 w+v - w
YT T b« r—u YT w1

_ c+b w+au _b-a
YT a+d e X u+1 YT a+b
= 2+ru—3w h  x = 29+3p

m-—3 pP—q
x = %, or, upon multiplying top and bottom by -1, ba+_acc
x = R_Q_;_%C_ab, or, upon multiplying top and bottom by —1,
Q+2c+ab—R
a+c

_7 4 c
0, 17 b. 0,2 c. O, 3 d. p—
b+a £ T —-dn+bc g a-b h en—w-b+cd
a+1 ' b-d T g-h ' c—e

4 7 -b+c
0, 3 b. 0,3 c. O, 3 d. s
w-b £ z—ac—dn g b-—a
b+1 ’ a+d " e-h
—em+u—acd+b

c—e
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"Use what talents you possess. ‘O‘L

The woods would be very

/4
y
silent if no birds sang v
there except those < N
that sang the best.”

— Henry Van Dyke
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