1.7 DIVIDING A POLYNOMIAL BY A

POLYNOMIAL

We can illustrate the division statement with the following example.

2
17)38
3__4

4

quotient

divisor) dividend

remainder

We can check the division using the division statement.

The division statement is

(quotient) x (divisor) + remainder = dividend

From the example,

2 x 17) + 4 = 38.

We use this method to divide a polynomial by a polynomial.

EXAMPLE 1. Divide (2x2 — 3x — 1) by (x + 2) and write the

division statement.

SOLUTION:
Divide the first term of the dividend
by the first term of the divisor.

Multiply the first term of the
quotient by the divisor.

Subtract the resulting product from
the dividend.

Divide the first term of the
remainder by the first term of the
divisor.

Multiply the second term of the
quotient by the divisor.

Subtract the resulting product from
the previous remainder.

Stop when the remainder is zero or the degree of the remainder is

less than the degree of the divisor.

2X

X+ 2)2x2 — 3x — 1
2X

X+ 2)2x2 — 3x — 1

2X
X + 2)2x2 — 3x — 1

2x2 + 4x

™= 1

2% — 7

X + 2J2x2 — 3x — 1
2x2 + 4x

—-7x — 1

2x — 7

X+ 2)2x2 — 3x — 1
2x2 + 4x

-7x — 1

7x — 14

2x — 7

X+ 2)2x2 — 3x — 1
2x2 + 4x

-7x — 1

—7x — 14

13

Division Statement:

(quotient) x (divisor) + remainder = dividend
(Ex 7y x (x +2) + 13 =2x?2 — 3x — 1

EXAMPLE 2.
Divide 18x — 19x2 + 6x® — 22by 2x — &
and state any restrictions on the variable.

SOLUTION:

We first rearrange the terms of the dividend
in descending powers of x.

(6x® — 19x2 + 18x — 22) + (2x — 5)

3x2 — 2x + 4
2x — 5)6x% — 19x2 + 18x — 22
6x3 — 15x2
—4x2 + 18x
—4x2 + 10x
8x — 22
8x — 20

-2
o 6x% — 19x% 4+ 18x — 22
=(2x - 5)(3x> —2x + 4) — 2

Since division by 0 is not defined,

2x —5+0
2x +# 5

x#3
EXERCISE 1.7

1. Divide and state any restrictions on the
variables.

@0 —2x+2x —15) = (x — 3)

(b)Y (x® + 3x2 — 9x ~ 20) + (x + 4)
() @+ 2x2 —5x — 7) + (x + 3)
(d) (Bw? — 4w — 2 + wd) + (w — 1)
() (11x2 — 22 + 26x + x3) + (6 + X)

H@Bt-—6—2t2+ 1) + (t —2)

(9) (24 + 6x — 7x2 + x3) + (x — 5)

(h) (5% + x® — 4x — 20) + (5 + x)

() (x*+ & + 2@ - 3x + 2) + (x + 2)
() @w — 4w2 + 2w* — 5w® + 3) = (w — 3)

2. Divide and state any restrictions on the
variables,

(@) (2x% + x2 + x — 1) = (2x — 1
(b) 1w — 11wz + 3v33 —(7;(+ (3)w -2

EXAMPLE 3.
Divide (x* + X% — xy® — y*) by (x2 — y?).

SOLUTION:

Represent missing terms in the dividend
by using zero as the coefficient.

X2+ xy +y?
x2 — yIxt + %y + 07 — xy® — y*
X4 — X2y2
X3y +  x%y? — xy®
X3y = xy?
X2y2 _ y4
XZMZ — \!4
0

X4 %y - xy? -yt
= (& = Y0 + xy +y?)

c)(2 + 5t — 12 + 6t%) + (1 + 3t)
) (6z° + 1322 — 9) + (22 + 3)
Y(Ox2 — 8 4+ 4x®) + (2 + X)
(4x® + 5x + 21) + (2x + 3)
g)(ew — 1 + 9wd) + (8w — 2)
h) (10 + 9% + x%) + (2 + x)

C 3. Divide. No divisors are zero.

(a) * + x® — 13x2 — 25x — 12)
+ (X2 + 2x + 1)
(b) (2w® — 4 — 8w — 3w? + w?)
+ w2 —w -2
(c) (t* — 1712 — 36t — 20) =+ (12 — 3t — 10)
(d) O + xty — xy2 — y3) + (x — y)
(e) (x* — 2x%y + 2x2y2 — 2xy® + y%)
+ (X2 + y?)
(f) (x® — 4x®y + 5bxy? — 2y%) + (x — 2y)
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1.8 SYNTHETIC DIVISIUN

When dividing by x — n where the coefficient of x is 1, division is
simplified by using a process called synthetic division. It 18 derived
from the standard division procedure by working with only the
numerical coefficients. The process is illustrated in the following

example.

EXAMPLE 1. Divide —8x2 — 10x + 2x° + 5byx — 3,x # 3.
SOLUTION:

We first rearrange the terms of the dividend in descending powers
of x.

ox3 — 3x2 — 10x + 5

Copy the coefficients and place the n number (in this case 3) as
shown.

3|2 -3 -105

Repeat the first coefficient of the dividend as shown.

3|2 -3 -105
{

2

Multiply the number below the line by n, put the product above the
line in the second column, and add.

3(2 -3 —-10 5
;D b
Multiply the last number below the line by n and continue the above
e process.
i e;‘_:;j_a~z 3 -0 5 ) 3|2 -3 -10 5
) 9 -3 | 6 .2 +9 073
R Q@ ) 5 8= —1F 2
A {

L

1

ra;z LF 3m - 1.\ When the process is complete, the last number on the row is the
x —(B)2E — 8% — “fox + 5 || remainder and the other numbers are the coefficients of the quotient.
[ 2% - Bx? )
4 3x® — 10x /
< 3x2 — Ox / {  Thus, when 2x® — 3x2 — 10x + 5 is divided by x — 3 the quotient
( “.+5 / )is2x2 + 3x — 1andthe remainder is 2.
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and write the division statement. State any restnctlons on the varlable.

SOLUTION:
W_e are dividing by x + 8orx — (—3),son = —3. An x2term is
missing from the dividend so we use a 0 coefficient as a placeholder.

3|1 0 -1 28
| 28 9 z24
17-37 87 4

X —x+28=x+3)(x2-3x+8)+4
In order to avoid division by 0 we stipulate that x # —3.

The next example illustrates how we use synthetic division to divide
b. We write ax + b as | g 4D ]

by a polynomial of the form ax
d/

and divide as before.
EXAMPLE 3. Divide (2x3 — 7x2 — 10x + 26) by (2x — 3).
SOLUTION:

2x — 3 =2(x — 9

2 -7 —10 +26
|_® 5#0 224
27-4"-16" 2

( Why must we j
. multiply by 42 )

2x3 — 7x2 — 10x + 26 = J(2x — 3)(2x* — 4x — 16) + 2
=2x — 3)(x2—-2x — 8) + 2

EXERCISE 1.8
B 1. Divide using synthetic division and state e)(20 — 14y — y + 4yY) + (y —
restrictions. Ef)) Exa . 2x2y— 7531) + (3(, )— -5)(y ¥

(a)(x® + 2x2 — 8x — 2) + (x — 1) @ —-42+t+6)+ (-2
(b) (x® — 13x2 + 20x + 20) = (x — 5)
(c) 0 + 10x2 + 29x + 20) + (x + 4)
(d)(y> +y* —20) + (y + 2)

(e)(® — 8t + 19t — 12) + (t — 3)

3. Divide using synthetic division and state

restrictions.

Ea) 6x2 — 11x + 7) + (3x — 4)

. . b) (6t® — 5t2 — 13t + 13) + (2t + 3

- 2. Divide using synthetic division and state (c) (15y° — 18y — y* + 8)) = ((Sy - 2))
restrlctalons. (d) 2y — 9y2 + 11y — 3) + (2y — 3)

(a )(2x3 — 44X — 4x2 + 2) + (X + 4) (e) (12 + 8t> — 22t2 — 5t) + (4t + 3)

(b ;(2>§l - 13x + 12) + (x + 3) (f) (4y® — 12y2 — 37y — 14) + (2y + 1)

(c) (3t — 7 — 1482 + 10t + 1) = (g) (5x2 — 13x + 10 + 6x%) + (3x — 5)

(d) (3x* — 12x3 — 20x2 — 30x + 2) +

(t + 3)
(x = 5)
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1.9 THE REMAINDER TAEURERW remainder when 2x3 — 13x2 + 19x + 7 is divided by 2x — 3.

Given the polynomial P(x) = x3 — x2 — 7x + 9, we divide P(x) SOLUTION:
by (x — 3) and then find P(3). P(x) = 2x® — 13x% + 19x + 7
X2+ 2x — 1 i P(x) =x* —x2— 7x + 9 PQ) = 2(3)° — 13(92 + 19(9) + 7
X -3¢ - X — 7x + 9 | PB) = (3P - (32 -7() +9 27 _ 117 4 57
X3 — 3x? | =27-9-21+9 i el S
2x2 — 7x ' =6 — 27 _ 117 | 114 | 28
2x2 — 6X t -4 @ T T
- X+ 9 } = %
—x+3 | =Nji3
6 |

The remainder is 13.
When P(x) is divided by (x — 3) the remainder is P(3). This leads to a
statement of the Remainder Theorem.

Remainder Theorem EXERCISE 1.9 :
When a polynomial P(x) is divided by (x — b), and the B 1.For P(x) = x® + x2 + x + 4, find.
remainder contains no term in x, then the remainder is P(b). | (a) P(2) (b) P(1) You can evaluate a polynomial on a
' (c) P(0) (d) P(=2) calculator using the “multiply
o Proof: 4 and add” cycle of synthetic
SRR : _ = T @ o
(”J QW) ‘l The following division statement is true for all values of x. ' 2. F(O; fx) = )zb) " 2);) 2x = 3, find. division.
(a) f(3 -
\ x — bIPX) ; PX) = (x — b) x Q) + R % R T
( 4 Q(x) represents a polynomial in x and R is a constant. l . To evaluate 2x* + 3x* — 4x + 7 for
i - R o Substituting b for x we have 3. Forg(x) = 2x2 — 4x + 5, find. X=5
Y W e
P(b) = (b — b) x Q( ) + (@9(-3)  (b)9@) nB o F
P(b) = 0 x Q(b) + R _1 g
P(b) = R (c) o( 2) (d) 9(2) _ 10 65 305
2 183 61 312
In general, 4. Use the Remainder Theorem to determine
,—--"(" - b)\_\ Wh I ial P(x) is divided by ( b), and th th‘;(;‘sz'r;ifrlogfafh;'V.'S'(‘;n' 1) HHGaRBRaaE
ax — en a polynomial P(x) is divided by (ax , and the + (x = =
( } | . | Gndhel e e o e CEEDGERTE
= <x - _> remainder contains no term in x, then the remainder is P = ©) (@ — 8x2 + 17x — 6) + (x — 3)
) a (d@n*—3n2+7) +(n+3)
e o @1 —2x — 32 +x3 + {x—1)
) (¢ — 27) = (x — 3) EXERCISE
EXAMPLE 1. Use the Remainder Theorem to determine the (@ (@ — 3x — 4) + (x + 2)
remainder when 2x® — 4x2 + 3x — 6 is divided by x + 2. (hy@m® —m2 —m — 2) + (m+ 1) 1. Evaluate each polynomial.
, (a)3x® — 2x2 + x — 9forx = 2
SOLUTION: C 5. Find the remainder for each division. (b) 43 + 5x2 — 3x — 11 forx = 6
P(x) = 2x° — 4x? + 3x — 6 (@) (@x% + 5x — 4) + (2x — 1) (c) 2x* — 5x® + 7x2 — 3x + 7 for
P(-2)=2(-2° - 4( 22+ 3( 2) -6 (b) (2x2 — Bx + 2) + (2x + 1) x= -2
= -16-16-6—6 (C)(5m3+m2—5n1—3) (2m + 3) (d)5x* + 3x® — x2 + 7x — 3 for
= —44 (A3 — x> —12x + 7) + (Bx — 1) x = —4
() @m® + 3m? — 7m — 5) + (2m + 5)

The remainder is —44.
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(" In this example we onI)‘l‘1

| substitute numbers that |
| are factors of 9. Why? )

- e

1.10 THE FACTOR THEOREM

We now use a corollary of the Remainder Theorem, the Factor
Theorem, to factor polynomials of the third degree and higher.

EXAMPLE 1. Find the remainder when x> — 7x* + 9x + 21is
divided by x — 2 and write the division statement.

SOLUTION:
Px) = x> — 7x* + 9x + 2

P@2) = (2 — 7(2)2 + 9(2) + 2
=828+ 18 +2
=0
X2 — 5x — 1 211 -7 +9 +2
x — 29 — 7x2 + 9% + 2 or 2 —10 -2
x* — 2x 1 -5 -1 0
— 5x2 + 9x
— 5x2 + 10x
- X+ 2
-x+2
0

.'.x3—7x2+9x+2:(x+2)(x2—5x—1)

Since division gives zero as a remainder, both x — 2 and
x2 — 5x — 1 are factors of x® — 7x2 + 9x + 2. This illustrates the
factor theorem.

Factor Theorem

A polynomial P(x) has x — b as a factor if and only if
P(b) = 0.

If a polynomial P(x) has x — b as a factor, then
P(x) = (x — b) x Q(x)
Substituting b for x we have

P(b) = (b — b) x Q)
P(b) = 0

Conversely, if P(b) = 0, then by the Remainder Theorem when P(x)
is divided by x — b the remainder is 0, that is, x — b is a factor of
P(x).

EXAMPLE 2. Factor. 4%3 + 16x2 + 9x — 9
SOLUTION:
P(x) = 4x3 + 16x2 + 9X — 9

P(1) = 4(1)® + 16(1)2 + 9(1) — 9
20

([
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P(3) = 4(3)° + 16(3% + 9(3) — 9
- = 270
p(-3) = 4(~3)%° + 16( 32 + 9( 3) = 9
=0

. X + 3is a factor.

Another factor is found by division. N e

T——

— ’ \
3|4 16 9 -9 / 4x? + 4x — 30
—12 12 9 (X+B)Tx3+16x2+ 9x — 9

“_

4 4 -3 0 4x3 + 12x2
3 4x2 + 9x
\ 4x2 + 12X
. -3x-9
\, -3 -9
|
R i

4@ + 16X + 9x — 9 = (x + 3)(4x* + 4x — 3)
4x2 + 4x — 3 may be factored.
A+ 16x2 + 9x — 9 = (X + 3)(2x + 3)(2x — 1)

EXAMPLE 3. Find k so that x® — 4x2 — 2x + khasx — 3 as a
factor.

SOLUTION:
Let P(x) = x® — 4x% — 2x + k. If x —3is a factor, P(3) = 0.
P(x) = x* — 4@ — 2x + Kk
P(3) = (3)* — 4(3)2 — 2(3) + k=0
27 —36 -6+ k=
~15 +

EXERCISE 1.10

A 1. Determine which of the polynomials have
x — 1 as a factor.
(@)% + x2 - x— 1
(by2x® — x2 — 3x — 1
(c)x* — 3x® + 2x2 — x + 1
(d)3x® —x — 3
() 4x* — 2x® + 3x2 — 2x + 1
(f) x> — 3x2 + 4x — 2
(@) 2x® + 4x®> — 5x — 1
(hx® — x - x -1

2. Is (x + 1) a factor of x' — 1?2 Is (x — 1)?
Explain.

0
0
15

3. Is (x + 1) a factor of x* + 1?2 1s (x — 1)?
Explain.

B 4. Use the factor theorem to show that

(a) (x + 1) is a factor of X3 + 2x* + 2x + 1.
(b) (x — 2) is a factor of X3 — 3x2 + 4x — 4.
(c) (x — 3) is a factor of ¥ — 3x2 + x — 3.
(d) (x + 3)is a factor of x@ + 7% + 17x + 15,
(e) (x + 2) is a factor of 2 + 4x® — 3x — 6.
(f) (x + 5) is a factor of

¥t + Bx? + 2x? + 7X — 15,
(9) (x — 4) is a factor of

oxt — 11x3 + 12x2 + x — 4.
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6. Fractor the tollowing over the integers.
(a)yx® — 6x2 + 11x — 6

(b) x® + 8x2 + 19x + 12

(c)yts — 2t2 — 9t + 18

(dym® + 4m2 + 2m - 3

(&) x® + x2 — 22x — 40

(f) x* + x2 — 16x — 16

(ghwe — 2w2 — 6w — 8
(hyn®* + 6n% — 7n — B0
(i) x> — 27

() x* —27x + 10

. Factor the following.

a)2x3 - 92+ 10x — 3

)3x® — 2x2 — 12x + 8

) 2x3 — 3x2 + 3x — 10

y4mé — 7m — 3

) 5t8 — 23t2 + 20t + 12

) 4y° + 13y2 + 4y + 3

g)6x® — 11x2 — 26x + 15

h)2x® — 4x2 + 11x — 22

i) 2x* + x® — 26x2 — 37x — 12

j) x5 — 3x* — 10x® + 3x2 — 9x — 30

(

(b
(c
(d
(e
(f
(

(
(
(

8. Find k so that x® — 2x2 + 3x + k has
(x — 1) as a factor.

9. Find k so that x* + 5x2 + kx + 6 has
(X + 2) as a factor.

10. Find k so that km® — 10m2 + 2m + 3
has (m — 3) as a factor.

11. Find k so that
3x3 — 2kx® + (k — 1)x + 10
has x + 2 as a factor.

12. Find k so that
2x% + (k + 1)x% + 6kx + 11
has x — 1 as a factor.

13. Find the value of k so that when
X2 + 8x + k is divided by x — 2 the
remainder is 3.

14. Find the value of k so that when
X® 4+ 5x2 + 6x + 11 is divided by x + k
the remainder is 3.
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We can write a BASIC program to factor
third degree polynomials using synthetic
division. Let us take a general polynomial.

(Ax® + Bx2 + Cx + D) + (x — x4)
X | A B C D
_r A _~Byx _+Cix
Ay Bi=B+Ax C,=C+B;x D,=D+Cx

Since D, is the remainder, the polynomial is
divisible by (x — x;) when D, = 0. These
ideas are applied in the program listed below.

In the BASIC computer language, subscripted
variables such as xy are used by writing x1.

This program uses synthetic division to factor
a polynomial of degree 3.

NEW

100 PRINT"FACTORING OF A"

110 PRINT"POLYNOMIAL OF DEGREE 3."

120 PRINT"AX?3 + BX12 + CX + D"

130 PRINT"ENTER THE COEFFICIENTS AND"

140 PRINT™CONSTANT TERM SEPARATED BY"

150 PRINT"COMMAS."

160 INPUT A,B,C,D

170 PRINT

180 PRINT"ENTER A TRIAL VALUE FOR X>"

190 INPUT X

200 Al=A

210 BL=B+AlxX

220 CL=C+BLx*X

230 DL=D+(CLxX

240 IF D1l<>0 THEN 170

250 PRINT

2b0 XL=-X

270 PRINT"THE FACTORED POLYNOMIAL:"

240 PRINT

290 PRINT "(X + ";XL;")(";AL;"X12 + "
;BLi"X + ";Clym)"

300 END

N
RU B

The polynomial x® + 8 is the sum of two cubes.

The polynomial x* — 27 is the difference of two cubes.

There is a pattern for factoring each of these polynomials.

EXAMPLE. Factor.

SOLUTION:

=0

(x + 2) is a factor.

Px) =x*+8
P(2)=(-2°+8

x® 4+ 8

Another factor is found by division.

-21 oo
~2 4 -8
1 -2 4

SX3 4 8 = (x + 2)(x®

in general,

—2x + 4)

X3+ ¥ = (x + y)0eE - xy + ¥?)
X2 -y = (x — y)X® 4 xy +¥9)

EXERCISE 1.11

B 1. Use the distributive property to show that
(@) (x + y)(x® — xy + y?) = x>+ y°
(b) (x — V)0 + xy + y?) = x> — ¥

2. Factor.

27x3 + 8y°
1000x12 + y'®
x3y8 — 9z°
_ 1
n)meé — -n?

) a’b® + 27¢3
mdx® — 1

C 3. Show that (x — a) is a factor of x» — a.
4. (a) If nis even, is (x + a) a factor

of x" + an?
(b)If nis odd, is (x + a) a factor of x" + a"?

5. Is (x — a) a factor of

x2(a — b) + a2(b — x) + b3x — a)?

6. Use the Factor Theorem to show
that (x — c) is a factor of
(x —b)2— (b —-1c)2+ (c - xPA

7. Factor x — 1 as a difference of cubes.

MENDBENDER

It takes 24 h for Ed and Alex to do a job

together. How long will it take each to
do the job alone if Ed works £ as fast as
Alex?
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1. (a) (a + b)(3t + 7) (b) (x — 1)(5 + 2x) (¢) (x — 5)3x — 7) 1.(a)x® + x + 5 x#3 (b)x22—><75><#>4
(d) (x + y)(@m + 1) {e) (m — n)(2a - 1) (f) (2x — y)4x - 3) ()x - x-2,R-1,x + -3 (?)g +36V:’;22‘W*1
(g) (x + 3)(x + 1) (h) (@ —x — 1)(m + 3) (i) (x = y)(7g — 1) (e)x* +5x — 4, R2,x £ -6 . (h) ztix#%
2.(a) (@ + b)(x +y) (b) {x + y)m + 2) (c) (1= y)(1 +y?) (9)x* —2x — 4 R4 x+5 ) it P o rwn g
(d) (x + y)(m — n) (e) (a - b)(x — 3) (f) (x — 1)(cx - dx — d) (I)x+2¢ —2x +1,x+ -2 () ,
N1 R R | 4R %, B e PO
S — s — e)(a - a— 3c a + - 5¢ 2 B _3
(g) (4y + 3)(y + 2x) (h) {y — X0 — y) (c)at —t+2t+ 4 a2 Bz =48z * 53
4.(a) (a® — 4)(b? — 7b + 13) (b) (P — 9)(x2 — 3x + 2) (c)(a — b)(x2 + x + 1) (€)4¢ +x — 2R —4 x % -2 (1)2¢ - 3x + 7,x + 3
(g)3w? + 2w + 2R3, w + 3 (h) x> — 2x + 13,R —16,x + —2
EXERCISE 1.5 3.(a)yxz — x — 12 (b)W2+3\£V+2 (C)t2+3t2+2
(d) (x + y) (e) (x —y) (f) x —y)
1. (a) (x + 3){x + 4) (b) (x + 2)(x + 5) (c) W~ 3)w - 5) (d) (x + 2)(x — 4)
(e) (x + 5)(x — 2) (f)(m+ N)(m -7 (g) (t — 4)t - 5) (h) (x + 4)(x - 6)
(i) (x + B)(x — 3) (j)(t+ 3)t — 4 (k) (W + 5)(w - 9) (1) (r + 5B)r + 7) EXERCISE 1.8
;m; Ex + 64))((X +47)) En; Ew ~£1))((w ~5;O) Eo; Et + ﬁ)(()t)(— 5) ) (p) (x + 11)(x — 8)
q)(r + 6)(r - ryly — 2)(y — s)(x + X — 3 (t)(s + 3)(s — 7) 2 _ - b) x> — 8x — 20,R —80, x + 5
(u) (x + 9)(x — 3) (v) (- Dt -2 (W) (x + 5)(x - 8) (x) (w + 10)w — 7) et o G o i (@)~ g4 2Ry it
(y) (m + 7)(m + 9) (z) (n = 2)(n — 8 . ()t — 5t + 4.t +3
2yep-43 zs | (c) not possible (d) -5, 10 2. (a) 2x2 — 12x + 44, R —174,x + —4 (b) 2x2 — 6x + 5,R —3,x £ —3
m 1, 1 Ejgnoitipgss'be {(%4,6116 m 710' _42 (c)3t — 82 + 10t — 20,R53,t + -3 (d) 3x® + 3x2 — 5x — 55,R —273,x + 5
-1, — -3, -6, —4, — 3 _ oy2 _ . - fyx2+ 38x + 15, x + 5
Rl eI 1 ROt A SR A B Py R !
e) (2w — W+ W+ W — g) not possible h) (x — 1)@2x — 1 '
Ei;(zvt\/+5)t()\|/v+2) Ej;gwaz))((t; 2)1) §k;?:tpos33)i(bz|e ) §|;§3w¥)1(3)(w+4)1) 8. (a)2x — 1,R3,x + % (b) 3 — 7t + 4, R1, t+ -3
m) not possible n X — X + o] X — X + 3 (p) (4t — Bt — 2 2 . 2 2 _ 3
4. (a) 2(x — 1)(2x — 3) (b) 338m + 5)(m + 2) (c) not possible (3; §8y n 7))((2y _)3) (c)dy* + 3y — 4,y + 5 (d)y2 — 3y + 1,y + 3
(e) (By — 2)(4y - 3) (f)2(2x + 3)(5x + 4) {g) not possible (h) not possible (e)2t — 7t + 4,t+ -3 (f)2y» =7y —15R1,y # -4
(i)2(2x + 3)(3x — 5) (i)t + 7Et -4
(g) 2x® + 6x + 4,R30,x + 2
EXERCISE 1.6 EXERCISE 1.9
1o(a) (x — 4y (b) (y + 5) (c) (x — 4)x + 4) 1. (a) 18 (b) 7 (c)4 (d) —2
(d) (m + &) (e)(t—7)t+7) (f)(w—7)p 2.(a)0 {(b) —4 (c) —42 (d) 62
(g)(x — 100 (h) (s — 1)(s + 1) (1) (y + 1) 3 35 (b) (c) 15 (d) Z
2. (a) (2x — 3)(2x + 3) (b) By — 7)(6y + 7) (c) (10x — 9)(10x + 9) -(a) 2 2 2
(d) (1 — 4y)(1 + 4y) (e) (11y — 2)(11y + 2) (f) Bm — 1)@Bm + 1) 4. (a) 13 (b) —13 (c)O (d) 61
3. (a) (4x — 7y)(ax + 7y) (b) (2m + 3n)° (c) (6s — 5t)2 (e) -3 (f)o (g) —14 (h) -5
(d) (9p + 8q)* (e) (3d — 5y)(3d + 5y) () (4x — 11y)? 5. (a) —1 (b) 5 (c) -8 (d)3 (e)0
(g) (Ba + 3h)? (h) (7s — 4t)2 (i) (10m - 11n)(10m + 11n)
4. (a) (7Tx?y — 22)(7xy + 22) (b) (5mn + 4t)2 (c) (6x®> — 5y2)(6x3 + 5y?)
(d) (2xyy? — 7) (e) (4m® — 5n)2 (1) (6s? + 5ty
(9) (0.5x — 0.8y)(0.5x + 0.8y) (h) (1.2s + 2.5t2)2 EXERCISE 1.10
5.(a){x —y — 4)(x —y + 4) (b) (s + 3t — 3)(s + 3t + 3)
(c)(a+2b — 12)(a + 2b + 12) (d) (3x — 2y — 5)(3x — 2y + 5) 1. (a), (¢), (), (g) 2. yes, yes 3. yes, no 5. no
6.(a) (7 — 2y + w)(7 + 2y — w) (B) (1 —x +y)(1 +x—y) 6.{a) x — (X — 2)(x — 3) (b) (x + 1)(x + 3)(x + 4) (c) (x — 2)(x — 3)(x + 3)
(c)(x +y+a+b)ix+ty—a-—hb) (d) Bm + n — 2s + 5t)(3m +rn+2s—5t) (d) (m + 3)(m2 + m - 1) (e) (x — B)(x + 2)(x + 4) (F) (x + 1){x + 4)(x — 4)
7.(a) (x + 3y - B)(x + 3y + 6) (b) (s =4 = Vi)s — 4 + VD) (g) (w — 4)(w? + 2w + 2) (h) (n = 3)(n + 4)(n + 5) (1) (x = 3)(x2 + 3x + 9)
(¢c)(p+qg—58)p +q+5) (d)(x =y = 7)x +y +7) (1) (x = 5)p + 5x — 2)
(e)(@a+b—c+3)at+b+ec—3 (f)m+n-s—tm+n+s+1 7.{a) (x — 1)(x — 3)(2x — 1) (b) (x + 2)(x — 2)(3x — 2)
(9) By =3 — 2c — d)(Sy — 3 + 2¢ + d) (c) (x — 2)(2x® + x + 5) (d) (m + 1)2m — 3)(2m + 1)
8.(a) —(8y — 2 (b) 2ab(a — 1) (c) 3 - X)X + 3) (e) (t — 2)(t — 3)(5t + 2) (f)(y + 3)4y> +y + 1)
(d) —x(2y + 1) (e) 2x(x_— Sy)(x + 5y) (f) 4st(3s + 5Y) (g) (x — 3)(3x + B)(2x — 1) (h) (x — 2)(@x2 + 11)
(g9) —plp — 3q)° (h) (4V2 - 3a)(3a + 4V/2) (1) (x + 1)(x + 3)(x — 4)(2x + 1) (J) (x + 2)(x — 5)( + 3)
9. (a) 161 (b) 267 (c) 1760 (d) 8760 8 _o o 10. 3 11, -6 12, _o
10. (&) (X2 — yan)(n + yn) (b) (3x: — 2y%n) (c) (4xen ' + 3yn)? v 14’ i : 5
11. (a) 2601 (b) 2401 (c) 1024 (d) 3364 : 6.k = —3or1
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