
1.7 DIVIDING A POLYNOMIAL BY A
POLYNOMIAL

We can illustrate the division statement with the following example

2 quotient

17)36 divisor)dividffi
34
4 remainder

We can check the division using the division statement.

The division statement is

(quotient) x (divisor) + remainder : dividend

From the examPle,
(2x17)+4:38.

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

EXAMPLE 1. Divide (2x'? - 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.

Multiply the second term of the
quotient by the divisor.

Subtract the resulting product from
the previous remainder.

2x
x+2T2x'-3x- 1

2x
x+zTzx,-gx- I

2x2 + 4x

2x
2x2-3x-
2x2 + 4x

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

-7x- 1

2x- 7
x+zfzx,-sx- 1

2x2 + 4x

-7x- 1

2x- 7
x + zTzxr= gx - I

2x2 + 4x

-rX- 1

-7x - 14

2x- 7
x + zTzx,-- gx - I

2x2 + 4x

-7x- 1

-7x - 14

13

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

less than the degree of the divisor.

X+

-r--

Division Statement:

(quotient) x (divisor) + remainder : dividend

(2x-7) x(x+2) + '13 :2x2- 3x-1

EXAMPLE 2.
Divide 18x - 19x2 + 6x3 - 22by 2x - 5
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 6x3-19x2+18x-22

EXAMPLE 3.
Divide (xa + x3y - xy3 - yo) by (x' - y').

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

x2+xy +y2
y,)i4 + xsy a ox2!2 - xye - ya

x4 x"y"
x3y+ x2y2-xy3
x3y - xy3

0

... x4 + x3y - xys - yo

= (xz - y,Xx, + xy + y'?)

(c)(2 + 5t - t2 + 6t3) + (1 + 3t)
(d)(623 + 1322 - 9) + (22 + 3)
(e)(9x'?- I + 4x3) + (2 + x)
(f) (4xs + 5x + 21) + (2x + 3)
(g)(2w - 1 + 9w3) + (3w - 2)
(h)(10 + 9x + x3) + (2 + x)

C 3. Divide, No divisors are zero.
(a) (xa + x3 - 13x2 - 25x - '12)

+ (x2 + 2x + 1)
(b)(2w3-4-8w-3w2+w4)

+(w2-w-2)
(c) (to - '17t2 - 36t - 20) + (t2 - 3t - 10)
(d) (x3 + x'y - xy' - y') + (x - y)
(e) (xo - 2x3y + 2x'y' - 2xys + y4\

+ (x2 + y2)

(f) (x' - 4x2y + Sxy' - 2y") - (x - 2yl

x2

_5)
6x3 - 15x2------_e + 18x

-4x2 + 10x
8x-22
8x-20

-2
.'. 6x3 - 19x2 + 18x - 22

:(2x-5)(3x'z-2x+4)-2

Since division by 0 is not defined,

2x-5*0
2x*5
--r5^f2

EXERCISE 1.7

B 1. Divide and state any restrictions on the
variables.
(a)(x. - 2x2 + 2x - 15) + (x - 3)
(b)(xs + 3x2 - 9x - 20) + (x + 4)
(c) (x3 + 2x2 - 5x - 7) + (x + 3)
(d)(Sw'?- 4w - 2 + ws) + (w - 1)
(e) (11x, - 22 + 26x + x3) + (6 + x)
(f) (3t - 6 - 212 * t3) + (t - 2)
(g)(24 + 6x - 7x2 + xs) + (x - 5)
(h)(sx, + xs - 4x - 20) + (5 + x)
(i) (x4+ 4x3+2x2 -3x+ 2)+(x+2)
{j) (2w - 4w2 + 2w4 - 5w3 + 3) + (w - 3)

2. Divide and state any restrictions on the
variables.

F)(z*. + x2 + x - 1) + (2x - 1)
(b)(21w - 11w2 + 3ws - 7\ * (dw - 2)

xry,
x'y"

_y4
_y4



When dividing by x - n where the coefficient of x is 1' division is.

simplified by using 
" 

pio""t" called synthetic division' lt is derived

i.'i inl .tdnoard'oivision procedure by working with only the

numerical coefficients. ffr" pro."r. is illustrated in the following

example.

Multiply the last number below the line by n and continue the above

process

EXAMPLEl. Divide -3x2 - 10x + 2xs + 5byx - 3'x * 3'

SOLUTION:
W"lit.t i""u"ng" the terms of the dividend in descending powers

of x.

. 2xs-3x2-10x+5
Copy the coetficients 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
J
2

Multiolv the number below the line by n, put the product above the

line in ihe second column, and add'

3 2 -3 -105

3

3 2-3
6

23 -1

-10 5

I 3

2

When the process is complete, the last. number on the row is the

;;;ir;;r;no t|.," otnei riumn'ers are the coefficients of the quotient.

Thus,when2x3 - 3x2 - 1Ox + 5isdividedbyx - 3thequotient

is 2x2 + 3x - 1 and the remainder is 2'
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2xs - 6x2

3x2 - 10x
3x2 - 9x

-x+5
-x+3

2

+x

5

-3
-3 -1069

and write the division statement. State any restrictions on the variable.

SOLUTION:
Wearedividingbyx + 3orx - (-3),son: -3'Anx2termis
missing from the dividend so we use a 0 coefficient as a placeholder

-3
3 I 24

-3 8 4

...x3 - x + 2g: (x + 3)(x, - 3x + 8) + 4
ln order to avoid division by 0 we stipulate that x * - 3

The next example illustrates how we use synthetic division to divide

by a polynomial of the form ax + b. We write ax + b as 
"(x 

. :)
and divide as before.

EXAMPLE 3. Divide (2x3 - 7x2 - 10x + 26) by (2x - 3).

SOLUTION:

2x-3:21*-l)
3
2

2 -7 -10 +26

6 24

-4 16 2

2xs - 7x2 - 10x * 26 = Le* - 3)(2x, - 4x - 16) + 2
:(2x-3)(x'-2x-8)+2

(e)(20 -14ys -Y+ 4Yo)+ (Y-g)
(f) (x. - 2x2 - 75) + (x - 5)
(g)(t. - 4t2 + t + 6) + (t - 2)

3. Divide using synthetic division and state
restrictions.
(a)(6x'? - 11x + 7) + (3x -  )
(b)(6ts - 5t2 - 13t + 13) + (2t + 3)
(c) (15Ys - 18Y - Y2 + 8) + (3Y - 2)
(d)(2y'- 9v'* 11v - 3) + (2Y - 3)
(e)(12 + 8t3 - 22t2 - 5t) + (4t + 3)
(f) (4y' - 12Yz - 37Y - 14) + (2Y + 1)

(g)(sx, - 13x + 10 + 6x3) + (3x - 5)

EXERCISE 1.8

B 1. Divide using synthetic division and state
restrictions,
(a)(x3 + 2x2 - 8x - 2) * (x - 1)
(b) (xs - 13x2 + 20x + 20) + (x - 5)
(c) (x3 + 10x2 + 29x + 20) + (x + 4)
(d)(y'+y3-20)+(y+2)
(e)(t - 8t, + 19t - 12) + (t - 3)

: 2. Divide using synthetic division and state
restrictions.
(a) (2x.-4x-4x2+2)+(x+4)

(2x. - 13x + 12) + (x + 3)
(3t4 - 7 - 1412 + 10t + ts) + (t + 3)
(3xo - 12x3 - 20x2 - 30x + 2) + (x - 5)

1 0 -1 28
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Why must we

multiply by t?



I.9 T HE FIEMAINUEFI I NEUtsIEM

Given the polynomial P(x) : x3 - x2 - 7x + 9, we divide P(x)

by (x - 3) and then find P(3).

x2+2x-1
X-

x3 - 3x2
Zx' - Zx
2x2 - 6x

SOLUTION:
P(x)

P(-2)

The remainder is -44.

P(x):x3-x2-7x+9
P(3) : (3)3 - (3)' - 7(3) + 9

:27-9-21+9
:6

+9

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

Remainder Theorem

When a polynomial P(x) is divided by (x - b), and the
remainder contains no term in x, then the remainder is P(b)

Proof :

The following division statement is true for all values of x

P(x) :(x-b) xQ(x) +R

Q(x) represents a polynomial in x and R is a constant.
Substituting b for x we have

P(b) :(b-b) xQ(b) +R
P(b) :0xQ(b) +R
P(b) : R

ln general,

When a polynomial P(x) is divided by (ax - b), and the

remainder contains no term in x, then the remainder is P
b

a

EXAMPLE 1. Use the Remainder Theorem to determine the

remainder when 2x3 - 4x2 + 3x - 6 is divided by x + 2.

-x+9
-x+3

6

:2x3-4x2+3x-6
: 2(-2)" - 4(-2)' + 3(-2) - 6
:-16-16-6-o
: -44

a(x)
x - bFID

a

R

(ax - b)

:a bx--
a
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B 1. For P(x) : x3 + x2 + x + 4, find'

(a) P(2) (b) P(1)
(c) P(0) (d) P(- 2)

2. For f(x) : Ys - 2x2 - 2x - 3, find

(a) f(3) (b) f(- 1)

(c) f(- 3) (d) f (5)

3. For g(x) : 2x2 - 4x + 5, find.

(a) g(- 3) (b) s(l)

(c) g( - 1) (d) s(8)

4. Use the Remainder Theorem to determine
the remainder for each division.
(a)(x3 + 2x2 + 3x + 7) + (x - 1)
(b)(m. - m2 + 7m - 4) + (m + 1)

(c) (x. - 8x2 + 17x - 6) * (x - 3)
(d)(no-3n2+7)+(n+3)
(e)(1 - 2x - 3x2 * x3) + (x - 1)
(f) (x' - 27) + (x - 3)
(g)(2x'- 3x - 4) + (x + 2)
(h)(3m3 - m2 - m - 2) + (m + 1)

C 5. Find the remainder for each division.
(a)(2x, + 5x - e + ex - 1)
(b) (2x, - 5x + 2) + (2x + 1)
(c) (5m3 + m2 - 5m - 3) + (2m + 3)
(d) (3xg - x2 - 12x + 7) + (ix - 1)
(e)(Zm.+3m2 -7m- 5) +(2m+5)

remainder when 2x3 - 13x2 + 19x + 7 is divided by 2x - 3.

SOLUTION:
P(i): 2x3 - 13x2 + 19x + 7
P(8) : 2(8) - 13(8)'z + 1e(8) + 7

:27 - 117 a57 a7-T--T',Z'',
:27 - 117 +11!+4-4 4 4 4

:52
4

- 
1A

- tu

The remainder is 13.

You can evaluate a polynomial on a
calculator using the "multiply
and add" cycle of synthetic
division.

To evaluate 2x3 + 3x2 - 4x + 7 lor
x:5

ETEEEEEtrEE
ETEEEEEEE

1. Evaluate each polynomial.

(a)3x3-2x2+x-9forx:2
(b)4x3 + 5x2 - 3x - 11 forx:6
(c) Zxa - 5x3 + 7x2 - 3x + 7 for

x: -2
(d)Sxa + 3x3 - x2 + 7x - 3for

x: -4

5

EXERCISE

2 3 -4 7
10 65 305

2 13 6'1 312

ll* L[ U LrlTr_r l-,; I'ltlT H



1.10 THE FAETOH THEOI{EM

We now use a corollary of the Remainder Theorem' the Factor

il;;t, i; tactor potynomials of the third degree and higher'

EXAMPLE 1' Find the remainder when x3 - 7x2 + 9x + 2 is

divided by x - 2 and write the division statement'

SOLUTION:
P(x):x3-7x2+9x+2
P(2) : (2)3 - 7(2)2 + e(2) + 2

:8-28+18+2
:0

x2- 5x-1 1-7 +9+2
2 -10 -2

2

X- + 9x+ or

x3 - 2x2--r-sx'+ 9x

- 5x2 + 10x

1 -5 -1 0

-x+2
-x+2

0

...x3 - 7x2 + gx + 2 :(x + 2)(x'z - 5x - 1)

Since division gives zero as a remainder' both x - 2 and

x2 - 5x - 1 are factors of x3 - 7xz + 9x + 2' This illustrates the

factor theorem.

Factor Theorem

Apo
P(b)

lynomial P(x) has x - b as a factor if and only if

:0

lf a polynomial P(x) has x - b as a factor, then

P(x) :(x-b) xQ(x)

Substituting b for x we have

P(b) :(b-b) xQ(b)
P(b) : 0

Conversely, if P(b) : 0, then by the Remainder Theorem when P(x)

;;i"id;a 'oy * - 
'b 

the remainder is 0, that is' x - b is a factor of

P(x).

EXAMPLE 2. Factor. 4x3 + 16x2 + 9x - 9

SOLUTION:
P(x):4x3+16x2+9x-9
P(1) : 4(1)3 + 16(1)'z + 9(1) - I

:20
ln this examPle we onlY

substitute numbers that

are factors of 9' WhY?
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: -6
P(3) : 4(3)3 + 16(3)'z+ 9(3) - e

270

P(-3) : 4(-3)3 + 16(-3)' + e(-3) - e

:0
.'.x + 3isafactor.

Another factor is found by division

-.t 4 16 9-9
-12 -12 9

4 4 -3 0

...4x3 + 16x2 + 9x - 9: (x + 3)(4x'z+ 4x - 3)

4x2 + 4x - 3 maY be factored'

.,.4xs + 16x2 + 9x - 9: (x + 3)(2x + 3)(2x - 1)

EXAMPLE 3. Find ksothat x3 - 4x2 - 2x + khas x - 3-as a

factor.

SOLUTION:
ietP(x): X3 - 4x2 - 2x + k' lf x -3isafactor' P(3) :0'

P(x):X3-4x2-2x+k
P(si = (3)' - 4(3)'- 2(3) +^k : o

27'36-6+k:0
-15 + k:0

k: 15

EXERCISE 1 .10

A 1. Determine which of the polynomials have

x - l asafactor.
(a)x3 + x2 - x- 1

(b)2x3 - x2 - 3x - 1

(c)xo-3x3+2x2-x+1
(d)3x3 - x - 3
(e)4xa - 2x3 + 3x2 - 2x + 1

(f)x.-3x2+4x-2
(g)2x.+4x2-5x-1
(h)x. - x2 - x - 1

:

'2. ls 1x + 1) a factor of xloo - 1? ls (x - 1)?
Explain.

3. ls(x + 1)afactorof xes + 1?ls(x - 1)?

Explain.

B 4. Use the factor theorem to show that

(a) (x + 1) is a factor of x3 + 2x2 + 2x + 1'

i;i i- - zi is a factor of x3 - 3x2 + 4x - 4'

i;j i- - si is a factor of x3 - 3x2 + x - 3'

iOi i- -r sj is a factor of xs + 7x2 + 17x + 15'

i"i i- * zi is a factor of 2x3 + 4x2 - 3x - 6'

it) (x + 5) is a lactor of"x4+5x3+2X2+7X-15.
(o) (x - 4) is a factor of'"' 

bxo - i1x. + 12x2 + x - 4'

'n-4.-

X+

0

+1
4x3 + 12x2

-3x-9
-3x-9

4x2 + 9x
4x2 + 12x

4x2+ 4x-3
+ 9x-9



6. Factor the lollowing over the integers.
(a)x.-6x2+11x-6
(b)x3+8x2+19x+12
(c) to - 2t2 - 9t + 18
(d)m3 + 4m2 + 2m - 3
(e)x3 + x2 - 22x - 40
(f)x3+x2-16x-16
(g)w. - 2w2 - 6w - 8
(h)n3 + 6n'- 7n - 60
(i) xs - 27
(j) x' - 27x + 10

7. Faclor the following.
(a) 2x3 - 9x2 + 10x - 3
(b) 3x3 - 2x2 - 12x + 8
(c) 2x3 - 3x2 + 3x - 10
(d)4m3 - 7m - 3
(e)513 - 2312 + 20t + 12
(f) 4y'+ 13y2 + 4y + 3
(g) 6x' - 11x2 - 26x + 15
(h) 2x3 - 4x2 + 11x - 22
(i) 2xa + x3 - 26x2 - 37x * 12
(j) xu - 3xa - 10x3 + 3x2 - 9x - 30

C g. finO k so that xB - 2x2 + 3x + k has
(x - 1) as a factor.

9. Find k so that x3 + 5x2 + kx + 6 has
(x + 2) as a factor.

10. Find k so that km3 - 10m2 + 2m + 3
has (m - 3) as a factor.

1 1. Find k so that
3x3-2kx2+(k-1)x+10
hasx + 2asafactor.

12. Find k so that
2x3+(k+1)x2+6kx+11
hasx - 1 asafactor.

13. Find the value of k so that when
x2 + 8x + k is divided byx - 2 the
remainder is 3.

14. Find the value of k so that when
xs + 5x2 + 6x + 11 is divided by x + k
the remainder is 3.

30 FoUNDATIONS oF MATHEMATICS 12

(b) lf n is odd, is (x + a) a factor of xn + an?

ALGEBRAICOPERATIONS 31

We can write a BASIC program to factor
third degree polynomials using synthetic
division. Let us take a general polynomial.

(Ax3 + Bx2 + Cx + D) + (x - x,)

Since D, is the remainder, the polynomial is
divisible by (x - x,) when Dr : 0. These
ideas are applied in the program listed below

ln the BASIC computer language, subscripted
variables such as x, are used by writing x1.

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

PRINT''FACTORIN6 OF A''
PRINT''POLYNOI,IIAL OF DE6REE 3. "
PRINT"AXIS + BX12 + CX + D"
PRINT''ENTER THE COEFFICIENTS AND''
PRINT"CONSTANT TERIl SEPARATED BY''
PRINT''CO1111AS. "
INPUT A,B,C,D
PRINT
PRINT''ENTER A TRIAL VALUE FOR X>"
INPUT X
Al,=A
Bl,=B+Al,xX
Cl,=C+Bl,xX
Dl,=D+Cl,xX
IF D],<>D THEN 170
PRINT
XI=-X

a?0 PRINT"THE FACT0RED P0LyN0tlIAL:"
A8O PRINT
410 PRINT w(X + tr;XI;") (n'Atr'"Xle + tr

;81;"X +t,;CI;,,)il
3DO END

RUN

X1 Dc
XArx Crx

AB

Br:B+ x C1 :C+

NEW

Dr:D*Crx

I00
l,r0
l,e 0
1,3 0
l,rru
15u
l,h0
l,?0
1,8 0
110
e00
P 1,0
aa0
el0
aq0
450
eh0

l"lllll-*trlr 1-l flTH
EL

2. Factor.
(a)x3 - 27
(c) m3-8
(e) 8x3 - 1

(g) 27x3 + 8y3
(i) s6 - 27t,
(k) a3b3 + 27c3

(m)$x3 - 1

The polynomial x3 + 8 is the sum of two cubes.

The polynomial x3 - 27 is the difference of two cubes.

There is a pattern for factoring each of these polynomials

EXAMPLE. Factor. x3 + I

SOLUTION:
P(x) :x3+8

P( 2):(-2)3+8
:0

(x + 2) is a factor.

Another factor is found by division

00
24

I
-8

-2 1
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B 1. Use the distributive property to show that

(a) (x + y)(x' - xY + Y') : x3 * V3'

(b) (x - y)(x' + xy + Y2) : 1s - Ys'

1-24 0

...x3 + g: (x + 2)(x2 - 2x + 4)

ln general,

x3 * V3 : (x + y)(x, - xy + yr)

x3-y3:(x-yXxr+xy+yr)

64
125
-1

ye

5. ls (x - a) a factor of
x'(a - b)+ a'?(b - x) + b'?(x - a)?

6. Use the Factor Theorem to show
that (x - c) is a factor of
(x - b), - (b - c)'?+ (c - x)'?.

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

(b) x3 +
(d) v' +
(f) 64m3
(h) x6 +
(j) 1000x12 + y15

(l) x3y6 - 9ze

(n)m6 - $ns

C 3. Show that (x - a) is a factor of xn - an

4. (a) lf n is even, is (x + a) a factor
of xn + an?

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 t as fast as
Alex?



a
d
o
a
d
a
d
s
a

2.

o.

4.

(a+
(x+
(x+
(a+
(x+
(x+

b)(3t + 7)
y)(4m + 1

3)(x + 1)
bxx + y)

v)(m - n)
1)(x-1)(x-2)

(b) (x - 1)(5 + 2x)
(e) (m n)(2a - 1)
(h) (x, x 1)(m + 3)
(b) (x + y)(m + 2)
(e) (a - b)(x 3)
(b) (am - n)(x - 2y)
(e) (a - 2b)(a - 3c)
(h) (y x)(x, y)
(b) (r, - 9)(x, - 3x + 2)

EXERCISE 1.5

7)(m

a
e

b
f
j
n

r

z
b
f
i
b
t
j
n

b
t
j

(x - 41"
(m + 6),
(x - t9;"
(2x-3)(2x+3)
(1-4y)(1+4y)
(4x-7y)(4x+7y)
(9p + Bq),
(5a + 3b),
(7x,y-22)(7x,y+22)
(2x3yz - 712
(0.5x - 0.By)(0.5x + 0.By)(x-y-4)(x-y+4)
(a + 2b 12)(a + 2b + 12)
(7-2y+w)(7+2y-w)
(x+y+a+b)(x+y-a-b)
(x+3y-6)(x+3y+6)
(p+q-5)(p+q+5)
(a+b-c+3)(a+b+c-3)
(5y-3-2c-dXsy-g+2c
-(sY - 212

-x(2y + 1)2

- p(p 3q)'
161 (b) 267
(x"-y3.)(xr"+y3.)
2601 (b) 2401

(x+
(x+
(x+
(x+
(r+
(x+
(m+

(5s-a)(3s-t)
(ay+3)(y+2x)
(a, \(lz - 7b + 13)

(x+3)(2x+1)
(2w-3X3w+1)
(2w+5)(w+2)
not possible
2(x-1)(2x-3)
(3y-2)(ay-3)
2(2x+3)(3x-5)

(x+2)(x+5)
(m+1)(m-7)
(t+3)(t-4)
(w-a)(w-10)
(y - 2)(y 5)
(t - 1xt - 2)
(n - 2)(n B)
2,5
not possible

(w-3)(w-5)4)
2)
3)
7)

4)
3)

3)(x +
5)(x -
5)(x -
4)(x +
b)(r -
e)(x -

c

s
k

s

c

s
k

s
k
o

o

d
h

I

p

t
X

d
h

I

d
h

I

p

(t
(w
(t
(x
(x

(i)
(m)

-4Xt-5)
+ 5)(w - e)

+ 4)(t - 5)
+ 10)(x - 3)
+ 5)(x - B)

q
U

v
a
e
i

a
e
i

m
a
e
i

w)
+ e)

2.

3.

-4,3
-9, 4

-1, -1

+ 3)(5x + 4)
(2t+7)(3t-4)

not possible
4, 11

6,6
(3w+4)(w-5)
not possible
not possible
(4x-3)(2x+3)
not possible
not possible

-3,6
(2x -
(5w +
(2r +
(sx -

5)(x - 1)
2)(2w - 1)

3)(t + 2)
2)(2x + 1)
+ 5)(m + 2)4 3(3m

2(2x
d
h

EXERCISE 1.6

a

2.

3.

4.

5.

b.

7.

d
o
a
d
a
d

s
a
d

s
a
c
a
c
a
c
e

s
a
d

b

h

b
e
b
e
h

b

e
h

(v + 5)'
(t-7)(t+7)
(s-1)(s+1)
(6y-7)(6y+7)
(11y-2)(11y+2)
(2m + 3n),
(3d-5y)(3d+5y)
(7s - 4t),
(smn + 4t),
(4m3 - 5n)z

f
i

c
f
c
f
i

I

(b) (s + 3t 3)(s + 3t + 3)
(d) (3x - 2y - 5)(3x 2y + 5)(b)(1-x+y)(1+x y)
(d)(3m + n 2s+5t)(3m + n + 2s- 5t)
(b) (s 4 VTXs a rrT)
(d) (x-y 7)(x+y+7)
(f) (m + n - s t)(m + n + s + t)

(c) 3(3 - x)(x + 3)
(f) 4st(3s + st)'?e) 2x(x_ 5y)(x + 5y)

h) (4V2 - 3a)(3a + 4V2\
c) 1760 (d) 8760
b) (3x3" - 2yh)
c) 1024 (d) 3364

d)
b)

(1 .2s + 2.512)2

2ab(a - 1),B.

Y.
n

1.

s)
a)
a)
a)

+
(

(

(

(

(

(
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(c) (+xz''' + 3Yo")'
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(c) (x - 5X3x - 7)
(f )(2x - y)(ax - 3)
( i) (x - yXTq 1)
(c) (1 - y)(1 + y,)
(f) (x - 1)(cx - dx - d)
(c) (y - 2x)(3 - 5x)
(f) (3a + 4d)(b - sc)

(c)(a b)(x,+x+1)

x+5,x+3
x-2,R-1,x*-3
5x-4,R2,x* -62x 4,R4,x+5
2x2-2x+1,x+-2
x + 1,x * f

c)2t2-t+2, 1+ 
+

e\4x2+x 2,R-4,x+-2
g)3w2r 2w+2,R3,w+fr
a)x2-x-12
d) (x + y),

x2+
x2_
x2+
x2

x3+
x2+

(b)
(d)
(f)
(h)
(i)
(b)

(d)

fi)
(h)

x2-x 5,x+ -4
w2 + 6w + 2,w + 1

t2 + 3, 1+ 2
x2-4,x* -5
2w3 + w2 w - 1, w + 3

w2 3w+5,R3,w+t
322 + 22 3,2 + -|
2x2-3x+7,x* 

8

x2-2x+13,R-16,x*-2
(c)t, + 3t + 2
(r)(x - y),

(b)x,-8x-20,R-80,x+5
(d)y.-y+2,R-24,y*-2

(b)3t, - 7t + 4,R1,t + -3
(d)y. 3y+1,y+|
(tl2y,-7y-15,Rt,y+-)

a
c
e

s
i

a

a)
d)
s)
i)
a)
c)
e)
s)
i)

(x+
(x+
(r+
(x+
(s+
(w+

l(x - a)
aXx - 6)
5)(r + 7)
1 1)(x 8)
3Xs - 7)
10)(w - 7)

2.

.t-

2.

J

EXERCISE 1.8

x2+3x-5,R-7,x*1
x2+6x+5,x+-4
t2 - 5t + 4, I + 3
2x2 - 12x + 44,R -174,x * -4
3t3 - Bt2 + 10t - 20, R53,t + -3
4yz - 2yz - 6y - 19, R -37,y + 3
t2 - 2t - 3,t + 2

a)2x-1,R3,x+$
c)sy'?+3y- ,y+fi
e)2t2-7t+4,t+ 3

EXERCISE I.9

2x2-6x +5,R-3,x* -3
3x3 + 3x, - 5x - 55, R -273, x + 5
x,+3x+15,x+5

1. (a) 1B
2. (a) 0
3. (a) 35

4. (a) 13
(e) 3

5. (a) -1

EXERCISE I.1O

(b)w,+3w+2
(e) (x - y)"

81
I

42

4

-2
62
Z
2

61
A

3

3. yes, no
+ 3)(x + 4)
+ 2)(x + 4)
+ 4)(n + 5)

-5, 10
10, -2

-4, -4
(3y-1)(2y+1)
(x-1)(2x-1)
(3w-5)(w+4)
(4t-sxt-2)
(By+7)(2y-3)
not possible

a)
c)
e)
a)
c)
e)
s)

b
d
f

(g)2x,F5xr4,R30,xr!

(x-4)(x+4)
(w - 7)'
(v + 1)'
(10x-9)(10x+9)
(3m-1)(3m+1)
(6s 50,
(4x - 11y),
(10m - 11n)(10m +.11n)
(6x3-5y,)(6x.+5y,)
(6s, + 51;z

(b
(b
(b

(b
(f
(b

d
d

d

d
h

d

4

15
2

0

c

c

c

s

c

.1

4
7

Z
2

0

5

(a), (c), (0, (S) 2. yes, yes
(x 1)(x - 2)(x - 3) (b
(m+3)(m,+m-1) (e
(w - 4)(w, + 2w + 2) (h
(x - 5)(x, + 5x 2)
(x-1)(x-3)(2x-1)
(x-2)(2xr+x+5)
(1 ,2)(t-3)(5t+2)
(x-3)(3x+5)(2x-1)
(x + 1)(x + 3)(x - 4)(2x + 1)

(e)o

)(2m 3)(2m + 1)
(4y2+y+1)
(2x, + 11)
(x-5)(x3+3)

12. 2

- 3)(x + s)
+ 4)(x 4)
+3x+9)

5. no
c) (x 2)(x
f )(x + 1Xx
i)(x-3)(x'?

1 )(x
5)(x
3)(n

)(x+
)(x
)(n-

(b
(d
(f
(h
(i
11

(x + 2)(x - 2)(3x 2)

B. -2
13. -17

9.9
14. 4

10.3
16. k : 3 or 1

(m+1
(v+3)
(x 2)
(x+2)
_0

5


