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Exercise A, Question 1

Question:
Simplify:

Ix + 4
@ Xx+1

2x-1
(b) 6x — 3

X+4
(C)x+2

1
X+ =

@ a2

Ix + 2y
) 6x+ 3y

a+3
M a+6

5p -~ 5q
@) Top - 109

1
—a+b
2

() 2a+4b

X2

® X2 + 3x

X2+ 5x + 4
KD
()x2+8x+16
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X3 — 2x2
B ey

X2 — 4
m
( )x2+4

X+ 2

X2+ 5X + 6

2x2 - Bx - 3

0
()2x2—7x—4

=x%+x -4

®) 7 , 3
=X+ —X+2
4 2

32— x-2
1 1

2 3

—X-2
3

Solution:

(@)

dx+d4  dxx(z>1T_ 4 iy
a1 lax (T 1

(b)
2r—1_ Ix(2e=T) |

2

6y—3 3= JE.A’H"-’T_II 3

X+ 4

© %+ Wil not simplify any further

(d)

x+12x2  2x+1  1x (2%+T)
dx+2x2 Sx+4  4x (2eT)

(€)
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4x+2y _2Qx+F) 2
6x+3y  32x+7) 3

3
() Z: s Will not simplify any further

@)
s5p—5¢ S~ 5|
10p-10g 10(p~q) 10, 2

(h)
12a+b%2_ a+2h _1x(a+26) _|

2a+4b=2 4a+8b 4x (a+2h) 4

(i)
X A oex ¥

¥ 43x A(x+3) x+3

0

¥o3x x(x9) ¥

-9 (x+3ix—~T) x+3

(k)
X 45x+4 (DA x4
AP eBx+16 (x+4)(x4+d)  x+4

M

e (x—~7) _ X
X -4 (x+2)(x~7) x+2

X2 — 4
M2, 4 will not simplify any further. The denominator doesn't factorise.
(n)

X+2 Ix (x=+2) !

45546 {_1'—3}1_,{:47_ x4+3
(0)

2% —5x—3  (Qx+T)(x=3) x-3
2 —Tx—4  (Qu<T)(x—4) x—4

(9)
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12 +x—-4 x4 2x*+4x—16  2x-2)(x4%)  2x-2)
14x' =32x+2x4 ¥ +6x+8  (x+2)(x4+q)  x+2

(@)
3.:.-2—_r—:><6_64_3:1-2—x—z}_ﬁ_{,_s,wzﬂx—n_ﬁ“_ "
12x+13 X6 3x+2 1x Qx+T) '

n
x*—5x—6x3 3(x*-5x-6) 3{.\'—1}{,.).'%6_7 3x4+1)

= = =3(x+

13x-2 =3 x—6 1% (x~6)
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Exercise B, Question 1

Question:
Simplify:
a a
@g * 3z
a2 c
Ol
2 X
©% % 3
3 6
@5 * %
4 X
P
a4
() 5 © E
1
o (x+2 ) x 2
) 1 9 a?-9
()a2+6a+9 2

@ y2+y X
y . _ ¥
(J)y+3 V2 + 4y + 3
X 23 -6
k)3 X2 — 3x
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(9)
PO Y 5 1 o
i 1 i;p—k'f'-f}l{.r—.?} Ix(x—2) x-2
(h)

I a* -9 1 (a3 (@-3) _ a-3
= ® = b =
at+6a+9 2 (a+3)(a+3) 2 Na+3)
0)
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xtcle bl Alx-3) p,—rﬁ/] _x-3

Viey o ox o pesT) : 2 X v

0)
y ¥y Va3 F o+ ysl
Vv+3 V' +4y+3  p+3 g i Y & vz Ty
(k)
2 3 2 2 2 2 ki !
X -6 x X —3x _ f X j}f’ﬂ’ CIRE X

o

£} £ 7 b
3 x'-3x 3 22X -6x 3 2/\11}'-"'37, 3x2

6

o

. 1 1
4x’-25 2x+5_4X-25 8 _ 2x+5) 2x=5) 8 I8,
4x—10 8 4x—10 (2x+5) 2(2%=<5),  (2%¥5), 2x1

(m)
. 1 1
X+3 ><3;‘—'5.'4;= ,H—”SA X»{‘L;A‘ST _ 1
FH10x+25 X 4+3x  (1#S) (x+5) A (143, x+S

(n)

1 3
P +4y—4 3y+6 3 +4y-4 15 (Gy-2)(p+D) »oo 3y-2

0 15 10 3y+6 W, Au+n 2

(0)
X242+ y? 4 &+ ¥’ " A 2x+y)
2 (x—y) Z, =y =y
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Exercise C, Question 1

Question:
Simplify:

1,1
(a)p q
a
(b)g—l

1,1
© 2X X

(d) s 2
X2 X
3, L

O 4x 8x

X, X
Oy + %
1 1
(g)x+2 X+1

(h)x+3_ X—2
1 1
m3(x+2) -7 (x+3)

3x 1

) (X+4)2 (x+4)

1
K x+3) ¥ 3(x-1)

2 1
x2+2x+1 X+l

()
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- 3 2
m _
X2 + 3x+ 2 X2 + 4X + 4
o 2 3
0 _
a2+ 6a+9 a2+ 4a+ 3
2, 3
(0]
()yz_xz y - X
©) X+ 2 _ x+1
P X2 —x—12 X% + 5X+ 6
Q@ 3x+1 2 N 4
Vix+2)®  (x+#2)2  (x+2)
Solution:
1 1 9 P a+p
(a) + = + =
p q pg  pq pq
a_,_a _1_a b _a-b
My~ 1=% -1 % - b T 1
1l 1 1 2 1+2 3
©n T %X = 2% T 2x T 2x T x
3_1_3_ x _3-x
(d) 2 X 2 2 - 2
3 1r_6 1 7
(€) 4x + 8x ~  8x + 8x ~ 8x
X y 2 y2 X2 + y2
Oy + X =% x =
y X Xy = Xy Xy
1 1 _ Xx+1 X+ 2
@ (x+2) 7 (x+1) = (x+2) (x+1) (x+2) (x+1)
(x+1) - (x+2) -1

(x+2) (x+1) (x+2) (x+1)
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2 1 _ 2(x-2) (x+3) _
M (x+3) 7 (x-2) = (x+3) (x-2) ~ (x+3) (x-2) —
X—=7

(x+3) (x-2)

1 1 X+ 2 X+ 3 2(x+2) 3(x+3)
W3(x+2) -3 (X+3) =73 - =7 45  ~~ & =
-X—-5

6
0 3x 1 _ 3x _ o x+4 _ 3x- (x+4) _ _2x-4

(x+4)2  (X¥4) (i 4y2  (x+4)2 (x+4) 2 (x+4) 2

1 1
®o(x+3) T 3(x-1)
3(x-1) 2(x+3)

= 5(x+3) (x-1) T 6(x+3) (x-1)
3(x=-1) +2(x+3)
6(x+3) (x—-1)
5x+ 3
6(x+3) (x—-1)

2 1
O Zroms T
T ey 2 T (x+1)
— 2 + x+1
(x+1)2  (x+1)?
. 2+x+1
C o (x+1)?
_ X+ 3
C(x+1)?
3 _ 2
(m)x2+3x+2 X2 + 4X + 4
(x+1) (x+2) ~ (y42)2
3(x+2) _ 2(x+1)

(x+1) (x+2)2 (x+1) (x+2)2
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3(x+2) -2(x+1)
(x+1) (x+2)2
Xx+4
(x+1) (x+2)2

(n) 2 &
0 _
a2+ 6a+9 a2+ 4a+ 3
2 3

(a+3)2_ (a+1) (a+3)

2(a+1) _ 3(a+3)
(a+1) (a+3)2?  (a+1l) (a+3)?
2(a+1l) -3(a+3)
(a+1) (a+3)?
-a-7
(a+1) (a+3)?

3
(0) Y2 = X2 + y — X
_ 2 3
= (v (y=x) T (y-x)
_ 2 3(y+x)
= () (ymx) T O(y+x) (y-x)
__2+3(y+x)
—(y+x) (y-x)
_ 2 + 3y+ 3X
o (y+x) (y-x)
X+ 2 _ Xx+1
m)%—x—lZ X2 + 65X+ 6
_ X+ 2 Xx+1
T (x-4) (x+3) (x+3) (x+2)
_ (x+2) (x+2) (x+1) (x—4)
T (x+2) (x+3) (x-4)  (x+2) (x+3) (x-4)

(x2+4x+4) —(x2—3x—4)
(x+2) (x+3) (x—-4)

X+ 8
(x+2) (x+3) (x—-4)
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3x+1 2 + 4
D2y (xe2y2 (x+2)

_ 3+l 2(x#2) 4(x+2)2
(x+2)3  (x+2)3 (x+2)3

_(3x+1) - (2x+4) +4(XP+4x+4)

- (x+2)3

_ 4% +17x+13

o (x+2)3
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Exercise D, Question 1

Question:

Express the following improper fractions in ‘mixed’ number form by: (i) using long
division, (ii) using the remainder theorem

X3+ 2%+ 3x - 4
() Xx-1

23+ 32— 4x+5
(b) X+ 3

X2 - 8
© x-2

%2+ 4x + 5
d
(d) 21
83 +2x2+5
(e) 2242

43 - 52 + 3x — 14

(f)

X2+ 2x-1

X+ 32 -4
(9) 241

-1
Qo
A+ 33 -0+ 4x -6
® X2+ x-2
Solution:
(a) (i)
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2 43x+6

x— ]:| 4+ 2x+3x—4

3 2
X —X

3% +3x

3x’ —3x
6x—4
6x —6

-
e

i) Letx® + 232 + 3x— 4 = (Ax2+ Bx+C) (x-1) +R

Letx=1
1+2+3-4= (A+B+C) x0+R
= 2=R

Equate terms im® = 1=A
Equate terms 2
= 2= -A+B (substituteA = 1)
= 2=-1+B
= B=3
Equate constant terms
= —-4=-C+R (substituteR = 2)
= =—-4=-C+2
= C=6

X2+ 2x% + 3x— 4

Hence 1 =X2+3x+6+

x-1

(b) (i)

2x* —3x+5

x+ 3} 20 +3x% —4x +5
2x' +6x°
—3x’ —4x
—3x' —0x
S5x45
Sx+15
—10

i) Let 2@ + 3¢ — 4x+ 5= (A +Bx+C) (x+3) +R

Letx= -3
2% —27+3x9+12+5= (9A3B+C) x0+R
= -10=R

Equate terms im® = 2=A

PhysicsAndMathsTutor.com
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Equate terms in?

= 3=B+3A (substituteA = 2)
= 3=B+6
= B= -3
Equate constant terms
= 5=3C+R (substituteR= - 10)

= 5=3C-10
= 3C=15
= C=5
23 +3x% - 4x+ 5 10
Hence w3 =2X-3X+5- .
© (i)
x242x+4

x—=2)x +0x* +0x—8

R

2x* 4+ 0x

2x* —4x
4x—8§
4x—8

]

i) Letx®-8= (A +Bx+C) (x-2) +R
Letx =2
8-8= (4A+2B+C) x0+R
= 0=R
Equate terms im® = 1=A

Equate terms ix2

= 0=B-2A (substituteA = 1)
= 0=B-2
= B=2
Equate constant terms
= -8= - +R (substituter = 0)
= -2C= -8
= C=4

X3_8 2
Hence w2 =X + 2x+ 4

There isno remainder. S ( x — 2) is a factor

PhysicsAndMathsTutor.com
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(@) (i)
2
x4+ 0x—1 ) 2% +4x+5
2x° +0x—2
4x4+7

4x + 7 is ‘less than’ &2 — 1) so it is the remainder.
(i) Let

22 +4x+5= A - D)+ Bx+C
|

If the divisor is quadratic then the remainder can be linear.

Equate terms iR2 = 2=A
Equatetermsix = 4=B
Equate constant terms
= 5= -A+C (substituteA = 2)
= 5= -2+C

= C=7

22+ 4x + 5 A+ 7
Hence —— =2+

-1 x2 -1
e) (1)

dx+1

] X 5 = =

2x 4 0x+ Efl x4+ 2x* +0x+5
8x +0x* +8x

2x° —8x+5

x4+ 0x+2

—Bx+3

iy Let 88 + 2x¢ + 5= (Ax+B) (2x2 +2) +Cx+D
Equde terms inc

= 8=2A

> A=4
Equate terms ix?

= 2=2B

= B=1

Equate terms ix
= 0=2A+C (substituteA = 4)
= 0=8+C
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= C= -8
Equate constant terms
= b5=2B+D (substituteB =1)

= D=3
B3+ 2% + 5 -8 +3
= + 1+
Hence 5 o =dx+1l+ ——
@ (1)
4x—13
_1-2_:_1-—1}41--*—5_\-2 +3x—14
~13x* +7x—14

—13x* —26x+13

33 —27

iy Let 48 — 5x2 + 3x— 14= (Ax+ B) (x2+2x—1) + Cx+D

Equate terms i® = 4=A

Equate terms in2

= —-5=B+2A (substituteA = 4)
= -—-5=B+8
= B= -13
Equate terms iR
= 3= -A+2B+C (substituteA=4,B= - 13)
= 3=-4+ (-26) +C
= (C=33
Equate constant terms
= —-14= -B+D (substituteB = - 13)
= -14=13+D

= D= -27
4x3—5x2+3x—14_ 33 - 27
Hence 2t o 1 :4X_13+—x2+2x—1
(@) (i)
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Y’ +2

X 40x+1)x* +0x° + 327 +0x— 4
x40 + 2
2x2 4 0x—4
2% +0x+42
—6

iy Letx? +3x% — 4= (Ax2+Bx+C) (x2 +1) +Dx+E
Equde terms ik* = 1=A
Equate terms in® = 0=B

Equate terms in2

= 3=A+C (substituteA =1)
= 3=1+C
> C=2
Equate terms iR
= 0=B+D (substituteB = 0)
= 0=0+D
= D=0
Equate constant terms
= -—-4=C+E (substituteC = 2)
= -4=2+E

> E= -
X+3é-4 6
Hence > =X"+2-
+1 X2+ 1
() (i)
gt

x+ 1:. x* +0x% + 0% +0x —1

& .4
i

—x +0x°
e E
X' 4+0x
—x—1
—x—1
0

There is no remainder sox@ 1) is a factor ok* - 1.
(i) Letx* - 1= (AC+Bx2+Cx+D) (x+1) +E
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Letx= -1
(-1)%-1=(-A+B-C+D) x0+E
= E=0

Equate terms i = 1=A

Equate terms i
= O0=A+B (substituteA =1)
= 0=1+B
> B= -1

Equate terms i®x2
= 0=B+C (substituteB= -1)
= 0=-1+C
> C=1

Equate terms iR
= 0=D+C (substituteC =1)

= 0=D+1
= D=-1
Xt -1
Hence X+1Ex3—x2+x—1

@ (i)
2xt +x+1
o S Yol g el .
X +x —.»,f,u.\ +3xy —2x" 4+4x—6

oxt4axt —dyt

X +2xt+4x

r4xt—2x
¥ 4+6x—6
xt4x—2

Sx—4

iy Let 22 + 33 — 268 + 4x - 6= (Ax2+Bx+C) (x2+x—2) + Dx +E
Equate terms in* = 2=A
Equate terms in®
= 3=A+B (substituteA = 2)
> 3=2+B
= B=1
Equate terms in2
= -2=-2A+B+C (substituteA=2,B=1)
= -2=-4+1+C
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> C=1
Equate terms iR
= 4=C-2B+D (substituteC=1,B=1)
= 4=1-2+D
= D=5
Equate constant terms

= —-6= - +E (substituteC = 1)
= -6=-2+E

= E= -4
24+ 33 - 22+ 4x -6 By — 4
Hence > =2¢+x+1+
Xe+X—2 X2+X—2

© Pearson Education Ltd 2C
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Exercise D, Question 2

Question:

Find the value of the constamisB, C, D andE in the following identity:
A - a3 -8x2+16x - 2= (Ax2+Bx+C) (x2—3) +Dx+E

Solution:

-3 -8+ 16x—-2= (AC+Bx+C) (x2-3) +Dx+E
Equate terms ix* = 3=A
Equate terms i®® = -4=B

Equate terms ix?

= —-8=-3A+C (substituteA = 3)
= -8=-9+C
= C=1

Equate terms ix
= 16=-B+D (substituteB = — 4)
= 16=12+D
= D=4

Equate constant terms
= -—-2= - +E (substituteC =1)
= —-2=-3+E
= E=1

Hence 3* - 43 - 8x2 + 16x - 2= (32 -4x+1) (x°-3) +4&+1
A good idea in equalities is to check with an easy valuebefcause it should |
true for all values ox.

Substitutex=1intoLHS = 3-4-8+16-2=5
Substitutex = 1 into RHS = (3—4+1} X ( 1—3}
+4+1=0%x —-2+4+1=5v

© Pearson Education Ltd 2C
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Exercise E, Question 1

Question:
Simplify the following fractions:

ab c?
— x —_—
(a) c 22

X2+ 2x + 1
®) " 4x+ 4

(b)
424l (D EAHD x4
4x+4 4 (x4+T) 4
(©)
" 4 a 2
e g =.‘("+_‘f>< 4 =.‘t'1,.1-'f+ﬂ ,a{ o
2 4 2 x+1 Z, .j,-‘i'r-'*"r}fj -
(d)
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3 =l
FE—e 4= -l gl
®=1 wx xx=1) .rL':;J-"TT , X

at4 . .
@5+ doesn'tsimplify as there are no common factors.

(f)
;,2_43;_5_131—5}MI _b45

b'+20—-3 (b+3)(b~T), b+3

© Pearson Education Ltd 2C
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Exercise E, Question 2
Question:
Simplify:

X, X
@77 7 3

43
O

X+ 1 X-2
© 3

X2 — 5x — 6
@ x-1

X+ 7x-1
© " x+2

x*+3
2y

Solution:

x+1 X-2 3(x+1) 2(x-2)  3(x+1) -2(x=-2) x+7

© > — "3 T & T & 6 6

x2-5x-6  (x-6) (x+1)

M x-1 = (x-1) No common factors so divide.

x—4
x—1) X —5x—6
—4x—6
—4x+4
—10
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X2 - 5X - 6 10
Hence 1 =x—4—x_1
xS+ 7x-1
©  x+2
x* —2x-+411

x+ 2:1 2 4+0x* +7x—1

x> 4 2x°
—2x +7x
—2x*—dx
11x—1
11x+22
-23
X3+ 7x -1 5 23
Hence — .5 =X*-2X+11- 7
x*+3
M X2+ 1

g |

x2+0x+1)x* +0x* +0x2 +0x+3
¢

x*+0x° +1x°

—1x?40x43
—1x* +0x—1
4
X4+ 3 2 4
Hence =>=“-1+
+1 X2 +1

© Pearson Education Ltd 2C
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Exercise E, Question 3

Question:

Find the value of the constafisB, C andD in the following identity:
X3 — 6x% + 11x + 2 = (x—-2) (Ax2+Bx+C) +D

Solution:
X3—6x2+ 11x+2= (x-2) (AC+Bx+C) +D
Letx=2
8-24+22+2=0x (A+2B+C) +D
= D=8

Equate coefficients in® = 1=A
Equate coefficients ir?
= —-6=-2A+B (substituteA = 1)
= -—-6=-2+B
= B= -4
Equate coefficients ir
= 11=C-2B (substituteB= —-4)

= 11=C+38

= C=3
Hence x3-6x2+1I1x+2= (x-2) (X*-4x+3) +8
Check. Equate constanttern2= -2 x 3+ 8v

© Pearson Education Ltd 2C
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Exercise E, Question 4

Question:
3 12
=X+ - —— >
f(x) =x+ =3 o3 {xek, x>1{
2+ 3x+3
Show that f (x) = ~—5—
[E]
Solution:
12

3
f(x) =x+ - —
( ) x-1 X2+ 2x— 3

X 3 12

= 1T XT1 T (x+3) (x-1)

o x(x+3) (x-1) 3(x+3) 12

= T(x+3) (x-1) T (x+3) (x-1) T (x+3) (x-1)

X(x+3) (x-1) +3(x+3) -12
(x+3) (x-1)

X(X2+2x-3) +3x+9-12
(x+3) (x-1)

X3+ 2% — 3x+3x+ 9 - 12
(x+3) (x-1)

3+ 2% -3

= (x+3) (x-1) [Factorise numerator. (- 1) isafactorasf(1)

(x-1) (x2+3x+3)

= (x+3) (x-1) (cancel common factors)

X2 + 3x+ 3
X+ 3
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Exercise E, Question 5

Question:
Show thatﬂ =xX“+B+ 5 lfor constants3 andC, which should be found.
_ 2
Solution:
We need to findB andC such that
X+ 2
_ 2 C
-1 % +B -1

Multiply both sides by & -1) :
X*+2= (X%+B) (x¥¥-1) +C
X*+2=x*+Bx2-x2-B+C

Compare terms ix?
= 0=B-1
= B=1

Compare constant terms
= 2= -B+C (substituteB = 1)
= 2=-1+C

= C=3
Hence x*+2= (x2+1) (¥¥-1) +3
-1 X7 +x2—l
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Exercise E, Question 6

Question:

43 - 6x% + 8x = 5 D
+ . 2 .
Show that——, 77— can be put in the foriAx“ + Bx + C + -~ . Find the values

of the constantA, B, C andD.
Solution:

2x —4x+6
H+QM%mf+w—5
4x® +2x°
—8x% 4+ 8x
—8x% —d4x
12x—5
[12x+06
=11

H3-6x°+8 -5 2 _ 52 11
Hence o+ 1 =2X-4X+6 R -11=2X-4x+6- 5,

SoA=2,B= -4,C=6andD = -11
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