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Foreword

The material in this refresher course has been designed to enable you
to prepare for your university mathematics programme. When your
programme starts you will find that your ability to get the best from
lectures and tutorials, and to understand new material, depends cru-
cially upon having a good facility with algebraic manipulation. We
think that this is so important that we are making this course available
for you to work through before you come to university.

How to use this booklet

First of all, hide your calculator, and don’t use it at all during this
exercise!

You are advised to work through each section in this booklet in order.
You may need to revise some topics by looking at a GCSE or A-level
textbook which contains information about algebraic techniques.

You should attempt a range of questions from each section, and check
your answers with those at the back of the booklet. We have left
sufficient space in the booklet so that you can do any necessary working
within it. So, treat this as a work-book.

If you get questions wrong you should revise the material and try again
until you are getting the majority of questions correct.

If you cannot sort out your difficulties, do not worry about this. There
will be provision to help you when you start your university course.
This may take the form of special revision lectures, self-study revision
material or a drop-in mathematics support centre.

Level

This material has been prepared for students who have completed an
A-level course in mathematics.



Reminders

Use this page to note topics and questions which you found difficult.

Remember - seek help with these as soon as you start your university course.




1. Arithmetic of fractions

1. Express each of the following as a fraction in its simplest form. For example
can be written as % Remember, no calculators!
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a) b) 35 ¢) =51 d) 5 e f) ot 8) —% h) 35

2. Calculate

Dith b

wl—
o
N~—
Wi
+
o
o,
N~—
(SN
|
wir
@D
~—
©|o
+
o=
+
=
—
~—
O
+
~lw
|
sle

3. Evaluate the following, expressing each answer in its simplest form.

a) 3 X = b) 2x3x 1 c) 3 x d) 4
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4. Evaluate
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5. Express the following as mixed fractions. A mixed fraction has a whole number

part and a fractional part. For example, % can be written as the mixed fraction 2%.
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6. Express the following as improper fractions. An improper fraction is ‘top-heavy’.
Its numerator is greater than its denominator. For example, the mixed fraction 13%

can be written as the improper fraction %.

a) 21 b) 31 c) 52 d) —32 e) 113 f)82 g) 163 h) 892




2. Manipulation of expressions involving indices

1. Simplify the following algebraic expressions.

a) o3 xaxt b) ¥ xy’xy’ c) 2PxzZ2xz d) #xt®xt
e) axaxa® f) 3 g) b3 h) 2727
2. Simplify
46 Yl 416 10 o7 o

3. Simplify the following:

107 10" x’ x’
e P ogw 9o s
(ab)* 991010 298 (abc)?




—4
4. Write the following expressions using only positive indices

. For example x__2 can
x
. 1
be written as —-
x
3 t2
—2,.—1
a) x°r b) o c) e
e 3 (27) "tz !
d) (2a2b3)(6a 3b 5) e) 5—2 f) T

5. Without using a calculator, evaluate

3
a) P b) 4 x 372 C) 37192(27)71

d) (02571 o) (0.2)% f) (0.1)7°

6. Simplify

)R L) () o s ) (2B

3t (2713 (—2t)3
) = YV e 8) (—4t)2




7. Write the following expressions using a single index. For example (5%)7* can be
written as 5712,

a) (5° b) ()P o (1) d) @) o) (L)
t_2

) () e &3 ) (DY ) (=D™)~7

8. Without the use of a calculator, evaluate




9. Write the following expressions without using brackets.
3ab\ 4723\ ?

a) (4259 D) <&3> ) < = ) d) (2a2)°
c

o @ (5) w (2) w (%)

10. Write the following expressions without using brackets.
D @2 b)) G o (109 ) (@)

O ()Y ) (axa)? g) (ab?)"?




11. Write the following expressions without using brackets.

a) (43)71/2 b) (371/2)71/2 <) (72/3)4 d) (193/2)1/3

e) (a®=3)"5 f) (k\/;)—z

12. Write the following expressions without using brackets.

a) (50)Y° b)  (Bva) o) 3(v2)* d) (V3)®

13. Simplify

1/2
1/2,.1/3 x 2\1/3 3\1/3
a) xa'/2z'/3 b) Y c) (x¥/H)Y d) (8z%)Y
1/3 4
) VZE 6 (F)7 g ehH n) (oVa?)

) Vi )

10




3. Removing brackets and factorisation.

1. Write the following expressions without using brackets:

a) 2(mn) b) 2(m+mn) c¢) a(mn) d) a(m+n) e a(m—n)
f) (am)n  g) (a+m)n h) (a—m)n 1) 5(pg) i) 5p+a)
k) 5(p—q) 1) T(zy) m) 7(z+y) n) T(z-y) o) 8(2p+q)
p) 8(2pg) a) 8(2p—q) 1) 5(p—3¢) s) Sp+3q¢) t) 5(3pg)

2. Write the following expressions without using brackets and
simplify where possible:

a) (24+a)3+b) b) (x+1)(x+2) ¢) (z+3)(x+3) d) (x+5)(x—3)

11



3. Write the following expressions without using brackets:
a) (T+z)2+2z) b)O+z)2+z) ¢ (x+9)(xz—2) d) (z+11)(z—7)
e) (x+2)x f) Bz + 1)z g) Bxr+1)(x+1) h) Bx+1)2x+1)
1) Bz+5)2x+7) j) Bx+5)R2r—-1) k) (b-3x)(z+1) 1) (2—2)(1—=2x)

4. Rewrite the following expressions without using brackets:
a) (s+1)(s+5)(s—3) b) (r+y)?

5. Factorise

a)br+15y b)3z—9y c¢)2z+12y d) 4z +322+16y e) lz+1ly

12



6. Factorise

a) 3z +gxy b) 2w+ 3mr?h ) ad®—a+3 d) 5—-2+1

z2 T

7. Factorise

a) 22 +8x+7 b)z?+6x—7 ¢)2?+Tx+10 d) 2> —62+9 e)2*+ 5z +6.

8. Factorise
a) 2r°43rx+1 b) 22°+4x+2 c¢) 32*—3x—-6 d) Hz*—4x—1
e) 16x% —1 f) —z2+1 g) —22%+z+3

13



9. Factorise

a) 2+ 9x+14  b)2®+1lz+18 ¢) 22 +7x—18  d)2?+4x— 77
e) ¥? + 2z f) 322 + , g)3x?+4rx+1  h) 622 +5r+1
i) 622 +3lx+35 j) 62> +7x—5 k) =322 +2x+5 1) 2?2 —3z+2

10. Rewrite the following expressions without using brackets, simplifying where
possible:

a) 15— (7—ux) b) 15—-7(1—=x)
c) 15—=T(x—1) d) 2z—-y)—z(1+vy)
e) xz(a+b)—x(a+ 3D) f)  2(5a + 3b) + 3(a — 2b)

g) —(da+5b—3c)—2(2a+3b—4c) h) 2z(z—5)—z(x—2)—3x(x—>5H)

14



11. Rewrite each of the following expressions without using brackets and simplify
where possible

a) 2x—(3y+8z), b) 2z+5(x—y—=2), c) —(5x—3y), d) 5(2x—y)—3(z+2y)

15



4. Arithmetic of algebraic fractions

1. Express each of the following as a single fraction.

1 2
a) 9 x 1Y b) - x2x+y) ¢ =x(z+y)
3 3 3
2. Simplify
4 1 1
) 3Xf’3} b) ?j3(x—i—4) ) %x(m—i—él) ) gsz
1 x+u wd Q Q 1
s £ .
°) y>< y+1 ) PR 8) wd? /4 ) x/y
L 6/7 3/4 x—1
. lif —
3. Stmplify 2) 5+ 3 b) x—1 )3/4

3 T
4. Simplif +
Y 2 T 2 14

16



T

5. Simplify g =

2¢04+1 3z -1
6. Simplify
r 2r x 2r 3z T 2
— 4+ — b) — 4+ — — - d
9 3t ) g ) 377 e B
z+1 3 2c+1 =z T+ 3 x r
f - — —— h) —-——=
0 Wt D o3 5 % o1 3 M 175
7. Simplify
1 2 2 5 2 3
b _
Y et Y s tiar Y mai iz
d)x+1+x+4 >x—1 z—1
r+3 z+2 xr—3 (x—3)2

. .1 11
8. Express as a single fraction ?s + 21

17




A B

9. Express 13 + o as a single fraction.
A B C

10. Express Sy + - 1) + @12 as a single fraction.
A B . :

11. Express as a single fraction.

t+1 (@t lp?

Axz + B n C
24+rx+10 -1

12. Express as a single fraction.

13. Express Az + B +

as a single fraction.
r+1

18



x T1ToX
14. Show that % is equal to 17278

T3 @ Lo — T3
15. Simplify  a) %5” - % + g b) %x - (% g)
16.  Simplify 25:65%%
17.  Simplify #22”

a -+ 2b
a—2b

18. Explain why no cancellation is possible in the expression

19




T+ 2 Xx+5
24+92+20 z+2

19. Simplify

5 2
20. Simplify w + g
)

3
21. Express as single fraction —

4 3
22. Express as a single fraction 2o — 1+ — +

x 2r+1

1 1 1 1
23. a) Express — + — as a single fraction. b) Hence find the reciprocal of — + —.
u v u v

20



1 1 . .
24. Express — + — as a single fraction.
s s

6 4 3
25.  Express 513 512 + o1 + 2 as a single fraction.

26. State which of the following expressions are equivalent to

2c+1 «x

2x+4+§
r+1 =z 3z +1 T 3
l b 142
8 1T ) %76 R R v
20 +1 22+1 «x 22+ 4x+1 1 =z
d z rrarT £)14+-+2
) % T 1 3 TP J1+3+5

21



5. Surds

Roots, for example /2, /5, v/6 are also known as surds. A common cause of error
is misuse of expressions involving surds. You should be aware that v/ab = \/av/b but

Va+1bis NOT equal to v/a + v/b.

1. It is often possible to write surds in equivalent forms. For example /48 can be

written /3 X 16 = v/3 x /16 = 4/3.

Write the following in their simplest forms:

a)\/@ b) V63

2. By multiplying numerator and denominator by v/2 + 1 show that
1
V2 -1

is equivalent to V2 +1

3. Simplify, if possible, a) /x%y? b)  Vz?+y’

22



4. Study the following expressions and simplify where possible.

a) yJl@e+y)t b)) (VrFy)' o Vit

5. By considering the expression (/= + /y)? show that

VT + .y =z +y+2/1y

Find a corresponding expression for \/z — |/y.

6. Write each of the following as an expression under a single square root sign. (For
parts ¢) and d) see Question 5 above.)

D 2 b VIWE ) BvE ) VB2

7. Use indices (powers) to write the following expressions without the root sign.

a) Va® b) (V3xV5)?

23



6. Solving linear equations.
In questions 1 — 35 solve each equation:

1. 3y—8=3y 2. Tt—5=4t+7 3. 3v+4=4r+3 4. 4-3zx=42+3

5. 3z+7=Tz+2 6. 3(z+7)=7(x+2) 7. 2z—1=2z-3 8. 2(xz+4)=8

9. —2(z—3)=6 10. —2(z —3) = —6
11, —3Bz—1)=2 12. 2—(2t+1)=4(t+2)

13. 5(m—3)=8 14. 5m—3=>5(m —3)+2m
15. 2(y+1)=-8 16. 17(z—2)+3(z—1)==x

24



= — 20. —32+3=18

21. 3r+10=31 22. z+4=+8 23. z—4=+23

r—5 2z-—1 r 3r =x
24. — = 25, —+———-—=1
2 3 0 5 4+2 6
4 2
2. L4+t _op_7 27 S _
2 3 3m + 2 m+1

25



2 ) x—3 r+1 y—3 2
28. = 29. =4 30. = 31. L~ _—_Z
3r—2 z—1 r+1 xr—3 y+3 3
dr+5 2x-—1 3 1
32. — = 33. =0
6 3 25— 1 511
1 1 3 2
4. —+—=1 35. =
5x+4x 0 s—1 s—5

26




7. Transposition of formulae

1. Make t the subject of the formula p = ¢

NG

uN2A

2. Make N the subject of the formula L = /

3. In each case make the specified variable the subject of the formula:

a) h=c+d+ 2e, e b) S =2mr?+2wrh, h
_ Je+d r+y T—y
C) Q_ C—d7 (& d) 3 - 7 +27 X

nk

4. Make n the subject of the formula J = .
nL +m

27



8. Solving quadratic equations by factorisation
Solve the following equations by factorisation:

1. 22—=3x+2=0 2. 22—x—2=0 3. 2242x—2=0 4. 2> +3x+2=0

5 224+8x+7=0 6. 22—Tx+12=0 7. 22—x—-20=0 8. 22—1=0

9. 22-2x+1=0 10. 22+22+1=0 11. 22 +11z =0 12. 222 +22 =0

13. 22—32=0 14. 2°4+92=0 15.22>2—-52+2=0 16.622—2—-1=0

17. =522 +6x—1=0 18. —22+4x—-3=0

28



9. Solving quadratic equations:
using a standard formula and by completing the square

Solve each of the following quadratic equations twice: once by using the formula, then
again by completing the square. Obtain your answers in surd, not decimal, form.

1. 2248 +1=0 2. 224+T7x—-2=0 3. 22+62—-2=0
4. 42°4+3x-2=0 5. 22*+3x-1=0 6. 2°+2x—-1=0
7. —2?4+3x+1=0 8 —222—-3x+1=0 9. 222+52-3=0
10. —2s2—s5+3=0 11. 922 +162x+1=0 12. 224 162+9=0

13. Show that the roots of 22 —2x+a=0arex =1++/1—aand z =1—+/1 — a.

14. Show that the roots of 22 — 2ax + 3 = 0 are

r=a+/a?—F and z=a—/a?-p

15. Show that the roots of A> — (a + d)\ + (ad — bc) = 0 are

(a+d) £ Va? + d?> — 2ad + 4bc
2

A:

29



10. Solving some polynomial equations

1. Factorise 2° — 2% — 652 — 63 given that (z + 7) is a factor.

2. Show that x = —1 is a root of 22 + 1122 + 31z + 21 = 0 and locate the other
roots algebraically.

3. Show that z = 2 is a root of 23 — 3z — 2 = 0 and locate the other roots.

30



4. Solve the equation z* — 222 + 1 = 0.

5. Factorise 2* — 72 + 322 + 31z + 20 given that (z + 1)? is a factor.

6. Given that two of the roots of z* + 3z3 — 722 — 27x — 18 = 0 have the same
modulus but different sign, solve the equation.

(Hint - let two of the roots be @ and —a and use the technique of equating coefficients).

31



11. Partial Fractions

br — 1
(x+1)(x—2)

b) Check your answer by adding the partial fractions together again.
Tx + 25

(x+4)(x+3)
d) Check your answer by adding the partial fractions together again.

a) Find the partial fractions of
)

c) Express in partial fractions:

11z +1
(x—1)(2x+1)

2.  Find the partial fractions of

3. Express each of the following as the sum of partial fractions:

3 b) 5 ) -3
(x+1)(x+2) 2+ Tx 412 (2x 4+ 1)(x — 3)

a)

32



4. Express the following in partial fractions.

) 33—z ) Tr — 15 C) 3r + 14
a O S _ o ov T
2 —2x+1 (x —1)? 22+ 8z + 16
d) S5 + 18 ) 202 —xr 41 f) 52 + 23x + 24
e
(x +4)2 (x+1)(x—1)2 (2z + 3)(x + 2)2
622 — 30x + 25 s+2 . 2s+3
g) h) i)

(Bx —2)2(x +7) (s+1)2 s

33



5. Express each of the following as the sum of its partial fractions.

) 3 b) 2712 — 4 +5
a
(2 4+ 2+ 1)(z —2) (622 4+ +2)(z — 3)
) 2 +4 ) 622 + 132 + 2
422 + 122 4+ 9 (22 45z +1)(z —1)
6. Express each of the following as the sum of its partial fractions.
x4+ 3 3r—T7 22+ 21+ 2 202 + To + 7
a) b)  — ) ———— ) ——5—
T+ 2 z—3 r+1 T+ 2

34




) 32° + 4t — 2123 — 4022 — 242 — 29
e
(z +2)*(z - 3)

f) 425 + 8x* 4+ 2323 4+ 2722 + 252 4+ 9
(2+x+1)2z+1)

7. Express in partial fractions:

) 20 — 4 ) 14+ ) 2+ 1

z(r —1)(x —3) (x +3)%(z+1) 2z +1)(z — 1)(x — 3)
Q) 4s — 3 e) 3s+1

2s+1 s(s —2)

35



8. Express in partial fractions

K(1+4 as)
(1+7s)s
where K, o and 7 are constants.
9. Express in partial fractions
25+ 1 25% 4+ 6s* + 65 + 3
a) S — b)
s5(s+1) s+1
20+ 1

10. E in partial fracti
FPECSS T partial Haetoms )@ + D@ — 3)

36



Answers

Section 1. Arithmetic of fractions

L. a) %7 b) %7 C) _27 d) %7 e) 17 f) %7 g) %7 h) 3

2' a) %7 b) %7 C) %7 d) éa e) %7 f) %

3. a) 5. b) 3, ¢) 5. d) 5, e) 3, 6) 3

4' a) 67 b) 27 C) %7 d) %? e) ga f) %

5. a) 25, D) 2%, c) —23,d) 1%, e) 2§, f) 24, g) 51 h) 93
6. a) 2, b)I c) i d) - e) B 1)L g) % h) L

,d) z,e) 07, f) x3

0, b) 103, ¢) 77, d) %, e) a?b?, f) 9°- 10, g) 23y, h) abc
L1.b)32% ¢) t,d) 22 e) B f) £

8, b) %, c) 1,d) 4, e) 25, f) 1000

“3b) y 3 e) by, d) —24670 e) Sk, f) L0 o) L.

519 b) 3%, ¢) 178, d) ¢!, e) 92, ) t718, g) K2 h) (-1)2=1,1) (-2 =1.
=, b) 1, ¢) 81,d) 36, ¢) 2 f) -3, 8) 2

59’ b) 9(zc2ﬁb2’ c) 4;4(56 _ 44a6 ) 8a6b3 ) 9x2 4,6 f)
) & b) 50, () 4o, §) g 1) 5.
10. a) 63/2 ) ) 1024’ d) 2/37 ) 21/3 2/37 f) a3/27 g> a1/2b.

11. a) 4732 b) 31/4 c) 78/3,d) 192 ) a3b%/2 f) k1.

12. a) 51/%1/6 b) 27232, ¢) 3232, d) 33/223/2

13. a) 2%/, b) /6, ¢) 216, d) 2z, e) by, f) 2, g) 2y, h) 2%, i) a?, j) a3/

© 0N e W
\_/\_/\_/\_/\gf/\_/\_/\_/\_/

a2b4 ’

Section 3. Removing brackets and factorisation

1. a)2mn, b) 2m + 2n, ¢) amn, d) am + an, ) am — an, f) amn, g) an + mn,
h) an —mn, i) bpq, j) 5p + bq, k) bp — 5q, 1) Txy, m) 7x + Ty, n) Tz — Ty,
o) 16p + 8¢, p) 16pq, q) 16p — 8¢, r) bp — 15¢, s) bp + 15¢, t) 15pq
a) 6 +3a+2b+ab, b) 2?2 + 3z +2,¢) 22+ 62 +9,d) 22 + 2z — 15
a) 14+ 9z + z2, b) 18 + 11z + 2%, ¢) 2? + Tz — 18,
d) 2® +4x — 77, e) x* + 2x, f) 322 + 2, g) 3x? + 4w + 1
h) 622 4+ 5z + 1, 1) 62% + 31z + 35, j) 62° + 7Tx — 5
k) =322 +2z+5, 1)a2?—3z+2
4. a) s® +3s% — 135 — 15, b) 2% + 322y + 3zy? + o3

37



5. a) 5(x +3y), b) 3(x — 3y), ¢) 2(z + 6y), d) 4(z + 8z +4y), e) 1(x + 1y)

6. a)2(1+%),b) =@ +h), o) (a—1) ) (2-1)"

7. a) (x+7)(z+1),b) (x+7)(x—1),¢) (x+2)(x+5),d) (z—3)(z—3) = (z—3)?,
e) (x4 3)(z+2)

8. a) 2z +1)(z+1),b)2(x+1)? ¢)3(x+1)(z—2),d) bz +1)(z — 1),

e) (dz+1)(dx —1),f) (z+1)(1 —x), g) (x +1)(3 — 2x)

9. a) (7T+x)(2+=x), b)9+x)2+4+z), c¢)(x+9)(x—2), d) (z+11)(x—7),
e) (z+2)x, f)Bz+1)z, g) (Bx+1)(z+1), h)(Bz+1)(2z+1) i) (3x+5)(22+7),
j) Bz +5)2x—1), k) (5-3z)(z+1) 1) (2—2)(1-2)

10. a)8+x,b) 8+ 7Tz, ¢c)22—Tx,d) x—y—=zy, e) —2bx, ) 13a, g) —8a—11b+ 11c,
h) 7z — 222

11.  a) =3y — 6z, b) Tx — by — 5z, ¢) =z + 3y, d) 7Tz — 11y.

Section 4. Arithmetic of Algebraic Fractions

1. a) 2(x;ry)’ b) 2(w3+y)’ ¢) 2(96;74)
2. a) YD p) ) ) Serh) ) 2l o) 5l ) oy g) 4G ) b
3 4(z—1)
3. a) 7(s+3)7 b) oy ©) 5
6 5(3z—1)
4 z 5 z(2z+1)
1lz 23z x 22 2246242 T+2 9+2z—222 T
6' ) 28 7 b) 45 ) 12 d) (z+1)(z+2)° e) 1?—1‘5‘5 7f) —("5_ 7g) ;_(Qm+1) ah) 20°
3z+7 Tx+17 1 2224102414 z% 3242
7. a) @12)(z13)° b) @+3)(@t1)’ c) @a+1)(3212)° d) (243)(z+2) ’ ) (z—3)2
8 353—111‘
g Al+1)+B(2r+3)
(22+3)(z+1)
10 A(z—1)%2+B(z—1)(22+5)+C(22+5)
’ (2245)(z—1)2
A(z+1)+B
1]_. W
12 (Az+B)(z—1)+C(z®+2+10)
: (z—1)(224z+10)
15. a) 55’6”, b) 15’5.
1 1 15+14w
16. m7 17. I_'H’ 19. l'—-f'47 20. Ty,
21. Z=li 92 dmpledd 93 g) uu p)
24. L 25, % 26. c¢) and e) only. Note in particular that whilst
atb ig equal to & + o 4o 18 NOT equal to § + ¢, in general.

38



Section 5. Surds

1. a) V180 =+/36 x5 =06v5. b) V63 =9 x7=3V7

3. a)zy. b) Note that v/22 4+ y? is NOT equal to = + y.

4. a) (z+y)? b)(z+y)? ) Va¥+y¥is NOT equal to 2 + 2.
5. Vo —\y=./v+y—2/xy.

6. a)vAp, b) Vi@, <) \p+2q+2y2pq,  d) /5 - 2V6.

7. a)a'’? b) 153/2

Section 6. Solving linear equations

1. 16/5, 2. 4, 3. 1, 4. 1)1,

5. 5/4, 6. 7/4, 7. =2, 8. 0,

9. 0, 10. 6, 11. 1/9, 12. —7/6,
13. 23/5, 14. 6, 15. -5, 16. 37/19,
17. =30, 18. 3/4, 19. —5/3, 20. —5,

21. 7, 22. /8 —4, 23. V2344, 24. —49,
25. 12/19, 26. 42, 27. 1, 28.  8/13,
29. —7/3, 30. 13/3, 31. 15, 32. 7/6,

33. —2/5, 34. x=9/200. 35. s=13.

Section 7. Transposition of formulae

2

1. t=%, 2. N=, /L4

p2) P«_A7
_ h—c—d _ S—2mr? _ d(1+@?) _ 215y
3. a)e— 5 b)h_Q—w’ C)C— Q71 d)x—T
4. n= "4
: E-LJ

Section 8. Solving quadratic equations by factorisation

1. 12, 2. —1,2, 3. —2,1, 4. —1,-2

5. —7,—1, 6. 4,3, 7. —4,5, 8 1,—1,

9. 1twice, 10. —1 twice 11. —11,0, 12. 0,—1,

13. 0,3, 14. 0,—9, 15. 2,3, 16. %, —3,

17. L1 18 1,3,

Section 9. Solving quadratic equations by using a standard
formula and by completing the square

Note that answers were requested in surd form. Decimal approximations are not
acceptable.

1. —4+V15. 2. -I+¥57 3 —3+II. 4. -2+vi
3 4 V1T 14 V5 3 4 V13 3 4 V17
5 _Z:l:T. 6. _§:|:T. 7. §j:T. 8. _Zj:T.

,—3. 10. —3/2,1. 11 —$+£Y%. 12, —8+./55.
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Section 10. Solving some polynomial equations

L. (z+7)(z+1)(z—-9), 2. z=-1,-3,-7,
3. xr=2,—-1. 4. xr=-1,1.
5. (x+1)2%(x—4)(x—5). 6. (z+3)(z—3)(z+1)(z+2)

Section 11. Partial fractions

L a) 7y Lz? ¢) 71t 73

2. 5+ 2:17+1’ 3. a) x%l - miw’ b) 1%3 - a:%zi’ c) 7(2:?—}—1) - 7(m3—3)'
4. a) — +mm’m_ﬁ*ﬁ%ﬁcﬁi+ﬁﬁ'
dhﬁ‘@@% @;ﬁ7%+¢ﬁ,ﬂﬁ%+ﬁyuﬁp

1 1 1 1 N2, 3
g —mst Go—oe2 T m h) &5 + (5+1)2 i) s+

5. a) =3 3(z+3)

T(x—2) 7(22+2+41)

3x+1 4
b) 6x2+x+2 + z—3

1 1
¢) o5 T (22+3)2

3z+1 3
d) 24541 + z—1"

6. a)l+ 5

x+2+—+3x +x+2

(
202+ + 7+ +m

2x+1
1 5 1 5
7. a) _3_1' + E + 3(z—3)' b) (z+3)2° c) et 3D T @3
_ _5_ e) _7 __ 1
2s5+1 2(s—2) 2s”
K K(a—T1)
s + 14+7s

9. a) 5+ — s+ o -+ D) g7 +25° +4s+2.

5 1 7
10. T 3@—2)  12(z+1) + 4(z—3)
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