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All questions are compulsory. The marks awarded to each question or section of question

are shown in italics.

1 Identify the number a such that

1
2log, 4—5 log, 4—51og, 6+7log, 3 = log, a.

2 Complete the square for the following expression:

922 + 3z —2

3 Solve the following inequality for the variable y:

ly+2[ <4

4 Expand (remove brackets) and simplify:

-1 - Ly+2)

VYIRS

1
5 (i) Write down, as multiples of 7, the two values of 6 such that sinf = —

and —7m <0 <.

(3 marks)

(5 marks)

(2 marks)

(3 marks)

\/§
(2 marks)

(i)  Write —(cos #+3sin ) in the form R cos(fd— ) by clearly stating the values

of R and «.
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Differentiate, with respect to x, the functions
(i)  x'os7 (4 marks)

X

\/ﬁ (4 marks)

(ii)

Find the definite integral

giving your answer as a fraction. (5 marks)

Consider two fixed points S = (s1, s2) and T = (¢1,%2) and a constant k # 1.

(i)  Write down the condition that a point P(z,y) satisfies
(length of PS) = k(length of PT). Deduce that P lies on a circle.
(4 marks)

(i) ~ What happens in the case k = 17 (1 mark)

(i) IfS =(0,0) and T = (1,0) find the points where the circles meet the z-axis
in the cases k =2 and k = 3. (4 marks)

Find the equation that is satisfied by any points of intersection of the line y = mx
and the circle

(z—2)+y*=1.

For which values of m does the line meet the circle twice? Find the equations of

the two tangents from the origin to this circle. (5 marks)
(i) Showing your working clearly, find the coefficient of 22 in the expansion of
(14 2)7". (2 marks)

(i)  Use the binomial theorem to evaluate

lim (V2?2 —6x+3—z|. (3 marks)

T—00
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11 Vectors a, b and ¢ are given by

a=(4,1,0), b=(-1,3,2), c=(0,21).

Find a- (b x ¢) and b x (a x c). (5 marks)

12 Prove that for z > 1

1
o cosh ™'z = TET (5 marks)
13  Evaluate
42% — 132 + 13
dz. 7 k
/(m+1)(x2—4x+5) g (7 marks)
14  Show that the Maclaurin series for sinh z is
3 .5
sinhz = x—i-y—i-g%—- - (2 marks)
Use the ratio test to show that this series converges for all values of x.
(4 marks)
15  Find the real numbers z and y which satisfy
x 6
— =1. 7 k
1+30 y—i (7 marks)
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16  The matrix A is defined by

T
X=1v],
z
can be written as
2— A 1 0 0
4 —-1-Xx 0 |X=10]. (2 marks)
1 2 1—A 0

Find all three values of A for which non-zero solutions X can exist. (5§ marks)

For each of these values of A, find the corresponding solution X. (8 marks)

End of Question Paper
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These results may be quoted without proof, unless proofs are asked for in the question.

Trigonometry

For any angles A and B
sin® A+ cos’ A =1
cos(A+ B) =cos Acos B Fsin Asin B
sin(A + B) = sin Acos B & cos Asin B

tan A £ tan B
tan(A + B) =
an ) 1Ftan Atan B

sin2A4 = 2sin Acos A

cos2A =2cos’A—1=1—-2sin’A

Coordinate Geometry

The acute angle o between lines with gradients m; and my satisfies

my — mg
tana = | —— mim —1
1 + mqme ( 12 # )
while the lines are perpendicular if myms, = —1.

The equation of a circle centre (xg,yo) and radius a is (x — z¢)* + (y — yo)? = a*.

Hyperbolic Functions

cosh? z — sinh?z = 1
sech’z + tanh®z = 1

cosh? = + sinh? x = cosh 2z
2sinh x cosh x = sinh 2x
cosh®z = (1 + cosh 2x)/2

sinh? 2z = —(1 — cosh 2z)/2



Differentiation

Function (y) Derivative (dy/dz)
" nz" !

sin ax a CoSs ax

COS ax —asinax

tan ax asec? ax

eaa: aeax

1
1 -

n(ax) .

f'(x)
In f(z)

f(x)
sinh z coshzx
coshzx sinh z
tanh z sech’z

1
sin~!x

1
cos ' x S
V1—22
1
tan~!x
14 22
1
sinh~ !z e —
Vaz+1
1
cosh !z e —
V2 -1
1
tanh ™!z

NB. It is assumed that x takes only those values for which the functions are defined.



For u and v functions of x, and with v’ = d_u) v = @,
dx dz
d
%(uv) = uv' + v,
while
d (u) o —w
de \v/ o2
For y = y(t), t = t(x),
dy dy dt
de  dt dx’

Integration

In the following table the constants of integration have been omitted.

Function f(x) Integral /f(m) dx
mn+1
z" n+ —1
n—+1 7
aeax eax
1
— In |z|
x
asin ax — cos ax
a cos ax sin ax
atan ax In | sec az|
1 1t _1 <x>
a? + x? a a
1 1 T
—tanh ™" (—)
a? — g2 a a
1
- sin”! (f)
a2 _ $2 a

! sinh™* (f)

ﬁ cosh™! (g)
f'(@)
i In|(2)



Integration by parts

d
/uV dx = (integral of V') x u — /(integral of V') x d_z dx

or
dv du
/u%dx—uv—/v%d:c.

Series

-1
Binomial Theorem: (14 z)" =14 nx + %ﬁ +- 4 (n) "+
! r

n nn—1)n-2)---(n—r—+1

whers (7) < Hn D=2
r r!

If n is a positive integer, the series terminates and is convergent for all x.

If n is not a positive integer, the series is infinite and converges for |z| < 1.

Taylor expansion of f(x) about z = a is

r —a)? x —a)"
f(a)+ (z — a)fY(a) + %f(”(a) 44 %f(”)(a) 4.
Maclaurin expansion of f(x) is
(1) 7’ 9 o)
F(0) 2 f00) + 5 fO0) o+ 2 f(0) 4
Alternating Series Test
The series a; — as + a3 —aq + - -+, where ay, as, as, aq, . .. are all positive, converges if
a; > as >as > --- and a, — 0 as n — oo.
Ratio Test
If the series a; + as + az + ay + - - - satisfies
lim [ — A
n—o0 | Ay
then

1. if A > 1, the series diverges,

2. if A < 1, the series converges.



Vectors

If vectors a and b are given in Cartesian component form by a = (aj,as,a3) and
b= (bl,bg,bg), then

the scalar product a - b is given by

a-b= albl + a2b2 + (Zgbg

and the vector product a x b is given by
i j k
axb=l|a ay az| = (azbs — agbs, azby — a1z, arbs — azby).

by by b3

If a plane passes through a point with position vector a, and is normal to the vector
n, then the equation of the plane is

where r = (z,y, 2).


http://www.tcpdf.org

