Dr Oliver Mathematics
Mathematics: Advanced Higher
2024 Paper 1: Non-Calculator
1 hour

The total number of marks available is 35.
You must write down all the stages in your working.

1. Differentiate the following with respect to x:

(a) y = cot 3z, (2)
Solution
y = cot 3z = d_y = —cosec? 3z x 3
dx
= % — —3cosec? 3.
dx
1
(b) f(x) = bx(dx —7)2. (2)
Solution

Product rule:

du
-5 —_5
u x:dx
1 d
v=(4x—7)2:£=2(2x—7) 2

and

N

£(z) = (52)[2(22 — 7)"2] + (5)[(4z — 7)
=10z(2x — 7)”

]
+ 5(4x — 7)%

N

2. A complex number is defined by
z=1+1

(a) Express z in polar form. (2)



Solution

Well,
r=+12+12=1+/2

and

z=\/§(\%+\%i)

1 1
= v/2(cos 37 +isin 37).

(b) Use de Moivre’s theorem to evaluate 2°.

Solution

8
22 = <\f2(cos 17+ isin iﬂ))
V/2)8(cos 27 + isin 2r)
x 1
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3. A geometric sequence of positive terms has third term 36 and fifth term 16.

(a) Calculate the value of the common ratio.

Solution
Well,
ar’? = 36 and ar* = 16.
Dividing:
4
o ar 2 _ 16
T = - ro = 36
ar
2 _ 4
=7r° =3
2
=T =3

(b) Calculate the value of the first term.



Solution
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(c) State why the associated geometric series has a sum to infinity.

Solution
The associated geometric series has a sum to infinity as |2| < 1.

(d) Find the value of this sum to infinity.

Solution

4. Matrix A is defined by

(a) Find A7, the inverse of matrix A.

Solution

Well,
detA=18-11="7




and the

Matrix B is defined by

(b) Find the matrix M such that

Solution

5. The function f is defined by
f(z) =2° —x, zeR.

(a) Determine whether f(z) is even, odd, or neither.

Solution
Well,

=2+ 2.

Now, f(x) # f(—z) but f(z) = —f(—x). Hence, it is odd.

(b) Show that the graph of f(x) has a point of inflection.



Solution
Now,
f(r) =2® —o=f(r) =322 - 1
= {"(x) = 6.

Next,

() =0= 62 =0

=z =0.

Now,

r>0=1{"(z)>0
but

r<0=f"(z) <0;
hence, the graph of f(x) has a point of inflection.

(a) Find the 2 x 2 matrix, A, associated with a reflection in the z-axis.

Solution

(b) Describe the transformation associated with the matrix

B:(gé)

Solution

The transformation is a reflection in the line y = .

(c¢) Find the 2 x 2 matrix, C, associated with a reflection in the z-axis followed by the

transformation associated with ( (1) (1) >

Solution




7. A curve is defined by the equation

oy + day® = =32, y > 0.

d
(a) Use implicit differentiation to find an expression for il

dr
Solution
Implicit differentiation:
d d d d
2y + o 4o + Sxy—y —0= 227 4 Sxy—y = —2xy — 49°
dx dx dx dx
d
= %(IQ + 81y) = —2zy — 4y
dy  —2zy — 4y?
- — = —F0 .
dx x? + 8xy

The curve has only one stationary point.

(b) Find the coordinates of the stationary point.

Solution

dy —2xy — 4y
Ly fB)7L Y
dx x? + 8xy
= —2xy — 4y =0
= —2y(x +2y) =0

we know that y > 0:




Insert that into the equation of the curve:

2y 4 day? = =32 = (—2y)%y + 4(—2y)y? = —32
= 4y — 8y = —32

= —4y® = 32
:>y3:8

=y =2
=1 = —4;

so, the coordinates of the stationary point are (—4,2).

8. Use the substitution
u = tan 2z

to evaluate

dx.
cos? 2z

1
JW vVtan 2z
0

Solution
Now,
u 2
u = tan2xr = — = 2sec’ 2z
dx
= du = 2sec?® 2z dx
and
r=0=u=0
T = %7‘(‘ =u=1.




Next,

J

1
87" y/tan 2z
———dz

cos? 2x

1
gﬂ'
= % J Vtan 2z 2 sec? 2z dux
0

1
%L Vudu

1 2 '
= uQ
u=0

(3-0)
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