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WMA13/01 MAY/JUNE 2024

Question 1 6 marks Modulus

WORKED SOLUTION Question 1 · WMA13/01 May/June 2024

1 Part (a)
The modulus is smallest when . At , .



2 Part (b)
For , , so

This is consistent with . For , , so , which requires  and is
inconsistent with this branch. The equality point  is excluded because the inequality is strict.

3 Part (c)
The transformation  moves a point  to . Thus  moves to

.

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com
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Question 2 7 marks Integration

WORKED SOLUTION Question 2 · WMA13/01 May/June 2024

1 Part (a)
Multiplying the proposed identity by  gives

Thus ,  and , giving , . Hence
, for .

2 Part (b)
Since  throughout ,



✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com
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Question 3 6 marks Log Graphs & Exponential Models



WORKED SOLUTION Question 3 · WMA13/01 May/June 2024

1 Part (i)
Put  and . Taking logarithms of  gives

At , ; at , . The graph is a straight line of gradient .

2 Part (ii)
The gradient in the given plot is  and its vertical intercept is 4. Therefore

. Exponentiating in base 3,

✓ FINAL ANSWER

(i)  (ii) 

Dr Eslam Ahmed · eliteigcse.com
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Question 4 9 marks Trig Identities & Exact Values

WORKED SOLUTION Question 4 · WMA13/01 May/June 2024

1 Part (a)
Use  and :



2 Part (b)
Expanding  and matching coefficients gives

Squaring and adding, , so  since . Also , and 
selects  radians. Thus

. With the phase displayed to 3 significant figures,
.

3 Part (c)
(i) The sine term has maximum 1, hence the maximum of  is . (ii) Maxima occur when

The value for  is , while  is negative. The second positive value
therefore has :

✓ FINAL ANSWER

(a)  (b)  (c)

Dr Eslam Ahmed · eliteigcse.com
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Question 5 10 marks Functions, Composition & Inverses

WORKED SOLUTION Question 5 · WMA13/01 May/June 2024

1 Part (a)
To find , solve : , so  and .

2 Part (b)
Using the quotient rule,

For every , the denominator is positive, so . Thus g is strictly increasing on its
entire domain.



3 Part (c)
Set . Then

As , ; as , . Since g is strictly increasing, its range is ; neither
limiting value is attained. Interchange the input and output symbols.

4 Part (d)
The inner function g takes every value in . Since  is increasing for , its
values on this interval run from  to, but not including, .

✓ FINAL ANSWER

(a)  (b)  (c)  (d)

Dr Eslam Ahmed · eliteigcse.com
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Question 6 9 marks Applications of Differentiation



WORKED SOLUTION Question 6 · WMA13/01 May/June 2024

1 Part (a)
For ,

At , the tangent gradient is , so the normal gradient is . The point-gradient
equation is

2 Part (b)
The curve meets the -axis at . The normal meets it at . Split the shaded region at ,
into a curve area from  to 8 and a triangle from 8 to 10:

The triangle has area . Hence the total area is .

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com
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Question 7 8 marks Trig Identities & Exact Values

WORKED SOLUTION Question 7 · WMA13/01 May/June 2024

1 Part (a)
Expand both compound angles:

Thus . Here : otherwise this equation would require  as
well, which is impossible. Dividing by  gives



2 Part (b)
Set . Then  and , so part (a) gives

. Since ,

In , only  are allowed. Substitution in the original equation confirms both
values.

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com
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Question 8 10 marks Log Graphs & Exponential Models



WORKED SOLUTION Question 8 · WMA13/01 May/June 2024

1 Part (a)
At the first landing,  and :

Taking logarithms, , hence . The root  is the launch
point, not the landing point.

2 Part (b)
By the product and chain rules,

At a stationary point,

Since , logarithms give . Also
 on . Thus the stationary point is the unique maximum;

the endpoints both have zero height.

3 Part (c)
(i) With ,

(ii) Continuing with full intermediate precision gives , ,
 and . Continued iteration converges to ,

which lies in . This is the horizontal distance at maximum height, not the maximum height itself.

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com
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Question 9 10 marks Applications of Differentiation



WORKED SOLUTION Question 9 · WMA13/01 May/June 2024

1 Part (a)
At , .

2 Part (b)
(i) Differentiating with respect to  gives

(ii) For , both sine and cosine are positive, and . From ,

Consequently . Taking the reciprocal proves the required formula on
. At  and  the denominator is zero: these are endpoint vertical tangents,

not finite derivatives.

3 Part (c)
At  the tangent gradient is , so the normal gradient is . Thus the normal
is . Setting  gives . Triangle OPN has
horizontal base  and perpendicular height :

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com


