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WMA13/01 MAY/JUNE 2023

Question 1 5 marks Numerical Methods

WORKED SOLUTION Question 1 · WMA13/01 May/June 2023

1 Part (a)
The polynomial  is continuous on .

There is a sign change, so the intermediate value theorem gives a root strictly between 3 and 4.

2 Part (b)
(i) With , . (ii) Retaining unrounded values gives

Further iteration leaves the displayed four decimal places unchanged.

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 2 6 marks Log Graphs & Exponential Models

WORKED SOLUTION Question 2 · WMA13/01 May/June 2023

1 Part (a)
(i) Write , . The gradient is  and the intercept is 4, so

. (ii) Since , , hence .



2 Part (b)
The log equation gives . For , combine logs to obtain .
Thus , or .

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 3 7 marks Differentiation Techniques

WORKED SOLUTION Question 3 · WMA13/01 May/June 2023

1 Part (i)
Differentiate the logarithm directly on its domain :

This does not assume ; the logarithm's argument is its square.

2 Part (ii)(a)
Apply the power and chain rules:



3 Part (ii)(b)
From part (ii)(a), an antiderivative of  is .

✓ FINAL ANSWER

(i)  (ii)(a)  (ii)(b) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 4 6 marks Functions, Composition & Inverses

WORKED SOLUTION Question 4 · WMA13/01 May/June 2023

1 Part (a)
Since , . The minimum is  and there is no upper bound.



2 Part (b)
Reflect the given curve in . Solving  with  gives , .
The inverse starts at , passes through , and is increasing and concave down. The
solid inverse curve below is paired with the dashed original curve.

3 Part (c)
Here  is strictly increasing on , so an intersection of  and its inverse must be on : if

, then , contradicting ; the case  is similar. Hence

Reject the negative root because the original curve has .

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 5 7 marks Trig Equations & R-Form

WORKED SOLUTION Question 5 · WMA13/01 May/June 2023

1 Part (i)
The zero-product rule gives  or . The first gives , which lies in

 and has . The second gives ; the only angle in the interval is .

2 Part (ii)
Use  and set :

The negative root is less than , so reject it. The positive root is . Its principal
angle is ; the other solution is . Both are in the given
interval. To three significant figures:

✓ FINAL ANSWER

(i)  (ii) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 6 9 marks Modulus



WORKED SOLUTION Question 6 · WMA13/01 May/June 2023

1 Part (a)
The modulus is smallest when , giving  and . The two straight-line
branches meet there, so this is the vertex of the V-shaped graph.

2 Part (b)
First . Then . In
particular  means , not the square of .

3 Part (c)
For , the inequality becomes , so , giving

. This yields . For , it becomes , giving ;
every  satisfies this. The union is .

4 Part (d)
Let . Then  gives

Thus  or . Reject  because ;  has the two solutions
below.

✓ FINAL ANSWER

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

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 7 8 marks Log Graphs & Exponential Models

WORKED SOLUTION Question 7 · WMA13/01 May/June 2023

1 Part (a)
At , , so  exactly. At , ; hence  and

. To four significant figures:



2 Part (b)
For the second population,

The requested rate of decrease is the positive magnitude, to three significant figures.

3 Part (c)
Retain the exact value . Equating populations gives

Take natural logs and solve:

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 8 9 marks Applications of Differentiation



WORKED SOLUTION Question 8 · WMA13/01 May/June 2023

1 Part (a)
The product rule gives

Comparison with the stated form gives .

2 Part (b)
Since ,  means  or . Thus  or .
Substitution gives  and .

3 Part (c)
The derivative changes from positive to negative at , so this is the maximum; at  it
does not change sign. The transformation  sends  to . Hence the
maximum stationary point is .

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 9 10 marks Trig Identities & Exact Values

WORKED SOLUTION Question 9 · WMA13/01 May/June 2023

1 Part (a)
Using a common denominator,

The stated exclusion  ensures both denominators are nonzero.



2 Part (b)
By part (a), the squared bracket is . Using  and setting  gives

On , both positive cotangents are permitted:  gives , while  gives
,  radians.

3 Part (c)
The bracket in part (a) equals . Therefore

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com



WMA13/01 MAY/JUNE 2023

Question 10 8 marks Differentiation Techniques



WORKED SOLUTION Question 10 · WMA13/01 May/June 2023

1 Part (a)
The quotient rule gives, for ,

2 Part (b)
A tangent parallel to the -axis is vertical, so . The numerator gives ,
hence  or ; neither makes the denominator zero. Then

Thus  and , with the vertical tangent equations below.

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com


