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WMA13/01 JANUARY 2022

Question 1 4 marks Applications of Differentiation

WORKED SOLUTION Question 1 · WMA13/01 January 2022

1 Part (main)
Apply the product rule:

At a stationary point, . Since  for every real x, , which determines the
unique stationary x coordinate.

✓ FINAL ANSWER

(main) 

Dr Eslam Ahmed · eliteigcse.com
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Question 2 5 marks Trig Identities & Exact Values

WORKED SOLUTION Question 2 · WMA13/01 January 2022

1 Part (a)
The original equation requires . Using , multiply by  to obtain

. Since , this becomes .

2 Part (b)
For the smallest positive solution take the first positive sine branch:

. Divide by two to obtain . The
supplementary branch gives a larger positive angle.

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com
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Question 3 6 marks Integration

WORKED SOLUTION Question 3 · WMA13/01 January 2022

1 Part (i)
Raise the power by one, divide by the new power and by the inner derivative 2:

2 Part (ii)
The derivative of  is , so a primitive is . The log argument is
positive throughout . Hence

✓ FINAL ANSWER

(i)  (ii) 



Dr Eslam Ahmed · eliteigcse.com
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Question 4 7 marks Log Graphs & Exponential Models

WORKED SOLUTION Question 4 · WMA13/01 January 2022

1 Part (a)
At , the model gives . Thus , so  and

.



2 Part (b)
Put  and use . At area ,

Taking natural logarithms gives , so  days.

3 Part (c)
Divide numerator and denominator by :  as .
Thus the model's limiting pond surface area is ; the finite-time covered area approaches this
value from below.

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com
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Question 5 9 marks Applications of Differentiation



WORKED SOLUTION Question 5 · WMA13/01 January 2022

1 Part (a)
Let . Then  and

. The log argument is positive on this interval, so F is continuous there.
The change of sign proves a zero between these endpoints, giving the stated bracket for P.

2 Part (b)
Apply the given recurrence with :

Continuing without rounding the internal values,

Further iteration settles at . The positive square-root branch corresponds to Q.

3 Part (c)
Differentiate: . For a stationary point, , or

. The quadratic formula gives . The negative choice is less
than  and outside the original domain. Also , confirming the
admissible point is a maximum.

✓ FINAL ANSWER

(a)  (b)  (c) 

Dr Eslam Ahmed · eliteigcse.com
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Question 6 11 marks Functions, Composition & Inverses

WORKED SOLUTION Question 6 · WMA13/01 January 2022

1 Part (a)
By the quotient rule,

For every , the denominator is positive and the numerator is negative. Therefore 
throughout its domain, so f is decreasing.

2 Part (b)
Set . Then , giving  and

. Exchange the variable names. Since  on , its
range is , which becomes the inverse's domain.



3 Part (c)
(i) For , , so the second application is defined.

Thus , , . (ii) Rewrite  with the original domain
. It is strictly increasing, tends to 5 as  and to 22 as . Neither limiting value is

attained.

✓ FINAL ANSWER

(a)  (b)  (c)

Dr Eslam Ahmed · eliteigcse.com
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Question 7 10 marks Modulus



WORKED SOLUTION Question 7 · WMA13/01 January 2022

1 Part (a)
At the vertex , hence  and .

2 Part (b)
For , . The inequality becomes , giving ,
which satisfies this branch. For , . Then , giving

, which satisfies that branch. Join the two permitted outer intervals, including the equality
endpoints.

3 Part (c)
The zeros of f satisfy , giving  and . Reflect the part below the x-
axis upward, leaving the positive branches unchanged. This creates minima at  and

 and a local maximum at .

✓ FINAL ANSWER

(a)  (b)  (c)

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

WORKED SOLUTION Question 8 · WMA13/01 January 2022

1 Part (a)
Exponentiate base 10:

Thus  and . Round p to the nearest
integer and q to two significant figures.



2 Part (b)
At , . Thus p is the initial amount of antibiotic in the patient's bloodstream,
approximately 550 milligrams immediately after the dose in this model.

3 Part (c)
For the second patient, write . Differentiate to obtain .
At , the derivative is . The negative sign indicates the amount is
decreasing.

✓ FINAL ANSWER

(a)  (b)  (c)

Dr Eslam Ahmed · eliteigcse.com
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Question 9 8 marks Trig Identities & Exact Values

WORKED SOLUTION Question 9 · WMA13/01 January 2022

1 Part (i)
Using , the equation becomes , or

. If , the given interval  contains only . If
, the sole root in this interval is  radians. The

excluded pole  supplies no solution.

2 Part (ii)
Use angle addition to expand:

Where , divide by the stated denominators:



✓ FINAL ANSWER

(i)  (ii) 

Dr Eslam Ahmed · eliteigcse.com
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Question 10 7 marks Differentiation Techniques



WORKED SOLUTION Question 10 · WMA13/01 January 2022

1 Part (a)
Differentiate x with respect to y by the product rule:

Where , take the reciprocal:

For , the original relation gives , hence the required form .
At the origin, that last quotient is ; the preceding uncancelled derivative gives . At

 there is no finite .

2 Part (b)
Consider . Its derivative  vanishes at . It is negative
before this y value and positive after it, so the minimum x value is . As

,  from below; also  and h then increases without bound. Thus a level
 meets both negative-y branches precisely between the minimum and zero. At the minimum

the two intersections coincide; at zero there is just the finite point .

✓ FINAL ANSWER

(a)  (b) 

Dr Eslam Ahmed · eliteigcse.com


