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TOPIC

Indices & Surds



WMA11/01 MAY/JUNE 2023

Question 6
7 marks

Indices & Surds



WMA11/01 MAY/JUNE 2023

Worked Solution - Question 6
Indices & Surds

Topic group

1. Expand the square

.

2. Rationalise the denominator

.

3. Let r be the square root

Let . Then  and .

4. Use part (a)

.

5. Take the positive square root

Since , , so .

Final answer

 The expression equals .



TOPIC

Quadratics



WMA11/01 OCTOBER 2019

Question 8
5 marks

Quadratics



WMA11/01 OCTOBER 2019

Worked Solution - Question 8
Quadratics

Topic group

1. Use a substitution

Let . Then , so the equation becomes .

2. Solve the quadratic

.

3. Return to x

Since , .

Final answer
 or .



WMA11/01 MAY/JUNE 2022

Question 6
7 marks

Quadratics



WMA11/01 MAY/JUNE 2022

Worked Solution - Question 6
Quadratics

Topic group

1. Rearrange the second equation

From , we get .

2. Substitute into the first equation

, so .

3. Solve the quadratic in x squared

Let . Then , giving  or .

4. Reject the negative value

Since  cannot be negative, , so .

5. Find y

. Therefore  when
 and  when .

Final answer
 or .



WMA11/01 JANUARY 2023

Question 8
8 marks

Quadratics



WMA11/01 JANUARY 2023

Worked Solution - Question 8
Quadratics

Topic group

1. Find the straight line

The line cuts the y-axis at  and the x-axis at , so its gradient is

. Hence  is .

2. Use symmetry of the quadratic

The minimum point has x-coordinate 7. The roots are  and , so their midpoint is
7.

3. Find k

, so .

4. Build the quadratic

Let . Since the minimum point is ,
, so .

5. Write f(x)

.

6. Identify the shaded region

The region lies between the y-axis and , above the line and below the curve:
 and .



Final answer

.



WMA11/01 OCTOBER 2023

Question 6
6 marks

Quadratics



WMA11/01 OCTOBER 2023

Worked Solution - Question 6
Quadratics

Topic group

1. Clear the denominator

 gives .

2. Form a quadratic in x

Expanding gives , so
.

3. Use the discriminant condition

For two distinct real roots, .

4. Simplify the inequality

, so .

5. Divide and factorise

Dividing by 48 gives , and .

6. State the range

The upward-opening quadratic is positive outside its roots, so  or .

Final answer

 or .



WMA11/01 OCTOBER 2023

Question 11
10 marks

Quadratics



WMA11/01 OCTOBER 2023

Worked Solution - Question 11
Quadratics

Topic group

1. Complete the square

.

2. State the minimum point

The minimum of  is at .

3. Find the gradient of l

The line passes through  and , so

.

4. Find the equation of l

Using , , so .

5. Use the axes as boundaries

The region is to the right of the y-axis and above the x-axis, so  and .

6. Use the line and curve as boundaries

The region is below the line and above the curve, so  and
.



Final answer

.



WMA11/01 JANUARY 2024

Question 9
10 marks

Quadratics



WMA11/01 JANUARY 2024

Worked Solution - Question 9
Quadratics

Topic group

1. Use symmetry for the sketch

The maximum is at  and the curve passes through . Since the axis of
symmetry is , the other x-intercept is .

2. Use completed-square form

Let .

3. Use the origin

, so  and .

4. Write f(x)

.

5. Equate the two curves

.

6. Factorise

, so  and .

7. Use the negative x-coordinate

The negative x-coordinate is .

8. Find y

, so .



Final answer
 downward parabola through  and  with maximum .

.

.



WMA11/01 MAY/JUNE 2025

Question 10
7 marks

Quadratics



WMA11/01 MAY/JUNE 2025

Worked Solution - Question 10
Quadratics

Topic group

1. Substitute k equals 4.5

The equation becomes .

2. Clear decimals

Multiplying by  gives .

3. Use a quadratic in x cubed

.

4. Solve for x

 or , so  or .

5. View the equation as a quadratic

Let . Then the equation is .

6. Use no real roots

Since every real value of  gives a real , the original equation has no real roots
exactly when this quadratic in  has no real roots.

7. Use the discriminant

Require : .

8. Simplify

 gives , so .

9. Solve the inequality

 for  or .



Final answer

.



TOPIC

Simultaneous Equations



WMA11/01 OCTOBER 2023

Question 8
7 marks

Simultaneous Equations



WMA11/01 OCTOBER 2023

Worked Solution -
Question 8

Simultaneous Equations

Topic group

1. Write C1 in terms of y

, so .

2. Equate the two curves

.

3. Multiply by 2x

, hence .

4. Solve for x

Let . Then , so  and
.

5. Find the y-coordinates

Using , the points are  and .

6. Use the distance formula

 and , so .

Final answer

.



TOPIC

Inequalities



WMA11/01 JANUARY 2020

Question 8
6 marks

Inequalities



WMA11/01 JANUARY 2020

Worked Solution - Question 8
Inequalities

Topic group

1. Equate the line and curve

, so .

2. Use the no-intersection condition

For the line not to cross or touch the curve, the quadratic in  must have no real
roots, so its discriminant is less than zero.

3. Form the inequality in k

. Dividing by  gives , so
.

4. Solve the quadratic inequality

, so  lies between the two roots: $-2

Final answer
$-2



WMA11/01 MAY/JUNE 2023

Question 7
6 marks

Inequalities



WMA11/01 MAY/JUNE 2023

Worked Solution - Question 7
Inequalities

Topic group

1. Find the area of R1

The bottom horizontal length is 5, from  to the intercept of  at
.

2. Use the top length

The top horizontal length is , because  meets  at .

3. Solve for a

Area , so .

4. Find k

The line  passes through the intersection of  and , so .

Hence .

5. Define R2

Region  is to the right of , above , and below .

Final answer

.



WMA11/01 MAY/JUNE 2024

Question 6
7 marks

Inequalities



WMA11/01 MAY/JUNE 2024

Worked Solution - Question 6
Inequalities

Topic group

1. Write the line as y equals

, so .

2. Equate line and curve

, so .

3. Solve the quadratic

, so  or .

4. Find the y-coordinates

Using ,  gives  and  gives .

5. State P and Q

From the diagram,  and .

6. Use the x-axis and left branch

The shaded region is above the x-axis and on the left part of the diagram, so
 and .

7. Use the line and curve as upper boundaries

The region is below both the line and the curve, so  and
.



Final answer

.



TOPIC

Polynomials



WMA11/01 MAY/JUNE 2021

Question 8
9 marks

Polynomials



WMA11/01 MAY/JUNE 2021

Worked Solution - Question 8
Polynomials

Topic group

1. Complete the square

.

2. Deduce the minimum point

The minimum occurs when , so  and . Therefore
.

3. Use the x-intercepts of C2

Since  intersects the x-axis at  and , it has form
.

4. Use point P to find k

Substitute : , so .

5. Expand the cubic

.

6. Read off A, B, C and D

Thus , so , ,  and 

.

Final answer

.



WMA11/01 JANUARY 2026

Question 6
9 marks

Polynomials





WMA11/01 JANUARY 2026

Worked Solution - Question 6
Polynomials

Topic group

1. Roots of f one third x

The roots of  are  and , with  repeated. For

, set  or , giving  or .

2. Roots of f of x minus 3

For , set  or , giving  or .

3. Use the roots and repeated root

Since the curve cuts at  and touches at , write
.

4. Use the y-intercept

The curve passes through , so .

5. State f(x)

, hence .

6. Set equal to the line

.

7. First solution

The factor  gives one solution .

8. Find the other solutions

For , divide by : , so .



9. State all intersections

. Therefore the three x-coordinates are , 
and .

Final answer

.



TOPIC

Graphs of Functions



WMA11/01 OCTOBER 2019

Question 6
8 marks

Graphs of Functions



WMA11/01 OCTOBER 2019

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Read the graph features

For , the horizontal asymptote is . Setting  gives
, so the x-intercept is .

2. Set the tangent line equal to the curve

A tangent touches once, so solve . Multiplying by  gives
.

3. Use the discriminant condition

For one repeated intersection, discriminant : . Hence
.

4. Find k

, so . Both are positive, so both satisfy the
condition in the question.

Final answer
Asymptote , x-intercept , and .



WMA11/01 OCTOBER 2019

Question 10
10 marks

Graphs of Functions





WMA11/01 OCTOBER 2019

Worked Solution - Question
10

Graphs of Functions

Topic group

1. Use the factorised form for the inequality

. Since , the sign is controlled by ,
with an extra zero at . Hence  for  or .

2. Expand the cubic

, so
.

3. Find P and the gradient at P

At the y-axis, , so . Also , so the
gradient at  is .

4. Translate the graph

A translation 2 units in the positive x direction means . Therefore
.

5. Find the new y-intercept

Set : , so the y-intercept is .

Final answer
 for  or ; ;

; gradient ; ; y-intercept .



WMA11/01 JANUARY 2020

Question 10
8 marks

Graphs of Functions



WMA11/01 JANUARY 2020

Worked Solution - Question
10

Graphs of Functions

Topic group

1. Use the factorised form for the sketch

. The curve crosses the x-axis at  and touches the
x-axis at . The y-intercept is .

2. Solve f(x/4)=0

For , either  or . Therefore  or 
.

3. Find p

The curve  passes through the origin, so .
Hence .

4. Find g(x)

.

5. Find the y-intercept of C2

At , . So the y-intercept is .

Final answer
Sketch: crosses at , touches at , crosses y-axis at .
Also , , , y-intercept .



WMA11/01 JANUARY 2021

Question 6
10 marks

Graphs of Functions



WMA11/01 JANUARY 2021

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Sketch y = -k/x

Because ,  has one branch in quadrant II and one branch in

quadrant IV, with asymptotes  and .

2. Translate the graph upward

 is  translated up by  units. The vertical asymptote is still

, and the horizontal asymptote is .

3. Find the x-intercept

Set : . Since , , so . The x-intercept is .

4. Set up the intersection equation

For intersections with , solve . Multiplying by 

gives .

5. Use the discriminant

This rearranges to . For no touch or intersection, the
discriminant must be negative: .

6. Solve the quadratic inequality in k

. The roots are , so the required range is $10-
2\sqrt{21}



Final answer

$(c)\ 10-2\sqrt{21}



WMA11/01 JANUARY 2021

Question 8
9 marks

Graphs of Functions



WMA11/01 JANUARY 2021

Worked Solution - Question 8
Graphs of Functions

Topic group

1. Use the factorised form

. The squared factor is never negative, and it is zero at

. Therefore the sign of  away from the repeated root is controlled by

.

2. Find where f(x) is positive

For , we need , so .

3. Expand f(x)

. Therefore
.

4. Find the line l

The y-intercept of  is , so the horizontal line  is .

5. Find the other intersections with l

Solve : , so .
The root  is the y-intercept, and the two other roots give  and .

6. Solve the quadratic

. Hence

.

7. Find PQ

Because  and  lie on the same horizontal line,  is the difference in their x-

coordinates: .



Final answer

.



WMA11/01 OCTOBER 2021

Question 6
10 marks

Graphs of Functions



WMA11/01 OCTOBER 2021

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Use the factorised form for the sketch

. The curve cuts the x-axis at  and meets the x-
axis at  because  is a repeated root.

2. Find the y-intercept

, so the y-intercept is .

3. Describe the cubic shape

The leading term is positive, so the cubic goes down to the left and up to the
right. It crosses at  and touches at .

4. Expand f(x)

, so
.

5. Differentiate

.

6. Find the gradient at x = 1/3

, so the tangent is horizontal.

7. Find the y-coordinate

.

8. Write the tangent

A horizontal tangent through this point has equation .



Final answer

.



WMA11/01 JANUARY 2022

Question 10
9 marks

Graphs of Functions



WMA11/01 JANUARY 2022

Worked Solution - Question
10

Graphs of Functions

Topic group

1. Find intercepts

For x-intercepts, set . Then , so . There is no y-

intercept because  is not in the domain.

2. State asymptotes

The vertical asymptote is . As  becomes large, , so the horizontal

asymptote is .

3. Set up intersections with D

For intersections with , solve .

4. Use u = x squared

Let , where . Multiplying by  gives , so
.

5. Require two positive u-values

Four distinct x-values require two distinct positive values of , since each positive
 gives .

6. Find the range of k

For two positive roots, the product  and sum  must both be positive, so

. Also the discriminant must be positive: , so .

Therefore $-\dfrac{81}{4}



Final answer

$(b)\ -\dfrac{81}{4}



WMA11/01 OCTOBER 2022

Question 6
6 marks

Graphs of Functions



WMA11/01 OCTOBER 2022

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Key points for y = (2x-k)(x+4)^2

The graph has x-intercepts  and . The root at  is a

repeated root, so the graph touches the x-axis there.

2. Use 0 < k < 4

Since $0

3. Key features for y = k/x^2

The graph is positive on both sides of the y-axis, with asymptotes  and
. It has no intercepts with the coordinate axes.

4. Compare the two graphs

The equation  represents intersections between the two

graphs.

5. State the number of roots

From the sketches, the positive branch of  meets the increasing positive

branch of  once only. Therefore there is one root.

Final answer
The graphs intersect once, so the equation has one root.



WMA11/01 JANUARY 2024

Question 7
9 marks

Graphs of Functions



WMA11/01 JANUARY 2024

Worked Solution - Question 7
Graphs of Functions

Topic group

1. Identify the asymptote

For , the vertical asymptote is where the denominator is zero, so 

.

2. Find axis intercepts

At , , so the y-intercept is . The graph has no x-intercept

because the numerator is never zero.

3. Set up intersection with the line

If the line  meets the curve, then .

4. Form a quadratic

, which simplifies to .

5. Use no real intersection

For the line not to cross or touch the curve, the discriminant must be negative.

6. Solve the inequality

, so . Since
, the range is $5

Final answer

 y-intercept , no x-intercept, vertical asymptote .

$(b)\ 5



WMA11/01 MAY/JUNE 2024

Question 8
7 marks

Graphs of Functions



WMA11/01 MAY/JUNE 2024

Worked Solution - Question 8
Graphs of Functions

Topic group

1. Find the intercepts of C1

, so  when  or . The curve crosses the axes at
,  and .

2. Use the cubic shape

 has negative leading cubic term, so the left tail rises and the right
tail falls.

3. Equate C1 and C2

.

4. Multiply by x

, so  and therefore .

5. Let u equal x squared

Let . Then .

6. Require two positive u-values

For 4 distinct x-values, the quadratic in  must have two distinct positive roots.

7. Find the range of A

The discriminant gives , so . The product of the two roots is ,
so . Therefore $0



Final answer
 x-intercepts , , .

$(c)\ 0



WMA11/01 OCTOBER 2024

Question 6
9 marks

Graphs of Functions



WMA11/01 OCTOBER 2024

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Identify the graph features

 has vertical asymptote  and horizontal asymptote .

2. Find the y-intercept

At , , so the y-intercept is .

3. Set up the intersection with the line

If  cuts , then .

4. Form the quadratic

, so .

5. Use the discriminant

For at least one intersection, the discriminant is non-negative.

6. Derive the given inequality

, so , hence .

7. Solve the inequality

, so  or .

Final answer

 vertical asymptote , y-intercept .

 or .



WMA11/01 JANUARY 2025

Question 7
8 marks

Graphs of Functions



WMA11/01 JANUARY 2025

Worked Solution - Question 7
Graphs of Functions

Topic group

1. Identify the horizontal asymptote

 has horizontal asymptote .

2. Find axis intersections

Setting  gives , so . There is no y-intercept because  is

not in the domain.

3. Set up line-curve intersections

.

4. Form a quadratic

Multiplying by  gives , so .

5. Use two distinct intersections

For two distinct points, the discriminant must be positive.

6. Solve the inequality

, so . Since
,  or .

7. Use k positive

As , the range is $018$.



Final answer

 x-intercept , no y-intercept, horizontal asymptote .

$(b)\ 018$.



WMA11/01 MAY/JUNE 2025

Question 7
10 marks

Graphs of Functions





WMA11/01 MAY/JUNE 2025

Worked Solution - Question 7
Graphs of Functions

Topic group

1. Use the repeated root at the origin

Since the cubic touches the x-axis at the origin and cuts it at , write
.

2. Use the point (10,120)

, so .

3. State f(x)

.

4. Sketch C2

 is a downward-opening parabola through  and
, with its maximum between them.

5. Set intersections equal

.

6. Clear decimals

Divide by  to get .

7. Factor

, so  and .

8. Solve for x

, or , so  or .

9. Find y-values

Using  gives ,  and .



Final answer

.



WMA11/01 OCTOBER 2025

Question 6
9 marks

Graphs of Functions



WMA11/01 OCTOBER 2025

Worked Solution - Question 6
Graphs of Functions

Topic group

1. Find coordinate-axis intersections

 has no x-intercept because the numerator is non-zero. At ,

, so the y-intercept is .

2. Find the vertical asymptote

The denominator is zero when , so the vertical asymptote is .

3. Sketch shape

The curve has one branch in quadrant I to the right of , and one branch
passing through  and approaching the x-axis from below as .

4. Set line and curve equal

.

5. Form a quadratic in x

, so
.

6. Use at least one intersection

For at least one real intersection, the discriminant must satisfy .

7. Find the discriminant

, so .

8. Solve in k

, so .



9. Use k positive

Therefore  or . Since  is positive, $0

Final answer
 y-intercept , vertical asymptote .

$(b)\ 0



TOPIC

Transformations



WMA11/01 OCTOBER 2021

Question 9
9 marks

Transformations





WMA11/01 OCTOBER 2021

Worked Solution - Question 9
Transformations

Topic group

1. Transform P on y = f(2x)

 is a horizontal scale factor of , so  maps to .

2. Transform P on y = f(x) + 3

 is a translation 3 units upward, so  maps to .

3. Set up the intersection equation

At , . Since , this gives .

4. Show the required equation

Let . Then , so . Hence  and

.

5. Find the x-coordinate

, so .

6. Find the y-coordinate

. Therefore
.

Final answer

.



WMA11/01 OCTOBER 2022

Question 7
8 marks

Transformations



WMA11/01 OCTOBER 2022

Worked Solution - Question 7
Transformations

Topic group

1. Read f(x) < 6 from the graph

The curve is below the line  for , for $-13$.

2. Solve f(2x) = 6

Since  at , we set . The solutions are

.

3. State the largest solution

The largest solution is .

4. Reflect the points in the y-axis

For , each point  becomes .

5. List the transformed points

, , , and
.

6. Use the reflected graph

For , the part of the reflected graph on or above  is from  to
.

Final answer
$(a)\ x<-4,\ -13.$

.



WMA11/01 JANUARY 2023

Question 7
10 marks

Transformations





WMA11/01 JANUARY 2023

Worked Solution - Question 7
Transformations

Topic group

1. Sketch y = 6/x

The graph is a rectangular hyperbola with asymptotes  and , with
branches in quadrants I and III.

2. Describe the transformation

 is obtained from  by a translation 2 units in the positive x-

direction.

3. Use P to find k

At  on , .

4. Substitute into the line

Since  lies on , , so .

5. Find the second intersection

Solve . Multiplying by  gives .

6. Factor and choose Q

, so . The root

 is , so  has .

7. Find y for Q

, so .



Final answer
 Translation 2 units right.

.



WMA11/01 MAY/JUNE 2025

Question 9
10 marks

Transformations



WMA11/01 MAY/JUNE 2025

Worked Solution - Question 9
Transformations

Topic group

1. Transform y equals root x to C1

 has equation . This is obtained from  by a stretch parallel to

the x-axis with scale factor .

2. Equivalent description

Equivalently,  is a stretch parallel to the y-axis with scale factor
. The mark scheme also accepts the horizontal stretch description.

3. Transform y equals minus root x to C2

 has equation , so it is a translation of 

by .

4. Set the curves equal

At , .

5. Factor out root x

, so .

6. Rationalise

.

7. Find x

.

8. Find y

.



Final answer

 stretch parallel to the x-axis scale factor  (equivalently vertical

stretch scale factor ).

 translation by .

.



WMA11/01 OCTOBER 2025

Question 9
6 marks

Transformations



WMA11/01 OCTOBER 2025

Worked Solution - Question 9
Transformations

Topic group

1. Identify amplitude and direction

The graph has amplitude , crosses the origin, and initially moves downwards, so
.

2. Identify P

The labelled maximum is at .

3. Transform y equals f of x minus pi over 6

 translates the graph right by .

4. New coordinates for part b(i)

 becomes .

5. Transform y equals negative half f(x)

 leaves x-coordinates unchanged and multiplies y-coordinates by

.

6. New coordinates for part b(ii)

 becomes .



Final answer

.



TOPIC

Straight Line



WMA11/01 JANUARY 2020

Question 6
8 marks

Straight Line



WMA11/01 JANUARY 2020

Worked Solution - Question 6
Straight Line

Topic group

1. Find the gradient of l1

 gives , so the gradient is .

2. Find l2 through R

Line  is parallel to  and passes through , so .
Therefore .

3. Find P and Q

For , the x-intercept is  and the y-intercept is .

4. Find the area of PQRS

Base  and height . Area .

5. Find S using a vector

In parallelogram , . Hence
.

Final answer

.



WMA11/01 OCTOBER 2021

Question 8
10 marks

Straight Line



WMA11/01 OCTOBER 2021

Worked Solution - Question 8
Straight Line

Topic group

1. Complete the square

.

2. State the maximum point

The maximum occurs when , so .

3. Find the gradient of l1

Line  passes through  and , so its gradient is .

4. Use the parallel tangent gradient

Line  is parallel to , so its gradient is also . For ,

.

5. Find the point of contact

Set , giving . Then .

6. Write l2

Using gradient  through , . Hence

.



Final answer

.



WMA11/01 JANUARY 2022

Question 8
9 marks

Straight Line



WMA11/01 JANUARY 2022

Worked Solution - Question 8
Straight Line

Topic group

1. Find the gradient of l1

 gives , so the gradient is .

2. Find l2

The gradient perpendicular to  is . Through , 

, so .

3. Find M

At the intersection, . Multiplying by  gives

, so .

4. Find the y-coordinate of M

, so .

5. Use midpoint of the diagonal

In a square, the diagonals bisect each other, so  is the midpoint of . Thus
.

Final answer

.



WMA11/01 MAY/JUNE 2023

Question 10
10 marks

Straight Line





WMA11/01 MAY/JUNE 2023

Worked Solution - Question 10
Straight Line

Topic group

1. Find l1

Line  has gradient  and passes through the negative x-axis root , so

.

2. Find P

Set .

3. Solve the intersection

Multiplying by  gives , so
.

4. Choose the second point

The root  is the x-axis point, so  has . Then

.

5. Find l2 from the positive root

Since  is perpendicular to , its gradient is . It passes through the positive x-
axis root , so .

6. Use P to write another l2

Through  with gradient : , so

.

7. Find b

Both equations represent , so . Hence .



Final answer

.



WMA11/01 MAY/JUNE 2024

Question 9
9 marks

Straight Line



WMA11/01 MAY/JUNE 2024

Worked Solution - Question 9
Straight Line

Topic group

1. Find the gradient of l1

.

2. Use point A

.

3. Rearrange

, so .

4. Use the horizontal line l2

Since  passes through  and is parallel to the x-axis, point  has
coordinates .

5. Use BC equals 5 root 5

.

6. Solve for c

, so  and  or .

7. Find the smaller area

The height from  to  is . For , , so the minimum area is

.



Final answer

 or 

.



TOPIC

Radians



WMA11/01 MAY/JUNE 2021

Question 7
10 marks

Radians





WMA11/01 MAY/JUNE 2021

Worked Solution - Question 7
Radians

Topic group

1. Find C

On the y-axis, . From , , so the y-coordinate of  is
.

2. Find the gradient of l1

 gives , so the gradient of  is .

3. Use perpendicular gradients for l2

Since  is perpendicular to , its gradient is . Through ,

.

4. Show the y-coordinate of E

. Therefore when , .

5. Find the radius of the sector

 and , so .

6. Find arc BE

For sector ,  and . Hence arc

.

7. Find the sector area

Sector area .



8. Find the triangle area and total area

Triangle  has vertical base  and horizontal height , so its area is

. Total area .

Final answer

.



WMA11/01 OCTOBER 2021

Question 7
10 marks

Radians



WMA11/01 OCTOBER 2021

Worked Solution - Question 7
Radians

Topic group

1. Work in triangle OAB

In triangle , , , and  radians.

2. Find OB

By the cosine rule, , so
.

3. Find half of theta

Using the cosine rule again, , giving

 radians.

4. Use symmetry of the kite

The kite is symmetric, so , hence  radians
to 3 significant figures.

5. Find the outside arc length

The sector  uses the major angle . Its arc length is
.

6. Find the perimeter

Perimeter ,
so the perimeter is  m.

7. Find the kite area

The kite consists of two congruent triangles like , so area of kite

.



8. Find the sector area and total area

Major sector area . Total area

, so the area is .

Final answer

.



WMA11/01 MAY/JUNE 2022

Question 8
10 marks

Radians





WMA11/01 MAY/JUNE 2022

Worked Solution - Question 8
Radians

Topic group

1. Find the small sector angle

For arc , , so  and  radians.

2. Find the outer arc angle

Each identical section has total angle , so the angle for arc  is

.

3. Find CD

 to 3 significant figures.

4. Find the perimeter

There are 3 inner arcs, 3 outer arcs, and 6 straight radial edges of length
. Thus .

5. Find the area of one section

One section has area .

6. Find the total area

The total area is  to 3
significant figures.



Final answer

.



WMA11/01 OCTOBER 2022

Question 8
14 marks

Radians



WMA11/01 OCTOBER 2022

Worked Solution - Question 8
Radians

Topic group

1. Find the angle of the sector AOBX

The sector AOBX is the major sector, so its angle is .

2. Find the sector area

.

3. Find the sector perimeter

The arc length is . Adding the two radii gives .

4. Find the area of triangle AOB

.

5. Show AB

By the cosine rule, , so

.

6. Find AC

In triangle ABC, , so

.

7. Choose the correct length

Solving gives . From the diagram,  is the longer value, so
.



8. Find the total area

Area of triangle ABC is . Total area

is , so  to 2 significant figures.

Final answer

.



WMA11/01 JANUARY 2023

Question 6
10 marks

Radians



WMA11/01 JANUARY 2023

Worked Solution - Question 6
Radians

Topic group

1. Find the radius

Area of sector  is . So , giving

 m.

2. Find angle AOB

The triangles  and  are congruent, so . Since 
is a straight line, .

3. Calculate the angle

, so  rad.

4. Find the total area

The two congruent triangle areas together are

.

5. Add the sector area

Total area  to one decimal place.

6. Find AB

Using the cosine rule, , giving
 m.

7. Find the perimeter

Perimeter

m.



Final answer

.



WMA11/01 OCTOBER 2023

Question 9
7 marks

Radians





WMA11/01 OCTOBER 2023

Worked Solution - Question 9
Radians

Topic group

1. Use arc length

, so . Hence .

2. Set up the target area

The outer sector has radius  and the inner sector has radius , with angle
 radians.

3. Use sector area

.

4. Simplify to the given quadratic

, so . Multiplying by 

gives .

5. Find the positive value of x

.

6. Find the perimeter

.

7. Round to the nearest metre

The total perimeter is  to the nearest metre.



Final answer

.



WMA11/01 JANUARY 2024

Question 8
9 marks

Radians



WMA11/01 JANUARY 2024

Worked Solution - Question 8
Radians

Topic group

1. Find the outer radius

For sector , arc length  and angle  radians, so

.

2. Use the ratio DA to AO

, so  represents  parts. Hence

.

3. Find the straight side lengths

.

4. Find the major arc

The major sector  has angle , so arc
.

5. Calculate the perimeter

.

6. Calculate the total area

 to the nearest

whole number.



Final answer

.



WMA11/01 JANUARY 2025

Question 8
13 marks

Radians



WMA11/01 JANUARY 2025

Worked Solution - Question 8
Radians

Topic group

1. Use the sine rule

In triangle , ,  and .

2. Find sine of angle OAB

, so .

3. Choose the obtuse angle

Since ,  radians.

4. Find OA

Using the sine rule again,  cm.

5. Find the triangle area

.

6. Use the area ratio

, so sector area

.

7. Find angle BOC

, so  radians.

8. Find the perimeter

The perimeter is

cm.



9. Round

The perimeter is  cm to the nearest integer.

Final answer

.



WMA11/01 MAY/JUNE 2025

Question 6
9 marks

Radians



WMA11/01 MAY/JUNE 2025

Worked Solution - Question 6
Radians

Topic group

1. Set up triangle AOC

, , and .

2. Use the sine rule

, so  radians.

3. Show angle COA

, so  radians to 3
decimal places.

4. Major sector angle

The shaded sector is the major sector , so its angle is .

5. Sector area

.

6. Triangle area

.

7. Total area

, so the total area is  to 3 significant
figures.

8. Find AC

By the cosine rule, , so
 m.



9. Major arc length

 m.

10. Perimeter

, so the perimeter is .

Final answer

.



WMA11/01 OCTOBER 2025

Question 7
9 marks

Radians



WMA11/01 OCTOBER 2025

Worked Solution - Question 7
Radians

Topic group

1. Find OP from the small sector

Let . The area of sector  is , so .

2. Calculate OP

, so  m.

3. Show OQ

, so  m to 3
significant figures.

4. Major sector angle

The major sector  has angle  radians.

5. Total area

.

6. Round area

The total surface area is  to the nearest integer.

7. Arc lengths

The inner arc  has length , and the outer major arc
has length .

8. Add straight sides

The straight sides  and  each have length  m.



9. Perimeter

, so the perimeter is  to 2
significant figures.

Final answer

.



TOPIC

Trigonometric Functions



WMA11/01 OCTOBER 2019

Question 9
4 marks

Trigonometric Functions



WMA11/01 OCTOBER 2019

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Use the scale factor inside the sine

For , one full sine cycle needs  to increase by , so the period is
.

2. Locate the minimum point

The sine function is  when its angle is . Therefore , so  and
.

3. Use sine symmetry

If the smallest positive solution of  is , then the closest negative
solution is one half-period before the opposite sine position: .

4. Convert to cosine

Since , the corresponding smallest positive cosine solution is
.

Final answer

.



WMA11/01 JANUARY 2020

Question 7
5 marks

Trigonometric Functions



WMA11/01 JANUARY 2020

Worked Solution -
Question 7

Trigonometric Functions

Topic group

1. Read P from y = 3 sin x

The first maximum of  occurs at , with . So .

2. Read Q from the next shown zero

After the second maximum, the curve returns to the x-axis at . So
.

3. Find the vertical shift

For , . Its maximum is , so .

4. Find the minimum point R

The minimum value is . The smallest positive x-coordinate for a sine
minimum is , so .

Final answer

.



WMA11/01 MAY/JUNE 2021

Question 9
7 marks

Trigonometric Functions





WMA11/01 MAY/JUNE 2021

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. State the shown tangent asymptote

The shown dashed asymptote is the right-hand positive asymptote before , so 

has equation .

2. Describe the reciprocal graph

For , the vertical asymptote is  and the horizontal asymptote is

. The right branch lies above  and the left branch lies below .

3. Count intersections on -2pi to 2pi

The number of solutions of  is the number of intersections of the

two graphs. From the sketch on , there are  intersections.

4. Count solutions for 0 <= x < 40pi

From the repeated tangent branches and the reciprocal curve, there is one
intersection in each positive interval between consecutive tangent asymptotes.
From  to , this gives  solutions.

5. Count solutions for -10pi <= x <= 5pi/2

Extending the same intersection pattern across the stated interval gives 
intersections, so there are  solutions.



Final answer

.



WMA11/01 JANUARY 2022

Question 9
4 marks

Trigonometric Functions



WMA11/01 JANUARY 2022

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Use the minimum point

At , , so . Therefore .

2. Find maximum points

Since , maximum points occur when .

3. Use the shown maximum Q

, so . The maximum shown at  is two full
periods after the first maximum, so .

4. Write Q

The maximum y-value is , hence .

Final answer

.



WMA11/01 MAY/JUNE 2022

Question 9
8 marks

Trigonometric Functions





WMA11/01 MAY/JUNE 2022

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Use sine symmetry

, so .

2. Use odd symmetry

.

3. Use the third quadrant identity

, so .

4. Sketch y = sin 2x

The graph has amplitude 1 and period . It crosses the x-axis at ,
has a maximum at , and a minimum at .

5. Solve sin 2x = p

Since  and , the possible values are  or
.

6. Find x

Therefore  or .

Final answer

.



WMA11/01 JANUARY 2023

Question 9
4 marks

Trigonometric Functions



WMA11/01 JANUARY 2023

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. State the period

The period of  is .

2. Count roots for the steeper line

In $-\pi

3. Extend to -2pi < x < 2pi

For , the interval $-2\pi

4. Extend to -100pi < x < 100pi

There are 99 positive outer roots, 99 negative outer roots, and 3 central roots, so
the total is .

Final answer

.



WMA11/01 MAY/JUNE 2023

Question 9
9 marks

Trigonometric Functions





WMA11/01 MAY/JUNE 2023

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Identify f(x)

The first graph has amplitude 3, period , and maximum at , so
.

2. Transform f

, a shift left by .

3. Find the x-intercepts

 gives . In $-2\pi

4. Find the y-intercept

At , .

5. Identify g(x)

The second graph has amplitude 1, period , and passes through the origin with
positive gradient, so .

6. Transform g

, so the graph is shifted down by 2. Its y-intercept is
.

Final answer

 x-intercepts  and y-

intercept .  y-intercept .



WMA11/01 OCTOBER 2023

Question 10
6 marks

Trigonometric Functions



WMA11/01 OCTOBER 2023

Worked Solution -
Question 10

Trigonometric Functions

Topic group

1. Use the first positive x-intercept

For , the first positive zero occurs when .

2. Find n

Since , , so .

3. Find the period

The period is .

4. Read the shown minimum point

A minimum occurs when . The point  shown is the next

displayed minimum after one full period, so  and .

5. Use the two points on C2

For , the points give  and .

6. Add the equations

Adding gives , so .

Final answer

.



WMA11/01 JANUARY 2024

Question 6
6 marks

Trigonometric Functions





WMA11/01 JANUARY 2024

Worked Solution -
Question 6

Trigonometric Functions

Topic group

1. Use the cosine graph

For , the minimum value is  and it occurs at .

2. Read P from the displayed minimum

The plotted point  is the displayed minimum at , so .

3. Translate the graph down

For , the maximum value is . The smallest positive x-
coordinate for a maximum shown is , so .

4. Reflect in the x-axis

For , a maximum occurs where , first at . The
maximum value is , so .

Final answer

.



WMA11/01 MAY/JUNE 2024

Question 11
6 marks

Trigonometric Functions





WMA11/01 MAY/JUNE 2024

Worked Solution -
Question 11

Trigonometric Functions

Topic group

1. Use maxima of sine

For , maxima occur when , with value .

2. Read point P

The maximum point  shown is the second positive maximum, so .

3. Find k for C2

For , the maximum value is . Given the maximum is ,
.

4. Find the smallest positive minimum on C2

The minimum value is , and it first occurs at . So the

point is .

5. Find A for C3

For , any minimum has value , so .

6. Find the smallest positive B

At the minimum , so . Hence .



Final answer

.



WMA11/01 OCTOBER 2024

Question 7
8 marks

Trigonometric Functions





WMA11/01 OCTOBER 2024

Worked Solution -
Question 7

Trigonometric Functions

Topic group

1. Use y equals negative 4 cos x

For , minimum points occur at  with value .

2. Read P

The displayed minimum to the left of the y-axis is .

3. Read Q

The point  is the positive x-intercept after the maximum at , so

.

4. Find k for C2

For , the maximum value is . Given the maximum is ,
.

5. Find the smallest positive minimum on C2

The minimum value is . The first positive minimum is at , so
the point is .

6. Interpret the equation graphically

 is the intersection of the cosine curve with the straight line

.

7. Count intersections

The line passes through  and meets the displayed curve once, at the x-axis
point, so there is 1 solution.



Final answer

.



WMA11/01 JANUARY 2025

Question 9
13 marks

Trigonometric Functions





WMA11/01 JANUARY 2025

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Complete the square

.

2. State the completed-square form

.

3. Find the maximum point

The maximum point is .

4. Find the x-intercepts of C1

 gives . Hence  has  and  has .

5. Use consecutive zeros of cosine

The distance between consecutive zeros of  is .

6. Find k and the period

Since , , so . The period is .

7. Find the line through P and B

The line through  and  has gradient , so  is

.

8. Define the x-range

The region lies between  and , so .



9. Define the lower boundary

The lower boundary is , so .

10. Define the upper boundaries

The region is below both  and the line segment , so  and

.

Final answer

.



WMA11/01 JANUARY 2026

Question 9
9 marks

Trigonometric Functions





WMA11/01 JANUARY 2026

Worked Solution -
Question 9

Trigonometric Functions

Topic group

1. Identify f(x)

The graph has amplitude , period , and value  at , so
.

2. Sketch y equals 10 minus x squared

The graph  is a downward-opening parabola with vertex  and
x-intercepts at .

3. Count intersections with the parabola

On the given sketch, the parabola meets  twice. Outside the central part the
parabola is below the range of , so there are  solutions in

.

4. Sketch y equals tan x

The graph  has zeros at integer multiples of  and vertical asymptotes
at .

5. Count in the reference interval

In , the graph  intersects  four times.

6. Scale to the required interval

The interval  is  times as long as , so the
number of solutions is .



Final answer

.



TOPIC

Differentiation



WMA11/01 OCTOBER 2019

Question 7
6 marks

Differentiation



WMA11/01 OCTOBER 2019

Worked Solution - Question 7
Differentiation

Topic group

1. Differentiate for the tangent gradient

For , . At , , so the tangent gradient is .

2. Find the coordinates of Q

If , then .

3. Find the gradient of PQ

.

4. Explain the link

As  gets closer to , point  gets closer to , and the chord gradient 
tends to the tangent gradient .

Final answer

.



WMA11/01 JANUARY 2020

Question 9
6 marks

Differentiation



WMA11/01 JANUARY 2020

Worked Solution - Question 9
Differentiation

Topic group

1. Rewrite the function

.

2. Differentiate

.

3. Set the derivative equal to zero

, so .

4. Solve for x

Multiply by : . Hence . Since , .

Final answer

.



WMA11/01 JANUARY 2021

Question 7
9 marks

Differentiation



WMA11/01 JANUARY 2021

Worked Solution - Question 7
Differentiation

Topic group

1. Solve f(x) = 9 without calculator methods

, so .

2. Use u = sqrt(x)

Let , where . Then , so .

3. Factorise and reject the invalid root

. Since , , so .

4. Differentiate twice

, so  and .

5. Solve f''(x) = 6

, so . Therefore .

6. Find x

Since , we get , hence .

Final answer

.



WMA11/01 JANUARY 2022

Question 7
11 marks

Differentiation



WMA11/01 JANUARY 2022

Worked Solution - Question 7
Differentiation

Topic group

1. Find p from the translated curve

. Since  passes through ,
, so .

2. Use roots for f(x + q)

If  passes through the origin, then . From

, the possible values are .

3. Expand f(x)

.

4. Differentiate

.

5. Set the gradient less than -18

, so , or .

6. Solve the inequality

. Since the quadratic opens upward, it is
negative between the roots: $-1



Final answer

$(d)\ -1



WMA11/01 MAY/JUNE 2022

Question 10
12 marks

Differentiation





WMA11/01 MAY/JUNE 2022

Worked Solution - Question 10
Differentiation

Topic group

1. Differentiate the curve

For , .

2. Find the tangent gradient at A

At , .

3. Find the gradient of l

Since  is the normal at , its gradient is the negative reciprocal of 7, so

.

4. Use that l is tangent at B

At , the tangent gradient is also , so .

5. Reach the given quadratic

Multiplying by 14 gives , hence .

6. Solve for the x-coordinate of B

 gives , so  or . From the

diagram,  is the point to the right of the y-axis, so .

7. Use the y-intercept of l

Since the y-intercept is  and the gradient is , the line is .

8. Find the y-coordinate of A

At  on the line, .



9. Substitute A into the curve

.

10. Find k

Therefore .

Final answer

.



WMA11/01 OCTOBER 2022

Question 9
14 marks

Differentiation





WMA11/01 OCTOBER 2022

Worked Solution - Question 9
Differentiation

Topic group

1. Complete the square

.

2. Simplify the completed square form

.

3. Read the minimum point

The minimum point is .

4. Use the normal gradient

The line  has gradient , so the tangent gradient at  is .

5. Differentiate the curve

. At , , so .

6. Find P

When , , so .

7. Find k

Since  lies on , , so .

8. Write the upper boundary

The line is .



9. Write the lower boundary

The curve is .

10. Identify the region

The region lies to the right of the vertical line through  and between the curve

and the normal line:  and .

Final answer

.



WMA11/01 JANUARY 2023

Question 10
10 marks

Differentiation



WMA11/01 JANUARY 2023

Worked Solution - Question 10
Differentiation

Topic group

1. Use the roots

 has roots , , and .

2. State where f(x) is positive

Since the cubic has positive leading coefficient,  for $-\dfrac{20}
{3}\dfrac32$.

3. Expand the first two brackets

.

4. Complete the expansion

.

5. Find the tangent at the y-axis

, so at  the tangent gradient is . Also
.

6. Write the tangent equation

The tangent line is .

7. Find the other intersection

Set . This gives , so
.

8. Choose point P

 is the tangent point on the y-axis, so the other intersection  has

.



Final answer
$(a)\ -\dfrac{20}{3}\dfrac32.$

.



WMA11/01 MAY/JUNE 2024

Question 7
8 marks

Differentiation



WMA11/01 MAY/JUNE 2024

Worked Solution - Question 7
Differentiation

Topic group

1. Differentiate once

.

2. Differentiate again

.

3. Use the intersection at A

At an intersection of  and , . Given ,
substitute .

4. Find k

, so  and .

5. Find the other x-coordinate

With , , so . Hence
.

6. Use the point B

The other point has . Then .

Final answer

.



WMA11/01 OCTOBER 2024

Question 9
10 marks

Differentiation



WMA11/01 OCTOBER 2024

Worked Solution - Question 9
Differentiation

Topic group

1. Use the positive quadratic factor

 has discriminant  and positive leading
coefficient, so it is always positive.

2. Deduce the sign of f(x)

The sign of  is therefore the sign of .
Hence  for .

3. Expand f(x)

.

4. Differentiate

.

5. Find the gradient at R

At , .

6. Use parallel tangents

For the tangent at  to be parallel, .

7. Solve for x

, so . The roots are  and .

8. Choose the point P

 is the point , so .



9. Transform R under y equals f of x minus 3

 translates the curve 3 units to the right, so  maps to
.

10. Transform R under y equals 4f(x)

 stretches vertically by scale factor 4, so  maps to .

Final answer

.



WMA11/01 OCTOBER 2025

Question 10
10 marks

Differentiation





WMA11/01 OCTOBER 2025

Worked Solution - Question 10
Differentiation

Topic group

1. Differentiate C

, so .

2. Find the tangent gradient at P

At , , so the tangent gradient is .

3. Equation of the normal

The normal gradient is  and , so .

4. Find intersections with the normal

Set .

5. Form and factor the cubic

. Multiplying by  gives

.

6. Solve for x

, so the intersections have x-coordinates ,  and .

7. Select point Q

The point  is the left-hand intersection, so .

8. Parallel tangent condition

The tangent at  is parallel to , so its gradient is .



9. Set derivative equal to one half

, so .

10. Use the positive solution

. Since  is positive, .

Final answer

.



WMA11/01 JANUARY 2026

Question 7
10 marks

Differentiation



WMA11/01 JANUARY 2026

Worked Solution - Question 7
Differentiation

Topic group

1. Differentiate

 gives .

2. Complete the square

.

3. Simplify

.

4. Minimum gradient

Since , the minimum value of  is .

5. Where it occurs

The minimum occurs when , so .

6. Find the point S

At , .

7. Tangent equation

The gradient at  is , so .

8. Simplify

.



Final answer

.



WMA11/01 OCTOBER 2019

Question 10

10 marks

Differentiation

Also in Differentiation

Primary: Graphs of Functions





WMA11/01 OCTOBER 2019

Worked Solution -
Question 10

Differentiation

Primary group: Graphs of Functions

1. Use the factorised form for the inequality

. Since , the sign is controlled by ,
with an extra zero at . Hence  for  or .

2. Expand the cubic

, so
.

3. Find P and the gradient at P

At the y-axis, , so . Also , so the
gradient at  is .

4. Translate the graph

A translation 2 units in the positive x direction means . Therefore
.

5. Find the new y-intercept

Set : , so the y-intercept is .

Final answer
 for  or ; ;

; gradient ; ; y-intercept .



WMA11/01 OCTOBER 2019

Question 11

10 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 OCTOBER 2019

Worked Solution -
Question 11

Differentiation

Primary group: Integration

1. Use the given gradient for the tangent

At , , so the tangent has gradient .

2. Find the tangent equation

. Hence .

3. Integrate f'' to find f'

, so .

4. Use f'(4)=5

, so . Therefore .

5. Integrate again

.

6. Use the point on the curve

Substitute , : , so
.

Final answer

.



WMA11/01 JANUARY 2020

Question 11

11 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2020

Worked Solution -
Question 11

Differentiation

Primary group: Integration

1. Find the normal gradient

At , , so the tangent gradient is . The normal gradient is therefore
.

2. Find the normal equation

Using : , so .

3. Integrate f'' to find f'

. Therefore .

4. Use f'(4) = -4

, so .

5. Integrate again

.

6. Use the point on the curve

Substitute :
. Hence .

Final answer

.



WMA11/01 JANUARY 2021

Question 9

11 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2021

Worked Solution -
Question 9

Differentiation

Primary group: Integration

1. Expand and simplify the integrand

.

2. Integrate term by term

.

3. Write in simplest form

Factoring out  gives .

4. Use the gradient condition at P

Since  and the gradient at  is , . Hence
, so .

5. Integrate f'(x)

. The y-intercept is , so .

6. Use P(3,-2)

, so .

7. Solve for a and b

From , . Substitute into  to get ,

and then .

8. Write f(x)

Therefore .



Final answer

.



WMA11/01 MAY/JUNE 2021

Question 6

8 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 MAY/JUNE 2021

Worked Solution -
Question 6

Differentiation

Primary group: Integration

1. Find the gradient at P

. At ,

.

2. Write the tangent equation

Using , , hence .

3. Integrate f'(x)

, so .

4. Use P(8,2) to find c

, so .

5. Write f(x)

.

Final answer

.



WMA11/01 OCTOBER 2021

Question 6

10 marks

Differentiation

Also in Differentiation

Primary: Graphs of Functions



WMA11/01 OCTOBER 2021

Worked Solution -
Question 6

Differentiation

Primary group: Graphs of Functions

1. Use the factorised form for the sketch

. The curve cuts the x-axis at  and meets the x-
axis at  because  is a repeated root.

2. Find the y-intercept

, so the y-intercept is .

3. Describe the cubic shape

The leading term is positive, so the cubic goes down to the left and up to the
right. It crosses at  and touches at .

4. Expand f(x)

, so
.

5. Differentiate

.

6. Find the gradient at x = 1/3

, so the tangent is horizontal.

7. Find the y-coordinate

.

8. Write the tangent

A horizontal tangent through this point has equation .



Final answer

.



WMA11/01 OCTOBER 2021

Question 8

10 marks

Differentiation

Also in Differentiation

Primary: Straight Line



WMA11/01 OCTOBER 2021

Worked Solution -
Question 8

Differentiation

Primary group: Straight Line

1. Complete the square

.

2. State the maximum point

The maximum occurs when , so .

3. Find the gradient of l1

Line  passes through  and , so its gradient is .

4. Use the parallel tangent gradient

Line  is parallel to , so its gradient is also . For ,

.

5. Find the point of contact

Set , giving . Then .

6. Write l2

Using gradient  through , . Hence

.



Final answer

.



WMA11/01 OCTOBER 2021

Question 10

7 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 OCTOBER 2021

Worked Solution -
Question 10

Differentiation

Primary group: Integration

1. Differentiate f'(x)

, so .

2. Use f''(27) = 0

Since , , so .

3. Integrate f'(x)

With , . Therefore .

4. Use the point (1, -8)

, so .

5. Write f(x)

.

Final answer

.



WMA11/01 JANUARY 2022

Question 6

11 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2022

Worked Solution -
Question 6

Differentiation

Primary group: Integration

1. Simplify f'(x)

.

2. Find the gradient at P

At , .

3. Find the tangent equation

Using , . Multiplying out gives .

4. Integrate f'(x)

.

5. Use P(4,20)

, so .

6. Write f(x)

.

Final answer

.



WMA11/01 MAY/JUNE 2022

Question 7

9 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 MAY/JUNE 2022

Worked Solution -
Question 7

Differentiation

Primary group: Integration

1. Differentiate f'(x)

, so .

2. Use f''(4) = 0

, so  and .

3. Substitute A into f'(x)

.

4. Integrate to find f(x)

.

5. Use f(12) = 8sqrt3

, so .

Final answer

.



WMA11/01 JANUARY 2023

Question 11

8 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2023

Worked Solution -
Question 11

Differentiation

Primary group: Integration

1. Find point P

Since  has x-coordinate 4 and lies on the tangent , .

2. Find the normal

The tangent gradient is 3, so the normal gradient is . Hence the normal is

.

3. Integrate f''(x)

, so .

4. Use the tangent gradient

At , . Thus , so .

5. Integrate again

.

6. Use P(4, 16)

.

7. Find B

, so .



Final answer

.



WMA11/01 MAY/JUNE 2023

Question 8

10 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 MAY/JUNE 2023

Worked Solution -
Question 8

Differentiation

Primary group: Integration

1. Differentiate the curve

For , .

2. Find the gradient at P

At , .

3. Find the tangent

Using , .

4. Write in integer form

Multiplying by 2 gives , hence .

5. Integrate f'(x)

 gives .

6. Use P(4, 12)

, so .

Final answer

.



WMA11/01 OCTOBER 2023

Question 7

10 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 OCTOBER 2023

Worked Solution -
Question 7

Differentiation

Primary group: Integration

1. Simplify f prime

.

2. Find the gradient at P

At , .

3. Find the normal gradient

The normal gradient is the negative reciprocal, so .

4. Use point P

Using , .

5. Write the normal in integer form

, hence .

6. Integrate f prime

.

7. Use P to find c

, so .



Final answer

.



WMA11/01 JANUARY 2024

Question 10

8 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2024

Worked Solution -
Question 10

Differentiation

Primary group: Integration

1. Differentiate f prime

, so .

2. Use f double prime equals zero at P

At ,  and , so .

3. Find k

, hence .

4. Integrate f prime

.

5. Use the point P

 lies on , so .

6. Find c

, so .

Final answer

.



WMA11/01 MAY/JUNE 2024

Question 10

10 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 MAY/JUNE 2024

Worked Solution -
Question 10

Differentiation

Primary group: Integration

1. Expand the numerator

.

2. Simplify f prime

.

3. Find the tangent gradient at P

.

4. Use the normal gradient

The normal gradient is the negative reciprocal of , so it is .

5. Find the normal equation

Through , , hence .

6. Integrate f prime

.

7. Use P to find c

.

8. Simplify c

, so .



Final answer

.



WMA11/01 OCTOBER 2024

Question 8

7 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 OCTOBER 2024

Worked Solution -
Question 8

Differentiation

Primary group: Integration

1. Find the y-coordinate of P

The normal is . At , .

2. Use the normal gradient

The normal gradient is , so the tangent gradient is .

3. Use f prime at x equals 3

.

4. Find k

, so .

5. Integrate f prime

With , , so .

6. Use point P

.

7. Find c

.

Final answer

 and .



WMA11/01 JANUARY 2025

Question 6

10 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2025

Worked Solution -
Question 6

Differentiation

Primary group: Integration

1. Use the gradient at P

At , . Since , we get .

2. Show the required equation

, so .

3. Solve for a and b

Together with , subtracting gives , so  and .

4. Rewrite f prime

.

5. Integrate

.

6. Use P to find c

.

7. State f(x)

, so .

8. Transform P

 translates the curve 3 units to the right, so  becomes
.



Final answer

.



WMA11/01 MAY/JUNE 2025

Question 8

11 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 MAY/JUNE 2025

Worked Solution -
Question 8

Differentiation

Primary group: Integration

1. Use the tangent gradient

The tangent at  has equation , so the gradient at  is .

2. Show k

, so  and .

3. Find c

Substitute  into : , so .

4. Differentiate f prime

With , .

5. Find f double prime

.

6. Evaluate at P

.

7. Integrate f prime

.

8. Use P to find d

.



9. State f(x)

, so .

Final answer

.



WMA11/01 OCTOBER 2025

Question 8

8 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 OCTOBER 2025

Worked Solution -
Question 8

Differentiation

Primary group: Integration

1. Use tangent gradient

The tangent has equation , so the gradient at  is .

2. Find k

, so .

3. Find the point on the curve

At , the tangent gives .

4. Normal gradient

The tangent gradient is , so the normal gradient is .

5. Equation of the normal

, hence .

6. Integrate f prime

.

7. Substitute k

.

8. Use the point

.



9. Find c

, so .

Final answer

.



WMA11/01 JANUARY 2026

Question 8

12 marks

Differentiation

Also in Differentiation

Primary: Integration



WMA11/01 JANUARY 2026

Worked Solution -
Question 8

Differentiation

Primary group: Integration

1. Verify x equals root 3

, which matches the

tangent gradient.

2. Find all possible x-coordinates

Set .

3. Form a quadratic in x squared

Multiplying by  gives , so .

4. Factor

.

5. Use x greater than zero

 or . The other possible x-coordinate is .

6. Find the point P

Given , the tangent gives .

7. Normal equation

The normal gradient is , so .

8. Integrate f prime

.



9. Use P to find c

.

10. State f(x)

, so .

Final answer
 verified.

.



TOPIC

Integration



WMA11/01 OCTOBER 2019

Question 11
10 marks

Integration



WMA11/01 OCTOBER 2019

Worked Solution - Question 11
Integration

Topic group

1. Use the given gradient for the tangent

At , , so the tangent has gradient .

2. Find the tangent equation

. Hence .

3. Integrate f'' to find f'

, so .

4. Use f'(4)=5

, so . Therefore .

5. Integrate again

.

6. Use the point on the curve

Substitute , : , so
.

Final answer

.



WMA11/01 JANUARY 2020

Question 11
11 marks

Integration



WMA11/01 JANUARY 2020

Worked Solution - Question 11
Integration

Topic group

1. Find the normal gradient

At , , so the tangent gradient is . The normal gradient is therefore
.

2. Find the normal equation

Using : , so .

3. Integrate f'' to find f'

. Therefore .

4. Use f'(4) = -4

, so .

5. Integrate again

.

6. Use the point on the curve

Substitute :
. Hence .

Final answer

.



WMA11/01 JANUARY 2021

Question 9
11 marks

Integration



WMA11/01 JANUARY 2021

Worked Solution - Question 9
Integration

Topic group

1. Expand and simplify the integrand

.

2. Integrate term by term

.

3. Write in simplest form

Factoring out  gives .

4. Use the gradient condition at P

Since  and the gradient at  is , . Hence
, so .

5. Integrate f'(x)

. The y-intercept is , so .

6. Use P(3,-2)

, so .

7. Solve for a and b

From , . Substitute into  to get ,

and then .

8. Write f(x)

Therefore .



Final answer

.



WMA11/01 MAY/JUNE 2021

Question 6
8 marks

Integration



WMA11/01 MAY/JUNE 2021

Worked Solution - Question 6
Integration

Topic group

1. Find the gradient at P

. At ,

.

2. Write the tangent equation

Using , , hence .

3. Integrate f'(x)

, so .

4. Use P(8,2) to find c

, so .

5. Write f(x)

.

Final answer

.



WMA11/01 OCTOBER 2021

Question 10
7 marks

Integration



WMA11/01 OCTOBER 2021

Worked Solution - Question 10
Integration

Topic group

1. Differentiate f'(x)

, so .

2. Use f''(27) = 0

Since , , so .

3. Integrate f'(x)

With , . Therefore .

4. Use the point (1, -8)

, so .

5. Write f(x)

.

Final answer

.



WMA11/01 JANUARY 2022

Question 6
11 marks

Integration



WMA11/01 JANUARY 2022

Worked Solution - Question 6
Integration

Topic group

1. Simplify f'(x)

.

2. Find the gradient at P

At , .

3. Find the tangent equation

Using , . Multiplying out gives .

4. Integrate f'(x)

.

5. Use P(4,20)

, so .

6. Write f(x)

.

Final answer

.



WMA11/01 MAY/JUNE 2022

Question 7
9 marks

Integration



WMA11/01 MAY/JUNE 2022

Worked Solution - Question 7
Integration

Topic group

1. Differentiate f'(x)

, so .

2. Use f''(4) = 0

, so  and .

3. Substitute A into f'(x)

.

4. Integrate to find f(x)

.

5. Use f(12) = 8sqrt3

, so .

Final answer

.



WMA11/01 JANUARY 2023

Question 11
8 marks

Integration



WMA11/01 JANUARY 2023

Worked Solution - Question 11
Integration

Topic group

1. Find point P

Since  has x-coordinate 4 and lies on the tangent , .

2. Find the normal

The tangent gradient is 3, so the normal gradient is . Hence the normal is

.

3. Integrate f''(x)

, so .

4. Use the tangent gradient

At , . Thus , so .

5. Integrate again

.

6. Use P(4, 16)

.

7. Find B

, so .



Final answer

.



WMA11/01 MAY/JUNE 2023

Question 8
10 marks

Integration



WMA11/01 MAY/JUNE 2023

Worked Solution - Question 8
Integration

Topic group

1. Differentiate the curve

For , .

2. Find the gradient at P

At , .

3. Find the tangent

Using , .

4. Write in integer form

Multiplying by 2 gives , hence .

5. Integrate f'(x)

 gives .

6. Use P(4, 12)

, so .

Final answer

.



WMA11/01 OCTOBER 2023

Question 7
10 marks

Integration



WMA11/01 OCTOBER 2023

Worked Solution - Question 7
Integration

Topic group

1. Simplify f prime

.

2. Find the gradient at P

At , .

3. Find the normal gradient

The normal gradient is the negative reciprocal, so .

4. Use point P

Using , .

5. Write the normal in integer form

, hence .

6. Integrate f prime

.

7. Use P to find c

, so .



Final answer

.



WMA11/01 JANUARY 2024

Question 10
8 marks

Integration



WMA11/01 JANUARY 2024

Worked Solution - Question 10
Integration

Topic group

1. Differentiate f prime

, so .

2. Use f double prime equals zero at P

At ,  and , so .

3. Find k

, hence .

4. Integrate f prime

.

5. Use the point P

 lies on , so .

6. Find c

, so .

Final answer

.



WMA11/01 MAY/JUNE 2024

Question 10
10 marks

Integration



WMA11/01 MAY/JUNE 2024

Worked Solution - Question 10
Integration

Topic group

1. Expand the numerator

.

2. Simplify f prime

.

3. Find the tangent gradient at P

.

4. Use the normal gradient

The normal gradient is the negative reciprocal of , so it is .

5. Find the normal equation

Through , , hence .

6. Integrate f prime

.

7. Use P to find c

.

8. Simplify c

, so .



Final answer

.



WMA11/01 OCTOBER 2024

Question 8
7 marks

Integration



WMA11/01 OCTOBER 2024

Worked Solution - Question 8
Integration

Topic group

1. Find the y-coordinate of P

The normal is . At , .

2. Use the normal gradient

The normal gradient is , so the tangent gradient is .

3. Use f prime at x equals 3

.

4. Find k

, so .

5. Integrate f prime

With , , so .

6. Use point P

.

7. Find c

.

Final answer

 and .



WMA11/01 JANUARY 2025

Question 6
10 marks

Integration



WMA11/01 JANUARY 2025

Worked Solution - Question 6
Integration

Topic group

1. Use the gradient at P

At , . Since , we get .

2. Show the required equation

, so .

3. Solve for a and b

Together with , subtracting gives , so  and .

4. Rewrite f prime

.

5. Integrate

.

6. Use P to find c

.

7. State f(x)

, so .

8. Transform P

 translates the curve 3 units to the right, so  becomes
.



Final answer

.



WMA11/01 MAY/JUNE 2025

Question 8
11 marks

Integration



WMA11/01 MAY/JUNE 2025

Worked Solution - Question 8
Integration

Topic group

1. Use the tangent gradient

The tangent at  has equation , so the gradient at  is .

2. Show k

, so  and .

3. Find c

Substitute  into : , so .

4. Differentiate f prime

With , .

5. Find f double prime

.

6. Evaluate at P

.

7. Integrate f prime

.

8. Use P to find d

.



9. State f(x)

, so .

Final answer

.



WMA11/01 OCTOBER 2025

Question 8
8 marks

Integration



WMA11/01 OCTOBER 2025

Worked Solution - Question 8
Integration

Topic group

1. Use tangent gradient

The tangent has equation , so the gradient at  is .

2. Find k

, so .

3. Find the point on the curve

At , the tangent gives .

4. Normal gradient

The tangent gradient is , so the normal gradient is .

5. Equation of the normal

, hence .

6. Integrate f prime

.

7. Substitute k

.

8. Use the point

.



9. Find c

, so .

Final answer

.



WMA11/01 JANUARY 2026

Question 8
12 marks

Integration



WMA11/01 JANUARY 2026

Worked Solution - Question 8
Integration

Topic group

1. Verify x equals root 3

, which matches the

tangent gradient.

2. Find all possible x-coordinates

Set .

3. Form a quadratic in x squared

Multiplying by  gives , so .

4. Factor

.

5. Use x greater than zero

 or . The other possible x-coordinate is .

6. Find the point P

Given , the tangent gives .

7. Normal equation

The normal gradient is , so .

8. Integrate f prime

.



9. Use P to find c

.

10. State f(x)

, so .

Final answer
 verified.

.


