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Question1 m Straight Line

1. The line /, passes through the point 4(-5, 20) and the point B(3, —4).

(a) Find an equation for /| giving your answer in the form y = mx + ¢, where m and ¢
are constants.

3)
The line /, is perpendicular to /, and passes through the midpoint of AB
(b) Find an equation for /, giving your answer in the form px + gy +r = 0, where p, ¢
and r are integers.
3)

(Total for Question 1 is 6 marks)

WORKED SOLUTION Question 1 - WMA11/01 October 2024

0 Find the gradient of I1
—4-20 -24
3—(-5) 8

m = -3

Find the equation of I1
Using B(3,—4), y= —3x +c. Then —4 = -9+ ¢, soc = 5.

Find the midpoint of AB

M ( —52+ 3 20 +2(—4) ) Y

Use perpendicular gradient

, . ) 1
Since I3 has gradient —3, I has gradient 3

Find the equation of 12
1
y—8= g(a:—l—1),so3y—24:a:+1and:1:—3y—|-25:0.

@ FiNAL ANSWER
(@) y=-3z+5. (b)z—3y+25=0.
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Question 2 Indices & Surds

2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(1) Simplify fully
3y3 (2x4)3
4x* y4
3)
(i1) Find the exact value of a such that
16 =av27 + 4
\/5 +1
Write your answer in the form p\/g + g where p and ¢ are fully simplified
rational constants.
4)
(Total for Question 2 is 7 marks)
WORKED SOLUTION Question 2 - WMA11/01 October 2024

Simplify the power bracket
(2z4)3 = 8212

Simplify the algebraic fraction
3y3(2z%)°®  3y°(8z'%) 620
42yt a2yt oy

Rationalise the left side
6 v3-1 =83 -8
V3+1 V/3-1

Equate the surd parts

8v/3—-8=0av27+4=3aV3+4



o Solve for a

8/3-12 8 4
306v/3=8vV3-12,s0a= ———— — — — =4/3.
3v/3 3 3

@ FiNAL ANSWER

10 4
g (ii)a=—§\/§+§.




WMA11/01 OCTOBER 2024

. Integration
Question 3 QD) (g

3. In this question you must show all stages of your working.
() (x + 5)2 0
= = >
X \/; X
(a) Find [f(x)dx
4)
(b) (1) Show that when f'(x) =0
3x* +10x-25=10
(i1) Hence state the value of x for which
f'(x)=0
()
(Total for Question 3 is 9 marks)
WORKED SOLUTION Question 3 - WMA11/01 October 2024

Rewrite f(x)
fa) = (z + 5)2 _ 2’410z +25

JT 71/2
o Integrate
2 s 20 s 1/2
ff(:z:)da:zgm +3e + 50212 + ¢

= 23/2 4 102Y/2 + 252~ 1/2.

Differentiate f(x)
f(z) = ;muz L Bpl/2 2_2533—3/2‘

Set f prime equal to zero

2
%wlﬂ + 5712 — 75113_3/2 =0.

Clear powers of x
Multiplying by 22%/2 gives 322 + 10z — 25 = 0.



o Use x greater than zero
5 5
322 + 10z — 25 = (3z — 5)(z +5), sox = gorz=—5Sincez >0z =2
@ FINAL ANSWER

2 2
(a) Ew5/2 + ?0.7:3/2 +50z2+c. (b)z= g
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Question 4 [ 10 marks JEETR®

4,
YVa
C“I
P
/Cz\
0 4 X
Figure 1

Figure 1 shows a sketch of part of the curves C| and C,
Given that C,

» has equation y = f(x) where f(x) is a quadratic function
» cuts the x-axis at the origin and at x =4

» has a minimum turning point at (2, —4.8)

(a) find f(x)

(3)
Given that C,
»  has equation y = g(x) where g(x) is a cubic function
» cuts the x-axis at the origin and meets the x-axis at x = 4
* passes through the point (6, 7.2)
(b) find g(x)
(3)
The curves C| and C, meet in the first quadrant at the point P, shown in Figure 1.
(c) Use algebra to find the coordinates of P.
4)

(Total for Question 4 is 10 marks)
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o Use the roots of C1
Since C cuts the x-axis at 0 and 4, let f(z) = az(z — 4).

Q Use the minimum point of C1
6

Atz =2 f(2) =—-4a=-48= —2?4, s0a = .
e Write f(x)
6
f(z) = go(z — 1)

° Use the roots of C2
The cubic cuts the x-axis at the origin and meets the x-axis at & = 4, so @ = 4 is a repeated root. Let
g(z) = bz(z — 4)2.

Use the point (6, 7.2)
7.2 = b(6)(2%) = 24b s0b=0.3 = 13—0.
Equate the curves

6 3 9
gw(m—él)— 10:3(:3 4)°.

Find the first-quadrant intersection

6 3
Ignoring the shared roots on the x-axis, divide by z(z — 4) to get 5 = 1—0(:1: —4). Hence x = 8.

Findy
y=f6) = ¢ @ = 5

@ rinaL ANswER

192

(@) f(z) = gale—4). (B)g(e) = oz - D% () P=(8, )
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. Radian
Question 5 @D ( vaciore

5. A plot of land OAB is in the shape of a sector of a circle with centre O.
Given
* 0A=0B=5km
* angle AOB = 1.2 radians

(a) find the perimeter of the plot of land.
(2)

Diagram NO
accurately dr

Figure 2

A point P lies on OB such that the line AP divides the plot of land into two regions R,
and R, as shown in Figure 2.

Given that

area ofR] =3 x area ofR2

(b) show that the area of R, = 3.75 km’
3)

(¢c) Find the length of AP, giving your answer to the nearest 100 m.
4)

(Total for Question S is 9 marks)



WORKED SOLUTION Question 5 - WMA11/01 October 2024

Find the arc length
arc AB =rf = 5(1.2) = 6 km.

Find the perimeter
OA+OB+arcAB=5+5+6 =16 km.

Find the total sector area

Area of OAB = %(52)(1.2) =15 km?

Use the area ratio

Since area R; = 3 X area R, the total area is 4 X area Rj.

Find area R2

1
area Ry = TE) = 3.75 km?2.

Find OP from triangle OAP

1
5(5)(OP) sin 1.2 = 3.75, so OP = 1.609 km.

Use the cosine rule
AP? = 5% + OP? — 2(5)(OP) cos 1.2, so AP = 4.665 km.

Round to the nearest 100 m
AP = 4.7 km to the nearest 0.1 km.

@ FINAL ANSWER
(a) 16 km. (b) 3.75km?.  (c) AP = 4.7 km.
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Question 6 m Graphs of Functions

6. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(a) Sketch the curve C with equation

x#2

State on your sketch
« the equation of the vertical asymptote

« the coordinates of the intersection of C with the y-axis

3)
The straight line / has equation y = kx — 4, where k 1s a constant.
Given that / cuts C at least once,
(b) (1) show that
k> —5k+4>0
(11) find the range of possible values for «.
(6)

(Total for Question 6 is 9 marks)

WORKED SOLUTION Question 6 - WMA11/01 October 2024

0 Identify the graph features
1
y =

2 has vertical asymptote £ = 2 and horizontal asymptote y = 0.
-z

0 Find the y-intercept

1 1
Atz =0,y = 5 so the y-intercept is (0, E)

° Set up the intersection with the line
1

Ify=kx —4cutsC, thenkz — 4 = )
Y T cuts en kx D




Form the quadratic
(kx —4)(2 —z) =1, s0kz® — (2k+4)z + 9 =0.

Use the discriminant

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

Derive the given inequality
(2k +4)% — 4(k)(9) > 0, so 4(k? — 5k +4) > 0, hence k* — 5k +4 > 0.

Solve the inequality
k:—5k+4=(k—1)(k—4),s0k<lork>4

@ FiNAL ANSWER

1
(@) vertical asymptote = 2, y-intercept (0, 5)
B k<lork>4
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Question 7 m Trigonometric Functions

7.
y A
5 -
Cl
0 0 x
P -5
Figure 3

Figure 3 shows a plot of part of the curve C| with equation

y=—4cosx
where x is measured in radians.
Points P and Q lie on the curve and are shown in Figure 3.
(a) State
(i) the coordinates of P

(ii) the coordinates of Q

3
The curve C, has equation y = —4cosx + k where x is measured in radians and & is
a constant.
Given that C, has a maximum y value of 11
(b) (i) state the value of &
(ii) state the coordinates of the minimum point on C, with the smallest positive x
coordinate.
3

On the opposite page there is a copy of Figure 3 labelled Diagram 1.

(c) Using Diagram 1, state the number of solutions of the equation

—4cosx =5— Bx
T
)/Ak
5_
Cl
0 0 x
P -5

(Total for Question 7 is 8 marks)
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Use y equals negative 4 cos x

Fory = —4 cos &, minimum points occur at * = 27rn with value —4.

Read P
The displayed minimum to the left of the y-axis is P = (—2m, —4).

Read Q

3T
The point @ is the positive x-intercept after the maximum at x =, so Q = (7, 0).

Find k for C2
Fory = —4cosx + k, the maximum value is 4 + k. Given the maximum is 11, k = 7.

Find the smallest positive minimum on C2

The minimum value is —4 + 7 = 3. The first positive minimum is at £ = 2, so the point is (2, 3).

Interpret the equation graphically

10 10
—4 cosz = 5 — —« is the intersection of the cosine curve with the straight liney =5 — —=.
m T

Count intersections

The line passes through (0, 5) and meets the displayed curve once, at the x-axis point, so there is 1

solution.

@ riNAL ANSWER

(a)(i) P = (—2m, —4). (a)(#) Q@ =(—,0). (b)(#) k="7. (b)(ic) (2m,3). (c)1 solution
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QU eStion 8 Integration

8. A curve C has equation y = f(x).
The point P with x coordinate 3 lies on C
Given

«  f'(x) = 4x" + kx + 3 where k is a constant

1
* the normal to C at P has equation y = —Ex +5

(a) show that k=-5
3)

(b) Hence find f(x).
4)

(Total for Question 8 is 7 marks)

WORKED SOLUTION Question 8 - WMA11/01 October 2024

o Find the y-coordinate of P

1
The normal isy:—£x+5,Atz=3,y:_%+5:%.

0 Use the normal gradient

1
The normal gradient is ~o1 so the tangent gradient is 24.

Use f prime at x equals 3
f'(3) =4(3)2+3k+3 =39+ 3k

Find k
394+ 3k=24s0ok = —5.

Integrate f prime

4
With k = =5, f'(z) = 4z% — 5z + 3, so f(z) = §w3 — %:”'2 +3z+c

Use point P

39 4 5 45



Find ¢
39 45 __E

‘T8 2 8

@ FINAL ANSWER
5, 141

4
k=—5andf(a:)=§w3—§a: —|—3w—T.
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Question 9

m Differentiation

yll

Figure 4
Figure 4 shows a sketch of the curve C with equation y = f(x), where
f(x) = (x +5)(3x* — 4x + 20)

(a) Deduce the range of values of x for which f(x) > 0

1)
(b) Find f'(x) giving your answer in simplest form.
(3)
The point R(—4, 84) lies on C.
Given that the tangent to C at the point P is parallel to the tangent to C at the point R
(¢) find the x coordinate of P.
4)
(d) Find the point to which R is transformed when the curve with equation y = f(x) is
transformed to the curve with equation,
1) y=1x-3)
(1) y=4f(x)
(2)

(Total for Question 9 is 10 marks)
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o Use the positive quadratic factor
3z% — 4z + 20 has discriminant (—4)2 — 4(3)(20) < 0 and positive leading coefficient, so it is

always positive.

° Deduce the sign of f(x)

The sign of f(z) = (z + 5)(3z% — 4x + 20) is therefore the sign of  + 5. Hence f(z) > 0 for
T > —b.

Expand f(x)
f(z) = 323 + 11z% + 100.

Differentiate
f'(z) = 922 + 22z.

Find the gradient at R
At R(—4,84), f'(—4) = 9(16) + 22(—4) = 56.

Use parallel tangents
For the tangent at P to be parallel, f'(z) = 56.

Solve for x
— 14
9z2 4+ 222 — 56 =0,s0z = % Therootsarex = —4 and ¢ = o
Choose the point P
14

x = —4is the point R, so zp = 9

Translate point R
y = f(z — 3) translates the curve 3 units to the right, so (—4, 84) maps to (—1, 84).

© 06 06 0 6 6 0 o

Transform R under y equals 4f(x)
y = 4f(z) stretches vertically by scale factor 4, so (—4, 84) maps to (—4, 336).

@ FiNAL ANSWER

(@)z>—5. (b) f'(z) =922 +22z. (c)zp= %4 (d)(5) (—1,84). (d)(éi) (4, 336).



