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Qu estio n 1 m Differentiation

1. The curve C has equation
3
17
y= L x>0
4 X
. Yy . .
(a) Find e’ giving your answer in simplest form.
X
3)
. 13) .
The point R | 2, By lies on C.
(b) Find the equation of the tangent to C at the point R. Write your answer in the form
ax + by + ¢ =0, where a, b and ¢ are integers to be found.
3)
(Total for Question 1 is 6 marks)
WORKED SOLUTION Question 1- WMA11/01 October 2022

Rewrite the curve
2, 17 1

- _ o = T 217
Y 1 x4+ - 4217 x4+ 17z
Differentiate

dy 3 2 -2 3 2 17
%:Zx — 2z —17x :Zw —2:0—;.

Find the gradient at R
At = 2, the tangent gradient is %(4) —2(2) — il 3—-4-——=——~1.

Use the point R
1
The point is R (2, ?3) soy — 13 = —E(:v —2).

Write in integer form
Multiplying by 4 gives 4y — 26 = —21x + 42, hence 21z 4+ 4y — 68 = 0.



e FINAL ANSWER
dy 3, 17
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QU eStion 2 Integration

2. Given that
(x—=52x+ 1)(x+3)=ax’ + bx* —32x— 15

where a and b are constants,

(a) find the value of @ and the value of b.
(2)

(b) Hence find

J'(x - 5)(2x + 1)(x + 3)
writing each term in simplest form.
(5)
(Total for Question 2 is 7 marks)
WORKED SOLUTION Question 2 - WMA11/01 October 2022

Expand the identity
(22 + 1)(z + 3) = 222 + Tz + 3, so (x — 5)(22% + Tz + 3) = 22% — 322 — 32z — 15.

Read off aand b
Comparing with az® 4 bx? — 322 — 15 givesa =2and b= —

Rewrite the integrand

(z — 5)(2;3\;'_1)(55 +3) _ %(%5/2 3232 _ 3251/2 _ 15271/2)
T

Integrate term by term

f%(2w5/2)dw = im7/2 and f%(—3x3/2)da: = —%:1,5/2.

35

Complete the integral

f%(—32$1/2)dw =— 6; 32 and [ = ( 152~ Y2)dz = —621/2, then add c.



@ FinaL ANsWER

4 ., 6 64
= = — = pT/2 . p5/2 _ ZTZ 43/2 _
(a)a=2,b=-3. (b) 35 ¢ 55 T 6/ + c.
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Question 3 m Straight Line

3. The share price of a company is monitored.
Exactly 3 years after monitoring began, the share price was £1.05
Exactly 5 years after monitoring began, the share price was £1.65

The share price, £V, of the company is modelled by the equation
V=pt+gq

where 7 1s the number of years after monitoring began and p and ¢ are constants.

(a) Find the value of p and the value of ¢.

3)
Exactly T years after monitoring began, the share price was £2.50
(b) Find the value of T, according to the model, giving your answer to
one decimal place.
(2)

(Total for Question 3 is S marks)

WORKED SOLUTION Question 3 - WMA11/01 October 2022

o Use the two data points
The model V' = pt + ¢ passes through (3,1.05) and (5, 1.65).

° Find the gradient
 165-1.05  0.60

F_3 3 = 0.30.

Find the intercept
Using 1.05 = 0.30(3) + ¢, we get ¢ = 0.15.

©

ind
o Find T 2.35
o

ForV =2.50,2.50 = 0.307' 4+ 0.15,s0 T' = 030 =17.833...

Round correctly

To one decimal place, T' = 7.8.



@ rinaL ANswER
(a) p=0.3, ¢g=0.15. (b) T = 7.8 years.
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Question 4 m Indices & Surds

4. In this question you must show detailed reasoning.
Solutions relying on calculator technology are not acceptable.

f(x)=x*(2x + 1) — 15x

(a) Solve
f(x)=0

4)

(b) Hence solve

4002 2
y3(2y3 + l) 15° =0 y>0
giving your answer in simplified surd form.

(2)

(Total for Question 4 is 6 marks)

WORKED SOLUTION Question 4 - WMA11/01 October 2022

0 Factor f(x)
f(x) = 22(2z + 1) — 15z = (222 + = — 15).

° Factor the quadratic
2z% + 2 — 15 = (22 — 5)(z + 3).

Solve f(x) = 0
z(2z —5)(zx+3)=0,s0z =0,z = g,orz:—&

The equation is the same as f(u) = 0 with u = y?/3.

Choose the valid root

0 Use the substitution for part (b)

5 5
Sincey>0,u= y2/3 > 0. The valid rootis u = 5 SO y2/3 =5



Write y in surd form

_(5\**  [135
= \2) Vs~

@ FiNAL ANSWER

5
(a)x=-3,0, -

5 (By=
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. Integration
Question 5 QD) (g

5. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The curve C has equation y = f(x), x > 0
Given that
F= 2+ 4
L] X)= —F/— _—
Jx 3
* the point P(9, 8) lies on C
(a) find, in simplest form, f(x)
(%)
The line / is the normal to C at P
(b) Find the coordinates of the point at which / crosses the y-axis.
4)
(Total for Question 5 is 9 marks)
WORKED SOLUTION Question 5 - WMA11/01 October 2022

Integrate f'(x)
2
fl(z) = 122742 + % —4, 50 f(z) =24/ + % —4z +c.

Use P(9, 8)

92 81
8=24\/§+?—4(9)+c=72+F—36+c.
Find c

81 99 99 83
72+F—36—7,SOC—8—7——7.

Find the tangent gradient at P
1 9

2
"9PD=—+--4=3
Find the normal gradient

1
The normal gradient is the negative reciprocal of 3, so it is 3



o Find the y-intercept
1 1
The normal through (9,8) isy — 8 = —g(w —9),s0y= —37 + 11. It crosses the y-axis at
(0,11).

@ rinAL ANsSWER

2 83

(a) f(z) = 24z + % —do——. (3)(011).
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Question 6 m Graphs of Functions

6. (a) Given that k is a positive constant such that 0 < k < 4 sketch, on separate axes, the
graphs of

() y=Q2x-k(x+4)
Lk
(H) y= xz

showing the coordinates of any points where the graphs cross or meet the coordinate
axes, leaving coordinates in terms of k, where appropriate.

3

(b) State, with a reason, the number of roots of the equation

, k
Qx-B(x+4) =
(1)

(Total for Question 6 is 6 marks)

WORKED SOLUTION Question 6 - WMA11/01 October 2022

0 Key points for y = (2x-k)(x+4)"2
k
The graph has x-intercepts (—4,0) and (E, 0). The root at £ = —4 is a repeated root, so the

graph touches the x-axis there.

o UseO<k<4

k
Since 0 < k < 4, the positive intercept = 2 lies between 0 and 2. The y-intercept is (0, —16k).

° Key features fory = k/x"2

The graph is positive on both sides of the y-axis, with asymptotes £ = 0 and y = 0. It has no
intercepts with the coordinate axes.

° Compare the two graphs

k
The equation (2z — k)(z +4)® = — represents intersections between the two graphs.
x



o State the number of roots

k

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

(2z — k)(z + 4)2 once only. Therefore there is one root.

Y

y=(2x— k:)(a:+4)2

(—4,0) Yy="7"3

One intersection, so one root

@ rinAL ANSWER

The graphs intersect once, so the equation has one root.
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Qu estion 7 m Transformations

7.
YV A
(—4, 6) (-1, 6) (2,6) (3, 6)
»
(0] X
y=f(x)
Figure 1

Figure 1 shows the curve with equation y = f(x).
The points P(—4, 6), O(—1, 6), R(2, 6) and S(3, 6) lic on the curve.

(a) Using Figure 1, find the range of values of x for which

f(x) <6
3)
(b) State the largest solution of the equation
f(2x)=16
1)
(c) (1) Sketch the curve with equation y = f(—x).
On your sketch, state the coordinates of the points to which P, O, R and S
are transformed.
(i1) Hence find the set of values of x for which
f(-x) =26 and x <0
“)

(Total for Question 7 is 8 marks)
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Read f(x) < 6 from the graph
The curve is below the liney = 6 for x < —4, for -1 < £ < 2, and forxz > 3.

Solve f(2x) = 6
Since f(u) =6 atu = —4,—1, 2,3, we set 22 = —4, —1, 2, 3. The solutions are

State the largest solution

The largest solution is ¢ = 2

Reflect the points in the y-axis
Fory = f(—z), each point (z,y) becomes (—z,y).

List the transformed points
P(—4,6) — (4,6), Q(—1,6) — (1,6), R(2,6) — (—2,6), and S(3,6) — (—3,6).

Use the reflected graph
For z < 0, the part of the reflected graph on or abovey = 6 is fromx = —3 tox = —2.

@ rinNAL ANSWER

(@z<—4 —1<z<2 >3 (b)%. ()(i) —3 <z < -2
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. Radian
Question 8 CLED) (oo

Diagram NOT
to scale

C

Figure 2

Figure 2 shows the plan view of a design for a pond.
The design consists of a sector AOBX of a circle centre O joined to a quadrilateral AOBC.
* BC=8m

* OA=0B=3m
. 2
* angle AOB is 3 radians
. T .
* angle BCA is 5 radians
(a) Calculate (1) the exact area of the sector AOBX,

(i1) the exact perimeter of the sector AOBX.

(3)
(b) Calculate the exact area of the triangle AOB.

(2)
(¢) Show that the length AB is 343 m.

(2)
(d) Find the total surface area of the pond. Give your answer in m’ correct to

2 significant figures.
(3)

(Total for Question 8 is 14 marks)
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Find the angle of the sector AOBX

: , _ _ 2r 4w
The sector AOBX is the major sector, so its angle is 2w — 3 =3

Find the sector area

_ 1 oy Looa (AT _ 2
Area—2r0—2(3)<3)—67rm.

Find the sector perimeter

4
The arc length is 70 = 3 (?ﬂ-) = 4. Adding the two radii gives 47 + 6 m.

Find the area of triangle AOB

1 . (2n 9 V3 9vV3
Area = 5(3)(3) sin (?) = E . T = T m-.
Show AB
By the cosine rule, AB% = 32 + 32 — 2(3)(3) cos (2%) =18 +9=2750 AB= 33
Find AC

In triangle ABC, AB? = AC? + 82 — 2(AC)(8) cos (%) 5027 = AC? — 8V/3 AC + 64.

Choose the correct length
Solving gives AC = 4+/3 + +/11. From the diagram, AC is the longer value, so AC' = 4+/3 + V/11.

Find the total area
Area of triangle ABC is %(8)(AC) sin (%) = 2AC = 8V/3 + 2+/11. Total area is

9/3
+

6 + 8v/3+24/11 = 43.236.... ., so 43 m? to 2 significant figures.

@ rFiNAL ANSWER

(a)(i) 6w m?, (i) 4r +6m. (b) —

W3 2 () AB=3vEm. (d)43m?
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Qu estio n 9 m Differentiation

9.
Ya
c
!
— |
P
0 4
M
Figure 3

Figure 3 shows a sketch of the curve C with equation

1
y= §x1—10x+22

1
(a) Write Exz — 10x + 22 in the form
a(x + b)2 +c

where a, b and ¢ are constants to be found.

3)
The point M is the minimum turning point of C, as shown in Figure 3.

(b) Deduce the coordinates of M
(2)

The line / is the normal to C at the point P, as shown in Figure 3.
Given that / has equation y =k — %,\', where £ is a constant,
(c) (i) find the coordinates of P

(ii) find the value of k
(6)

Question 9 continues on the next page

Ya

M

Figure 4

Figure 4 is a copy of Figure 3. The finite region R, shown shaded in Figure 4, is
bounded by /, C and the line through M parallel to the y-axis.

(d) Identify the inequalities that define R.
3)

(Total for Question 9 is 14 marks)
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o Complete the square
1 1
5:32 —10z + 22 = 5(:32 —20z) + 22 =

N =

((z —10)% — 100) + 22.

Simplify the completed square form

1 1
5 ((z — 10)* — 100) + 22 = E(:z: —10)2 — 28,

Read the minimum point
The minimum point is M (10, —28).

Use the normal gradient

: : 1 : :
The line [ has gradient ~3 so the tangent gradient at P is 8.

Differentiate the curve

@:ar:—IO.AtP,a:—10=8,so:v=18.
dx
Find P

1
Whenz =18 y = 5(18)2 —10(18) + 22 =4, so P = (18, 4).

Find k
. ) 1 1 9 25
Since Pliesony =k — §$'4_k_ §(18) =k— Z'SOk_ R
Write the upper boundary
The lineisy = ﬁ _z
V=4 7%

Write the lower boundary
1
The curveisy = sz — 10z + 22.

Identify the region

The region lies to the right of the vertical line through M and between the curve and the normal line:
1 25
10<z<18and Ja? — 10z +22<y< . - %.

@ rinaL ANsWER

1 2 1 2
(a) 5 (¢ —10)* —28. (5) M(10,~28). (c) P(18,4), k= 15. (@10<z<18, 2a”—10z+22<y < T5 -2

8



