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. Radian
Question 1 @D ( vaciore

Fcm

B
Figure 1

Figure 1 shows a sector AOB of a circle with centre O and radius » cm.
The angle A0B is 1.25 radians.
Given that the area of the sector AOB is 15 cm’

(a) find the exact value of 7,

(2)
(b) find the exact length of the perimeter of the sector. Write your answer in simplest
form.
3)
(Total 5 marks)
WORKED SOLUTION Question 1 - WMA11/01 October 2019

Use the sector area formula
For a sector, A = %7'20. Here A=15and 0 = 1.25 = %, so1l5 = %r2 .

NS

Find the exact radius

r? = 53/_04 = 24, so r = v/24 = 2+/6 because the radius is positive.

Find the perimeter

Arc lengthis s =70 = (2v/6) (5) = #. The perimeter is 2r 4+ s = 4+/6 + 57‘/6 = _13;/3_



@ rinaL ANsWER

(@) r=2v6cm. (b) 15/

2

cim.
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Question 2 m Straight Line

2. A tree was planted in the ground.
Exactly 2 years after it was planted, the height of the tree was 1.85m.
Exactly 7 years after it was planted, the height of the tree was 3.45m.

Given that the height, H metres, of the tree, 7 years after it was planted in the ground, can
be modelled by the equation

H=at+b
where a and b are constants,

(a) find the value of @ and the value of 5.
“4)

(b) State, according to the model, the height of the tree when it was planted.
(1)

(Total 5 marks)

WORKED SOLUTION Question 2 - WMA11/01 October 2019

0 Form two equations
Using H = at + b: whent = 2, 2a + b = 1.85; whent = 7, Ta + b = 3.45.

° Solve for the gradient of the model
Subtract the first equation from the second: 5a = 1.60, so a = 0.32.

° Find the starting height
Substitute into 2a + b = 1.85: 0.64 + b = 1.85, hence b = 1.21. At planting, t = 0, so
H=b=1.21m

@ FiNAL ANSWER
a=0.32, b=1.21. Height when planted: 1.21 m.
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Question 3 m Graphs of Functions

3. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

yll C

=y

Figure 2
Figure 2 shows a sketch of the curve C with equation y = x> — 5x + 13
The point M is the minimum point of C.

The straight line / passes through the origin O and intersects C at the points M and N as
shown.

Find, showing your working,

(a) the coordinates of M,

©)

(b) the coordinates of N.
)

=V

Figure 3

Figure 3 shows the curve C and the line /. The finite region R, shown shaded in Figure 3,
is bounded by C, / and the y-axis.

(Total 10 marks)




WORKED SOLUTION Question 3 - WMA11/01 October 2019

o Complete the square to locate the minimum
y=z?—-5z+13 = (:c— ) + T 27 Therefore M = (%,%)
0 Find line OM

27/4 2
The gradient of OM is / ’ 2

5/2 =10’ l has equation y = 5.

° Find the second intersection

Solve % — 5z + 13 = 27w This gives z% — —:1: 4+ 13 = 0.Onerootis x = g so the other is
26 27 26 _ 351
T = 5.Theny = 5 = 55 -

o Describe the shaded region
The region is between the y-axis, the line, and the curve upto M: 0 < z <3 5 and
lomgygm — bz 4 13.

@ rinaL ANswER

M=(3,%)N=(Z,%8) and0<z< s Fr<y<a®-5z+13
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Qu estio n 4 m Basic Trigonometry

4. A parallelogram ABCD has area 40 cm?
Given that AB has length 10cm, BC has length 6 cm and angle DAB is obtuse, find

(a) the size of angle DAB, in degrees, to 2 decimal places,

3)
(b) the length of diagonal BD, in cm, to one decimal place.

(2)

(Total 5 marks)

WORKED SOLUTION Question 4 - WMA11/01 October 2019

o Use the area of a parallelogram
Area = absinf, so 40 = 10 - 6sin §. Hence sinf =

oo

o Choose the obtuse angle
6 = 180° — sin! (%) = 138.19° to 2 decimal places.

o Use the cosine rule for BD

BD? = 10% + 62 — 2(10)(6) cos(138.19°). Therefore BD = 15.014...,s0 BD = 15.0 cm to 1
decimal place.

e FINAL ANSWER
(a) ZDAB =138.19°. (b) BD =15.0 cm.
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Qu estio n 5 Differentiation

5. A curve has equation

A\Y
o

3
y=%+4\/;—15 X

(a) Find %_, giving the answer in simplest form.

3)
: 1) ..
The point P(4,?) lies on the curve.

(b) Find the equation of the normal to the curve at P. Write your answer in the form
ax + by + ¢ =0, where a, b and ¢ are integers to be found.

“4)

(Total 7 marks)

WORKED SOLUTION Question 5 - WMA11/01 October 2019

° Rewrite before differentiating
y=2 442?15

Differentiate term by term
dy

_ 82 4. 1.-1/2_ 2 | 2
6—i—4 5T =5+ )

dr T

d
Atz =4, oY _ % + % = 9. The normal gradient is therefore —%.

e Find tangent and normal gradients
dz

Build the normal equation
Using P (4, 13—1) y— 13—1 = —%(m — 4). Multiplying out gives z + 9y — 37 = 0.

@ FiNAL ANSWER

d 2 2
—yzm——l——,andthenormalisw+9y—37=0.

dx 2 vz



WMA11/01 OCTOBER 2019

Question 6 m Graphs of Functions

6. The curve C has equation y = 4 + k, where k 1s a positive constant.
X

(a) Sketch a graph of C, stating the equation of the horizontal asymptote and the
coordinates of the point of intersection with the x-axis.

3)
The line with equation y = 10 — 2x is a tangent to C.

(b) Find the possible values for &.
(3)

(Total 8 marks)

WORKED SOLUTION Question 6 - WMA11/01 October 2019

o Read the graph features
Fory = % + k, the horizontal asymptote is y = k. Setting y = 0 gives 0 = % + k, so the x-
interceptis ¢ = —%.

0 Equate line and curve
A tangent touches once, so solve 10 — 2z = % + k. Multiplying by & gives
2z% + (k—10)z +4 = 0.

o Use the discriminant condition
For one repeated intersection, discriminant = 0: (k — 10)2 — 4(2)(4) = 0. Hence (k — 10)% = 32.

0 Find k

k — 10 = +4+/2, so k = 10 = 44/2. Both are positive, so both satisfy the condition in the question.

@ FiNAL ANSWER
Asymptote y = k, x-intercept (—%, 0), and k = 10 + 4v/2.
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Qu estio n 7 m Differentiation

7.
A
Y
P(2,13)
0 x
Figure 4
Figure 4 shows part of the curve with equation y = 2x* + 5
The point P(2,13) lies on the curve.
(a) Find the gradient of the tangent to the curve at P.
(2)
The point O with x coordinate 2 + 4 also lies on the curve.
(b) Find, in terms of A, the gradient of the line PO. Give your answer in simplest form.
3)
(c) Explain briefly the relationship between the answer to (b) and the answer to (a).
(1)
(Total 6 marks)
WORKED SOLUTION Question 7 - WMA11/01 October 2019

0 Differentiate for the tangent gradient

d
Fory = 2z* 45, d—y = 4z. At P, z = 2, so the tangent gradient is 8.
x



o Find the coordinates of Q
fzg =2+ h, then yg = 2(2+ h)? 4+ 5 = 13 + 8h + 2h%.

o Find the gradient of PQ
(13+8h+2h%) —13  8h+ 2h?

iR =2 = ————=8+2h

gradient PQ =

o Explain the link
As h gets closer to 0, point @ gets closer to P, and the chord gradient 8 4+ 2h tends to the tangent
gradient 8.

@ rinNAL ANSWER
(a)8. (b)8+2h. (c) Ash—0, 8+2h— 8.
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. [o[TEYe [-11]
Question 8 @) (oo

8. Solve, using algebra, the equation

L
xX—6x*+4=0

Fully simplify your answers, writing them in the form a + bJc, where a, b and ¢ are
integers to be found.

S)

(Total 5 marks)

WORKED SOLUTION Question 8 - WMA11/01 October 2019

o Use a substitution

Let u = 4/z. Then £ = u? so the equation becomes u? — 6u + 4 = 0.

o Solve the quadratic

+ —1 + 92
_6 \/?;6 6:62\/5:3:&\/5

o Return to x

Sinceu =z, z=u?=(3++5)2=9+5+6v5=14+6+5.

u

0 FINAL ANSWER
z=14+6v50rz = 14 — 64/5.
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Question 9 m Trigonometric Functions

9,
y A
k L
|
|
[
|
! |
o o X
M

Figure 5
Figure 5 shows a sketch of part of the curve C with equation y = sin(%), where x is
measured in radians. The point M shown in Figure 5 is a minimum point on C.

(a) State the period of C.
(1)

(b) State the coordinates of M.
(1)

The smallest positive solution of the equation sm(a) = k, where k is a constant, is a.
Find, in terms of a,

. . : . [ x .
(¢) (1) the negative solution of the equation sm(—) = k that is closest to zero,

(i) the smallest positive solution of the equation cos[%) = k.

2)

(Total 4 marks)



WORKED SOLUTION Question 9 - WMA11/01 October 2019

Use the scale factor inside the sine

Fory = sin (%) one full sine cycle needs 45 to increase by 2, so the period is 24r.

Locate the minimum point
The sine function is —1 when its angle is 3T Therefore £ = 3% so ¢ = 18w and M = (18w, —1).

Use sine symmetry
If the smallest positive solution of sin (%) = kis a, then the closest negative solution is one half-

period before the opposite sine position: —127 — .

Convert to cosine

Since cos @ = sin (% — 0), the corresponding smallest positive cosine solution is 67 — a.

@ rinaL ANswER

(a) 24m. (b) (187, —1). (c)(¢) —12r — . (i) 67 — .
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Qu estion 1 0 m Graphs of Functions

10.

y = 1)

Figure 6
Figure 6 shows a sketch of part of the curve with equation y = f(x), where
f(x) = (2x + 5)(x — 3)°

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

()
The curve crosses the y-axis at the point P, as shown.
(b) Expand f(x) to the form
ax* +bx> +ex +d
where a, b, ¢ and d are integers to be found.
3
(c) Hence, or otherwise, find
(1) the coordinates of P,
(i1) the gradient of the curve at P.
2

The curve with equation y = f(x) is translated two units in the positive x direction to a
curve with equation y = g(x).

(d) (i) Find g(x), giving your answer in a simplified factorised form.

(i) Hence state the y intercept of the curve with equation vy = g(x).

(€))

(Total 10 marks)
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Use the factorised form for the inequality
f(z) = (2z + 5)(z — 3)2. Since (z — 3)2 > 0, the sign is controlled by 2z + 5, with an extra zero
atz = 3. Hence f(z) <0forz < —2 orz =3,

Expand the cubic
(z—38)2=22—6z+9 s0 f(z) = (22 +5)(z% — 6z +9) = 223 — Tz% — 12 + 45.

Find P and the gradient at P
At the y-axis, = 0, so P = (0,45). Also f'(z) = 6x2 — 14z — 12, so the gradient at P is
f(0) =-12

Translate the graph

A translation 2 units in the positive x direction means g(z) = f(z — 2). Therefore
g9(z) = (2(z — 2) +5)((z — 2) - 3)* = (2z + 1)(z - 5)*

Find the new y-intercept
Setz = 0: g(0) = (1)(25) = 25, so the y-intercept is 25.

@ rinaL ANSWER
f(z) <0forz < —2 orz =3; f(z) = 22% — Tx? — 12z + 45; P = (0,45); gradient = —12;
g(z) = (2z + 1)(z — 5)% y-intercept 25.
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° Integration
Question 11 EIED (eegone

11. A curve has equation y = f(x).
: 32 ..
The point P(4,?) lics on the curve.

Given that

o f'(x)= ﬁ—fﬂ

Jx
o f(x)=5atP

find

(a) the equation of the tangent to the curve at P, writing your answer in the form
y =mx + ¢, where m and ¢ are constants to be found,

(2)
(b) f(x).
(8)
(Total 10 marks)
WORKED SOLUTION Question 11 - WMA11/01 October 2019

0 Use the given gradient for the tangent
At P (4, %) f'(4) = 5, so the tangent has gradient 5.

a Find the tangent equation

y— 32 =5(z —4). Hencey =5z — 2.

Integrate '’ to find f'
f"(z) = 42712 — 3,50 f'(z) = 8z'/2 — 3z + C.

o
° Use f'(4)=5
(s )

5=28(2) —124+ C =4+ C so C = 1. Therefore f'(z) = 8y/z — 3z + 1.

Integrate again
flz)= 282323224 2+ D.



Use the point on the curve
Substitute z = 4, f(4) = 32: 32 = 16(8) — 3(16) +4+ D=8 + D,so D =-12.

@ rinaL ANSWER
(@)y=5z— 2. (b) f(x)=La32- 332+ —12



