Dr Oliver Mathematics
Cambridge O Level Additional Mathematics
2010 June Paper 1 Variant 2: Calculator
2 hours

The total number of marks available is 80.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.

You must write down all the stages in your working.
1. Find the coordinates of the points of intersection of the curve
y> +y =10z — 822

and the straight line
y+4z+1=0.

Solution
Well,
y+4dr+1=0=y=—4r—1
and
X ‘ —4x -1

—4x | 1622 +4zx

-1 | +42 +1
Now,

y? +y = 10x — 82% = (162> + 8z + 1) + (—4z — 1) = 10z — 8z?
= 242° —6x =0
= 6z(dz—1)=0

=z=0o0rz=1

I

=y=—lory= -2
hence, the coordinates of the points are

(0,—1) and (3, —2).




2. The expression
62 + ax® — (a + 1)x + b

has a remainder of 15 when divided by (x + 2) and a remainder of 24 when divided by

(z+1).

Show that a = 8 and find the value of b.

Solution

We use synthetic division twice:

—216 a —a—1 b
| =12 —2a+24 6a — 46

6 a—12 —3a+23 6a+b—46

and
—-11]6 a —a—1 b
—6 —a+6 2a — 5
6 a—6 —2a+5 20+b-5
SO
6a+b—46 =15=6a+b=061 (1)
20+b—-5=24=2a+b=29 (2).
Do (1) - (2)
da=32=a =38
and

6(8)+b=61=48+b=061

=b=13.

[Check: 2(8) + (13) =29 V]

3. Given that

find



(a) the unit vector parallel to AB,

Solution
AB =A0 + OB
- _0OA+0OB
_ 4 —17 N 4
3 25 5
B 21
o\ =20 /-
Now,

AB = /212 + (=20)2
— /441 + 400

= v 841
= 29.

Finally, a unit vector parallel to AB is

i( 21 )
29\ —20 /)-

(b) the vector OC, such that AC = 34B.

Solution

Now,

OC = OA + AC
— OA + 3AB

() ()
:@-

4. Variables x and y are such that, when 3? is plotted against sec x, a straight line graph

passing through the points (2.4, 1.6) and (1.3, 3.8) is obtained.



A
(13,3.8)
(2.4,1.6)
o SCC‘?
(a) Express y? in terms of sec .
Solution
Well,
o 38-16
- 1.3-24
22
- -1
— 9

and the equation of the line is

y* — 3.8 =—2(secx —1.3) = ¢y* — 3.8 = —2secx + 2.6
— % = —2secz + 6.4.

Hence find the exact value of cos x when y = 2.

Solution

Now,

y=2=22=_2secx +6.4
=4 = —2secxr+6.4
= —24 = —2secx
=secxr = 1.2
5

= COST = 6"




5. The diagram shows part of the curve

3
LECTLC
T

which passes through the point A where z = 3.

v A

The normal to the curve at the point A meets the xz-axis at the point B.

Find the coordinates of the point B.

Solution
Well,

and A(3,5). Now,

dy -2
= I0Y
7 dz
Now,
dy
xr = dx 3
= Mnpormal = —3.

Next, the equation of the normal is

y—5=-3(x—3)




6.

and

hence, B(43,0).

(a) (i) On the same diagram, sketch the curves

y=cosz and y = 1 + cos 2z for 0 < =z < 27.

Solution

(ii) Hence state the number of solutions of the equation

cos2z —cosx +1=0"for 0 <z < 2m.

Solution
Now,
cosx =1+ cos2x = cos2x —cosx+1=0

so there are 4 solutions.

(b) The function f is given by
f(z) = 5sin 3.

Find



(i) the amplitude of f,

Solution
5.

(ii) the period of f.

Solution

2
37'('.

7. The table shows values of the variables p and v which are related by the equation

p:kva

where k and n are constants.
v| 10 50 110 230
p|1412 151 53 19

(a) Using graph paper, plot log,, p against log,, v and draw a straight line graph

Solution
We will take 2 decimal places:

logov| 1 170 204 236
logjop | 315 218 1.72 1.28

and then we draw the graph:




5
4
3
2 \\\
1 N\
O \ 1 : log, v
Use your graph to estimate
(b) the value of n,
Solution
The line goes through (0,4.5) and (3.3,0):
_45-0
- 0-33
Leds
-
Now,
logyp — 4.5 = —2(log;gv — 0) = logyyp — 4.5 = =2 logyy v
15
= logyyp + log,pv1l = 4.5
15
= log;, [pvﬁ] =4.5
15
= p'Uﬁ w 104.5
15
=p= 104‘5U_ﬁ;
15

hence, n = —{7.

(c) the value of p when v = 170.



Solution

15
v=170 = p=10*5170"11

= p = 28.73946926 (FCD)
= p = 28.7 (3 sf).

8. Given that

4 3 -2 0
A= 12)andB=(1 4),
find
(a) 3A — 2B,
Solution
4 3 -2 0
iomos(L3) (2 0)
(16 9
- 1 =2 )
(b) A7,
Solution
Well,
det A=8-3=5
and so
11 2 -3
cei(3 )

(c) the matrix X such that

XB!'=A.

Solution




XB'=A=X=AB
4 3 -2 0
3XZ(1 2)( 1 4)
~5 12
=>X—( 0 8)’

9. The diagram shows a sector OXY of a circle centre O, radius 3 cm and a sector OAB
of a circle centre O, radius 8 cm.

e The point X lies on the line OA and the point Y lies on the line OB.
e The perimeter of the region X ABY X is 15.5 cm.

Find

(a) the angle AOB in radians,

Solution

Let 8§ = £/ AOB. Then

30 +5+80+5=155= 110 = 5.5
= =0.5.

(b) the ratio of the area of the sector OXY to the area of the region X ABY X in the
form p : ¢, where p and q are integers.



10. A music student needs to select 7 pieces of music from 6 classical pieces and 4 modern

Solution
Well,
area of OXY = % x 32 % 0.5
-4
and
area of XABY X = area of OAB — area of OXY
= (3 x8x05) -2
=162
= @‘
40
SO
2:32-9:55

pieces.

Find the number of different selections that she can make if

(a)

there are no restrictions,

Solution

10
= 120.
(7)1

there are to be only 2 modern pieces included,

Solution

0

there are to be more classical pieces than modern pieces.

Solution

11



11. A particle moves in a straight line such that its displacement, z m, from a fixed point O

on the line at time ¢ seconds is given by
x = 12In(2t + 3).

Find

(a) the value of ¢ when the displacement of the particle from O is 48 m,

Solution
Well,
12In(2t +3) =48 = In(2t + 3) =4
=2t+3=c¢!
=2t =c*—-3

=t =1(e*—3) or 25.8 s (3 sf).

(b) the velocity of the particle when ¢ = 1,

Solution
Now,
24
=12In(2t + 3 =
x n2t+3)=v 5%+ 3
and

t=1=v=—
)

=y =48 ms "

(c) the acceleration of the particle when ¢ = 1.

12



Solution
Well,
24 1
V=503 = v = 24(2t + 3)
= q=—48(2t +3)7?
and
t=1=a=—48(5)"2
= q=—1.92 ms2.
EITHER

12. The diagram shows part of a curve for which

dy
—~ = &cos2z.
dLL‘ COS 42T
A
Y B(E.7)
A C
/ y=5
o x=

e The curve passes through the point B(iﬂ', 7).
e The line y = 5 meets the curve at the points A and C'.

(a) Show that the curve has equation

y =3+ 4sin2x.

13



Solution

Well,

d
Y _ 8cos2x = y = 4sin2x + ¢,
dz

for some constant c¢. Now,

r=4imy=7=7=4sn(37) +c

=T7=4+c

= c = 3,

SO
y =3+ 4sin2zx.

(b) Find the xz-coordinate of the point A and of the point C'.

Solution
Well,

3+4sin2x =5 = 4sin2x = 2

:>sin2x=%
—1_5

= 20 = §T, ¢
_ 1 __ 5 .

=T = 5T, 157;

1
12

‘e O
1S 1277

hence, the z-coordinate of the point A is 57 and the z-coordinate of the point C'

(c¢) Find the area of the shaded region.

Solution

14



13. A curve is such that
dy

Now,

shaded area = f112 [(3 +4sin2zx) — 5] dx

12
5
127
= fl (4sin2z — 2)dx
271'

L
2cos2x — 2x] 1

==
(5-5)- (-1
2

&
wno o:lcn

OR

—Z = 6e’ — 12.
dz ¢

The curve passes through the point (0, 1).
(a) Find the equation of the curve.

Solution

Well,
dy

dx

for some constant c¢. Now,

=663 — 12 =y = 2e% — 122 + ¢,
r=0y=1=1=2-0+c
=c=—1,

SO
y = 2e* — 122 — 1.

(b) Find the coordinates of the stationary point of the curve.

Solution

15



Now,

dy

=0=6e>*—-12=0
daj = 0De

= 6e> = 12
= e =2

=3z =1n2
:>x=%ln2

=y=3—4In2;
hence, the coordinates of the stationary point of the curve are

(3In2,3 —4In2).

(c) Determine the nature of the stationary point.

Solution
Next,
d2y 3z
@ = 186
and

*y
zzéan:@=36>0;

so the stationary point is a minimum.

(d) Find the coordinates of the point where the tangent to the curve at the point (0, 1)

meets the x-axis.

Solution

Now,

and the equation is

Next,

16



hence, the coordinates of the point are

(

=
(e
N—

17




