Dr Oliver Mathematics
Cambridge O Level Additional Mathematics
2012 June Paper 2 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. It is given that

e P is the set of prime numbers,
e S is the set of square numbers, and

e NV is the set of numbers between 10 and 90.

Write each of the following statements using set notation.

(a) 7 is a prime number.

Solution
7¢ P.

(b) 8 is not a square number.

Solution
8¢ P.

(c) There are 6 square numbers between 10 and 90.

Solution
n(N nS) =6.

2. (a) Given that

y =+/(4x + 1)3,

dy
find —=.
n dx



Solution
Well,

y=+{lr+1pP3 =y= (4o +1)

dy 1
dy 1
— =604 1)2
g (4x + 1)

(b) Hence find the approximate increase in y as x increases from 6 to (6 + p), where p

is small.
Solution
Now,
dy
=6=—==30
v - dx
and
dy
oy~ — x 90
Yy e X 0T
— 30p
3. Find the values of m for which the line
y=mr—2>

is a tangent to the curve
y=2°+3z +4.

Solution

Well,
P43 +4d=mr—5=2>+B-m)z+9

(2)



and we want

4. In a competition the contestants search for hidden targets which are classed as difficult,
medium or easy. In the first round, finding a difficult target scores 5 points, a medium
target 3 points and an easy target 1 point. The number of targets found by the two
contestants, Claire and Denise, are shown in the table.

‘Diﬂicult Medium Easy

Claire 4 1 7
Denise 2 5 1

In the second round, finding a difficult target scores 8 points, a medium target 4 points,
and an easy target 2 points. In the second round Claire finds 2 difficult, 5 medium, and
2 easy targets whilst Denise finds 4 difficult, 3 medium, and 6 easy targets.

(a) Write down the sum of two matrix products which, on evaluation, would give the (3)
total score for each contestant.

Solution
Well,

and
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(b) Use matrix multiplication and addition to calculate the total score for each contes-
tant.

Solution

Now,

hence, Claire has 70 points and Denise has 82 points.

5. It is given that (z — 2) is a factor of
f(z) = 2° + ka® — 8z — 8.

(a) Find the value of the integer k.

Solution

We use synthetic division:

2 k —8 -8
2 2k +4 4k —8
+

2 2k—4 4k—-16

1
l
1k

So,

4k —16 = 0= 4k =16

=k =4.

(b) Using your value of k, find the non-integer roots of the equation f(x) = 0 in the
form a + +/b, where a and b are integers.



Solution
Well,

2% + ka® — 8x — 8 = (z — 2)(2* + 6z + 4).

Now,

22+ 6x+4=0=2"+6x=—4
=22 +62+9=—-4+9
= (z+3)*=5
=z+3=+V5
=1 =-3++/5.

6. (a) Find the coefficient of z* in the expansion of

(i)

(i)

(]' - 21’)7,

Solution
Well,

(1—22)7

= ...+ 8422 — 28023 + ...

so the coefficient of z3 is —280.

o+ <;> (1)°(—2z)? + (;) (D)4 (=2z)* + ...

(3 +4x)(1 —2z)".

Solution
Now,

x | 84z®  —280a7

3 . —840x3
+4z | +33623

so the coefficient of 23 is

—840 + 336 = —504.




(b) Find the term independent of = in the expansion of

(1

3 6
+2).

Solution
The general term is

(3)@r e

n

so the term independent of x is

Hence, the term independent of x is

(5

6

<
g
<
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R
T

(=)

3

6

n

Nn—12=0=3n=12

=n =4.

(3%) = 135.

7. The table shows experimental values of variables x and y.

z| 5 30

150 400

y |89 219

48.9 80.6

(a) By plotting a suitable straight line graph, show that y and z are related by the

equation

y=ax,

where a and b are constants.

Solution




Well,

y = az’ = Iny = In(az?)
—Iny=Ina+Inz’

=Iny=Ina+blnzx

so we want Iny against Inxz. We take 2 decimal places:

Inz | 1.61 340 501 5.99

Iny [ 219 3.09 3.89 4.39

We draw a graph:

Iny

RRRPSE

So, there is a straight line between Iny and In x.

Hence, y and = are related by the equation

y = ax’,

as required

Inz

(b) Use your graph to estimate the value of a and of b.



Solution
The graph goes through (0,1.4) and (6,4.4). Now,

44—-14
m=—————
6—-0
=3
T 6
=1
V| &

and the equation is
Iny—14=1(lnz—-0)=Iny—14=Inz
1
=Iny—14=1Inzx2

1
=Iny—Inz2 =14

~In (%) ~14
23

(c) Estimate the value of y when z = 100.

Solution
Well,

1
y = 4.06 x 1002
=4.06 x 10

- 106

8. An open rectangular cardboard box with a square base is to have a volume of 256 cm?.

Find the dimensions of the box if the area of cardboard used is as small as possible.

Solution

(7)



Let the dimension of the square base be r cm and the height of the cuboid be h cm.

Now,
256
r*h =256 = h = —-
.
Next,
256
A=r2+4rh:>A=7’2+4r(—2>
T
1024
= A=+ 0
"
= A=7r>+1024r""!
dA
= — = 92r —1024r~2.
dr
Then
dA
— =0=2r—1024r* =0
dr
= 2r = 1024r72
= 73 =512
=r=238
= h =4,

hence, the square base would be 8 cm and the height of the cuboid would be 4 cm.

(a) Solve the equation
(i) 3sinz —5cosx = 0 for 0° < x < 360°,

Solution

3sinz —bcosx =0= 3sinx = 5coszx
= tanx = g
= x = 59.036 24347, 239.036 243 47 (FCD)

— z =59.0, 239 (3 sf).

(ii) 5sin’y + 9cosy — 3 = 0 for 0° < y < 360°.

Solution




Well,

5sin®y +9cosy —3 = 0= 5(1 —cos’y) +9cosy —3 =0
= 5—5cos’y +9cosy —3=0
= 5cos’y —9cosy —2 =10

add to: -9

multiply to: (45) x (=2) = —10 } — 10, +1

e.g.,

= 5cos’y — 10cosy + cosy —2 =0

= Hcosy(cosy —2) + 1(cosy —2) =0

= (bcosy + 1)(cosy —2) =0

= 5cosy+ 1 =0or cosy —2 =0 (cannot happen)
= cosy = —3

= y = 101.536 959, 258.463 041 (FCD)

=y = 102, 258 (3 sf).

(b) Solve
sin(3 — z) = 0.8 for 0 < z < 7 radians.

Solution

Now,

O<z<nm= 1< —2<0
= —0.141... <3 —-—2<3

and

sin(3 —z) = 0.8 =3 — z =0.927295218, 2.214297436 (FCD)
= z — 3 = —2.214297436, —0.927 295218 (FCD)
= 2z = 0.785702564 4, 2.072704 782 (FCD)
= z = 0.786, 2.07 (3 sf).

10. (a) A team of 7 people is to be chosen from 5 women and 7 men.

10



Calculate the number of different ways in which this can be done if

(i) there are no restrictions, (1)
Solution
23 _ 792
7 = 1Jz.
(ii) the team is to contain more women than men. (3)
Solution

women than men = P(4 women, 3 men) + P(5 women, 2 men)

0)-116)- 01

(i)
(b) (i) How many different 4-digit numbers, less than 5000, can be formed using 4 of (2)
the 6 digits 1, 2, 3, 4, 5, and 6 if no digit can be used more than once?

Solution
4 x (5 x4 x 3) = 240.
(ii) How many of these 4-digit numbers are divisible by 57 (2)
Solution
(4x4x3)x1=48.
EITHER

11. The diagram shows part of the curve

Yy = sin %x

11



The tangent to the curve at the point P(%?T, ‘/75) cuts the z-axis at the point Q).
(a) Find the coordinates of Q. (4)
Solution
Well,
y=sinlr= % = Lcosix
2 dr  2°9%2
and d
3 Yy _ 2

Now, the equation of PQ is

y— P =—F—3n)
and
y=0= \/752—?2(:15—%7?)
=2=x- 37

hence, Q(2 + %ﬂ', 0).

(b) Find the area of the shaded region bounded by the curve, the tangent, and the (7)
T-axis.

Solution

12



12.

Now,
area = triangle — integral

2m
= (3 x V2 ><2)—f sin 3z dx

§7T
2
= 72—[—2005511:]213
=% -2-v?
=2 _ 92442
— 3v¥2 _ 9

OR

(a) Given that
y=uze ",

d
find d_y and hence show that
T

Jxex dr = —ze ™ —e " +ec.

Solution
Product rule:
du ]
U=1r=— =
dx
—x dv —x
v=eT=_—=—¢
dx
and
d
= = (@)(—e) + (1))
=—ze "+e "

13



Now,

d d

T — —

—(ze™) = —ze T +e "= ae " = —a(xe “)+e”
= JxeI de = —ze™ + Je”” dz

g Jxe‘x dr = —xe ™ —e " + ¢,

as required.

The diagram shows part of the curve

Yy = ze

2
and the tangent to the curve at the point R <2, —2>.
e

(b) Find the area of the shaded region bounded by the curve, the tangent, and the

y-axis.
Solution
Well,
dy 1
=2== = e % tel=—1.
x e e e =
The equation of the normal through R is
2 1
e el

14

(7)



and

1
2
4

Now,

6 —x x

= [ee =,
6

=3 {(-2¢72 —e?) = (0-1)}
9

-5-1L
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