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1. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of

1

(l + 8)6)2

giving each term in simplest form.

(&)

1
(b) Explain how you could use x = == in the expansion to find an approximation for Js

32

There is no need to carry out the calculation.
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2. By taking logarithms of both sides, solve the equation

3p-1 210
4l =5

giving the value of p to one decimal place.
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Question 2 continued

(Total for Question 2 is 3 marks)
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3. Relative to a fixed origin O
e point A4 has position vector 2i + 5j — 6k
e point B has position vector 3i — 3j — 4k

e point C has position vector 2i — 16j + 4k

%
(a) Find 4B

(2)
(b) Show that quadrilateral OABC is a trapezium, giving reasons for your answer.
(2)
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Question 3 continued

(Total for Question 3 is 4 marks)
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4. The function fis defined by

3x-7
f(x)=m xeR,x#2

(a) Find £7'(7) Input for raverssc ¢ subput for o/;jim\l #unc,"\'ovl

(2)
ax+b )
(b) Show that ff(x) = T_3 where a and b are integers to be found.
x —
3)
! x 2 0;}
- SR8
7(1—2)- Sx -7 S
LR
Tx - 14 = 3x -7 E:;f}(o
U = -7 &
Pt -
U r = 7 o
b S 7
lf

x- -2
Fhlz) = 3(*3==7) - 7
\ ><-2/
$Sx<-7 _
> =z z
= -2z
S= — 7 _ 2
== — 2
= 9x -2| 7(x-2)
= — > - 2
S= -7 _ 2(=-2)
> % = -2
= A -2 — 7x + %
= —2

3—::,-7-27—'-—""(’

= - 2
= A= -2 — 7 < 44
\_ 37-—7—2,'&—#54.
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Question 4 continued

i

2 > - 7

>x — 3

(Total for Question 4 is 5 marks)
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5. A car has six forward gears.

The fastest speed of the car
e inl1¥gearis28kmh

e in6"gearis 115kmh’

Given that the fastest speed of the car in successive gears is modelled by an

arithmetic sequence, uV\ ot (-l ) o

(a) find the fastest speed of the car in 3™ gear.

Given that the fastest speed of the car in successive gears is modelled by a
geometric sequence,

(b) find the fastest speed of the car in 5" gear.

(&)

3

a) Un = a + (n-1)d

/

178 =28 + &d

7 = Sd

A= 174

U; = 23 -rz\/m.c,p)
= 62.8 ke /L

Y Un-ar”
118§ = 281
11s - '

2 ¢
r :s’;i
= 1.23245S

o

1
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Question 5 continued

(Total for Question S is 6 marks)
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6. (a) Express sinx + 2cosx in the form Rsin(x + ) where R and o are constants, R > 0

d o z
an <oc<2

Give the exact value of R and give the value of a in radians to 3 decimal places.

3
The temperature, 6°C, inside a room on a given day is modelled by the equation
6=5+sin| ==3| +2cos| =3 0<t<24
=5+sin| 15 cos| 15 <<
where ¢ is the number of hours after midnight.
Using the equation of the model and your answer to part (a),
(b) deduce the maximum temperature of the room during this day,
(1)
(c) find the time of day when the maximum temperature occurs, giving your answer to
the nearest minute.
3)

sinAcov B + cosH siag

ESI';'LX Co & + Kca_; x Siao

1

a/  s;inlA—+ak)
/ \ /

[l

R sin(x+ ak-)

S + Zcoyxa
—— T

E coso = | P sl = L
ltg-,'r\,o( - 2
B os o /
tens = 2
“ = ). ]Jo7
rR= |[1* +2°

\/E' S',n(DL,"" I. 107)

—_—

L’/ - § + (59(/‘(&--3 fl.lo’l>

A g r=

. (Tt
Max  termp  colen Q»A(".'::f‘)—rl-lo‘l) = |

I &
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Question 6 continued

(Total for Question 6 is 7 marks)
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(—2,13)

=V

Figure 1

Figure 1 shows a sketch of a curve C with equation y = f(x) and a straight line /.
The curve C meets / at the points (—2,13) and (0,25) as shown.
The shaded region R is bounded by C and / as shown in Figure 1.

Given that
e f(x) is a quadratic function in x

e (—2,13) is the minimum turning point of y = f(x)

use inequalities to define R.

Jx) = alz b 1

6

Min poink = (-2,12)

P(x) = o.(x—r?,\l‘ + 13

£ () passes through (0,25

v \ 7

2¢C = a(oJ(L)L t I

2§: Lfau + 13
) 2

:L'fg
a> 3

F(x) =3(x+2)" 413

\ 7

1

=)
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8. A new smartphone was released by a company.

The company monitored the total number of phones sold, 7, at time ¢ days after the
phone was released.

The company observed that, during this time,

the rate of increase of n was proportional to n
Use this information to write down a suitable equation for # in terms of 7.

(You do not need to evaluate any unknown constants in your equation.)
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9.
VA
C
M ‘
0 x
Figure 2
Figure 2 shows a sketch of the curve C with equation y = f(x) where
f(x) =4(x* — 2)e™ xeR
(a) Show that f'(x)=8(2 +x—x’)e™
3
(b) Hence find, in simplest form, the exact coordinates of the stationary points of C.
3
The function g and the function h are defined by
g(x) =2f(x) xe R
h(x) =2f(x)-3 x>0
oz
(c) Find (i) the range of g
(i1) the range of h
3
z —lx
A/ {\{I): (/«(3{, —L]C
u= 42°* —¢ v = v
Adu = $x v —ZP_'L2L
A Adx
- -1 =
L) = sxe ™™ + yxt-g)(-2¢ ")
= fxe " Qa4 ite "
SRR R (e S S
- N '

; R 0 S0 A
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Question 9 continued
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10. (a) Use the substitution x =+ 1 to show that

10

3dx " 6du

s (e-nB+2x-1) ), u(3+20)

where p and ¢ are positive constants to be found.

%5
%

4)
(b) Hence, using algebraic integration, show that
10 3dx ln
=Ina
s (x=1)(3+2x =1
where a is a rational constant to be found.
Io (6)
3 A 2
, - x x:l& * ‘
Jg @,—1)(34-2\\7. -1
1o —uz +
S
[\ < _él’- du @k =3
)‘ k’);-\)(g-fz\r;l) de c - Wt o4
&
u = 2
dxr. — 2un
l; 3 u du I
\ u1(3+2u) x — \ r.utt
ve
) éu J
3 97
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np3 é ‘fju
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\ Su+t2u
Vg o
2 é du
J, w3+ i)
1}/ 6 . A L, R
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Question 10 continued
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11.

VA

=V

Figure 3

Circle C, has equation x’+ )’ =100
Circle C, has equation (x — 15)° + )% =40
The circles meet at points 4 and B as shown in Figure 3.

(a) Show that angle AOB = 0.635 radians to 3 significant figures, where O is the origin.

The region shown shaded in Figure 3 is bounded by C, and C,

(b) Find the perimeter of the shaded region, giving your answer to one decimal place.

2 2 -
m/ 12+th:|oo ()L')g) Yy =%o

j :IOO-)LZ

Civcley meet len:

'3 2
[1_')§) t loo-x = 4o
(x.~;s)(x-|s) 4 loo—2* = 40
% —1Sx — 1S 4225 100 —x" = U0
325 - SO0 =« =— 4 0
29 S = 30
x = 9.5
whew x=95¢ (q‘g)z +7L - Joo0
T - 219
i} =4
- 39
§= "
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Question 11 continued

A (4s, E_;‘—B
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a =
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p = en” ()
= 0 31786 ..
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6 "6041"(\]}.‘.1)
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Ace = 26 = Jo 327 rodiany
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Ffor ( = (O(2m - 0.635) = S¢.5S
For (= Jgo (2 —10327) = 332
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12.

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

(a) Show that

cosecd — sinf = cos Ocotd 0#(180n)° neZ
3)
(b) Hence, or otherwise, solve for 0 < x < 180°
cosecx — sinx = cosxcot(3x — 50°)
(5)
Sin P
| _ sin®
Sin@ fl/‘l.ﬁ
(1 =sn*0)
1B
Lost 6
S-/'/l 6
(0SB  (¢osb
$:1 6
Cot O cos b = (oyb tolg

7
LS5 ¥y ColxX T cos = Cot( 8= —So)
O e Co.s:’k. (‘QF( 3= —§C\>
S T cog y.( Cot(3x-So) — Cot =)
Cos 2 = o (<N C,QL-(?:L—-SQ) — Cob X
* =70 Co&‘(i:f-—So) = Coabt =t
e
B —So = =
2x = So
> = 25
\
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13. A sequence of numbers a, a,, a,, ... is defined by

k 2
a, = —(a"a+ ) ne N

n

where k is a constant.

Given that

the sequence is a periodic sequence of order 3

a1=2

(a) show that

K+k-2=0

(b) For this sequence explain why & # 1

(c) Find the value of

(€))

1)

(&)

az = /&[ll +2)

2k

= 2r 12

2

= k+/

ay = k\/hr/ "LZ)

e+ |

= / k(k#g) = 7

k+)
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-
14. A large spherical balloon is deflating.

At time ¢ seconds the balloon has radius 7cm and volume Vem’

The volume of the balloon is modelled as decreasing at a constant rate.

(a) Using this model, show that

dr ok

ds r?

where £ is a positive constant.

3
Given that
e the initial radius of the balloon is 40 cm
e after 5 seconds the radius of the balloon is 20 cm
e the volume of the balloon continues to decrease at a constant rate until the
balloon is empty
(b) solve the differential equation to find a complete equation linking » and ¢.
)
(c) Find the limitation on the values of 7 for which the equation in part (b) is valid.
(2)
a// Volume o sphese = GT T’
=
V=1 A -
pY &{é
dv = 4Tr ’
oAr
0{ ro - o( r Y Av
de Av At
= - l ) X _C
TV
= -c
A
= T = bt £ = &
o7 N 4 Y
_ A
- =
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Question 14 continued
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dr o~ [ -k dt
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; 3
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/ s £ 4600
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15. The curve C has equation

X' tany =9 O<y<%
—éa/\ = l—
(a) Show that J xt
dy  —18x
de  x*+8l1
“4)
(b) Prove that C has a point of inflection at x = 27
7 3)
a/ 2% (’arz,‘cj = 9
A = xl v = 'ta/-\ )
Ay = 2Zx ?o}u = Seclt o dy
ol oAx < doe
2x tan g 4 = secly oy — o
oA 2
xtsety Ay = — 2o ban y
Ax
Cosfx 4+ aintx = | A = — 2x taag
coyx Cos®x cos? L oA x :LZ se ot g
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'644 x
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16. Prove by contradiction that there are no positive integers p and ¢ such that @.:::
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