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

1

(1 + 8x)2

giving each term in simplest form.

3)

a) f‘..l HR ‘-\usf, ﬁw ferms e‘f binomial exfanSion t}‘ (’ "'81)./1

qenerul Formuto (["' 3).': |+ Ny . ﬂ(n-l)!’t.., n(o-:)(n-a]&s + - (fou bevms)
" Q! 3!

(1+84)" => Y=%% ond n=3 @

(+)" = e 2282+ £(4-0@0 + +G-D(3-2E8) +.. @
' a! 3)
1+20)" = |+ bx-8f+38r.. @

cm—

|
(b) Explain how you could use x = % in the expansion to find an approximation for J5

There is no need to carry out the calculation.

(2)
b) * W shetd Subshiwk X3 e (1+%x)" ond this wil gw s @
o)

- W& Showd thn Sebshbule X = 335 o |+Ux-8x+32x° ond e then
Matkipy M tesut by 2 & g 5. O
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2. By taking logarithms of both sides, solve the equation

43/)*] = 52]0

giving the value of p to one decimal place.
3)
lans
L"bp-i . Suo N I (L‘zp-l) = | (Sz:o) _lo»j_
oy Y k
bﬁ(o ) =? 5'03 (o)
= (3p-1) loa(h) = 210 log(S5) O

> 3p-1= 20ky(s)
log()

=) 3‘; = 32H3.30245 + |

= P= gl.6008.. O
> p= 816 (dp) ©
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3. Relative to a fixed origin O

e point A has position vector 2i + 5j — 6k
e point B has position vector 3i — 3j — 4k
[ J

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

%
(a) Find 4B

2
) I
AR = B-A A=/ , B=/%
- S') -3
<> AB =[ 3 (a © [1 -G -l
-3 )-15]|= |-% -
-k -6 & => AB= :¢-%;+2k ©

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

R (2)
b) AB = | Ouuo‘ o'é =[ &

-3 -le

po] L

=y 63 =2aA O

=) 0-3 IS pamlld 113 ;?b EP)

Ongc s o trapzium. ©
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4. The function f is defined by

f(x) = xeR, x#2
x—

(a) Find £'(7)

(2)
0)3(1)' 3:.?—) V= 3x-7 mSwapxau-l Y
x-a x-a B Solw for Y
) k= 3y-? > x(y-3) = ¥-7F
Y-a = xy-ax = 2y-7
=2 15-35 = -7
=2 3(x-3)= ax-7
=y Y= ax-?
x-3 @
=) j(n- Qx-? = J@)= a0-2 - 3
:5 \-\
= “"R)= ?
? j (=;)_T (D
ax + b )
(b) Show that ff(x) = —— where a and b are integers to be found.
x-3 3)
L
5(1)- 3: ?
33‘(,): 3f(3x-1)= 9x-2)
X-a xX-&
= §fa): Siw-? M(x)-F = Ir-21_ 7 = Tx-2A-Fx -+l
Jx -2 x-a ! X-a
= 8x-7 (rumerale,)
= ax-7 . x-3 ® x-é
x-a& x-3 5(17-9= 3x-7 _ 2 = dx-7-ax+h
x-d ) x-2
» ffay= qw-F = 0x+ b as requind with a=3 and bs-F. = X-3 (denominuke)
-3 x-3 0 x-3

@
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5. A car has six forward gears.

The fastest speed of the car
e inl"gearis28kmh"
e in6"gearis 115kmh™

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

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

3)
o) Avithmeic Sequence *  Qa = a +(n-1)d An = N'th ferm
@ = fist / initial beres (@3 kmh”)
d = Common diffbence  belwesn ferms.

Q

as , Qe= IS

5 Q= l5= 39 +(6-1)-d
>  5d - 15-2% = d= 15-28 = P4 ©
5 =
=) Qy= g+ (3-)RHO
=) QO = 63._3 kmh”' s the (—’askrb $vul c:f e v n 3rd Beo.v@

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)

n-1

b) (ieomd:ﬁo &que,nce, * QOn= Qr Gn = Nth dem
QA = fint / initial ferm
T = Common fokio bebween terms
Oc * IS kmh™ and @ = QT kmh'

5 Qe lI5= 38" .
= rf= s - r(u_s) = 1.3265.. ©
BY) T

L
> Os® 2%-()-3265.) = B6.69L.. =) Qs = T6.7 kmh' is th fookst Spad of

m—

© - e o in S 3m.®
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6. (a) Express sinx + 2cosx in the form Rsin(x + &) where R and a are constants, R > 0

T
and 0 < a < B
Give the exact value of R and give the value of a in radians to 3 decimal places.
3)
a) dinx + Anx — RSn(x+a) [J Fnd
Bl Fad R
RS'm(I*-d-) > RSinx(oso. + KCosxSinek => Simx = RSinxCosat => RCosat = |
ACost = RCosaSine => RSna = 2

o = 1an'(2)

=y tmo= 2 =
' 1101 Da> o= 1107 (3dp) D

ol
R=|+@ - 5 ©

& = LIoY  (fadians) , R= I8

—

=D =) Dinx+dlosx = \ES‘.'.(xa- l.lo?)

The temperature, °C, inside a room on a given day is modelled by the equation

0—5+‘(”—t—3)+2 (m 3) 0<t<24
= Sin 12 Ccos 12 St<

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)

) O =5+ S -2)e awos(2-3)
b x = %-3, We Qan U OCur Onswev J}w\ part . (ES‘.M:(HJ&?): Sin:.-o-.'?t.‘csx)
=

> @= 5+ ESin(%f—-zH.lov) ,We hoe o Mavimum when Sinx

2 0:($+E)'C o ®=7HCc (3550
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(c) find the time of day when the maximum temperature occurs, giving your answer to
the nearest minute.

) ©=5+{5Sin (T—,':-soc Llo?) 3)

In port b, W& Sad HR mowimum lempermbwe ccows wWen Sinx =1 .
= X =8n()

X =1/
=2 TNt-3+r03= T
1 X
=) T = T +3-L107 0.2 of an how is
B a

equak 0.3x €0 = 1&mins

=) #t

R(T+3-16D =5 £=13.2 hows @
@ £ = 13hows and |2 nminudes  afkey m:dn.’au-ﬁ)

n
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yA

25

(-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.

S)
G) L: Y=mxsc ) c=25 ('O-Bn*ercept cn 3'“9'9 ’
We Wil un HR foint (-2,13) fo Work cub m. g ‘V
C
(—Q,)'b) : 3z -3ms3S =2 Am= 12 © 23
I M=6 =7 L:Y= 6x+a5
x 0)
2) () = a(],-ra) +13
o (0,29)= 25:=h0+13 = =12 s a=3 O (~2.13)
=3 C: Y= 3_(14-.;1)14-)3@ /
n 0 %
=) I(x+2) + 132 Y< Ex+25 @

—
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8. A new smartphone was released by a company.

The company monitored the total number of phones sold, #n, 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.)

(2)
n-= AQ.H' @ A and K an ooth posi#w Constants.

l\WQ wond on  equsdion which s b do With exponadml Gt
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VA

Figure 2
Figure 2 shows a sketch of the curve C with equation y = f(x) where
fx)=4(x*-2)e™ xeR
(a) Show that f'(x) =8(2 +x — x’)e™
3

@) fwr u(sta)e™ Pt Rude

fp= 8(x)-he) Hen  [é)= Sx1h(n+ 3whiy

lt 3G = 4(x~2) then 9B(x)= Sz __
h(x)= e-%* thn h{x)=-3¢ @

= [

5 )

=) 5?1): %(Q+I-3:z)€'u oS quwno\°®

— s

= Qe ‘-r(x"'-:l)' - Qe'u ©
z e’ - P (129
3l x -x”*&)e’u
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(b) Hence find, in simplest form, the exact coordinates of the stationary points of C

b) 5 (’1) = 3&3* I-I‘)Bﬁz; S"'GJ"OQI\WS Poini's : f('l) =C

=) %(a-\' I-I?')e"u' = 0/ -3 ond =+ e_.?.x ‘u\ both Sdes>
=5 QA+ X-x* =0 €

=  x"-x-&=0 M A

= (x-3)(x41) =0 -2 -

/\
24l z-1 V7

=Y X:2 and x=-1 @ ]

&, Y y(a)-h((a) -2)e
1, 3= k)= b(~’)-a)e"

Ou/ Coordiholes aw : (Q,%e"')

——

u(aze“’ = %M==y 0

X =
Fov X=- -he =Y

n
~

and (- l,;l-le") 0)

G3)
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The function g and the function h are defined by

g(x) = 2f(x) xe R
h(x)=2f(x)-3 x>0

(c) Find (i) the range of g
(11) the range of h

3
¢) i) {00 = L(x™2)e* => 36)= afe = @=a)e™*
v If cadinales of £ix): (@ib) then 3G :(a.24)
C
lower limit of ! Q% -he* = -Re*
_ upe bmt o ::U'ﬂ:’ @
0 X

=) Zmao,'- [-36",00) ©

C) ')'l) h(’.() = 25(1)‘3 < ?(I?'- &)e‘" -3 :Fw Xxo

Ahe lowe lmt of Hr fuge will o at X =0 =) h(o) - Ca)e” -3
=D h(o) = _—_I_? O)

/ﬂn Uppev bcmd will IR ow Maximum Jumm% Fo.ut, (S’uu;e X o)’
From port b ths mMax tum Point had Y- ledur of 8.
D for e h(@) Pmoh&n Ris P:u Wil be v Qe -3 = )ge,: -3

Range. - [—lji l6e-3] © -
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10. (a) Use the substitution x =u"+ 1 to show that

J"O 3dx :J" 6 du
5 (x—l)(3+2\/ﬁ) pu(3+2u)

where p and ¢ are positive constants to be found.

)
j dx ln&aroum bf) Swbskbubion, *
(u 1) (3+ af:) Cafuq
\u-n X = u,?'-i- )
§ . j o © wr= x-\ => W= {x-
(w +)-))(3§-3u) du 2 l-. doe
:53 Cu olut <) dxz= A o ©
J ut- (3w New Liits: Fov x=5 we[S7= = 2 )now limits

~3 X=lo, U= J\ r 3 @
_ 6 du o5 requied, wth p=3 and 2:3.0
Jo  U(3+%) = =

"
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(b) Hence, using algebraic integration, show that

JIO A =Ina
s (x-1)3+2Vx-1)

where « is a rational constant to be found.
(6)
10 3
b) From fad O : j 3 dx =j 6 oL
s (x-0(3+afx) a W(3+)

Pacbial  Fraghions * 6 = A,._B

U(3+ ) U 3+du

[ o W—

=) 6= A(3+3.u)+ Bu
b W=0 => 6= 3A => A= 3 oad [ U=]=> 6=10+8

3 3 ® 3 =2 B=-4 @
o6 -2 WYy famw)-anGen)] @
U(3+2) U 2vau v -L»J"_ du = -La-In (3+2u.)
d ={_an(3) -2 ln(‘l)] ‘[ah(&)-aln (7)] sra 2
= - B+
In(a®) = 'oln((n)) : = -2In((3)-9.ln(a) (»eg)a\n(?) o
In(9) = aIn(3%)= 4in(3) = AUn(¥3) - An 0)
| (o.-l-lo)z (o) = Aln(2 )= amn(E)= In _:".: = In M| = n(a)
chesie Gz @ () - 6
Wher o= hY

%
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11.

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.

=V

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

4)
0) Co:t X+¥=l00  and Ce: (x-18)+ =10 |
¥ 2 100- %" (Subskiuwle Hhis indo C2) gl
. we
=? (I-I5)1+ loo- * = ko s “k«&*o f-d.
x- 302+ 235 + 106-3" = kO :
3ox= 1A%s ) .
I= 295 =13 ,ov x=9.5. 4mn 3'=00-(3.5) '
0 o = 31.: ‘31 =y Y=z ﬁ
u =
2> A:(15,242) and B:(9.5,-3.3) > Y- 2.0
h Q.5
g ﬁ. I o£=0 then 2: (bsot = (1_02
=) = < o= &5 q‘sﬁo)
Q 9.5 % = 0.3l756 ©

-
-

————

) O=20= Ax0.31756 - 06352 =) T amh A0 =0635 ax rpund-O
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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.

(C))

b) "-DV C;,\Nz knovu’ \"\out 0: 0.636 Rdions (Fm P’““t °‘) VA
G'\A- W also Unow $hak ﬂ)g fadsus s lo.

=) Rtimue o}‘ C (P.); P, = lO,\(aﬂl-O.Gas):'SG_.h%@C

for Ca: fo (rodis of Co) Ce;mfc;

e line: 15-9.9= 5.5
\’I Coordinate. f A/B.

B= ax Cos"( 5-5) =) Bz 103 fadioas. ©

Ho

2> Rrimdw uj? C‘L,(z) ; Pz'- Ex(;ﬂl—l.os) = 33.32.®

=D %M puimdev = P+fr = Sc.u3+ 233.24
=> qobal Priptler = 327, @
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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

cosec @ — sinf = coscotl 0+ (180n)° neZ
‘ 3)
a) Cosec® - Sin® = Sno - Sind
= I-Sin® ®© Cosec@® = O,
Sin® §in®
s Cos' ® SmW+Cos® =)
Sin® => |-SinG = c»"0
z  (Cos0- bs0 Cos@ = Cot®
Sm0®

Sn0
Coec0-5in0® CosOGtE o5 requied: ©

——

(b) Hence, or otherwise, solve for 0 < x < 180°

cosecx — sinx = cosx cot(3x — 50°)

5)
b) paJ 0 : Cowc0-5in® = GosOGtE

=) (osxCotx = Cosx - Cot (3x-$o°)

<Cosx +Cos 1

=) Cotx = Gt (3x-50%) = =x=13x-50 ©
=< ax = §0°
o x=a5° @

cotx has a pv:u:l ‘J'\ B0°  we  Qun yincl o Oecond  Soludion

=5 Xx+%0:=3x-50 ©
= A= 230° = x= |Is° ®

et wil R o thid Sdubion whn Cosx=0 =2 x = Cos' (o)
=2 X = 9°0®

—

=> X=35°, x=P° od x-)s°
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13. A sequence of numbers a, a,, a,, ... is defined by
kla +2
n+l N ( . ) ne N
all
where £ is a constant.
Given that
e the sequence is a periodic sequence of order 3
e a =2
(a) show that
K+k-2=0
3)
a' 1J . ol N
Qney * M , What do we  know ? *0=a /{:-nh/m-hal Feren
On . ‘?eﬁoel f ordev 3
{I/
Kl 2+3) because oj—‘ Fhis
Sivee @z Q : Qo= Tzak @ we  Knew hat Qu=a,
Qs = W(2ksd) = AK'+ 8K = K|
ak aK
Ow= K(ksor+a) = kiked)

K+) K+

=Y =00 => K(ki-3! = &

K+)

=9 K‘+3K=Q‘A+9~ =) k1+(&-9.=0 as fclus'nda@
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(b) For this sequence explain why & # 1

(1)
Fvv K"“,M ha«eﬁ
b) Ffom ‘)qu'a (o B Q. =2 a =
Q. = 2K Gz =d
Az = K+ | G: = 2
a, = K(K+3) ou = 4
K+ |

Stine oM He fems ar tht Some, the  SRquence no longey has a peried of
ovder 3, hene k#1 fov Ihs  Seguemce. ©

(c) Find the value of

3)
c) From ok 0 : K'+k-2 =0
(K-)(k+3) = ©
=) K=V and K=-92
Uhis B pobo vold Sohdon [ Part b)
=9 k:-a,, %_0: QG%
3
Q. = a = Q= Q /"e,pemkh% ferms
A2 = aK uﬂ-:"’l"
Oz = K+ | Qs = -1 ©
o = K(K+3) Qu = 3 30
K+ |

QG*(Q-H-\) +2-4 O
-}P 0)

—

noun
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14. A large spherical balloon is deflating.
At time ¢ seconds the balloon has radius »cm and volume Vem®

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

(a) Using this model, show that

dr &

dr e
where £ is a positive constant.

3

a) dV=-COwmr <50 i a conshk) (R know thab e Chonge n
Volume, with fespect to btime is

* MRgokiv Smce its  decreasing - 4§

2-C ~ V= %’ﬂr3 Mcasina of 0 Condtanb Tole)
=) dV = d._V “ ﬂ L d_v = l-l.“fl

P2 T2 dv *
=y -C=dr x 4y ©
dk

=) dvs= .C_ Hien et K = =

ok o ol

=) dv = - K os feguired.. 0,
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Given that
e the initial radius of the balloon is 40 cm

e after 5 seconds the radius of the balloon is 20 cm
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 ¢.
()

b) dr - -K_ (Sehe ths using Sperobion o Voriables)

)
Srz dy ’f"‘d"‘ => ‘:Q -kt + o2 @ (& 5 a Constant)
3

3 3 3 3
=) 1= -1a00.t + Ehooo
3 3 3
> = 6howo- llgmwt @
(c) Find the limitation on the values of 7 for which the equation in part (b) is valid.
(2)

C) {®> = Euooo- liQoot (e.quwm &». Part b)

A mode  will on\:j ® Voud &w Non- negadive  Volues %(‘ r,b, S W will
W5 this J:u;b to P‘mo‘. e limtedion on  the Volues 3( L, e He

Modd s Vakidl.

64 Qoo - |l 2oot > O
t ¢ Cuooo = ho
Waoo K4

2> A Modd Wil ody be Vakd o £ up o aad including o Soconds, @

—
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15. The curve C has equation

Xtany=9 0<y<%
(a) Show that
d_y N —18x
de  x*+81
4)
o-) Ne wat o wse imphicit.  differentiokion  fe diffeventiobe Xtanh= 9
3(1 —> ﬁoJud’- Rule
tun5 — Secl,‘j ﬁ'

hx)= f(x)-8x) then
uﬂ’%ﬁ\@kaﬁ b h’(X) = J‘('I] 3(:&)*5(1)9?3)
=9
de-fany + ¥ " 3 :< | for et iffeventiolion
Wo wil um the driy idenkby ° Secy = l+tm’y ond fany= 1

=

= -+ x"(l-’- )ﬂ =0 =) fany= 31
x* x*
- B)dy
=) lx_% (14 J)”
(
o (1 f..g%hl_% => dy- -18 O -9
x & x x(1+ L) %
x‘(l-t-%)
* X ()« 3*)= Xl x"+S1): et — > dw = -1
xM x4 x dx M +9)
b &
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U
(b) Prove that C has a point of inflection at x = J27 = Q’)
3)

Quotient Rule
b) fad o dy -_-13x fr= he) then
(=

dx x4+ Q1
J = hw-8@) - h- 36)

Point .{ in{lechion * / (3)*

1% = -18 =y d' = -13(x"+%)- W (-18%)

el o PO & (x"+31)*
= -19x". wmss + QM
(‘I.“-c- ?\)t
- Shx' -WE§3 = Sk(x"-27) : d*w @
(x"eel) (x" 20" dx”

=) dt\‘ﬂ = SL‘(I"" 27)
dx” (x¥+0*

oAb x="Jaz o x:=27F =) we can Subshiuke s ind %

=y EV 1“:Q‘7 ) d"u = S‘-l (’-7-&7) = O
™ @z +80)"

2)  fov x">3?, d’'y > o
dx?

2 Fw x* 23, dT;q_ <0
) Fom  Hhs W o oncdt et Hee 5 & foink of infhchion at x< 27O
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16. Prove by contradiction that there are no positive integers p and ¢ such that

4p’—¢* =25
4)
Proo‘f b\\j Condradichon. ©  * assume thal the g‘tsb Stodement, i3 J;hx

° \'h(ovﬁh ’oafeol §Stops ,amive ot o Conclusion
* deduce that e Oﬁsinai Stadement, mMust be  true

=) b us  oassume thot dhee e fositie integers P and § Suth thot hp- 2= as.

2) ‘ﬂ)"— lzi = adS aAS => foctors awv
2 Qp+g)(p-9) =35 O ,/.‘\;15 cas | lwd B8
Sx§ =2 "Soul §
* = 45

D U e tn  Peg =5 and F-2:5 O
= {=5-d od 7= Qp-5
= S-p-%-S Mot on inlesev
=) hp = o ond  fhernfore = 3_ ) — lﬂe
=) z: a(a.S)“S =) Z’ (0} - @

—_—

OR 1}‘ bue  2p+2=3S ond Hp-2= |
D T:35-% and T= 2p-)
= 2‘3-&93 2p-1 /n"“ an 'mkae,v
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