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1 Usmg standard series from the List of Formulae (MF26), expand e* In(1 + ax) as far as the term in
x°, where a is a non-zero constant. Hence find the value of g for which there is no term in ond [4]

X h(itax) =[1+ 22+ 2% + CXL . Jray- @R 4 @X) _ ]

=[1+2x +2x° + ?-)(37““'][-6??6:"%6?’%1"'3"633/'53""'1
= [ax - za’x*+3a*x %+ 2ax*-a*x3+2ax% +-]
= ax t (o?a,-sz‘fl‘l))f 7 (o??“@_f_«aaa);f_s_
let 2a-#a* =0
QLJL(‘{' -d) "'f“'O
a=0 or a=+%

( Red' )
1
2 - (1) On the same axes, sketch the graphs of y X and y = b|x — a{, where a and b are positive
constants. | [2]
(ii) Hence, or otherwise, solve the inequality 1 <b|x—al. [4]
X —a |

) A * | 4d=5f":&, %.-.-é/x-a,l

I i u) Find +he Interection
ba _ ./ befwtm/g 6/x a/

X * lﬂ/f 5(75"@)'"&_4_)

(X-a)" =
A—A = +
JZA_L
X = Qi@

Finee X1 is on the r
wide afr xX=a , W

:a,‘)'
4/3
Herwn }or;{fz < §/x-al
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- 3 Donotusea calcillator in answering this question.

~ Acurve C has equannn y* — 2xy + 5x% — 10 0.

(i) Find the exact x-coordinates of the stationary points of C. [4]
(i) For the stationary point with x > 0, deterrnine whether it is 2 maximum or minimum. [3]
N
) mfuf,o ck Mﬂu‘u@‘ alion
W erentioly w-rt x

de;—zxﬁi +y(2)+ 107 = — @
f-gm
Let % N o?d/“/ox = 0

Subg 5 mby #he equation ajf f}w CAVE.

(8x)“ - 2x ( x)+ 5x*~ 10 = o
CREXE-10x? - 57: = /0

200 * VO
¥ na
X V=L -
"~z T JZ

ii). Forx=f$5
y5(h) %
ing;g&baﬁ, (1) wrt x:

Jj dj T ‘%"*02(?) de +a%‘(2) 2? +/0 =0

QJ - XX
= =/0 |



dx + 9

4 A curve C has eQuéLﬁon y =

x+2
(i) Show that the gradient of Cis negative for all points on C. | [3]
a5 : : ; b _
(ii) By expressing the equation of C in the form y = a + Y where a and b are constants, write
down the equations of the asymptotes of C. 3]

(iil) Describe a pair of transformations which transforms the graph of C on to the graph of y = —

(2]

i) % = (Xt —(4x + V)
d ara T

= 4% + 8 - 4X~7
(%+2)

S — 2 _
- sy Since (%TQ) IS ajou osITTVe
(X12)* o P y
' aﬁ%'f&‘ Gbéwaf rwﬁa%‘:fw W%Z’ffﬁ\Z“z]
i),

1 pe oy g L
xt Jax+1 U Y FT 35

4% 78 Vertical Mﬁmph—& = -2
1 Horizo ntal ¥ aoymp fote = 3= 1
i!l) /Q,a/ct& X
—L— with ' x —2 \ _ L
A e T2 Y=
Step I # Franol alion aj, l%fmbo/abmczﬁ
4 wrids m e 2 wity 1A Fhe
_7|,ejad:!l/‘a - posifive Z—



5  When the polynomlal X +ax® + bx

+ ¢ 18 divided by (x — 1) (Jr: 2) and (x ~ 3), the ramamders are
8, 12 and 25 respechvely

(i) Find the values of a, b and c.

4]
A curve has equation y = (), where f (X) =X + ax? + bx + ¢, with the values of a, b and ¢ found in
Pt -

(i) Show that the gradient of the curve is al

ways positive. Hence explain why the equation f (x) =0
has only-one real root and find this root.

(iii) Findthe x—coordmates of the points where the tangent to the curve is parallel to the liney=2x - 3,

3]
") [_Q/tf(x)_xj'fdl’;?Lé C8
| ()= 1+a+db+c =
4 EFHE L = § o)
£(2) = 5*%&%«267‘0— 2

ta t b +t¢=4¢— (2
£(3) = 2F +9a + 3 + ¢ = 2%

?a 736+ C = - — @
Jolvin i the 3 e@/w J’/muéta/x.w :
4= - 6- 2 5, =Y

éod GC: X= ~0-14% (30 4)

3x*-3x+ % =2 or X = 115 (350)
3X*-3x -+ =
6x*—6x —| =0



6 (i) Interpret geometrically the vector equation. r = a + 7b, where a and b are constant vectors and 7
- is a parameter. | | . 12]

- (i) Interpret geometrically the vector equation r.m = d, where n is a constant unit vector and d is a
constant scalar, stating what d represents. [3]

(iil) Given that b.n # 0, solve the equations r = a + b and r.n = 4 to find r in terms of a; b, n and 4.
Interpret the solution geometrically. - [3]

). The vector ez,uaf!m r=at z’:.é mfgw He.
€%wamm/ Y a veclor Line ot passes Fhrough a
pixed point of position vector @  and s porpdlel

%Vaf/ab/e vector Pon thes Awne can be /‘tfjwzzgé
» as posibion veclor Op = g+ ¢h | ¢ eR..
/. 7/1& veclor e ai!'m Ten-= d ww ﬂlu, ez“ﬁz{'m
of Qa V%B:ﬁb,:/m that Aas a l:frma,ﬁ ve,o‘for U
d is a nowwr‘i‘ca.a vabie +MWW 3 alai'ffaoﬂuof
crb‘i o | positim veclor o7 o ipoz}ul, o Hds p/m
Witk e normol veclor. _
' VWI&H@ veclor F on T}bw p/m 3 when J’bu()sv‘}'fuiz_af
ao T in the

b ove e,j,mbm will g{m)ﬁidﬁz Hhe W .

= d

The MOV;‘E solution, ;efm::% oM *}w. nossible
position vectors 4 pol % Inderatction
holween the vreclor Aowe Mafﬂwmofor‘p/m,



7 Itis given that f(x) = sin 2mx + sin 2nx, where m and 7 are posit_i?s integers and m # n.

(i) .Fim_:l Jsm 2mx sin 2nx dx. | [3] |
ey s & 2 . o
(ii) Find L (f(x))* dx. o 3]
i) j Sin Amx sin anx dx let amx = £(P+&)
=3 [ mfa?mﬁc“smaznx dx tmx=Pt+a —0)

=“ifcg5(2mfzn)x - cos(2m-2n)x e |let f”f"f = 2(P-8Q) (2
NX AR AN - (2
=i
SIn(2n+20)% L gip (2m-2n)y v (1) +(2): 2P = dmx + 40X

(2m +an ) (2m=~-aAn). P = 2mX + 2N

'=§L Sin(Im-An)X  sin (2m+an)x v (1)-(2): 26=¢mx - 4nx
(2m=-2n) (2m +2n) & =admX - 20X

i), f:[f(ﬂc)]z dx =j”@ho?mx+ sin 2nx)" dx
. _ 7

0 SN RmX + 2SI dmX Sih INA + SN nx dxx

w—
—

fo 7 (/- Cos4mx)+o?_5’m.?mxsm Anx +:{(! Cos +nx) dx

=pn '
f 1= 2 Cos4mX — 4 cos4nX + R sin Imxsin Inx

= [ X - 2 5/0427796 _ tsm+nx 4 $m2m2n)x _ Sin(mi2n)x
T 4dn (2m-2n) ( 2m+2h)
=[77—-0 of’ +o-—0]

= 77 Hf't_'(_ztﬂ <




8 Do not-use a calculator in answering this guestion,

(ay~ Find the roots of the equation z°(1 — i) — 2z + (5 +5i) = 0, giving your answers in cartesian form
a -+ 1ib. - | [3]

(b) (@ Giventhat w =1 —1i, find o?, ®° and o* in cartesian form. Given also that

0" +po® + 390 + gw + 58 = 0,

where p and ¢ are real, ﬁnd p and q. | [4]
(i1) Using the values of p and g in part (b)(#), express o + p® + 3902 + qgm + 58 as the product
of two guadratic factors. , [3]
. A Yy = ~7 57
(a) z= 2) £ N (-2) 4‘0‘6)(’5-# 28
201-1)" -
= R+ NF-F(573
(i)
T REANBIE _ 21 6L _ at6y B
2CI-0) al-i)y = a-a °C ZTat
= (F61) (20 (2-60) (FD
4 +7 4+4
=_“f+_lgai? = 4=8t+12
g
> "I?"o?t‘ = - b

(b) . U,Sinﬁ GC: | ) —
wWr=-qr, WPs —a-ai , wt= -4
Giren wt+pw’+3fw +qw + 58 =0
4 +pCR-di )+ 39 (-2i) +3(/—-2) F58 =0
(64-ap+9)+i(-ap-9 -78) =0 +0(
C’omfaarmi we%ﬁ-fww&, :
| 9 =p =61 - (1)
g +ap? 78 = O- ~(2)
Sub (1) wio (2):
- 78 =0
L p 54 +j£: _5;4
p=-6
| . 9 =a(-6)-54 = -66
i, let wt -6w3 +39w2 Yesmw 585 =0
Smee all we%—iwwfo aﬁ, tha po/fmwd
ore reod § Oo»zjuﬁate. oonyo/ex rools ex/st .




(W=(1-D)(W=-C1+8) = W= wlti)=wn(=)+ (=i)C1#()
=W*-aW + 2
N - 4w + QT |

WE-ZW';"Z W4- é,w3 +39Ww?* - 66w + 56

wh-awltaw®t
-4W3 +3Fw —-66w 85
—4w?3 + 8{«/“ - &w
Iw* 58w + 68
&7N1—-6"3‘.N_‘1'_ 5§
0
Hento , W -6W3+39W>- 66w +5§

S(N*-4w+a9) (W- v +a2)




9

(a);

il

(b) LHS=T*(r+ 1~ (r-D* 7

(a) Asequenceof numbers ¥y, Uy, U,, ... hasa sumS whera S Z,y. Itis given thatS -Anz + Bn,

where A and B are non-zero constants.
(i) Find an e:cpressmn for u, in terms of A, B and n. Simplify your-answer. [3]

(1) Itis also given that the tenth term is 48 and the seventeenth term is 90, Find A and B. [2]

(b) Show that r%(r + 1)2 — (7 — 1)%#% = k7>, where k is a constant to be determined. Use this result
1 g

to find a simplified expression for Z re. | | | .' 14]

r=1

E'?:J'z+1

'(¢) DAlembert’s ratio test states that a series of the form E a. convcrges when lim E < 1, and
A—»0a
r=0 | e
diverges when lim Tns1 > 1. When lim ”"‘11 = 1, the test is inconclusive. Usinﬂr the test,
n-—=>ca | (1 n-300 | (1

ﬂ n

explmn why the series Z — converges for all real values of x and state the sum to infinity of

=0
‘this series, in terms of x. [4]

Un = S - Sa-1

=(An*+8n)- [Aln-1)*+ B (n-1)]
A/nyvt/&f W An+ A+ Br-B1

= QAn -

e = QOA-Av‘B = ‘)“8

B=48-194 ———(1)

Uiz = 344 -4 +8 = 90

B =90 - 334 (2)

48-19A = 90 - 33 A
14A = 42
A =3

=T (rrr+0) - (r= ar+ ) r?

= p4/+ Ar3 T - pF g ard i
/{_=4

1







10

‘Electrical engineers are installing electricity cables on a building site. Points (x, ¥, z) are defined
relative to a main sw1tch1ng site at (0, 0, 0), where units are metres. Cables are laid in straight lines
and the widths of cables can be neglected, -

. 3
An existing cable C starts at the main switching site and goes in the direction ( 1 ) A new cable is
| -2
~ installed which passes through points P (1, 2, —1) and O (5,7, a).
(i) Find the value of a for which o and the new cable will meet. | [4]

7= (2)-(3)~(2)

{

To ensure that the cables do not meet, the engineers use a = —3. The engineers wish to connect each

of the points P and QO to a point R on C.

i The engineers wish to reduce the length of cable required and believe in order to.do. this that
" angle PRQ should be 90°. Show that this is not possible. | 4]

{ ) The engineers discover that the grc}und between P and R is difficult to dnll through and now

~ decide to make the length of PR as s::na.ll as poss:tble Find the courdmates of R in this case and -
the exact minimum length. . - [5]

w:L=(3)+a(5) 1eR

f'oc:r-’-‘/x(_i) ',ueR

kf

|1 4A ) (
z+51
=l +airt+A

}(-4/1'1'1
/

Sub (2) into (1) :

3(5ar2)= 4+l - p=8(2) 12

}//1 = -5 =!-:.i
A= =5 T




i) Giren -a= ~3

(Yo

Since K is a poth n OC

ok = p(1) = (!;)
r = (K)-(3) ‘(.f;%’ /&= (3)-(£)

. “(57)
7 7 - (i’f,f;f') )

-(3/u (S - Bp)+(/4-2)(?—/4) t( 1m2p)( 20 ~3)

= = Qut I8 - 5 -p® +7/-t [4 = 4p*+ 24 - 3
= ~l4pu +=?7/-c -22

Lef —!4—/u o -2?/:. 2 =0
b*-4ac = (29)*- %(-/4)(—-22)

TEE—

= =39
Hence | +AU€ are jvooreaf afum O-bé /u,
hal 4)@‘:5,? -/4/0 F 2= 22 = O

"¢ PR+ RQ #0 ﬁnaﬂmaj aﬁcmo%/a
). Lo 171 -

. &% (3/c D5+ (p=2)* + (- )
";//4/4 —1{p + 6



11 SirIsaac Newton was a famous scientist renowned for his work on the laws of motion. One law states
that, for an object falling vertically in a vacuum, the rate of change of velo::lty, vms mth respect
to t1me t saconds is a constant, c.

() (a) Write dDWIl a differential equation relating v, t and c. [1]

(b) Initially the velocity of the object is 4m s~ and, after a further 2.5 s, the velocity of the
object is 29ms™!. Find v in terms of ¢ and state the value of c. -

For an object falling vertically through the atmosphere, the rate of change of velocity is less than that
for an object falling in a vacuum. The new-rate of change of v is modelled as the difference between
the value of ¢ found in part (1)(b) and an amount proportmnal to the: velocity v, with a constant of
proportionality k.

(1) Given that in this case the initial velocity is zero, find v in terms of ¢ and k. 5]

For an object falling through the atmosphere, the ‘terminal velocity’ is the value approached by the
velocity after a lonig time.

(iz1) A falling object has initial velocity zero and terminal velocity 40 m s~'. Find how long it takes
the object to reach 90% of its terminal velocity. [4]

(D. a . }.EVL V (fh msS- ’) A-e Wou?, w-r-T 7"fm,g, (m J’BGOHG/J)

When +=0s,v=4ms~ : 4=/
t=R5s,v=RTms™" . 29= 2.5¢ + 4
c = 10

]

L —
"K/n/70"‘"/<-v/ t +C . ::Aeo
 [10-kv = Kt KC -0 4
i = -Kt~-KC
[10-Kv [ = p~ X ¢ . /<y 10 - 1067k

10-ky = = 7K p—kE =i 10- 706'/@)
10KV = ALK (Lhore A7)
When 04‘ , V=0 mg-/




S omin = of 1405 - 14 (05) + 6




(i). Ast 20 , 7%

. V= 7%(70)

2 y=4(10-10¢ " %t)
0-9(40) = 4 (lo~10e %% )
10 -10e " 0%% =9

106-0'25_1'2 = 1
6"025f = 0 7
—~( &St =/ O /
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