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fz) =22 +az +52 where a is a real constant

Given that 2 — 3i is a root of the equation f(z) =0

(@) write down the other complex root.

(b) Hence
(i) solve completely f(z) =0

(it) determine the value of a

(c) Show all the roots of the equation f(z) =0 on a single Argand diagram.

1)

(4)

1)

oy 2+3L ()

b) (i) x+B =Y

leb x = 7+3.
XL = |3

B =2-3 ,

f(z)=(2%2-Yz +13)(2-%) ()

rooks: 2 =2%3,-4 ()

(i) f(z)=(2%2-Hz +13)(2+Y) = 2° +az +52

consider coeFAcient of 2:

-C[(u_)HZ:oL 0)

az-3 ()
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Question 1 continued

posetetetes
Seototoress
st
&
2o

o0
o)
2L

AR AARA KA

%

'
0%
R

b43o%

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
“0.‘0'.0
K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

KD
SSEIGEIRK

S
poteteselotets?
<

o &)

R
SRR
[
SO
LIRS

0%
>

wavy

SEREER
TR
INCIE<Y
0%

LKL

QOO
o
(
\
3

LY
]
o

@)

%
<AL
Y
A

botents
<P
CRRX RS
RS

QI

OG0
2
58
%

SEERNE
<
SRS

R EIRRK
CRSLIKIRELIAR

IR

o%
KRRKAKARRAKARARA AR

GO0
S
e
%%
CRKL:
o

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

IR
betete!
otatotetete!
SRR,
KIRREEE
LRI

(0

%!
!
%

20
255
%%
K5
0:0:0
25

X%

0
0N
i

e

Srdneidd

ot

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

(Total for Question 1 is 6 marks)

VAL R0 O 0 RO T
[ [ Turn over »
P 7 1 7 7 6 A 0 3 3 2

0K

0992

SHERES

<
S
2K
boos
&5
o

%
<

CSRRKAL
CRRX
CREALRXKL
ORARRARKAKA

K

%
o%
o%




PhysicsAndMathsTutor.com

2. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

Determine the values of x for which
64 cosh* x —64cosh?x-9=0

Give your answers in the form qlIn2 where q is rational and in simplest form.

(4)

Invdolen C{uadrakic. A _caSWtx:

Yeos o = bYcosh*x -9 =0

(ReosWbox - Q)(?cosb\iocﬂ) =0 @

eitver  YeosW X -9 =0 S coshtx =

PMT!
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x = Iny2

Hnen, L= - 1nJ7 is akso o solubion.

Xzt (A2 = :I:%an@
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Question 2 continued
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3. (a) Determine the general solution of the differential equation

d .
cosxay + ysinx = e**cos? x

giving your answer in the formy = f(x)

©)
Giventhaty =3 whenx =0

(b) determine the smallest positive value of x for whichy =0

(3)

) 22
o +uslnx = € cos*tx
~x J

'Z"IL
dy +uwbonx =€ cosz
dox Y

Jeonx dx  ja(secx)

= S@CL

Inkegraion factor (IF)= @ 2

Secx d

+ o kO SeCa = ¢ oS Secac

O-mr

ax

A& (ysecx)=€
dx ~

N
n
N
=
n
(D
R
+
N
S,

[y
1)
N
A
=
TN
\ e—
)
1—
p)

b) 0=3 whea x=0:

—_—

3=rosO/lZo+C) 2 %3=14+c 2 C=
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Question 3 continued
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(Total for Question 3 is 6 marks)
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4. (a) Use the method of differences to prove that for n > 2

w7 2 n(n+1)
r—1 2
r=2
(4)
(b) Hence find the exact value of

100

r+1)°

In| —

r-1

r=51

. . b .
Give your answer in the form aln| — | where a, b and c are integers to
be determined. ¢

l-rx(r + '\/ =l (r+) =)a(r-1) 0

3)

vy -1

2

when r=2: la(3) ~la(1)
r=3:  [n Q) - la(2)
r=4:  |afs) -Ia(3)
r=5:  (af6) - Ia(Y)

lafri=1) ~ 1 (n=3)
L /a(n) - Inln=2
r=n: M(m—l\, - )n(}\—/l) 0

=
W\
o

-

‘ ©

n
| L [ ZE0) = - 1ad- a2 +la(n) +ln(n)
\r-1)

r=¢9

= (A n(n+) ) O
. =z

100 2s 100

_— .I“‘g.{ [
by 2o W ——] =352, In[ —| ()
7 r=9) C r=s1 /=0 /~
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Question 4 continued
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where a is a constant

Il
A~ D D
D W N

(e

(@) Show that M is non-singular for all values of a.

(2)

(b) Determine, in terms of a, M

o) consider deeM = o | 2
| o

(4)

_Q_{Z O| -2

3
y 2 a

o
yA
7

l 2
\ Y
6) -2 (4)-3(2a-12) ()

L

o8

=0
<2

28 #0,s0 M - sinqular focah o, ®
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g \ i
6. (a) Express as partial fractions
2Xx2 +3X+ 6
(x+1)(x* +4)
3)
(b) Hence, show that
Z(i’flg(i’:j) dx = In(av/2) + bn
where a and b are constants to be determined.
(4)
o) Zx*+3x+b o A A+l
(X +1) x2+4) x4l ATy
2xt +2%x+6 = Alx2+4) + (Bxec) 1) W
= Ax?+ YA + Bx T+ B+ Cx +C
=(A+8) 22+ (B+C)x + (YA +C)
comparing coeFFicients: :
A+R=7 0 D-10: B+C-A-8=3-2
g+C =3 @ C=A+]
YA+C=4 B Sulo inko @: YA+ A+1=6
5A =5
A=1 O
): 1+8=2 (@:|+c=3
@:‘ C:Z_
2x% +3x +6_- | L X427 (1)
(% + 1) 22+4) 2+l a4y
) [(_V 2 Nda=[( ' . % 2 Y|
)\ 2+ x2+y [ \ o+ a4y %y /
[\ o
R 2
=[a(zet) + Lla(x™+U) + 2 arckon( X\ [ (2)
] A 2 \'Z-)J‘_V
J &%
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7. Giventhat z=a+ bi isacomplex number where a and b are real constants,

(@) show that zz* is a real number.

(2)
Given that

e 772=18
Z 7 4\/5.
° _ = — 4+ _I
7 9 9

(b) determine the possible complex numbers z

(5)

o) Z=o +bi, a,b€IR

*

Z =&~

®

Z‘-z-% = (atbifa-bi) = a* - b'i" = 0% +b*

which is o read number 0]

b) 2 - o+bi = (oatbi)atbi) o a% b*+2abi ()

2% -l (a-bi X atbi) 0% +lp? -

given z2* =18 92 a*+L* =18 OO

compoying reak packs: at-b® - F 5 a*-b =14 @D

12 q

_covnparing imoginany parks: Z&b Wz_ 5 ab=4Ylz @

L 9 -
) +@): 202=13+ 1Y

N

n

- a?= b

a =g ()

L azY, from D=2 if a=-Y fromB):b=-2

o Z = :J:(‘-I+\Ei,)(|)

J

18

p 71 7 7 6 A 0 1 8 3 2

O

PMT!

a&gga
a&&%&
CRAEKK

(939 0008
poctarites
[93%-¢ 1%
R

D0 » 0%
35?8@?
KL
&

KRGS
Bosesotetes

00
SZ
b
KO

QAR
posoivr o

Stosstans
BB

<2

3
SN
e,
A XK

X
RN,
L
&
0008
o

X
XX

X
9%

K
&

0%

S
SRRKES
SRS
ogegatet
SRS

o%
&
<
<
















































PhysicsAndMathsTutor.com PMT

4 )

00057
XKL,
pSetetetels
SERRRE
RS

KGR

<
<5

%

55

00
L
L
2024

bosesess

%
CRIICIARILIA

Question 7 continued

posetetetes
Seototoress
st
&
2o

o0
o)
2L

AR AARA KA

%

'
0%
R

b43o%

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
“0.‘0'.0
K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

KD
SSEIGEIRK

S
poteteselotets?
<

o &)

R
SRR
[
SO
LIRS

0%
>

wavy

SEREER
TR
INCIE<Y
0%

LKL

QOO
o
(
\
3

LY
]
o

@)

%
<AL
Y
A

botents
<P
CRRX RS
RS

QI

OG0
2
58
%

SEERNE
<
SRS

R EIRRK
CRSLIKIRELIAR

IR

o%
KRRKAKARRAKARARA AR

GO0
S
e
%%
CRKL:
o

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

IR
betete!
otatotetete!
SRR,
KIRREEE
LRI

(0

%!
!
%

20
255
%%
K5
0:0:0
25

X%

0
0N
i

e

Srdneidd

ot

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

o%
%

%% %%

CRRLAKL
CRIRR

0K

0992

SHERES

<
S
2K
boos
&5
o

%
<

CSRRKAL
CRRX
CREALRXKL
ORARRARKAKA

K

%
o%
o%

19
[ [ Turn over »
P 71 7 7 6 A 0 1 9 3 2



PhysicsAndMathsTutor.com

7

Question 7 continued

20

p 71 7 7 6 A 0 2 0 3 2

O

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
SSERES
S
b2,

:o,o
Sl S
GRS
oNTets
PO o 1598

dosorese

9

S S
PLe

%9,

0%
X

oo % el
SIS,
0% 1155
0.4-0 X

SRR
(90950509
o



PhysicsAndMathsTutor.com PMT

4 )

GO0
CRERLA:
505

<5

0000
GRS
0.‘0’.0
K55

&
.‘0;0:0:0’
SRR
S ot setotedetese!

X

Question 7 continued

posetetetes
Seototoress
st
s
2o

b43o%

o0
%!
2L

AR AARA KA

%

<K
<X
5

%%
<X

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
“0.‘0'.0
K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

OO
RERRRLIRKS

0%
0%e%6%%

CRA
*‘:uhtgA

2R

<
SRSLERLLERE
AINOTX
2ANLIEY
ARSI
K85

EARK

N5
5!

P
5

2

00

0%
.‘0‘
03
%
KR

%

s
oo
s

L

QI

OG0
2
58
%

55,

RS

SRLS
SSRGS
RIS,

2%
0%
oK
5858

%

X
%%
9%
%0%
X
<X
KR

%
0%}
o
55
25

2
58
090
X
%
2K
S

XXX
Rasesess
S
9%
RS

<
o008
S5

KL

55
el

&
RRE

SR
%

5

2o

N
SRR
LR
k<o
R
58

0
<
=R
2
S

RS

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

(Total for Question 7 is 7 marks)

21
[ [ Turn over »
P 71 7 7 6 A 0 2 1 3 2

0K

0992

R
RS

0505240524952

K

O

%

28
55
95

%
0%
o%
X2
%
<




PhysicsAndMathsTutor.com PMT

SLRRK
SR

XXX
KL

8. (a) Given e

1
"+ — =2cosnd neN B
n

z KX
show that SO

32¢0s%0 = cos 60 + 6c0s40 + 15c0s26 + 10 K=

e X
(5) KETX
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p2000] 3
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Figure 1 Figure 2 S
Figure 1 shows a solid paperweight with a flat base. S8

Figure 2 shows the curve with equation o s

X G

y = Hcos® (— -4<x<4 L
4 X

%%

Bogss o 0%
where H is a positive constant and x is in radians. S

The region R, shown shaded in Figure 2, is bounded by the curve, the line with equation SR
x = —4, the line with equation x = 4 and the x-axis. o

The paperweight is modelled by the solid of revolution formed when R is rotated@ S I
about the x-axis.

Given that the maximum height of the paperweight is 2cm, S

(b) write down the value of H. 355

oS etote!
SRBE
(l) SRS

(c) Using algebraic integration and the result in part (a), determine, in cm?, the volume S5
of the paperweight, according to the model. Give your answer to 2 decimal places. G

Solutions based entirely on calculator technology are not acceptable. e
[ y 4% D e

Ow-= 0
(5) SO

(d) State a limitation of the model. CE
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9. (i) (a) Explain why cosh x dx is an improper integral.

(1)
(b) Show that cosh x dx is divergent.
0
®3)
(i) 4sinhx = pcoshx where p is a real constant
Given that this equation has real solutions, determine the range of possible values
for p
()

() 0) bne vpper limik is infinite O

oo E
b)  [coshaxdx = lim [ coswxdx

J S €200 _j) -
o . -
= lin | sisha| = lim | siahL -sinh0 |
€900 L -‘0 E>oo L J
= m __l_/e(:_ ,(:E\- @
Lvoo Zk /

when L0, €5 oo and €+ so bhe inkegral is diveroent (U

(i) Ysiahy =pcoshz  has real solubions
HEanhx = P
tanhoe= P (D)
0
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10.

Figure 3

The motion of a pendulum, shown in Figure 3, is modelled by the differential equation
d20

—+ 90 = icos3t
dz? 2

where @ is the angle, in radians, that the pendulum makes with the downward vertical,
t seconds after it begins to move.

(@) (i) Show that a particular solution of the differential equation is
0 = itsin 3t
12

(4)

(if) Hence, find the general solution of the differential equation.

(4)
Initially, the pendulum
* makes an angle of % radians with the downward vertical

e jsat rest

Given that, 10 seconds after it begins to move, the pendulum makes an angle of
a radians with the downward vertical,

(b) determine, according to the model, the value of « to 3 significant figures.

(4)
Given that the true value of « is 0.62

(c) evaluate the model.
(1)
The differential equation
d26

—+ 90 = icos3t
ds? 2

models the motion of the pendulum as moving with forced harmonic motion.

(d) Refine the differential equation so that the motion of the pendulum is simple
harmonic motion.

1)
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Question 10 continued

when =0,

= sInD +28cos0 + [ sin0 « 0O O

2

when £210, @ =

x= T

T cos(3x10)+ (3x10) ()

L (10) sin
2 !

12 B

2z ~0.662 (V)

A
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Question 10 continued

(Total for Question 10 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS
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