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1. A light elastic string 4B has natural length 11a and modulus of elasticity 6mg
A particle of mass 4m is attached to the point C on the string where AC = 8a and a
particle of mass 2m is attached to the end B
A
P (4m)
0 ® (2m)
Figure 1
The end A4 of the string is attached to a fixed point and the string hangs vertically below
A with the particle of mass 4m in equilibrium at the point P and the particle of mass 2m
in equilibrium at the point O, as shown in Figure 1.
(a) Find the length AP
3)
(b) Find the length PO
3)
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Question 1 continued

(Total for Question 1 is 6 marks)
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Figure 2

A particle P of mass m is attached to one end of a light inextensible string of length a.
The other end of the string is attached to a point A which lies above a smooth horizontal
table. The particle P moves in a horizontal circle on the table with the string taut.

The centre of the circle is the point O on the table, where 4O is vertical and the string
makes a constant angle 6° with 40, as shown in Figure 2.

Given that P moves with constant angular speed 28 , find the range of possible

a

values of 6

(7

J
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Question 2 continued

(Total for Question 2 is 7 marks)

EOE.

R A 00 OO 7
Turn over »
P 7 1 9 7 9 A 0 7 2 8 urnove



r

3. A particle P is moving along the x-axis. At time ¢ seconds, where ¢ > 0, P is x metres
from the origin O and is moving with speed vms™!

The acceleration of P has magnitude 7 ms? and is directed towards O

_2
(2x + 1)
When ¢ = 0, P passes through O in the positive x direction with speed 1 ms™'

(a) Find v in terms of x

4)
(b) Show that x = % (4 +1) -1
C))

.

p 71 9 7 9 A 0 8 2 8

ELEm

SLRRK
RIRHS
RS

-
003:‘:
L s

&
K S
SRR
S
oo

o
)
pouerss



4 )

00057
XKL,
pSetetetels
SERRRE
RS

KGR

<
<5

%

55

00
L
L
2024

bosesess

%
CRIICIARILIA

Question 3 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%

9
acom R Al T over v
p 71 9 7 9 A 0 9 2 8



7

Question 3 continued

10

p 71 9 7 9 A0 1 0 2 8

ELEm

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



6
0L
XK

R
SRR

o

<

X
5%
’.:"

%
CRRLRKR

0

2L
o0
%0l

KR
<

OIS,

RARRAKARKARA KN

%
K85

LS
QK
KK
S
%

o0

bt
5
KL

XX
000

%
35

Yotet

LIEC

o5

P

XKL
X

X X
<K
'Q‘b

9%
Pdad

K]

o RIRRLXR
RREIRKLIRKL LR
oot sotetetotetotetetes

RRRREEBRS

<55

25

25
KKK
KK
odesetetetel
RRLRRLES

'A"'
R\
B ERR

SRR

Q% KD
CRLAISESIEEESELL
YTV FEEN

IS
HRSELI
[ <}

Sodoel

%!

5

%
"

&

o
iau

%
X X

%
BPE
KRR

X
<

%
%%

N
SRS

<

20!
QLEKE,
Soetetetess!
bosaseietetels

00!

<>

9
hogs
94

XA
o5
K

COKIHLKLS

SIEERELEL
ERRZRLLRRLRRIS

OO
QHLRILAS
St tetotototetetet
SR totetetetetetet
RS
ORI
RS

LK

<
<

b9t
o0

020!

2L
X

é’
!

o0

<
35
o9

5

<
<

5

o%

KK

&
9%

S
KL
K
gt

XX
<X

o0°

2L
X
55

<

o

%
<5

5

05
298
5
bt

0%

Noses

N

%

S8

<
et
<
S
bt

o0°

X R

R
X "‘ 9%
%!

=

00
bote,

OO
KK
R

q%%

RRLRS

<

K

R

0%
&

DR
XX
0.0 0.0,

9%

SRR

%%

pososoressset
RS

RKHKRKY

LRRRLRS

%
0%

<
o
<

%
<

<
%
%
%
<X

<2

5

<R
<

%
<

s

Question 3 continued

(Total for Question 3 is 8 marks)

EOE.

Turn over »

p 71 9 7 9 A0 1 1 2 8



7

4. A uniform solid hemisphere H has radius » and centre O

3
(a) Show that the centre of mass of H is gr from O

2ar
You may assume that the volume of H is 3
A uniform solid S, shown below in Figure 3, is formed by attaching a uniform solid
right circular cylinder of height / and radius r to H, so that one end of the cylinder
coincides with the plane face of H.

The point 4 is the point on H such that O4 = r and OA4
of H

A

Figure 3
(b) Show that the distance of the centre of mass of S from 4 is

5r2 + 12rh + 6h?
8r+12h

The solid S can rest in equilibrium on a horizontal plane with any point of the curved
surface of the hemisphere in contact with the plane.

(¢) Find 7 in terms of 4.

s perpendicular to the plane face

C))

C))

2

12
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Question 4 continued
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<_
u
Figure 4
A particle P of mass m is attached to one end of a light inextensible string of length a.
The other end of the string is attached to a fixed point O. The particle P is held at rest
vertically below O, with the string taut, as shown in Figure 4.
The particle is then projected horizontally with speed u, where u > |/2ag
Air resistance is modelled as being negligible.
At the instant when the string makes an angle 6 with the upward vertical through O, the
speed of P is v and the string goes slack.
(a) Show that 3v?=u?— 2ag
(7)
From the instant when the string goes slack to the instant when OP is next horizontal,
P moves as a projectile.
The time from the instant when the string goes slack to the instant when OP is next
horizontal is T
Given that 6= 30°
2v
(b) show that T'= g
“4)
(c) Hence, show that the string goes taut again when it is next horizontal.
(2)
. J

16
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6. A particle P of mass m is attached to one end of a light elastic spring of natural

length 2/. The other end of the spring is attached to a fixed point A. The particle P hangs
in equilibrium vertically below 4, at the point £ where AE = 6/. The particle P is then
raised a vertical distance 2/ and released from rest.

Air resistance is modelled as being negligible.

(a) Show that P moves with simple harmonic motion of period 7" where

/
T=4r |—
g

®

(b) Find, in terms of m, [ and g, the kinetic energy of P as it passes through £
3)

(c) Find, in terms of 7, the exact time from the instant when P is released to the instant
when P has moved a distance 3/.

(C))

J
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7.
Figure 5
A particle P of mass m is attached to one end of a light elastic string of natural length a
and modulus of elasticity 2mg. The other end of the string is attached to a fixed point O
on a rough plane which is inclined to the horizontal at an angle a
The string lies along a line of greatest slope of the plane.
The particle P is held at rest on the plane at the point 4, where OA4 = a, as shown in
Figure 5.
The particle P is released from A4 and slides down the plane, coming to rest at the
point B. The coefficient of friction between P and the plane is u, where u < tana
Air resistance is modelled as being negligible.
(a) Show that AB = a(sina — pcosa).
)
: 3 1
Given that tanoo= — and = —
4 2
(b) find, in terms of a and g, the maximum speed of P as it moves from 4 to B
(7)
(c) Describe the motion of P after it reaches B, justifying your answer.
3)
. J
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