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Figure 1

A uniform rod of length 72a is cut into pieces. The pieces are used to make two rigid
squares, ABCD and PQORS, with sides of length 10a and 8a respectively. The two
squares are joined to form the rigid framework shown in Figure 1.

The squares both lie in the same plane with the rod 4B parallel to the rod PQ.

Given that
* AD cuts PQ in the ratio 3:5
* DC cuts OR in the ratio 5:3
(a) explain why the centre of mass of square ABCD is at Q.
ey

(b) Find the distance of the centre of mass of the framework from B.

(©)

P 6 6 6 3 7 A 0 2 1 6

O

OIS

any

\'\ :
b
\'\I’
poe
foge
‘

SiH
&

1Y <

(0}
5

SRR

K

&5
g
%



%
000

1902000209090 %

O
0902090990090 9:%%

090%696%%

R
SIKKKK
RILRS
S5

355855
RRRXS

%5
888
dodososeses

XXX
SR
botoseseses

0909090290600 %%
KR KIERLRKKRL

RRRKKS

Question 1 continued

000000000020 %0 %0 %%
HRRRKRKS
0902096290 %% %%

oo

KK
%
55

555
2
X

%
LR

XX
XX
XX
o
L

oo s ot
S0 29388 Dot
KK LB
CAS XS
SIS SSERS
95% o SRS
. SENS
bosel & o
SN
S
4 SRS
S
3 KXo
XS SRS
e A
ot ~ ot BT
SRIXRRS X
SRR SRRIKS
SRRHHIE  SRRHIES
SRRHIES SRR
XK XRXRHN
IR 3RXX
KRR SRR
SRR SRRHES
CXRHIS RRKRRS
CR% SRRRRS
2RI XRXHHN
CRXS SRXH
S0505000%eS Sesegeset
XXX HERR
CRHEKS SRAEIXRS
XX RRXRRS
CR% RRRRS
XX XRXRIN
SRIX 3R
X% KRN
S0XXK peosessseses
SRR SREXRRS
XX RRXRRS
R RRRRS
XX XRRRS
IR SRR
X% XXX
XXX SHLRS
SRR REXRRS
2000505959 RRXRKS
050505050 0 JR eSS o%0%0%0!
XXX XRRRKS
CRHXXKS  RRKKS
SRR SREXRRS
SRS KL
SRR 8555
pgoretetoto R o%otetetetet
NS SXIBLRS
By 2 OS5

OO0
otogetels
Al
W
S
0K

OO
S
e

oo

XK

OO

RSB
o0
SINKC

K%
KX

)

7
%
oo’

323

. faser—tote!
ZHTRIK: Kodak
096%%:%% 696%%:%%
90%0% %% 1909096 % %%
SRRRKS LRRKKS
SRRIRKE  SRKKES
090 %090%% 090%0%%%

X %% [0 %0 %% %

SRR R
RKKKK KKK

096%%%% 696%6%:%%
KERREK RIS
KKK KKK

096%%6%% 696%0%6%%
KERREK LIRS
KKK KKK

096%%6%% 096%%6%%
KERREK LIRS
KRKKKK KKK

196%%% 096%%%%
KERREK LRI
SRR oS ototete!
SRERKS

P63008 o2t %!

) SR
% SXIILRS
posi 1Y %0

I
s
batera wioks

QKR
SRR

oAt
ek
-
00567 Tale!
25

(Total for Question 1 is 6 marks)

3

R P 0 0O O O O I
Turn over »
P 6 6 6 3 7 A 0 3 1 6 urnove



Figure 2

A small smooth ring P, of mass m, is threaded onto a light inextensible string of length 4a.
One end of the string is attached to a fixed point 4 on a smooth horizontal table.

The other end of the string is attached to a fixed point B which is vertically above 4.

The ring moves in a horizontal circle with centre 4 and radius a, as shown in Figure 2.

The ring moves with constant angular speed i—g about AB.
a

The string remains taut throughout the motion.

(a) Find, in terms of m and g, the magnitude of the normal reaction between P and
the table.

(6)
The angular speed of P is now gradually increased.
(b) Find, in terms of @ and g, the angular speed of P at the instant when it loses contact
with the table.
3
(c) Explain how you have used the fact that P is smooth.
(1)
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Question 2 continued
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Figure 3

The uniform lamina ABCDEFGHIJ is shown in Figure 3.
The lamina has AJ=8a, AB=5a and BC=DE=EF=FG=GH=HI=1J=2a.

All the corners are right angles.

(a) Show that the distance of the centre of mass of the lamina from AJ is 26 a
3)

A light inextensible rope is attached to the lamina at 4 and another light inextensible
rope is attached to the lamina at B. The lamina hangs in equilibrium with both ropes
vertical and AB horizontal. The weight of the lamina is W.

(b) Find, in terms of W, the tension in the rope attached to the lamina at B.

€))

The rope attached to B breaks and subsequently the lamina hangs freely in equilibrium,
suspended from A.

(c) Find the size of the angle between 4J and the downward vertical.

C))
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Question 3 continued
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4. A particle P moves on the x-axis. At time ¢ seconds, ¢ > 0, P is x metres from the
origin O and moving with velocity vms™ in the direction of x increasing, where

v =5sin2t

When t=0, x=1 and P is at rest.

(a) Find the magnitude and direction of the acceleration of P at the instant when P is
next at rest.

(b) Show that 1 <x <6

(c) Find the total time, in the first 4z seconds of the motion, for which P is more than
3 metres from O

C))

C))

(©)

i
o2’

22
0’0{,‘ 5

e ssesesese’

o
5
oSod%

‘
)
R

X

NG
Sssotes

o
A

; R 00 O
P 6 6 6 3 7 A 0 1 2 1 6

OO,
88855

s
S

%o
QR

‘,‘
000e

0o %%
0o %%
’&5
%




%
000

1902000209090 %

O
0902090990090 9:%%

090%696%%

R
SIKKKK
RILRS
S5

355855
RRRXS

%5
888
dodososeses

XXX
SR
botoseseses

0909090290600 %%
KR KIERLRKKRL

RRRKKS

Question 4 continued

000000000020 %0 %0 %%
HRRRKRKS
0902096290 %% %%

oo

KK
%
55

555
2
X

%
LR

XX
XX
XX
o
L

oo s ot
S0 29388 Dot
KK LB
CAS XS
SIS SSERS
95% o SRS
. SENS
bosel & o
SN
S
4 SRS
S
3 KXo
XS SRS
e A
ot ~ ot BT
SRIXRRS X
SRR SRRIKS
SRRHHIE  SRRHIES
SRRHIES SRR
XK XRXRHN
IR 3RXX
KRR SRR
SRR SRRHES
CXRHIS RRKRRS
CR% SRRRRS
2RI XRXHHN
CRXS SRXH
S0505000%eS Sesegeset
XXX HERR
CRHEKS SRAEIXRS
XX RRXRRS
CR% RRRRS
XX XRXRIN
SRIX 3R
X% KRN
S0XXK peosessseses
SRR SREXRRS
XX RRXRRS
R RRRRS
XX XRRRS
IR SRR
X% XXX
XXX SHLRS
SRR REXRRS
2000505959 RRXRKS
050505050 0 JR eSS o%0%0%0!
XXX XRRRKS
CRHXXKS  RRKKS
SRR SREXRRS
SRS KL
SRR 8555
pgoretetoto R o%otetetetet
NS SXIBLRS
By 2 OS5

OO0
otogetels
Al
W
S
0K

OO
S
e

oo

XK

OO

RSB
o0
SINKC

K%
KX

)

7
%
oo’

323

. faser—tote!
ZHTRIK: Kodak
096%%:%% 696%%:%%
90%0% %% 1909096 % %%
SRRRKS LRRKKS
SRRIRKE  SRKKES
090 %090%% 090%0%%%

X %% [0 %0 %% %

SRR R
RKKKK KKK

096%%%% 696%6%:%%
KERREK RIS
KKK KKK

096%%6%% 696%0%6%%
KERREK LIRS
KKK KKK

096%%6%% 096%%6%%
KERREK LIRS
KRKKKK KKK

196%%% 096%%%%
KERREK LRI
SRR oS ototete!
SRERKS

P63008 o2t %!

) SR
% SXIILRS
posi 1Y %0

I
s
batera wioks

QKR
SRR

oAt
ek
-
00567 Tale!
25

13

VD 0 10O AR 00 O I
Turn over »
P 6 6 6 3 7 A 0 1 3 1 6 urnove



Question 4 continued
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Question 4 continued

(Total for Question 4 is 11 marks)

TOTAL FOR FURTHER MECHANICS 2 IS 40 MARKS
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