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Figure 1

Five identical uniform rods are joined together to form the rigid framework ABCD shown
in Figure 1. Each rod has weight I and length 4a. The points 4, B, C and D all lie in the
same plane.

The centre of mass of the framework is at the point G.

(a) Explain why G is the midpoint of AC.
1)

The framework is suspended from the ceiling by two vertical light inextensible strings.
One string is attached to the framework at 4 and the other string is attached to the
framework at B. The framework hangs freely in equilibrium with 4B horizontal.

(b) Find
(1) the tension in the string attached at 4,

(i1) the tension in the string attached at B.
“4)

A particle of weight kI is now attached to the framework at D and a particle of weight
2kW is now attached to the framework at C. The framework remains in equilibrium with
AB horizontal and the strings vertical.

Either string will break if the tension in it exceeds 6 /7.

(c) Find the greatest possible value of £.
4)

) Al the vods have o undorm mass dum{j so the centre of
Mass 1S -H\e |’|\i¢.vs‘euf|b|r\, o'F 'H'\e l oXes o'F sjmmdrj

D DABC oad DADC e et{w'aioml

T, 4 d=20 csb60 = a
N Takmg Momadts oot A2 D = (r

c R
’ 5w => Ts _q_s_b\)
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Question 1 continued

Re Sahn'ng Fovces cwfing on 'Eh& {mMC (’B

To 4T, =5
Ta = SW-Hw
L
Te = 15w
o
A m ) B O
C> ’]; ‘{fm& Hie new {'enSl'th'- T A T A
Taku'ng momends  abod A 'D= (9' A h—
20 cosbo” - BW _ 4aTg + SWIN/
+ D
UaTy = Bal + Ykald - 2ak W
T = (264DW
U

Eif V"°[""‘3 £ = Ta= (63300W - (2k+5) (y

(.L)(/\e—h TA.-‘: 6(/\), wkq\’l;=_6w/
-'—‘>_’£+_S_I<=€ = 2k +S _ 6
Y 2 q
k=2 2k = 19
z 4 k =95

k=09

S As K increases from O, the fiest s-Emy to Shoy would be A This

occurs o8 k=-0.9. So k  camet exceed 09
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Question 1 continued
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Question 1 continued
(Total for Question 1 is 9 marks)
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2. A car moves in a straight line along a horizontal road. The car is modelled as a particle.
At time ¢ seconds, where ¢ > 0, the speed of the car is v ms™

At the instant when ¢ = 0, the car passes through the point 4 with speed 2 ms™'

The acceleration, @ ms~, of the car is modelled by

in the direction of motion of the car.

(a) Use algebraic integration to show that v =+/8¢+16 —2

(6)
At the instant when the car passes through the point B, the speed of the car is 4 ms™'
(b) Use algebraic integration to find the distance 4B.
(6)
& a = dv
dt
U s Yl = (240) du
2+v dt

gqobt = §2+v v

LH: = 2\/ +¥3’ 4+ C

2

At t=0, v= 2 .
= Yoy = 2.2 + 2 +c

2
c="2-4= -6
VS 42y -4t -6 =0
2
vi+4y - ft-12=0
U= -4t 4t (o)

2.
-2 *L|1e +32t+yp

2t 6+ 8¢
RN 0O 0 A
P 6 2 3 1 3 A 06 2 0
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Question 2 continued

Sinte  aceelevation s ALWAYS in the  Same divechion of V, U does
ot oﬂuhge— Sigh

ﬁv:W—Q_

b> (Whea v =4,

Y = (gt +l6'-2
J &4 = 6

(t+IC = 3¢
€ = 20
=5

Sl
AlﬁahCe AB = S v dt

n
|p
o)
PE N
+
w o~
\
g
L)
(4 w
el

I
S
__z_% g;nc) _ S
31
-1 o
L (19
= 1.6 -S_¢

7
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 12 marks)
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3. A light inextensible string has length 8a. One end of the string is attached to a fixed
point 4 and the other end of the string is attached to a fixed point B, with 4 vertically
above B and 4B =4a. A small ball of mass @ is attached to a point P on the string,
where AP =5a.

The ball moves in a horizontal'circle with constant speed v, with both 4P and BP taut.

3mg

2
By modelling the ball as a particle and assuming the string does not break,

The string will break if the tension in it exceeds

(a) show that 9%3’ < 2ag

(7)

(b) find the least possible time needed for the ball to make one complete revolution.

2

@) Pitore of the st wp: Free - ba@ é?x'aaram a4

Ta
2

e)TB
v M9

Pased on  AAPB,

A‘[', constont Spee& 5 Since thee is O Vc;v’CicJ occleration,
RQSo‘\Jing @B
’r,,\ sinQ = mg
= 5
Ta= 2w

HoriZodan/
"; cos® + TB c:a\inpalz& fom = my

—

v

P 6 2 31 3 A 01 0 2 0

snQ = 4 , cos©@=3 fan® = 4
S ) 3
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Question 3 continued

2

2 x>m ‘l"rB': mv
e 7"

3a

Tg= mv* - 3
TS T w

Since Tg > O [-H\e_ Sfring is 'l:aui']

mut - 3my S0

2a Y
= b s 3ms
30 Y4
vt > Qg

i -

Since Te & 32mg or else the S{:rimg woud  break |

@

2
mt - 32m9 2 3m
20 Y 2

mvt ¢ Img
3a Y4
v? & 27a9

\*l

. ag o V" 2 27
n Lr/
b} The ball comy'é‘tef one  revolution in the Jeost fime when it Is

' he quickert
MO\nng the 9 c,ker N y 2 _ 2703

max
Y

Vinax = 23303 = 2rr
EY

AR 2000 O )
P 6 2 31 3 A 01 1 2 0

Turn over




PhysicsAndMathsTutor.com

7~

Question 3 continued
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Question 3 continued

(Total for Question 3 is 9 marks)
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4.

C

6a

9a

D da B D B

3a —_—
u ) ol

E 6a A r A
C
Triangular lamina Folded lamina
Figure 2

The uniform triangular lamina ABCDE is such that angle CE4A =90°, CE =9a and

EA = 6a. The point D lies on CE, with DE =3a. The point B on CA4 is such that DB is
parallel to E4 and DB = 4a. The triangular lamina is folded along the line DB to form the
folded lamina ABDECF, as shown in Figure 2.

The distance of the centre of mass of the triangular lamina from DC' is d|
The distance of the centre of mass of the folded lamina from DC'is d,

(a) Explain why d, =4,
(1)

The folded lamina is freely suspended from B and hangs in equilibrium with B4 inclined
at an angle a to the downward vertical through B.

(b) Find, to the nearest degree, the size of angle a.

)

ab Since the fold  coas alonj a line L. to €D Py cuu:.j Foin{ on
'H\@- iamimon rewmoung 'H\e. Same oqc'stancg {Tom CD Q'Hu- Hre ‘FDU

N — b - b
VA

No novemed in <>  duvechon

(-e. , No mast was moved towards or awsy from CD, sothe
cenkre ot magy

P 6 2 31 3 A 01 4 2 0
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Question 4 continued

\0> Centre of mass = (5:‘,9)

.’J_C = &. = &z = QOL
/’; work out Y, USe area vakios and-  distances ‘Fh:rw o  vefevence
ljnc Cwe'” Choo.fe EA) ’
[_O.r e RGMDVQDL A Aouea( D FoUeJ\ lp.v\.'na.
(O ACE) (ABCD) (N BCD (3)
Area Rakios —> 27@ lla" '2&1 27&1
Distunces fome A 3o Sa o y
Use +these cluankl'fics ‘o fakc. Mow\udfs oJoot EA:
A73a. - |AxSa + 12xa = 275
'5} a = 273_
g = '0.
)

wh&’\- S\LS[)wAeo( 'FV‘OM B H\e cenkre of mass wi“ }Je_ thl'(‘aly
below B
@

’ﬂ\c_ oungle L bdkwccu_ aruy 2 ZDC\A
veckors  can be {om\& um‘g
the dot Froduut
—> —>
oS oL = BA ® 607 (n
rrARE
—q 2
= %‘(-2).(’3> = 0.138|9€03...
%{jws' S

Acute a.ngje Solution : = ¢oS (O 138196 .. > £2.08¢s..2 82°

=
P 6 2 31 3 A 0 1 5 2 0
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Question 4 continued
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Question 4 continued
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Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 10 marks)
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