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1. 

A B

CD

Figure 1

 Five identical uniform rods are joined together to form the rigid framework ABCD shown 
in Figure 1. Each rod has weight W and length 4a. The points A, 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 A and the other string is attached to the 
framework at B. The framework hangs freely in equilibrium with AB horizontal.

 (b) Find 

  (i) the tension in the string attached at A,

  (ii) the tension in the string attached at B.
(4)

 A particle of weight kW 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 6W.

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

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) since the rods are uniform ,
and the axes of symmetry (which are the perpendicular bisector

of AC and the line through AC) intersect at midpoint of AC which is G
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) TA a TB

i) By taking moments about B :

3a(5w) = 4a(TA)
L % 3

A 39
Ta

= 13w

#

Su ii) By taking moments about A:

↓ a(5w) = 4a(TB)
TB = w

49 2a4a
a

8

2a
2a

2
X

a x =

"

(2a)2 - a

x = at

c) TA nTB By taking moments about A:

4aXTp + CaXkW = aX5W + 2aXZkW

⑨ 4aTz + ZakW = SaW + hakh

4TB = 5W + 4kW

W TB=+

~kW VIRW By taking moments about B :

4aXTa = Swx3a + 2kWx2a + RW X6a

4Ta = 13W + 4kW + 6kW

Ta = w(15 + 10k)
4

w(ISHOk),TK)STAnumerators where his

a positive value since weight can't

be negative)
In will be larger so when Ta = GW

. . 6 = w(15 + 10k)
4

24 = 15 + 10k

9 = 10k = 7 k = = 0 . 9
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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 t seconds, where t.0, the speed of the car is v ms�1 

 At the instant when t  0, the car passes through the point A with speed 2 1ms�  

 The acceleration, a ms�2, of the car is modelled by

a
v

=
+
4

2

 in the direction of motion of the car.

 (a) Use algebraic integration to show that v t= + −8 16 2 
(6)

 At the instant when the car passes through the point B, the speed of the car is 4 1ms�

 (b) Use algebraic integration to find the distance AB.
(6)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) a=

=
S(2 +u)dv = S4dt

20 + v
=

= 4t + 2

Z

Using boundary conditions

t = 0,= 2 2(2) + 22 = 4(0) + c

c = 6

: 2v + 1 = 4 + 6

v
=

+ 4v = 8 + 12

(v+2) - 4 = yt + 12

(v+ 2)2 = 8t + 16

v + 2 = Not+ 16

v = 00+ 16 - 2
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) V=

=6 - 2

Separating variables and integrate

SoT +6 -2 dt = S da

2/2dt-Sadt = x

Using integration by substitution

Let u = t + 2

Jud =L
c(()) - 2 = a + c

* - 2 = x + C

Using boundary conditions

x = 0,= 0 22(0 +2)
=

- 2() =

3C = 1

: x = (
=

(( +)
=

- 2t-

At =qx =2) + 2)
=

- z(t) -t
At v = 4

,
4=+ 16 -2

6=+ 16 x = 18 - 5 - 1
36 = 87 + 16 x = ↳m

20 = 8t

t = i
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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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 A and the other end of the string is attached to a fixed point B, with A vertically 
above B and AB a 4 . A small ball of mass m is attached to a point P on the string,  
where AP a 5 .

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

 The string will break if the tension in it exceeds 3
2
mg

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

 (a) show that 9
4

27
4

2ag v ag
� -

(7)

 (b) find the least possible time needed for the ball to make one complete revolution.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) A

T a) Using trigonometry
658 = 1

Sa

rTA ↑

These
sino = 1

49

i
B
&- P

3a Ymg= where v is angular speed
and r is radius ofcircle

Resolving vertically (4) Resolving horizontally (*)
Tacso = mg Tr + Tasino=
* Ta = mg

Ta = mg Tp = mg

TB > 0 since BPistaut
,Omg
my<

19

TB-Im sincestring does,m

=> gag< =
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) The max relety

:vpanpaiaa)

Lag

a
+2 =

3652ax
Th=a
T

= =4

T =4
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 9 marks)
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4. 

C

B

FA

B

AE

D

E

D

C

6a

4a

Triangular lamina Folded lamina

6a

3a

9a

Figure 2

 The uniform triangular lamina ABCDE is such that angle CEA = °90 , CE a 9  and 
EA a 6 . The point D lies on CE, with DE a 3 . The point B on CA is such that DB is 
parallel to EA and DB a 4 . 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 d1 

 The distance of the centre of mass of the folded lamina from DC is d2

 (a) Explain why d d1 2 
(1)

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

 (b) Find, to the nearest degree, the size of angle Į. 
(9)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) In the process of folding ,
each point of the Lamina remains the same distance from CD

.

Thepld occurs in the ze direction/axis so it doesn't spect how for the COM lies in the

x direction
, only y direction as these are the points/cerdinates that change from the pld .
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b)
10

, 3a) (4a3 a)
Splitting the Lamina into 3 shapes

①

large triangle RemovedArangle Addedangle Folded Lamina
10, 0) . (2010)

,
06
Area

(ACE) (BCD) (BLD)

27a
2 12a2 12a 2

27a
?

(0
,
- 3a)

COMy+ bat 3a+ 3a- 3a
=aT

3 3

moments= porce x perpendicular distance

The sum of moments is equal to the overall moment Using part a) , = Za = d

acting through the COM
. since COME for unfelded Lamina =

Mathematically - Mix = It Mi +ba = I
where m = force

x = perpendicular distance

Replacing force with area as they are proportional

27a 2 (3a) - 12(5a) + 12(a) = 2Ti
i = lla

T

M

30

-B
i x = 0 + B

-
Za

Oa
tane =

cat!yo

L

tane=
0 = artan (5)

taup=
B = arctan (5)

X = arctan (*) + arctan (5)
x = 82 . 10 (3st)
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 4 is 10 marks)

TOTAL FOR FURTHER MECHANICS 2 IS 40 MARKS
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