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Question 6 continued
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7.
8a mC D

2a ma m
A B

Figure 2

 A non-uniform beam AB, of mass 60 kg and length 8a metres, rests in equilibrium in a 
horizontal position on two vertical supports.  One support is at C, where AC = a metres 
and the other support is at D, where DB = 2a metres, as shown in Figure 2.  

 The magnitude of the normal reaction between the beam and the support at D is three 
times the magnitude of the normal reaction between the beam and the support at C.

 By modelling the beam as a non-uniform rod whose centre of mass is at a distance  
x metres from A,

 (a) find an expression for x in terms of a.
(5)

 A box of mass M kg is placed on the beam at E, where AE = 2a metres. 

 The beam remains in equilibrium in a horizontal position.

 The magnitude of the normal reaction between the beam and the support at C is now equal 
to the magnitude of the normal reaction between the beam and the support at D.

 By modelling the box as a particle,

 (b) find the value of M.
(5)
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a Draw a diagramlabelling all the relevant forces
R a 3R

As a 60g 2 za

2
Sa

Sinceit'sstated in the question that the beam is in equilibrium the sum of the
clockwise moments is equal to the sum of the

anticlockwisemoments therefore

Ʃmoments clockwise Ʃmoments anticlockwise

where moment force perpendicular
distance

www.mymathscloud.com
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Question 7 continued
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The clockwiseforces are ones that goupwardsfrom the left or
downwards from the right of wheremoments are taken and anticlockwise

forces are ones that go upwards fromthe right or downwardsfrom the

left of where moments are taken

Takingmomentsabout A

mail.si
G0gx Rat18Ra 60gx 19Pa

Sincethere's no verticalmotion the sumof thevertical forces is zero

EF 0 R 3R 60g 0 YR 60g R 159

Gogx 19 15g a x
1948ft Ia

b Redrawnewdiagramwith theadded forces
as as

As a x as sigmas v60 I za

Sa

Takingmomentsabout A

EEE.IE scaiitaE
2aMg 2859g Sat Gsa 75 a

sincethere's no verticalmotion the sumof thevertical forces is zero

EF 0 5 5 60g Mg 0 25 60g Mg S 60911
2
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Question 7 continued
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Substitutingthe valueof S into themoment equation

2aMg 2859g 7 6012M a

LaMg 285dg 420ag7Mg_

4aMg 570ag 420ag 7aMg

39mg 150cg M 15,1 50g

www.mymathscloud.com
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Question 7 continued
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(Total 10 marks)
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8. Two trams, tram A and tram B, run on parallel straight horizontal tracks. Initially the two 
trams are at rest in the depot and level with each other.  

 At time t = 0, tram A starts to move. Tram A moves with constant acceleration 2 m s –2 for 
5 seconds and then continues to move along the track at constant speed.  

 At time t = 20 seconds, tram B starts from rest and moves in the same direction as  
tram A.  Tram B moves with constant acceleration 3 m s –2  for 4 seconds and then continues 
to move along the track at constant speed. 

 The trams are modelled as particles.

 (a) Sketch, on the same axes, a speed-time graph for the motion of tram A and a  
speed-time graph for the motion of tram B, from t = 0 to the instant when tram B 
overtakes tram A.

(3)

 At the instant when the two trams are moving with the same speed, tram A is d metres in 
front of tram B. 

 (b) Find the value of d.
(5)                                                                                                               

 (c) Find the distance of the trams from the depot at the instant when tram B overtakes 
tram A.

(5)
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t 24

a V

12 B
10 A

5 20 24
t

As the acceleration for B 3m52 is greater than A's 2ms2 thegradient
needsto besteeper for B

b We first need the time they'retravelling at the same speed

Using V M at for B v 0 3t Vp 3t

which is onlyapplicable between 1 20 and t 2M as it'sonly
accelerating during thesetimes

www.mymathscloud.com
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Question 8 continued
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Equate the velocity of A 10ms and B for 20 t 24

10 3t t 103 Time at same speed 19 20

Now we find thedistance travelled by each tram at t
which can be found by calculating the area under the graph

r a r

12 B 12 B
10 A 10 A

0 5 20 30 24
ᵗ

0 5 20 30 24
ᵗ

Distancetravelled by A Distance travelled by B

5
11 53 10 625m

1521 m

Difference in distancetravelled d 6235 53 5733m

c We firstmustcalculate the time t x at which B overtakes A
which occurs when the distance travelled by each tram is the same
V

12 B
10 A

5 20 24
t

We can create expressions for the distance travelled by each
tram using a similarconcept in part b using the area underthegraph
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Question 8 continued
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da 521 2 5 10 25 10 x 5

dB 4212 2 24 12 24 12 2 24

We can now equate the expressions for the distance travelled

25 10 x 5 24 12 2 24

10 25 12 264

2x 239 x 119.5seconds

Distance of trams at t x t 119.5

da 25 10 119.5 5 1170

dB 24 12 119.5 24 1170

Distanceof trams at the overtake from the depot 1170mg
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Question 8 continued
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Question 8 continued
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