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Question 6 continued
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Figure 2
A non-uniform beam 4B, of mass 60kg 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.

(6))
A box of mass'M kg is placed on the beam at £, where AE = 2a metres.

The beam remains in equilibrium in a horizontal position.

The@magnitu h al reactio e beam and the supg is now equal
to thefma rmal reaction b the beam and the support at D.

By modelling the box as a particle,

(b) find the value offM.

)
a) Draw o diagram lobelling oll the relevank forces.
T R T 3R
A(LC) 1609 2 :
¢ = S
8o

~
| 4

Since its stated in the question that the beam is in equilbnivm , the sum of the
Clodawse. moments is equal to the sum of the antidockwise moments , theregore :
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Question 7 continued

The clockwise jarces ose ones thak (0 vpwowds from the legt or
downward€ prom the nght of where Moments are token and onticlockwise
jorcet ove ones thak go uvpwards fom the nght or downwads from the
le4t of where moments are taken.

* Toking moments abovt A :

60g (=) = R(a)+ 3R(8a-20)

H_” LN
cdlockwise anticlockunse.
moments moments

* 60gx = Ra + I18Ra ~_ 60gx = 19Ra

Since there3 no Yertical motion, the sum of the vertical forzes is zem.

:12F=0! - R+3R-60g=0 - YR=60g - R=I5g
~ 00gx = 19(15g)a ~ x = AxISgxa = 194
60g Y

b) Redmuw new diagram with the added Aforces.
S S

! 1
A ‘ ‘Li Mg 1609 2 8

Ba

] S
?

Bo. «

Toking moments about A :

1\43(2¢1)+€03(%L)= S(a) + S(8a=-20)

dockwise anhclockunse
moments moments

* doMg + 286ag = Sa.+ ESa = 7Sa

Since. there§ no Yertical motion, the sum of the verticak Hforzes is zem.

“ i éF =0 i S-I-S-G()s—NB =0 - 23:603.._ MS ~ S= 603; MS
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Question 7 continued

AQQME"’ 28505 = '-|2.Da.3+7M§

2

JAMgLSJQM = 420ag + TaMq
~ ~7 -

» 30Mqg = Oa. = 1SOag —
3 3 30g 5/
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As the accelerabion 4or R

Two trams, tram A4 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 ¢ = 0, tram A4 starts to move. Tram 4 moves with constant acceleration2ms — for
S seconds and then continues to move along the track at constant speed.

At time ¢ = 20 seconds, tram B starts from rest and moves in the same direction as
tram 4. Tram B moves with constant acceleration 3 ms 2 for 4 seconds and then continues
to move along the track at constant speed. (t =24)

The trams are modelled as particles.

(a) Sketch, on the same axes, a speed-time graph for the motion of tram 4 and a
speed-time graph for the motion of tram B, from ¢ = 0 to the instant when tram B
overtakes tram 4.

©))

At the instant when the two trams are moving with the same speed, tram 4 is d metres in
front of tram B.

(b) Find the value of d.

)
(c) Find the distance of the trams from the depot at the instant when tram B overtakes
tram A.
)
AY
121 : R
04 : A
s s ¢
0 s 24 ’

is greater than As (2ms™) the gradient

needs o be steeper for B.

b)

He first need the time theyre trweling at the Same speed.

Uﬂh_giv:u-l-ati#ar@: Y =0+2k "'YB':'Z

which is only applicakle between

and E=24 a8 its only

accelequting  during these timeg.
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Question 8 continued

Equake the velocity of A (loms") and B for st<g2y :

0=:t - t=l§. - Time ot Same speed = !%+ 7?0

Now we gind the distonce travelled by each trum ok E =7§Q
which can be found by calculating the area undes the gmph.

AY AY
124 B 12, —_—B
101 / A
; H H HH st
0 5 Zo_' 24 7 (0) 5 zg' 24 rd
3 3
= Distance tavclled by A ® Distunce trawelled by B
10
= SxI0 + 5_5 x10 = é?ém = 33X 10 — 5_0 m
2 3 3 2 3
- Digperence in distoncz trowelled (d) = %2—5_3? = S15 m
3

c) He fist must calwlake the time (L=x) ak whidh B overtakes A
which oceVis when the distance. trovelled by each tram is the same.
AY

121 : i B
101 i : A
: ; ot

o s 24 x

We can ceake expressions fav the distance travelled by each
tram using o Similar ancept in part k) using the area under #he graph.
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Question 8 continued
dy @ SXI0 4 (x-S)x10 = 25+ 10(x-5)
2

dg @ UXI2Z + (e-24)x12 = 24+ 12(x-2Y)
2
We can nou equate the expressions for the distance travelled.
. 2S+10(¢~S) = 4 +12(c-24)
© 10x-25 = 12x-26Y

2 2= 239 > = l19.5 seconds

“ Distonce of trams ak k=x (£=U9-5) :

d, = 25+ 10(ua.s -s8) = 170
dg = 24+(2(114-5-24) = 170

* Distonce of trams ok the overtake frow the depot = ll‘70m/
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