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Answer all the questions.

1 A car of mass 1200kg 1s driven on a long straight horizontal road. There 1s a constant force of
250N resisting the motion of the car. The engine of the car is working at a constant power of

10kW.
(a) The car can travel at constant speed vms ' along the road. Find v. 2]
(b) Find the acceleration of the car at an instant when its speed is 30ms ™. [3]
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A particle P of mass 4.5 kg 1s moving in a straight line on a smooth horizontal surface at a speed of
2.4ms ' when it strikes a vertical wall directly. It rebounds at a speed of 1.6ms '

(a) Find the coefficient of restitution between P and the wall. 1]
(b) Determine the impulse applied to P by the wall, stating its direction. [3]
(¢) Find the loss of kinetic energy of P as a result of the collision. 2]
(d) State, with a reason, whether the collision is perfectly elastic. 1]
@) v=eu
Q’-V-:Lb_:Z' e Z
w 24 2 3

(b) Tmpulse, L= lmlv -\Q,
S This gives magynikude of impulse.

Wall 0
£=0 «—®
T= 45C1L6—24) = 4.5(-4) = ~I18 N5 or kyms™

- T=I1gNs wm Hre Enak divecken of mokewn of pP.

.

() LOSs of KE = KEsank ~ KEeug
KE= L mv?
2
Loss of KE = -'z-ca-%(zml- L (#.9) (1)
= L(as) [z.%"-u.éz‘]
L («$)(3.2)

7.2 3
(d) As KE s lost, cllision is wot perfecly elashc.

\l

[+ Loss of Ke =1.27|
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3 Aparticle P of mass 5.6 kg 1s attached to one end of a light rod of length 2.1 m. The other end of the
rod is freely hinged to a fixed point O.

The particle is initially at rest directly below O. It is then projected horizontally with speed 5ms '
In the subsequent motion, the angle between the rod and the downward vertical at O is denoted by
O radians, as shown in the diagram.

0
0
2.1m
P
@
4—
S5ms™!
(a) Find the speed of P when 6 = }7{. (4]
(b) Find the value of 6 when P first comes to instantaneous rest. 2]

(@) Consevvaxiown of Enof%\:)'- Ewurcm Stare = Enexta\j End
{E= -\iv\ml?' - Iwinol Enug\] = 15_(5-9(5)": 70

PE=moh — PE= 569 (2.1~ 24cos L) = 33755

"%3 M\,Chomae n heiam—
S,Qj

. RE= XE*+PE
10 Ji(s.b)v"+ 33.155...
3628 = 2807
v |36.24.. - 3997.. % 3.6 ms”" (2sf)

2.9
..V=3¢ MS-\)
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(b) When v=0, PE= T0.
5.69 (2.1-2.\c0s0) =10

2.4 —2.1¢cs0 = 10

S-bj
2.\0s0 =2.\- 70
5649
2.\ s0 = 202
245
ws© = 202 . 5.\
U5
00 = ‘_"_%-
1029

s s (A0) L | 1673

024

S 0:=1.\7 vods

~)
~

.17 vodsg (35(:)
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4  Anparticle 7 of mass 2.4kg 1s moving in a straight line O4 on a horizontal plane. P is acted on by a
force of magnitude 30 N in the direction of motion. The distance O4 1s 10m.

(a) Find the work done by this force as P moves from O to 4. [2]

The motion of P is resisted by a constant force of magnitude R N. The velocity of P increases from

12ms ' at Oto 18ms™! at 4.

(b) Find the value of R. [3]

(¢) Find the average power used in overcoming the resistance force on P as it moves from O to 4.
3]

When P reaches 4 it collides directly with a particle O of mass 1.6 kg which was at rest at 4 before

the collision. The impulse exerted on O by P as a result of the collision 1s 17.28 N's.
(d) (i) Find the speed of Q after the collision. 1O ~n 2]
()— 30N
0 L
Cq) WOV'Q DO"Q < Fd 2\43
WD = 30«10 = 300T [--WD=300J
() Brevpy Stort + WO by D = Enwgy End + WDy Resistavce
KE+WD= KE + WD by &
1 . WOD* + 300 = _\i@..usos)"' + 10R

(ii) Hence show that the collision is inelastic. [2]

AN

172.8 +200 = 388.% + IOKR
I0R = {72.8 +300 —288.8= 84

R= %‘_:g.QN '\Z.-.%'-H\!J

10 An

pa N
~

7
v
o Z-M\ﬂX A
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© P=wb
£
S =10 5= Ji(vv\'\l)f
oY O=L(1I2+Ifdt @ t= 10x2 - 2
ey =z e 3
T:7
p= 10R . % =126 W S P=\26W
2
5 ()
(dy @ B: > ® I=wmv-w
17.28 = 1.b (Va -0)
An ~ Va = ‘——7'28 £ 10.2 ms™
l.

. Vg ° 0.2 ms™

) (onsevvarion of Mowmentum & [ Begove = P Aprer
2.4(18) = 2.4Vp 1.6 (10.9)

\’? = 2"‘(\8\2_&‘-6(\08)‘ - \O.% . Vf < \Og ms"’\

Vp= VQ , SO e pardcdes coalese.

.o (olWsion 18 ine\aSHe.
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A particle of mass m moves in a straight line with constant acceleration «. Its initial and final
velocities are # and v respectively and its final displacement from its starting position is s. In order
to model the motion of the particle it is suggested that the velocity is given by the equation

2 a B.Y
V™ = pu +(/u/ s’

where p and g are dimensionless constants.

(a) Explain why o must equal 2 for the equation to be dimensionally consistent. [2]
(b) By using dimensional analysis, determine the values of  and y. (4]
(¢) By considering the case where s = 0, determine the value of p. [1]

(d) By multiplying both sides of the equation by %m, and using the numerical values of a,
and vy, determine the value of ¢. [2]

@ y*= Pu“
v=u & P is dimensionless thanagone X = z.

&) " 77% = Q_T"‘)‘LL’
-2=-28 2 6=\
Y =2 2 . yz2-fb=2-1%1
6=V, Y=
(c) TE s=0 #en v=u,so u*=pu +0.
.'.?-‘—
() -‘)-_-mv".. _\imu" = _liovmo\s =LlgFs = "i q W
L s equation S O statemenk of work -evengy prnciple.

o gy =l Ty t2
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Three particles 4, B and C are free to move in the same straight line on a large smooth horizontal

surface. Their masses are 3.3kg, 22kg and |kg respectively. The coefficient of restitution in

collisions between any two of them is e.

Initially, B and C are at rest and 4 is moving towards B with speed #ms '

(see diagram). 4 collides
directly with B and B then goes on to collide directly with C.

ums_l
—_—

3.3k 22k 1k
o o o
A

B C

(a) The velocities of 4 and B immediately after the first collision are denoted by v ms :

and
| .
v,ms = respectively.
u(3—2e)
* Find an expression for v, in terms of u and e. (4]

(b) Find an expression in terms of # and e for the velocity of B immediately after its collision
with C.

(4]
After the collision between B and C there 1s a further collision between 4 and B.
(¢) Determine the range of possible values of e (4]

@) B: - p=mv
® ® eCua—ug) = Vg -V,

10
@ Qu = - Vp A vg —— Z-C!A -'ZVA x 2»/0/3

X2
Vg = eu*Va 3u-2en= Svyp
: — 2w
e ¥ 3“5 L’.'. Vg = w(3-2e)
= Sent3n-2¢eu 5
5

= 3eum + 34 ’o'VB = 3w U+€)J
5 S
5
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(L) &: —
©
A — —

2 [3u(14e) )
@ 27—(%)-2.2\!3-\'\/(;9 33\;2+C>=Z-'7-VB+%

@ e,(3u(\-\'13> T-VB-\-\)c,  — w: -Vg .\-y(
5 S

Le.ﬂ\(se-\D" 5.2vg

—

I |

33u(1+e) 3 e(|+e) 2s
25 - S SNg = 3ule+d-se+\)
2 go
= &A“' 33w - 3ue _ Jue
s 5 "5
: w33 + B¢ - 'é&]
u[’:g A A

= M -1Se?
25(3?’ Y \Qe e )
= 3u (e+()(-5et1D)

2S

(¢ For awolner Gliision berwean A & 8:

w(3-2e) , 3x(e+Yse -ID
5 ¥

X8O x$d

aR -32e > 3(Se**be 1)

T -32€ »-5e* v\ge +33

M 43t +32¢ - 4%
-15e¢2 +50e -15 <0 - Sez—loe +3 >0
-5 (»e-)(e-3)>0 As O¢etl,
¢ ) Oze <)
C‘% e:=3
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It is required to model the motion of a car of mass mkg travelling at a constant speed vms '
around a circular portion of banked track. The track is banked at 30° (see diagram).

YWq cos 30"
30'\/,

<

’
s . o
------------------ > mMgsin30
Mg
In a model, the following modelling assumptions are made.
* The track 1s smooth.
e The car is a particle.

e The car follows a horizontal circular path with radius rm.

(a) Show that, according to the model, V3" = gr. |4]
For a particular portion of banked track, » = 24.

(b) Find the value of v as predicted by the model. 2]

A car is being driven on this portion of the track at the constant speed calculated in part (b). The
driver finds that in fact he can drive a little slower or a little faster than this while still moving in
the same horizontal circle.

(¢) Explain
* how this contrasts with what the model predicts,

e how to improve the model to account for this. |3]

2 ~C 1S Hhe novmal tontack fovie beruwreaw

(@) Fc’i"rL — c,s;n50°-.r_n_v_" @ e av & Y.

r

Ccos30° = Mo @
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(b) Iz v* = 24 g

V= |24 xq.i_

= Wl.65... ® \.7 ms ™!
\E)

v =W ms

(€) Moder mplies ok OV\\j o single valwe f[ov e
Spexd s PoSS'lb\.e for a S’we.n WJ'W\S, so )
o\r\wau N SPEd (owld (Dl thwe G Jo  move
in o ditferenk cgroe.

To improve | e ok should be ™Modelled ©OS
ra:iSI-in Sidewars  ywokon





