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Exercise A, Question 1

Question:

A particleP of mass 0.2 kg is moving along a straight horiablime with constant speed 12 m & Another particleQ
of mass 0.8 kg is moving in the same directio® a@long the same straight horizontal line, withstant speed 2mst.
The particles collide. Immediately after the cadlis Q is moving with speed 6 mst.

a Find the speed & immediately after the collision.

b State whether or not the direction of motiorPdé changed by the collision.

¢ Find the magnitude of the impulse exertecQ in the collision

Solution:
Positive direction
12 m s Zms!
Before —--——— —_— -
P 0.2 Kg> Q \G.E Kg>
After —4——— ——
vms! 6ms

a Conservation of linear momentum

02%x12+0.8%x2=02%+08x6

0= -08=>v= -4

the speed o immediately after the collision is 4 ms

b The direction of motion d? has been changed by the collision.
cForQ,1=08x6-08x%x2=3.2

the magnitude of the impulse Qis 3.2 N :
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Question:

A particleP of weightW newtons is attached to one end of a light ineitastring. The(J
other end of the string is attached to a fixed pOInThe string is taut and makes an ar .
30° with the vertical. The partickis held in equilibrium under gravity by a force of
magnitude 12 N acting in a direction perpendictdahe string, as shown. Find

a the tension in the string,

b the value of\.

aR(— ) Tcos 60° =12 cos 30°
T=12V3( =20.8)
the tension in the string is 323 N

b
R(1)W=Tsin 60° +12 sin 30°

=12V 3 x %+12x% =24
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Question:

A car is moving along a straight horizontal roatltifnet = 0, the car passes a sign

A with speed 8 ms1and this speed is maintained for 6 s. The car #leerlerates uniformly from 8 nT¢to 12ms 1in 9s. The
speed of 12 ms1is then maintained until the car passes a sedgn®sThe distance betwee¥andB is 390 m.

a Sketch a speed-time graph to illustrate the matfdhe car as it travels frodto B.

b Find the time the car takes to travel fréno B.

¢ Sketch a distan-time graph to illustrate the motion of the cartasavels fromA to B.

Solution:

a

v (ms=1)1

b |Let the time travelled at 12 nis* beT second:{s.

6x8+ > (8+12) x9+123 =390
12T=390-48-90=252 T=21
the time the car takes to travel fréwio B is 36s

Cc

s(m) 1
390

138
48

o 6 15 36 t(s)
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Question:

Two particlesA andB are connected by a light inextensible string whiakses over a fixed
smooth pulley. The mass Afis 4 kg and the mass Bfis m, wherem > 4kg. The system is

released from rest with the string taut and theghmnparts of the string vertical, as shown. U

1
After release, the tension in the stringisg.

a Find the magnitude of the acceleration of theigiag.

b Find the value of. [ ] O

A{dkgl B (mkg)
¢ State how you have used the fact that the stdirigeixtensible

Solution:
N
N
T A T
ams-2T A B Lums-l’
dg mg
aForB

R(1) mg-T =ma

o~ Hmg =l

-3
a =9

3
the magnitude of the acceleration of the partidesg

b ForA
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R(1) T-49 =4a

1 3

2mg-4g =4x 2[g

m =28
c the accelerations of the particles have the saagnitude
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Question:

A particle of mass 0.8 kg is moving under the attbtwo forces® andQ. The
force P has magnitude 4 N and the fol@ehas magnitude 6 N. The angle
betweerP andQ is 110°, as shown. The resultantrodndQ is F. Find

a the angle between the directionFofind the direction d?.

b the magnitude of the acceleration of the particle.

Solution:
0]

R(—> ) X =4-6 cos 70° =1.947879 ...
R(1) Y =6 sin 70° =5.638155 ...

tan 0 % ~ 2.80451 ...

0 70.9° (3sf.)
the angle between the directionfoind the direction d? is 70.9 ° (3 s.f.)

(ii)

|F| 2 =x2+Y2=35583 ...
F = |F| = +35.583... =5.96515 ...
F =ma

596515 ... =0.8= a=7.456 ...

the acceleration (P is7.4€ms~2(3 s.f.
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Question:

A small stoneS of mass 0.3 kg, slides with constant acceleratmmn a line of
greatest slope of a rough plane, which is incliae80° to the horizontal. The stone
passes through a poXtwith speed 1.5 m s, Three seconds later it passes throug
pointY, whereXY = 6 m, as shown. Find.

a the acceleration &,

b the magnitude of the normal reaction of the plam§,

c the coefficient of friction betweeS and the plan

Solution:

HE*FN RN o m s-2
T~
0.3gN \}*’\

307 7~

au=15f=3s=6a= ?
1
s =ut+ —at?
2
1
6 :1.5><3+Ea><9

15 =45 =>a=

w |+

1
the acceleration dis 3ms” 2

bR(1)R=0.3 cos 30° =2.546 ...
the magnitude of the normal reaction of the plam&is 2.5 N (2 s.f.)

¢ Friction is limitingF = uR = x 0.3y cos 30 °
R( ™) 0.3y sin 30° —x0.3y cos 30° =0.3x

. . 1
gsin 30" "3 ~ 0538 ..

g cos 30°

The coefficient of friction betweeS and the planeis 0.54 (2 s
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Question:

In this question the unit vectors i and j are due east and north respectively and position vectors are given with respect to
afixed origin O.

A ship Sis moving with constant velocity i23j)) km 1 and a shifR is moving with constant velocityi &m h L.
a Find the bearing along whichis moving.

At noonSis at the point with position vector Bm andR is atO. At timet hours after noon, the position vectorsSafnc
T ares km andr km respectively.

b Finds andr, in terms oft.
At time T hours,R is due north-east & Find
c the value ofT,

d the distance betweeS andR at timeT hours

Solution:
a
L 3
" ta= - = 0~56.3°
the bearing along whicBis moving is 146
2
2]
3
b

s =8+ (2-3)t
r = 6ti

cAttimet=T,r—-s= (4T-8) i+ 3Tj
If Sis north-east oR,

3T
T s=1=>T=8
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d WhenT =8

r-s =24 + 24
R =242+ 22 > R=24+2

The distance betweeS andR is 24  2km.
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Question:

A P & B
“-— 21— < XIN =
- 2m >

A uniform steel girdeAB has length 8 m and weight 400 N. A load of we@®® N is attached to the girderAand a
load of weightW newtons is attached to the girdeBafThe girder and the loads hang in equilibriumhvtite girder
horizontal. The girder is held in equilibrium bydwables attached to the girdePaandQ, whereAP = 2 m and

QB = xm, as shown. The girder is modelled as a uniforth tlte loads as particles and the cables as ligixténsible
strings.

[ a00+en )
)

a Show that the tension in the cable at Q\is 6 —x

Given that the tension in the cable attached iatfive times the tension in the cable attache@,to
b find Win terms ofx,

c deduce thax < 2.

Solution:
XN & YMA
A F Q B
2m 2m (4-x)m xm
200N 400 N WHN
a

M(P)Y(6-x) +200x2=400x2+Wx6
Y(6-X) = 800 — 400 + &V

400 + BNV
6 - x
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[ a00+aw

the tension in the cable @tis k 6 —x ) N

b

R(1) X +Y=600+W

600 +W — 400 + 8NV
6 —-x

X

_ 3200 - 60& — wx
- 6 — X

X =5Y = 3200 - 606 — Wx =5 (400 + 6V)

1200 - 60& = (30+x) W
_ 600 (2-x)
W - 30 +x

cWo >o0o = oxo >o2
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