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Question 1

(1) The weight = 49 = 400 N vertically downwards
0 W=-400k N

(i) At equilibriumF +F, +F+F, =-W =-<0, 0,-400>
LetFy=<a,b,c>ieF,=a +h + &k
Hence on substituting we get
80 + 20 + 10k + 60 — 40 + 8%k — 50 — 10Q + 8k + a +hj + ck =40k
Equate coefficients af 80 +60—- 50+a = 0= a = —90
Equate coefficients gf 20—-40-100+b = & b = 120
Equate coefficients df: 100 + 80 + 80 + ¢ =406= ¢ =140
[ Fs=-090 + 120 + 14k

Magnitude ofF; = /(- 90)° + (120 + (140 = +/42100= 205N

alb

(i)  Using cosf = W’ wheredis the angle between the fordésandF,
_ <80,20,100>[<-90,120,140>
0 cosd =
V807 + 207 +10CF /(- 90 +120% + (140)
cosh = — 7200+ 2400+14000 _ 0.3459
V16800142100

Henced =69.76°




Question 2
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Volume of cylinder 77 °h = 71(a)’ (4a) = 478°

Volume of cone %nzh :%n(a)z(Za) =%7a3

Let M be the mass of the cone,

then density of cone . = M = M 3 = M
V %m 2|8

cone

3

Since density of cone = 2(density of cylinder)

_1. _1(3M )_ 3m
then pcylinder - 2pcone - Z(stj - 473.3

3M - Ivlcylinder — Ivlcylinder

But 0. ger =
pr|Indel‘ 4733 ch"nder 4m3
3M
=> M cylinder = E (4m3) = 3_

(ii)

By symmetry the centre of mass lies on the axsyofmetry of the model.

If distances are measured from the vertex of tinecthen

Centre of mass of a right circular cone of hehyhi%h.
O itis %(Za) :3—: . In the diagram it is marked with X.

Centre of mass of a cylinder of heighis 2

Oitis 2a+ %(4a) =2a+2a=4a. Itis marked witha




The centre of mass is found by using the facttti@sum of the moments of the
weights of the constituent particles about any itnequal to the moment of the

resultant weight about the same line.

Thusx = 2 Mx _M(3a)+3M(4a) _3a+l2a 27,

> m M +3M 4 8
(iii)
vertica
A ]
AN I I £
X
<«2a—»
4—2_7 —
8

By referring to this right angle triangle,

‘ a tanazézé. Hence
sa 11
/, _l 8
27 11 a =tan (—j:36.030
Ea—ZaZEa 11

(iv)

By taking moments at vertical axis throyngiint of suspension, we get

aM (%aj =M'(2a)

11
4|v|[aj
~ Mm=— 8 1y

(20) 4




Question 3

60 607

B

(i)
Using the 3 — force result, the reactiolgiasses through the point of
intersection of the lines of action of the weightand tension T.
U R makes 3bwith AB.
Also triangleDAC is a triangle of forces and from its geometry we that it is
an equilateral triangle because aniD = 180 — 6@ — 60 = 60.

Hence we have

T = T=R=W

(if)
At equilibrium, sum of
clockwise moments = sum of

anticlockwise moments:

Wa +500(2a) = 2000c0s60° (2a)
This reduces to

Wa +1000a = 200
=Wa =100
or W=1000 N

12K % 300
A R S00NB




(iif) At equilibrium, resolving forces in the haontal direction we get:
R, =2000cos30°
= R, =1000/3N
Resolving forces in a vertical directiove get;
R, -W+ 2000cos60” —500=0
R, —1000+1000-500=0
= R, =500N
R 500 _ 1

_Y = =
R, 1000/3 2.3

With respect to the diagram abotanag =

_ 1
Sag=tanl — |=16.1°
(MJ

The magnitude of the reaction is RR,* +R,* = \/(100Q/§)2 +(500)°

O R =+/300000006+ 250000=1802.78N

Question 4

N jLi

- 20 kmr H (t=0)

W(t = 0)

(i)
At timet, ry (t) = position vector

of helicopter =i + vj)t = uti +

vt

At timet, ry (t) = position vector
WL H= i of windsurfer = initial position +
velocity after time = — 20 + 5tj




(i)  When the helicopter reacheswhedsurfer,ry (t) =rw (t)
O by (i) aboveuti +vtj = — 20 + 5
By equating coefficients afandj
ut=—20and vt =5 orv=>5, since #0...(i)

But we are given that the maximum speed is 1007k
L \/m =100, since \j = Ui +j

= u®+5” =10000by using (i)

Henceu” = 10000-25 = 9975
i.e.u=+/9975=+9987kmh™

Substituting this value iat = — 20, we get = ;527 = 0.2hr=12min
V,

With respect to the diagraming = [ Mo = > -1
|V,| 100 20

0 a= sin‘l(ij =29°
20

Hence the bearing of the course =%¥@.9 = 272.9

Question 5
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a=10m P.E.=0

A =900 M
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(i) Initially E.P.E. + P.E.+K.E. = 0

At a general positiom below O, we have:
P.E. @=mgh = 60 (10) (%) = - 60&
KE. =2mv = 1(eso)v2 = 30/
2 2
Ax? _ 900x-10)

EPE. =
2a 2(10)

= 45(x~10) = 45(x2 ~20x+100)

Applying conservation of energy, we have:
0 = — 600+ 30/ + 456 — 20x + 100)

On dividing throughout by 15, get:
0=—4R+ 27 + 3(0¢ — 20 + 100)
Expanding: 0 = — 40r 2” + 3¢ — 6 + 300
Bringingv? subject of the equation:

27 = 40k — 3¢ + 60x — 300 = 108 — 3¢ — 300

V2= 50x—gx2—150

(i) The maximum length of the rope ocwhenv =0

(iif)

O —gxz +50x-150=0

—~3x2 +100x - 300=0
oy = ~100% y100* - 4(-3)(-300) _ —100+ +/L0000- 3600

2(-3) -6
. = ~100+ 6\/6400 _ —10061 80_ 550 2_60

Hence the maximum length of the rope is 3Gsimce the other length is
not possible because the original length is 10 m.

The work done against air resistancK.E. that the particle would have if
there were no air resistance.

From the above equation wher 25 m

V= _2(25)2 +50(25)-150=1625ms™

Ll K.E.= Work Done %(60)(162.5) = 4875]




Question 6

200 ms!

1000 m
(i)
I $=100Cm O Usingtheformulas=ut +1at’
u=0 )
weget1000= 0+ (10}
a=10ms? | 2000
t =7 = tzzl—G:ZOOOrt=«/200=14.14s

<+—>
Applying the formulax=ut =200 (14.14) = 2828 m

(i) Attimet: x=ut =200t =t=——
20C
s=y
u=0 , 2
0 Usingtheformulas=ut +at
a=-10ms? 1 . ) )
. wegety = 0+1(-10)t* = -5t
t=—"—
20C

Hence the coordinates 2(@0(1, - 5t? )

2 2
iiiy From (i) we gey = —5°= -5 —~ | = -
(i) () we gey 5(200) 8000




X2

800(

dy__ X __ X , by differentiatingwith respect tox
dx  800C 400

(Direction of the velocity vector is the same asdhiection of motioi
When the bomb hits the target: 2828 m from part (i)

dy _ _2828_
dx 400

= tana =-0.7071 ( negative sign implies downward direction)

(iv) From (iii) y = -

-0.7071

Hencea = tan0.7071= 3526 tothehorizontal

Question 7

a)v=63kmw1=935@952475m§1 m = 40 tonnes = 40000 kg
60(60)s

r=1.25km =1250 m
mv? _ 4000017.5)
125(
9800 N

and it points outwards, away from the centre ofdiheular path described.

Force exerted on rail = centrip&tece =

(ii)




Resolving vertically:
$ Rcosd = mg = 4000410) = 400000....(a)

2

Resolving horizontally: Fma =

2

= Rsind= = 9800 from (i) above ... (b)
(b)+ (a): Rsing _ 9800 _ 00245
Rcosd 40000(
— tand=0.0245 or @ =tan*(0.0245=1403

By referring to the diagram:

1.5 X sind=~ = x=15sind

15
6
0 x=1.5sir{1.403) = 0.0367m
Hencex = 36.7 mm
Question 8
(a)
ku u 0 Vv,

JOOBEROXO

N

Applying the conservation of linear momentum:
mku — mu = mv = ku-u=v or v=u(k-1)...(%)

Separatiorspeed_ v-0

The coefficient of restitutiom= =
Approachspeed ku—(-u)

\
ku+u

:»%= or 2v=u(k+1) ...(i)




L &zu(k+1) :ﬂ
=0 ak=1) 2 k-1
k+1=%k-2

3 %

Hence the ratios of the speed before impatt =

(b) (i) Afterthe particle is set in motiongite are no external forces. Thus by
the principle of conservation of momentomthe system as a whole,
the net impulse must be zero.

= Impulse of friction = Initial impulse given &

R

A
—|—> F=uR
v

mg

A

(i) Resolving vertically R #mg
ButF = 4R =umg
(i) Impulse =Ft = = | = Ft = umgt

Dt:l_
Hmg




Question 9

(i)

Car ascending

<|lo

~

R

l14000N

Car descending

e
P
vl
e

+ 14000N

Since we have steady speed, then we have equihlin both cases.

Considering the case when the car is ascending:

/ E=R+140005im9=R+1400 1 =R +250
V 56
SinceP = 10 kW = 10000 W, then
10000 _

——=R+250....(a
v (@)

Consider the case when the car is descending:

/ P R—14ooosin0=R—14oocEij: R - 250
N 56
SinceP = 10 kW = 10000 W, then
10000_ - _ o
N
5000 _

~———=R-250..(b
v ()




(i) (@) - (b), we get
10000_ 5000 _ 250+ 250
Vv
5000_ 500
Vv
=  5000=500v orV =10ms"
Substituting this value &fin (a) we get:

10000_ R + 250
10

1000=R + 250
= R=750N

(i)

Applying F = ma, we have
P- R =140@

\Y

= &SOO_ 750=1400

5000-750=14001 or a :%;)ZSO = 304ms?




Question 10

o0z

=
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Displacement (m)

=
=

-0.02

Vool

(i)

(ii)

02 Loz 0.4 Loos 06 P e 03 Lo 1

Time (g)

The graph ofx =acosat is the black continuous one, while the dotted

black one is the graph of=acosat+d .
By comparison the maximum value of the black cwus one is

0.02, while the dotted one is 0.03.
This implies thatl = 0.03 — 0.02 =0.01

X =acosat+ 001

Differentiating it we getx = —aasinat

Differentiating it another timex = afacosat = «?(x - 001),...(1)
sinceacosat=x—- 001

Let X =x- 001

On differentiating it we getX = X

Differentiating it another time:X = X

0 equation (1) becomeX = a”X .

This is the basic equation of S.H.M.




(iif) By referring to the graph thfe black continuous one:
a (amplitude) = 0.02
T (the period) = 0.2 s time taken for one complete oscillation

ButT :2 = a):2 :E =10srrrad/s
w T 02
The frequencyf == =— =5Hzor 5 oscillations every second.

(iv) Sincex=acosat+d ,
Substituting the values obtained we get: 002cosl07t + 001
Whenx = o, we get002coslOnt + 001= 0

Or cosl0rt = _ool_ 1
002 2

= 107t :2?77, the negative sign implies that we have obtusdeang

2n 2 _1




