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Question 1

(a)
UR
4—
Y AW
At Equilibrium:
Resolving vertically R + 2Wsin30° = 4W
R + Z\N[lj =
2
R+W=4V = R
Resolving horizontally UR = 2V cos30°
V3
p(3aw) = 2VV(7
L=
3 43




(b)

| bR
D —
10N
With respect to the diagram above:
Resolving{} R = 10 N
1
= T:ﬂR:[Ej(l@:SN
HenceT = 5N
1 ) . AX
Applying Hooke’s law i.e.T = ==,
a

wherea is the natural length = 20 cm = 0.2 Ais modulus of elasticity

and x is the extension.




we get 5= —

Hence X = % = 002m

The above applies for the closest and furthestipos. In the former it is
a compression, while in the latter it is an exi@ms
[0 Furthest point = 0.2 + 0.02 = 0.2Znmm support.

Closest point = 0.2 — 0.02_= 0.1&aom support.

Question 2

(i)

V m/s

The pump is 60% efficient. Hence the actual meidahmork is

60% of 0.825 kW {%}* 0.825 = 0.495kW = 495W ...(a)

The volume of water per minute = 0.3.m




(ii)

Hence the volume per second 93 _ 1 13- 0005m
¢ 20C
Since Density = Mass , then Mass = Density * Volume
Volume

= 1000[ij =5kg/s
200
Power = Energy/s = K.E./s + P.E./s
Energy/s =;—mvz+ mgh

By (a) above, Energy/s = 495 = 5kg/s,h = 5m

Substituting , we get 495 = %(5)V2 + 5(10)5

On simplifying 495 257 + 250

= 495 — 250 .52

Hence V» =98 iev = 498 = 9.9m/s

If Vis the velocity of water through the nozzle and
A'is the cross sectional area of the nozzle,
Then volume per second AV

0.005=A(9.9)

Hence A = %85 = 0.0005Im? =5.1cm?




Question 3

R
R |
H A T
l ~ @
A
100 N 17
B
l25 N
1m
(1) Consider the blocB.

Given u=0,t=2,s=1,a="?

Applying the equation of motions = ut +%at2

1=0(2)+ % a(2)?

1:£a(2)2 = a= S
2 2

Applying:v = u + at

v=0+>(2) = v=_1mis




(ii)

(i)

Applying Newton’s second law = ma on blockB,

! 25 -T = 2.5(1j
2
25 T =125 = T=25-125 = 23.75N
At equilibrium,
Resolving] on blockA R = 100 N
Applying Newton’s second laW = ma on blockA,
S T-uR = 1&

Substituting 23.75 (100 ¥ 1{%)

23.75 —u(100 )= 5 = u =0.1875

After B hits the floor, there is no tensidnn the string.
Applying Newton’s second laW = ma on blockA,
- HUR=10a
Substituting 0.1875(100) =al0
= a = 1.875m/s" decelerating

Applying the equation of motionv® = u® + 2as

0=(1j + 2(- 1.87%

0=1-37

Hence s = —— =0.267m




Question 4

(@) Applying the equations aftion
1t s=0
u=YV
a=-g

Ll substitutingin ~ s=ut +%at2

1
0=Vt-=gt?
29
1
0=t|V-=gt
( 29)
= t=0, ort:&




Considering in horizontal direction:

- s=R
u=u
g=20
On substituting in the same equation of motioa,get R = Ut
Hence Rzu(ﬂ] =£
9/ 9

For maximum height, time %time of flight = %(Z—Vj -V
g g

Applying the equations of motion for maximum Heig

t s=H
u=V
a=-g¢g
1=V

g

Ll substitutingin ~ s=ut +%at2

2 2
H :Vm_zgm v
g) 2\9) 29




(b)

(i)
R —
v

]
\

25m \

Y \

~—— 20 m —Il'-l

LetU be the initial speed
In the horizontal direction -~ s =20
u=u

a=0
. 1 2 .
Dusmgs=ut+§at ,weget 20Ut ....()

In the vertical direction | s =25

u=20
a =10
Dusings=ut+Zat*, we get 2.5=0 E(lo)t
25=5iet=2 ort=—
2 V2

V2

Substituting in (i), we ge20= u(ij — U =20/2mis




(ii)

~\
\
2.5m \
Y \
- 12 1m —
In the horizontal direction -~ s =12
u=U=20/2

a=20

Dusingszut+%at2,weget 12 202t = t=

&

12
202

This is the time that the ball is over the net.

In the vertical direction | t = iz
u==~0
a=10

1 1 3 )’ 9
Ousings=ut+=at?, weget s=0+=(10) —— | =5 — |=09m
J 2 ¥ 3 )(5[2) 5[5oj ==

This implies that the ball descended a distafi@e3m from the starting
position, which is 25 m above ground.
= the ballis 2.5 - 0.9 = 1.6 above ground.




Question 5

Ry B
C
R
T e W
A ,u'R
(1) Let R and R be the reactions at poimsandC, as shown.
Taking moments & :
iR1:IWc036(9 = 3 1:|lv
2 2 2
ThusR, = w
3
Resolving vertically, we get
0 R + Ricos60 = W = R+F%_(%J:W

Substituting the value ofiRwe get R +%(%) =W

ThusR=w - = °W
6 6

(ii)

Resolving horizontally, we get

o 4R = Rsin6d = UR= R{g
Substituting the values of R and, Rve get ,u[%j = (g}(@

ie. u

_+3
5




Question 6

4m

\J Ce—6mMm——»

6m

3m
O« 12

2
(i) The area of the shaded circImE\/zJ = 7sq.units
T

The area of the rectangle OABF = 12*6 =s@ainits
The area of the rectangle CDEF = 4*@4-sq.units
Hence the area of cross section of therevadlock =72 + 24 — 7

v

= 89 sg. units
Let M be the mass per unit area and
let (?(?/) be the centre of mass of the block with respethé origin O.
The centre of mass of the circle and rectangkeBRand CDEF are at
(3, 6); (6, 3) and (3, 8) respectively.
Applying the principle of moments in tlelirection, we get

89M gx = 72Mg (6) + 24Mg (3) — 7Mg (3) = 483Vig

= X=_=0543




Applying the principle of moments in the y direct, we get
89Mgy = 72Mg (3) + 24Mg (8) - 7Mg (6) = 366Mg

= Y=o 411
g

(ii)

< |
~——

’

0] \0

At equilibrium, the line through the centre ofgagass through O.
With respect to triangle OGH, where angle OH@ rght angle

0 tan6’=é=5¥43 = H:tan‘l(%j
y 411 411

=529°




Question 7

(i)

5m/s 7mlc Ua Us
— > «— —2 5 — 5
A R A R

5009 200 g
Before Impact

After Impact

Using the principle of conservation of momentum
500(5) — 200(7) = 500, + 200Ug
ie. 1100 = 5@, + 200Up
11 =B + 2U5g ... (i)
Using the law of Restitution,

3 U,-U, U,-U, . }
= = i,e. Us—=Ur=9 ... (ii
4" 5-(-7) 12 BTA W

® Qg+ 5Ux = 11 _
(i) x2 Pg—2p =18
Ur=—7 = Upa=—-1m/s

Thus sphere A changes direction and travels téethe

Substituting this value in (ii), we gl + 1 =9 i.eUg = 8m/s

Consider the impact of sphere B with the wall.

Using the law of Restitution% Y = Ug =U—25 =—=4mls
B

Sphere B travels in the direction of A with speédm/s,

while sphere A travels with speed of 1m/s.

Thus there is surely going to be a second collibietween the 2 spheres.




(ii)

500 g 200 g
Before 2° Impact _
500(1) + 200(4) = 508k + 200/z
1300 =50Q + 200/g = 13 =5/ + 25 ... (i)

Using the law of Restitution,

|
1m/s Amls ! Va Ve
«— «— ! «— —
|
A B : A B
|
|
i
|
i
|

After 2° Impact

3_V,-V, _V,-V, 9

—= = = Va—-Vg =— ...

47 4-@ 3 AVe =g W
() 5Va + Vg = 13 -
(i) x5 5V, -5V, :475

7 1
Y = 2 = Vg :Zm/s

Substituting in (i): \4 + 2(%) =13 =V, :gm/s
(i) initial K.E. = <[ 229 \g)2 4+ 1( 200 )22 - 1415,
21000 211000

2 2
Final K.E. =l @ E +1 @ 1 =1.56875]
2\1000/)\ 2 2\ 1000\ 4

Lossin K.E. = 11.15-1.56878 =9.58J




Question 8

0] Since Power = Force Velocity
Then 10,000 = K v, wherev is the velocity of the car.

_ 10000
\

= F

When the car is going to descend, then 10,000x=2¢

- £ = 10000

2V

Ascent Descent

Resolving forces along the line of greatest slope

/ At equilibrium and car ascending 10000

=R+8000sind

v 40




(ii)

10000+ 8000sind=R

At equilibrium and car descending

10000, sooc{ij -R = rR=2999 500 i)
v 40 2v

Substituting (ii) in (i), we get

10000_10000
\

+200+ 200

This reduces telM: 400 > v= @)z 125m/s
2v 8oCc —

LI speed of ascent = 12.5m/s

Substitutingv in (i), we get %Ogoz R+200 = R=600N

N Acc
R T 10000
<« —> v
|
8000 N

Applying Newton’s second law i.€.= ma, we get
10000 10000
=

- R=8000a
Y 12.¢

Hence a=0.25m/é

—600=800a




Question 9

(@)

At equilibrium
Resolving perpendicular to the line of greatespsl
R mgcos3§  ...()
Resolving along to the line of greatest slope
1 R=mgsin30 ...(i)

(i) = (i) MR _ mg sin30

——— = p=tan30 =

1
7

(b)




At equilibrium
Resolving vertically: R cos30° - #Rsin30° = mg
= R(cos30°—,usin30°):mg ... (i)

Resolving horizontally.

2

UsingF =ma= for motion in a circle
rnvZ
- Rsin30° + #Rcos30’ =
2
= R(sin30O +,ucos30°): mrv ..(iv)
; 0 0 mv? 2
(iv) = (iii) R(SIN30_ + p1cos80) _ %~ _ v~
R(cos30” — usin30°) mg rg
H 2
It simplifies to (sm30°+,ucc_3530°) =V
(cos30® — wsin30’)  60(10)
05+ L 0866
5+ 50 _ 2
1 600
0.866——=05
[oase- 509
= V2 = 1039.26

i.e. v=232.24m/s




Question 10

(i)

(ii)

Since the 7 rods are identical, then all the gies are identical
i.e. they are all equilateral triangles.

By symmetryCap = Ccg; Toe = Tce andTag = Tes

As the external forces are at equilibrium

By symmetryRa = Rg

And resolving vertically, we hav®x + Rg =W+ W + 4W

= 2Rg = 6W or R =Ra = 3W

Consider the internal forces (Each joint is imiglgrium)

AtA $ Ra = CAD Sin600 = MzCAD(?J or CAD =

6w
0 CCB = CAD =ﬁ




AtE T 2T,esin60’ = 4w :>2TDE(§]:4W

AtD o Cue =C,, cos60°’ + T, cos60°
Cye = (%jﬁ {Mjﬁ _ W
" (Ve h2) (Ve l2) 3
: . W
Hence rods AE and EB — we have a tension ohmmysﬁ
rods AD and BC — lasve a compression of magnitu%
. . AW
rods DE and EC — haee a tension of magmtuekj§

rod DC — we have a compression of magnit«%




