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Question 1
(i) 3N: 3iN
2N: 2c0s60°i + 2sin 60°
D C
= (i + \/3_J)N
4N: 4cos60'1-4sin60°

=(2i-243j)N

4N

Resultant EF =B+1+2)i+ (\/5 _ 2\/§)j 0 3y A >
. . <—>
- (61 B \/g‘])N System 1
v
.. eqer . A
(i1) At equilibrium: (F + R) =0

R = (- 6i + 3]

Also, taking moments about the origin for

system: N
E B
Moments about origin = 0

4N

R 2N
2sin60°(a) = C R
<—>
C = a+/3 (Clockwise) System 2
Question 2
35r
/ 8 < 8 ’0] ,
< 4r P - >
<« >



(i) The volume of the cylinder = r?(4r) = 4mr3
The volume of the hemisphere = gnr3
Let M be the density of the solid.

Mass of removed hemisphere: §m3M

Mass of cylinder: m*(4r)M = 4w’ M

By symmetry, the centre of mass lies along the common axis of the 3 sections
forming the solid.
The centre of mass of the cylinder = 2r

The centre of mass of a hemisphere = %r from the centre
By taking moments, we get:

Anr*ME = awr*M(2r) + 2t () =S ()

4mﬁweﬂ+3mm4§§1—EWM4§5
3 8 ) 3 8

x = 3
dm M

Dividing top and bottom by M :

357 r
8+ = 8
Y= 12 4 r
4 3
(ii) tan = L =2
75 8 r
0 =20.6° 6
- 8r/3
Question 3
120N
8ON P
+— T T 1200Kg P
800Kg > < >




(1) For maximum acceleration 7= 2000N.

F =ma

 ———
2000 — 80 = 800a 80N | goox |— 3.7
1920 = 800a = a = 2.4ms

. 125

(ii) v =10kmh 1=?msl 120N,
At maximum power, 7= 2000N Te—o 1200Kg | S ps
F'=ma where F (tractive force) = P

v
P

————120-2000 =1200(2.4)
25/9
P =2880+120+2000
25
% = 5000 = P = 2222090 _ 13088 89w ~13.80 kW
Question 4

(1) Particle A: h“ p l4ms
Horizontally: v
v=14ms ', x = (14t)m

0(0,0 >

Vertically: (
s=y
u=>0
v="7
a=-10ms™
t=t
v=u+at
v=0-10¢

1,
s =ut +—at
2

s=0-5¢




v =(14i —10¢j)ms”’
(144 + (h - 5¢*)j)m

r

Particle B:

-1
h » 17.5ms

Horizontally:

v=17.5ms ", x = (17.5t)m r

Vertically:

v

0(0,0

s=y

u=90
y=7
a=-10ms™>
t=t

v=u+at
v=0-10¢

|
s=ut+—at

2
s=0-5¢

SV = (l 7.51 - 10tj> ms™'
r=(17.56+(h - 5¢)j)m

(i1) Since the j component of the position vector is the same for both particles, then
they are at the same height throughout the flight, in particular when they hit the
ground.

(ii1) If they land 10m apart then the difference in the i component of r is 10m.

1.e. 17.5¢-14¢ =10

t= ﬂ =2.857s
35

So, time of flight = 2.857s.
Height of tower:

When particle hit the ground the j component of r =0

ie. h-5t=0
h=5t=h=52.857)"=40.82 m




Question 5

(i) Horizontally: tanf =2
0 1 V5
Ry, = F cosf = f 2
. 2 6
Vertically: sinf = ﬁ 1
R, =W

Taking moments about A:

W cosO(a) = Ry, snO(2a)

w 4 w
— =R, —=R, =—
Vs Vs Y 4
w
. FG = ?
F, WwW/4 1
F. < =u=—"Y=—"_"=—
6 = UR; = u R, w4
(i1) Limiting equilibrium:
Vertically: B
R, =2W
Horizontally:
5 Sw
Ry =F,=—QW)=—
W= Fo =) =2
Taking moments about A: 16

WcosO(a)+WxcosO = Ry, sinf(2a)

7 @+ =%(i)2a

J5 J5 J5
5
a+x==—a
2
5 3a
X=—a-a=

2“7




Question 6

cosl =

siné =

n|lw wn|

(1) Vertical equilibrium:
T, cos@ =T, cosO +mg

4 5
(T, —TB)§=mngA =Ty =ymg ()

Horizontally:
F =ma=mraw’
T, sinf+T,sin0 = mrw’

(T, + TB)(%) - m(2 5asinf)w’ = m(2.5 x %)awz

since from diagram r =2.5asin6

T, +T, = %maa)z .(2)
(D) +(2):

5 , 5
2T, =—maw” +—m
AT 4 g

T, = l(émaa)2 + émg)

2\2 4
T, = %maw2 +gmg = S?m(%lwz +g)



(2) - (1):

5 , 5
2T, =—maw™ ——m
BT, 4 g

om

TB=§maw2—§mg= g (2aa)2—g)

i 8

(i1) For minimum o, T = 0.

2
2aw,. =g =W, ==

2 g
LW >
min 2a
Question 7 _ F Tie .
Trg'
. . “1 CFD* Cogy
Those forces marked with an asterisk are equal by A
G Top
symmetry. 1 Load, W
1 o Coc
Cen
“ H Tuc
(1) For the whole system, resolving horizontally: A » ¢
A [ Tua Chup ’ Cac
Xa = 0 (one horizontal force) 1 P ~
ATt B
. XA
Vertically:
Ya, a >
Y.+ W =Ry

Since the rods are identical, then they are all equal and each triangle is
equilateral.
Hence the rod BE = 3a, and it makes an angle of 60° with the horizontal.

E

3a

B 600

3a
With respect to the above diagram BK = 3a cos 60° = 5



Taking moments about B:

YA(a)=W3?a3YA _

The reaction at A is simply a vertical downward force of magnitude 3W/2. Also,
this means that actually there is no need for a hinge. A simple support or peg from
above will be enough.

(i1) Resolving vertically at A:

T, sin60° =Y, =37W =%(2J§) =3/3MN =T, = 6MN

Horizontally:

Cu=T,;c0s60°=T,, (%) =3MN

Resolving vertically at E:

Cpp 5iN60° = 24/3 = C,, = 4MN

Horizontally:

T = Cpp cos60° = 2MN

But, Ter = Trc = Cpr = Tp = Coc = Tuc = Cup = 2MN

Resolving vertically at D:

Copsin60” = Cpsin60° + Cy sin60° = C, =2 +4 = 6MN by using previous results
Resolving vertically at G:

T4, sin60° =T, sin60° + C; sin60° = T, =2+ 2 = 4MN by above

Resolving vertically at C:

Cpesin60° = Cysin 60" + C, sin 60" = Cy . =2+ 6 =8MN by above



Summary:

EF, FG, GD, HC: 2MN in tension.
FD, GC, HB: 2MN in compression.

AB: 3MN in compression.
DE: 4MN in compression.
CD: 6MN in compression.
GH: 4MN in tension.
AH: 6MN in tension.
BC: 8MN in compression.

Question 8
(i) AtA SR
1 tA: W 7\
PE =KE = EPE = 0 — Total Energy = 0 a T
AtB: N
PE = -mg(3a) = -3mga mg
KE=0 E
2 2 1
EpE= 2 A2 50, |
2a 2a :
Therefore, Total Energy = 2aA — 3mga e ___é____ -

By the principle of conservation of energy:

2aA-3mga =0

_3mg
= A

(i1) At B:

" 3 24
r-2%__2 =3mg

a a

T=3mg

1

mg

3a




Applying F' = ma vertically up:
F =ma

3mg —mg =ma

(ii1) Applying F = ma vertically up:

T
_mg
T'-mg = 5 g/ZT
7_3m8
2 mg

Hooke’s law:

p_ M 3mg _3mgx
a 2 2 a

X=a
Let this point be C. Then at C:

KE = lmv2
2

PE = —mg(2a) = -2mga

3mg 22
Ax? 2 _3mga

EPE= 2a  2a 4a
_ 1 5 3mga

Therefore, Total Energy = MV + = -2mga
Applying the principle of conservation of energy

1, 3mga _

F MV + = 2mga =0

1 > Smga

> My 1= 0

2 _58a
N

N
‘N‘o@
Q




Question 9

(1) Applying F = ma horizontally down:

F =ma
mg —0.1v=ma

Substituting m=1,g=10 —

Hence, @ =10-0.1v
dt

oy ndy
) V[Om-o.lv - J

t=0

- l1n|1o ~0.1v
0.1

A4 t|l
o o

~10(Infl0 - 0.1} - 1n10) =7 -0

10
10-0.1v
10
10-0.1v
10 0.1t
0-01v °
10 - 0.1v = 10e™"
0.lv=10(1-¢"")
v=100(1-¢*")

101n

ln‘ =0.1r

(iii) As t > 0, e =0

lim y,-100 ms™
[ —> 0 -

v

I}

a

0.1v

mg

10-0.lv=a=—




Question 10

(1) S is the resultant of the reaction R and the friction uR.
A is the angle of friction.

w=035=A=tan"' 0.35~19.29

-

(ii1)) The diagram of forces hence becomes...

A+50°=69.29°

S\
1 > [

110.71°

30N

Using Lami’s Theorem:

30 F
sin159.29°  sin110.71°

_30sin11071
$in159.29°

=79.35N

Using once more Lami’s Theorem:

S _ 30
sin90°  sin159.29°
Hence S = ,3—00 =84.83 N
sin159.29

S makes an angle of 110.71° with the 30 N force.




