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Question 1

() F=XF=(8+6-2)+(4+5-2-3)=(12+5)N
= magnitudeof F =|F|=v12* +5* =13N

Let be the angle that makes with the horizontal, then

tand = S = = tan‘l(ij =226°
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(i) Clockwise moment abo@: 6(3) + 2(4) + 2(3) — 2(4) =12c

= 24=12c i.e.c=2m

Hence the line of action Bfpasses through the point (0, 2).

The equation of the line '5321—52x+ 2 or 12y =5x+24

(i) From part (ii), the clockwise moment abaDis 12(2) = 24 Nm

Hence the magnitude 6f= |C|=24Nm




Question 2

(i)

LR

A\ AW}

Since the lines of action of the weighd &me friction are fixed, then
using the 3 — force result, the line oi@tbf the reaction passes through
the intersection of the other two.

(i) From symmetry, the centre of mass of arajir lies on the axis of the

cylinder at a distance of half the veticeight i.e. a distance % from

its base.
For limiting equilibrium, the centre of seamust lie exactly vertically

above the lowest point of contact.

N



By referring to the diagram, the maximum angleuss when

tana =

= = =tan’1(1j =184°
3 3

(iii)

Sliding
A\ A}
Resolving vertically: R=Wcosa, ...(a)
Resolving horizontally:y/R=Wsina, ...(b)
@ y_Rz—WS|nas — Iu:tanas
(a) R Wcosa,
2 -
U tana, :§ for sliding
LR
Toppling
A\ AW

As in part (i), tana; :% for toppling

Sincetana, <tana; thena, < a;

= slidingoccurdfirst




Question 3

Vv

(m/s)

(ii)

ts

2.5 4.5 145

From the graplxXA=4m

= areaof triangle=4m

Since the base of the triangle = 2.5 (time),

), WhereVpaxis the maximum speed for this section

max

Then4 =%(2.5)(v

— 8=25V,, ieV,=

The gradient of a velocity — time graph igthcceleration

Thus Acceleration = 3nfls —— =

time 2
= V =3*2=6m/s

(iif) Area of trapezium %(sumof parallelsides)(pgpendiculaheight)

0 48 :%(tc +12)* 6, by referring to the diagram below



te

A
v

6 m/s
A=48 m

12s

v

A

— 48*2=(t +12* 6
48* 2

=t +12 =16=t _+12

lLe.te=4s
ThusP starts its decelerationet 4.5+ 4 =85s
(iv) The deceleration is found by finding the gead of the last part
Deceleration =0 =8 _ 3¢
145-85 6

0 deceleration of 1 mds




Question 4

~|w

Giventan@ = l
24

At equilibrium,

Resolving forces vertically:Rcosd — uRsing = mg
R(cosd-usin@)=mg ...(a)

2

nmv
r

Resolving forces horizontally: F=ma=

2

Rsing+ pRcosl = m

2

R(sin@+ ucosd) =" ...(b)
r
(b) R(sing+ pcosp) _ ™
(@) R(cos@ - usind) mg
(sing + pcosh) _ v
(cos@—pusing) gor
. (tan@+ ) _ v
Dividing by cos@ : -~ =
(L-utand) g
- V= rg(tand+ p)
(1- utand)
7 43 121
Substituting the given valuesv® = 60(10)3(247+ 7) = 6037168) =493877
( - (7)(24)) 168

= vV =+/493877=2222m/s




Question 5

3a

R,
T 45"
A

iR,

W

. . . o _R
(i) Resolving horizontally:xR, = R cos45’ = 7z ...(a)

Resolving vertically: W =R, +R sin45’ =R, +% ...(b)

Taking clockwise moments abotit W cos45’ (2a) = R, (3a)

W(2a) _ W(23a) _W+/2

2 Rc(3):>Rc—3\/— 3 ...(c)
From (a) R, = R___1 W\/_ w , by using the result of (c)

w2 2 33

Substituting this result and that of (c) in (b} get:
W Y.l 1wV2_w w

W =
J2 3 3,u 3
Dividing by W 1:i+1 :Z:i i.e.,u:E
3u 3 3 3u 2

(i) Referring to the diagram below:
The two weights @ andD are parallel and are equidistant from the peg
C. Thus by symmetry their resultant ¥/Zvertically downwards) and
passes throug@.
Thus if we consider their resultant instead of2iveeights, we have 2 out

of 3 forces in equilibrium whose line of actioasses throug@.



W/

Y\

Using the 3 — force result, the total react®must pass throug@ as

well.

O if Ais theangleof friction, thenA = 45’

= u=tand=tand5 =1

Question 6

(@) The pendulum beats every 2= periodT =4 s

The frequen :1:1=025Hz
T 4

UsingT = 271\/I
g
gT’ _ 94’ _4g

Bringing| subjectof theequation | = P

(b) (i) When the particle is 0.06 m away frém.e. 0.3 —0.06 =0.24 m

from the centre of motion, its speed isr@/S.
Using the formulav® = o/ (a® - x* )
Substituting  09% =« (0.3° - 024* )

2
09" _ o5
0.032¢

= 0.9=0#(00324 e &=

0 «=>5rad/s



The basic equation of S.H.M.jis —a/’X.
SubstitutingX = —25x

(i) the PeriodT ——n—ﬁs

w S
(i) Maximum velocity occuvghenx = 0 (centre of motion)
=wfa® = v=an=503)=15m/s
Maximum acceleration occurs when a (extremes)
0 X=-a?x=-25(03)=-75m/s

Hence magnitude of acceleration = 7.5°m/s

Question 7
\ 4 AY
A&
X < 5.‘.‘-&“‘— [ | < B
Al Tas Tas
4
v TAE Tec
Ces
I
| Tec
AT Ces
P CED CED CDC CDC
- < > < > C
10,000 N

() Resolving vertically the whole system= 10,000 N
Taking anticlockwise momentsatPl = 10,000(2).
= P=20,000N

(i) Resolving horizontally the whole systeki=P = 20,000 N

LetR be the reaction force on the frameworldat

R = /X2 +Y? = /(20,000 + (10000} =22360.7N



Let @ be the angle it makes with the horizontal,

10,000 1

Thentané = ==
20000 2

6=26.57

(i) From the diagram, it is clear thBD is neutral i.e. there is no forceBD
This can be easily verified because if we Reswbartically atD: Tgp = 0
Resolving horizontally ah: X = Tag = Tas = 20,000 N
Resolving vertically a&: Y = Tag = Tae = 10,000 N

Resolving vertically a€: 10,000 = Fc cosA5’ = Tgc = 14142.1 N

Resolving horizontally a: Tgcsin45® = Coc

= Cpc =14142.%in4%° =10,000 N
Resolving horizontally d: Cep = Coc¢ = Cgp = 10,000 N

Resolving vertically aE: Tag = Cegsin4s®

T. _ 10000
N - = =141421N
Ces sin4s® singg® —

In rodsAB, BC andEA, there is tension, while in the ro@®, DE and
BE, there is compression. There is no force inBBd

Question 8

LSS

a=0.3m
A

Xx=0.1m




o 1=
a
At equilibrium, resolving verticallyT =mg

Givena=0.3mandx=0.1m
A(0.) 5 =03(mg) _

Substituting:mg = ——*~ = =3
gmg 0.3 0.1 =my
(ii)
(/S
a
0.45m
T a
P
mg

3mg (045-0.3) _ 3mg
0.3 2

At equilibrium, resolving verticallyl cosa = mg

Using T =ﬁ, we getT =
a

Substituting %]cosa:mg = cosazg = a =48.2

(i) At equilibrium, resolving horizontally? = T sina

— P :3ngsin48.2° =1.118mg

2 _ 2
Elastic Potential Energy = E.P.E.A—X = 3mg (045-03)
2a 2(0.3)

=0.1125mg




Question 9

(i)

0
I
QD

v —

0.4g N

T
0.3

N

(i) Resolving verticallyR = 0.4 =4 N
But the frictional forée=/R = (05)(4) =2N
(i) Consider the 0.3 kg block
Resolving vertically and appty Newton’s second lawF = ma
0.3y-T=03& ..@a)
Consider the 0.4 kg block
Resolving horizontally and bipg Newton’s second lawF = ma
T—uR =0.4
T —2 =0.4by using part (i) ...(b)

0.7 7

(@) + (b): 0—2=03a = a=

(iv) Applyingv=u+at,we getv=0+ (?j? =10m/s

(v) The 0.3 kg block would accelerate furtharfact its speed would
increase at a faster rate silce 0
The 0.4 kg block would decelerate. In fact itsegpwould decrease since
T = 0 and the only horizontal force acting on thdipke would be the

frictional force.




Question 10

i =1
sind =5

y 800y

&

(i) At equilibrium, resolving along the line slope

p . 10000 1
——-R=(800gsind) = ——-R=8000— |=200 ...(a
P R = @o0gsing) & {4()) (a)

Y 800y

&

At equilibrium, resolving along the line of slope

P . 5000 1
R-—=(800gsind) = R-———=8000— |=200 ...(b
vl (800g ) \Y ({4oj (b)

@) + (b) 10000 5000=400 N 5000=4OO
\ \ \Y



(ii)

Substituting in (a): %)— R =200 = R =600N

V=125m/s
—_

600 N

8000kg [—*

<|To

Applying Newton's ¥ law F=ma

P 600=800a
\Y,

10000

———-600=8000a = 800-600=800a i.e.a=025m/s’

125

Question 11

(i)

Consider the horizontal axes:
x =36 m (Given)

X =ucosa , whereu is the initial velocity andr is the angle of

projection.

%= 24c0s3( = 24(@) =12,/3
x=(ucosa)t = (12\/§)t

036=f2/3)t = t=-2 =3_



(i)  Consider the vertical axes:
s=h, u=24sin30°, a= —10m/§ t=+/3

Using s = ut +%at2

we get h= (24sin30°)(\/§)+%(—10)(\/§)2
h=12(1.732)- 5(3) =5.785m
(i) Xx=ucosa =24cos30° = 20785
y = usina - gt = 24sin30° -10(+/3) = -5.321

Speed =/X° +y* =/(20.785) + (- 5.321) = 21.455m/s
(iv)

a 20.785m/s

v 5.321 m/s

5321
2C.78¢

tana =

=0256 = a=1436" below the horizontal.




Question 12

(i) 1% collision

A u B A Uy B
—
e
Before collision After collision

oz Separationeed: v, —u,
ApproachSped u-0

= v,-u =eu ..(a)

Applying conservation of Momentum, we get

mu+m@Q) =mu, +mv; = u,+v,=u ...(b)
@+(@b) 2v,=eu+u=u(l+e) :>v1:%(1+e)

(i) 2" collision

B C B \
—>
e
Before collision After collision
W, —V,
e=—2—2 — w,-Vv,=ey ..(c)
v,—0

Applying conservation of Momentum, we get

mv, +2m(0) = mv, +2mw, = Vv, +2w, =V, ...(d)

Vi

W>



©+(d) w,+2w,=v,(L+e) :g(e+1>(e+1)

=N 3(§uj=2(1+e)2 i.e.g:(“e)2
8 2 8

2

9 3. 1
1+e)’ == = (l+e)== je.e==
d+e) 2 @d+e) 2 2

Question 13
a
—
ov 135 N
, 8lkg ——*

M Applying Newton’s second law = ma, we get

135\#381ﬂ
dt
Divide by 135 - 9: = 81 dv
135-9v dt
It simplifies to = 9 dv
15-v dt

(i) Integrating both sides of the differentialuagion

t Y
I dt:I 9 v
0 o 15-v

v 15
t=-9In[15-V| |, = -9In[15-V| +9In15=9In iy
‘ 15 |t . 15
= In =— l.e. =€
15-v| 9 15-v

15= (15-v)e* or 156° =15-v

v=15-15¢" =1§(g —e )

©l~



©f~

Ast o e°®* -0 0O v=15m/s

dx -t . ..

@iy v :E =150 -e °) by using part (ii)
Integrating this differential equation

9
0

j dx = j 15(1- &)t
0

9 9
- x=I 15(1—e_9)dt=I (15-15¢)d
0 0
—_t 9
e’ _t|9
x=|:15t—15—1} st r135)?
0

x =15(9) +135% ™ —15(0) -135%° =135+135% " -135= 4966m

Question 14

(i) Givenyv, =6i +12j andv, =12 -8
The velocity of Harvey relative to Mariovg_,, =V, —Vy

= @2-6)i +(-8-12)j = (6i —20j) km/h

Given r, (t=0)=5—j andr, (t=0)=18 +5]
The initial position of Harvey relative to Mariorg_,, =r, —r,
= (18-5)i +(5+1)j= (13 +6j)km
(i) Ingeneralr(t)=r(t=0)+tv
O Lry@)=,r, (t=0)+t,v,

= 1, (1) = =13 +6] +t(6i — 20)) = (L3+ 6L)i + (6 20¢)j km




(i) Diagram relative to M

w v (t=0)

Hu (0

Closest approach occurs when, (t)is perpendictar to ,,v,, (t)
i.e. whenyr,, (t)O,v, (t) =0

i.e.{(13+6t)i + (6—20)j} [{6i —20j} =0

(13 + 6)(6) + (6 — 20)( —20)=0

78 + 36— 120 + 400=0

436=42 = =:r—326 =0.0963 hr=5.78mins




