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1. A small stone is projected vertically upwards with speed20ms! from a point O which
is Sm above horizontal ground. The stone is modelled as a particle moving freely under

gravity.
Find

(a) the speed of the stone at the instant when it is 2m above the ground,

2

(b) the total time between the instant when the stone is projected from O and the instant
when it first strikes the ground.
(C))

@) The stome is moing freely under growity therepore the accelerabion
(s comstant and SUVAT can be used.

S: -3 (change in height )

u: 20 (inidal velocity) SWAT formula witheut t :
v (velocity ok height of 2m) AR\ W -
a:-98 ( accelecation due to gromity ) Y= ul+2as
t: """""""""""""" ’

= 20"4.2(-%- 8)(-3)
=ys83 - v = JuSER = (3s2)

b) Set up a SUVAT or the entire joumey.

S:-5  (total displacement from start to end)

u:20  (intiak velodty) SWAT gormula withouk v
& N

) . . e — v B
a:-98 (acceleration due to growity) - S=ut+5ok"

~ -5 =20k +£(-‘I-8)t7' . =4qt*+ 20 +5=0
« £=431795.. oR t=-0223l..

Time. is salas so it be negative * t =432 seconds , (354)
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2. Two particles, P and Q, have masses 2m and m respectively. The particles are moving
towards each other in opposite directions along the same straight line on a smooth
horizontal plane. The particles collide directly.

Immediately before the collision, the speed of P is 3u and the speed of Q is 2u.

The(magnitude of the impulse exerted on Q by P in the collision is(Smu.

Find
(a) the speed of P immediately after the collision, (lobe!led x )

3)
(b) the speed of Q immediately after the collision. (‘Obdlﬂd y )

3)

®)b) Oraw a diagam labelling the masseg and speads .
P e} P Q
= | & O~
Begore Agter

* 2m(Bu)+m( = 2m(x) + m(y)
“mu=2mu = 2mx + my

- Hw = 2+ y

Using the formula for (mpulse : I =mv-pu :

* Smu = m(y)- m(-2¢
* Omu = my + 2mu
= Smu=-2my = 3
3 ™ z

Substitute this back o the equation above .

» Yu = dx+y

- Yu = Ax#3u "t AL=Ew ¢ o=

NI-

T8
y

N
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200N
15°

I'N

25°

Figure 1

A parcel of mass 20kg is at rest on a rough horizontal floor. The coefficient of friction
between the parcel and the floor is 0.3

Two forces, both acting in the same vertical plane, of magnitudes 200N and 7N are
applied to the parcel. The line of action of the 200N force makes an angle off15%with
the horizontal and the line of action of the 7'N force makes an angle of 25° with the
horizontal, as shown in Figure 1. The parcel is modelled as a particle P.

Find the smallest value of T for which P remains in equilibrium.

(€))

Draw & diagram labelling all relevant forces.

For T to be akt a. minimum,
frickion must act to the vight
as the sum of the horizontal

forced s zero.

200 200sinIS, B _TsinaS
. 15° as* =
200¢0sIS Tcos25
20 F'
l 203

The porcel is ot rest meaning the sum of the hovizontal and ~vertical

forced & zer0.

Vectically : | EF =0

Hoﬁzontnlla'-iéF=0

Friction famula. . F= R

R+ 200sin1S + Tsin2S -20g = O

R = 20g - 200s8in1S - TSin2S

R = 20(a8) - 200(0-258..) = T(0-422..)
R= 144.236..- 0-423

o525 + F - 2000516 =0

cos2S + 03R = 200cglS =0

Substitvling R in * Teos25 +03(144-236..- 0-4237)= 20000815 =0

09067+ 43-270.. - 0-126...

* 07797 = 14994
= 192-4uY =

- 193185.. =0

(3s2)

N
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4.
6m
<> <>
4 1m (C D Im B
Figure 2

A metal girder AB has weight W newtons and length 6m. The girder rests in a horizontal
position on two supports C and D where AC = DB =1 m, as shown in Figure 2.

(@ When a force of magnitude 900N is applied vertically upwards to the girder at 4, the
girder is about to tilt about D.

@ When a force of magnitude 15§6N is applied vertically upwards to the girder at B, the
girder is about to tilt about C.

The girder is modelled as a non-uniform rod whose centre of mass is a distance(x metres
from A.

Find the value of x.

(6)
Drow a diogram labelling the forces and lengths for each senario.

R, R
® 1 7
A 4 l o] B
— H —F
3 X >

I’y
v

6

lp the 3irder is about to bt abovt D, the reaction force af
C s zeco (R,=0).

Since its Stared in the question that the beam is in equilbrivm , the sum of the
Clodawse moments is equal to the sum of the antidockuise moments , theregore :

| Zmoments clockwise = Smoments anticlodasise |

N
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Question 4 continued
The clockuise forces ose omes thak o upwards from the legt or
downward€ prom the nght of where moments are token and anticlockwise
forcer are ones thek go upwards fam the nght or downwards from the
ledt of where moments ore token.

Toking mements about D :

200(e-1),= W(E-1-x), “ Y4500 = SN= |
dockwise  paticlockuise * Wx = 5l4-Y4500
moments moments
TR. TR, rsooT
A C D B
® Lu .

N
R

J
v

6

lp the girder is about to Gttt abouk C , the reaction foree ot
D s zeco (R,=0).

Taking moments absut C

LN(xv—-))= ¢5°°£6' ), * W=l = 7500
clockwise onticlockwise “  Wx = 7500+ W
moments moments

| Combining both expressions of x :

Sii- 4500 = 7500 + W
*YH = 12000 + W= 32000N

Substitute the Yalue of W into either moment equation :

® 2000x = 5(2000) - 4500 @ 3000 = 7500+ 2000
* 3060 3 M/ 3000 M/ 04

(Total 6 marks)
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5. A particle is acted upon by two forces'F and'G. The force F has magnitude 8 N and acts
in a direction with a bearing 0f240°. The force!G has magnitude' 10N and acts due South.

Given that R =F +/G, find
(1) the magnitude of R,

(i1) the direction of R, giving your answer as a bearing to the nearest degree.

)
() Draw a diagram of the forces as o triongle where
s the resultenk of F gnd G with a. magnitude of

® @

Lle

G-(1oN)

G(I10N)
120°(% 240°

(S
¢~ F(8N) \

The order of the forces F and G is irrelevant og they both
hove the Same resultant with the some wagnitude ond direction
S0 for Simplicity we will use the pirst one ag s easier to
gind one of the intemal angles.

Using Cosine Rule Ea[‘=l£+c£— 2bc (cosA)
= 8%+ 10*- 2(2)(10)(cos120)

= 164 - 160co0s!120

164-160(-0-5)

=244 -+ x= = / (3s¢)

([

(i) Bearings are tmken clodavice grom north therefore the bearing
of B is p+180°

Using Sine Rule :: & =b = 8
. SiInA  sinB ! Sinl20  SinB

X AR OO O O 00
P 6 1 9 0 2 A 0 1 0 2 4
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Question 5 continued

Y
blank

r x 24y él
= sin” (2082) = 2629, = 2¢°
s op= s &
= 26+180 = 206°

Q5

(Total 7 marks) T
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6. Two girls, Agatha and Brionie, are roller skating inside a large empty building. The girls
are modelled as particles.

At time ¢ =0, Agatha is at the point with position vector((11li + 11j)m and Brionie is at
the point with position vector (7i + 16j)m. The position vectors are given relative to the
door, O, and i and j are horizontal perpendicular unit vectors.

Agatha skates with constant velocity (3i — j)ms!

Brionie skates with constant velocity (4i — 2j)ms !

(a) Find the position vector of Agatha at time ¢ seconds.

(2)
At timé £ = 6 seconds, Agatha passes through the point P.

(b) Show that Brionie also passes through P and find the{value of # when this occurs.

(C))
At time ¢ seconds, Agatha is at the point 4 and Brionie is at the point B.
(¢) Show that AB = [(t—4)i + (5 — )j]m

(09
(d) Find the distance between the two girls when they are closest together.

(C))

a) Pesibon veckr formwla H_@&%
a = (1itn)) + £(3i-))

b) When t=C, @ = (iitt1))+ 6x(3i-)) = (29i+5;)
- Point P hag position vector (29i+S))

To find the Yalue of t when Brionie passes through P we need
W equake the pasition vector of Baonie at time t to the pasition
vector of P

b= (7i+16j)+ t = 29it5;

Compare L and j components °

Lt +7 =29 Ut =22 16-2t =5 2t=H
t=5'SS€CS// t=S¢8 secs//

N
Leave

blank
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Question 6 continued

c) A_§=h-5

AB = (7i+16)) + t - [(lli_-l-llj)* t ]
AB = (T+ub)i+ (16-2e); = (n-36)i - (u-t)j

AR = (t-4)i + (5-t)j

d) We shauld find the magnitude of AR to gind the closest
distance .

AB" = (£-4)*+(5-t)% = £>-8k+16+25-0E +£* = 2¢>-18t + 4l

The minimum distance owwrs when the derivative of the quadmhic & ze/o.

i(ztz-l8t+ql)='-u:-l8=o = Ue=18 ~ t=45 gt cdogest distane.

* Distanc@ ok t=u4S :

A6 = l(us-4)% (-49" = {05 m = 070Tm (3sp)

13
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Question 6 continued
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A helicopter is hovering at rest above horizontal ground at the point H. A parachutist steps
out of the helicopter and immediately falls vertically and freely under gravity from rest for
2.5s. His parachute then opens and causes him to immediately decelerate at a constant
rate 0of 3.9 ms? for T seconds (7' < 6), until his speed is reduced to ¥'ms™!. He then moves
with this constant speed /’ms! until he hits the ground. While he is decelerating, he falls
a distance ofi73.75m. The total time between the instant when he leaves H and the instant
when he hits the ground is(20s.

The parachutist is modelled as a particle.

(a) Find the speed of the parachutist at the instant when his parachute opens.

1)

(b) Sketch a speed-time graph for the motion of the parachutist from the instant when he
leaves H to the instant when he hits the ground.

2
(¢) Find the value of T.

(6))
(d) Find, to the nearest metre, the height of the point H above the ground.

(C))

Q) Since the parachvtist is falling freely under grawity

b)

til the parndwte s open , SUVAT woy be used.

S: Equation wikhout s - Ly = U +at |
u: 0
Y =0+A43(25) = p
a:4%
t: 25

Ny

¥ Peceleroking  for

A seconds
ugm s Moving, at aonctant
1/ gor 22Ysecs of paachutist lands
(0 y + — T
2:5 2.5+ 20

c) To calcvloke T we musk sek up a SUVAT but only fom

t=25 W t=25+T a2 the acdemhon muct be constant
-mmvghaut‘ .

P 6 1 9 0 2 A 0 1 6 2 4
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Question 7 continued

s: 7375 is_unknown S0 we @n set up another
W SUVAT t» alculale it.
Y S: Equahcm without s -
a: -39 u vE=is at
t y: Y il

a:-319 = -219

t
s: 7375 As we now have expressions for S,U,V, A and
U T we @an vse any SuVAT formwla -
Y -21 T N, .
a: -39 vi=ul+20s i S=ut+far® | S=vt-bok®
t: e

To lessen the chance of malang a small error use the most
simple formula. that is solvable. .

S=(UtV)t | . 93795 = (s +( -39TNT

2 2
“ 471§ = + -39 However qUQg'hOﬂ stateg -
~ 39T =497+ 1415 =0 <6

=5 OoR T=T56Y.. conds_,

d) As speed is the rake of chonge of distunce. the oreo under
the speed-time graph equals distonce travelled. The ara can
be seperaked intp three porks © A, B and C.

rv

4 } < —> t
25 2.5+ 20

17



Question 7 continued
A = T"M = 30-625wm (Using area of triangle fotmula)
B=7375m (A(neo.dg stated in question)
c = Vx(a0-(25+T)) = 245-29(5) x (20- (25+5)) = 62:5m
* Totak height : H=A+B+(= 30625+ 73754625 = (66375 m

“ H= 167m (neasest metre)
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Question 7 continued
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dm

A (2kg) B (4kg)

hm

Figure 3

Two particles, 4 and B, have masses 2kg and 4 kg respectively. The particles are connected
by a light inextensible string. The string passes over a small smooth pulley which is fixed

at the top of a rough plane. The plane is inclined to the horizontal ground at an angle a

3
where tana = 1

the pulley. The particle B hangs freely at rest, vertically below the pulley, at a distance
h metres above the ground, as shown in Figure 3. The part of the string between 4 and
the pulley is parallel to a line of greatest slope of the plane. Thelcoefficient of friction

The particle A4 is held at rest on the plane at a distance d metres from

1
between A and the plane is 1

The system is released from rest with the string taut and B descends.

(a) Find the(tension in the string as B descends.

®
On hitting the ground, B immediately comes to rest.
Given that 4 comes to rest before reaching the pulley,
(b) find, in terms ofi/, the range of possible values of d.

@)

(c) State one physical factor, other than air resistance, that could be taken into account to
make the model described above more realistic.

)
Q) DOrow a diogrom lobelling all relevonk {forces.

N
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Question 8 continued
Pacticle. A hag mo motion perpendicular 1 the plane so the fum
o} the pespendiculor forced IS 2er0.

| 2F=0 | - R-2gcose = 0 + R= 2gcose = 208)0F) = 15:68N

;. LIB—Ti-T"lg -F= (2+'-1)a Friction mula i F=PR :
. _ -\ - = | -
= | =2

Now use the calowlated ~volue $or accelerotion 1o colevlate tension .

Using the equation of motion for poartide B only

b) While the string is tavt, both partdes start from rest with
o constant accelerodion meoning a. SUVAT can be set up.

S: h Equation without t : Y= u'+2as
Wu: o -------------------------
. o w2 = a2 2 T -y
YV vZ=0 +2(_5.g)h v* = Ugh
a9 .
t: » ¥y =489 whids is the speed of A when B

hits the ground .

After portide B hits the ground, the sting & slack and A
mover up the plane slowing down dve 1 gravity and {richon .

21



Question 8 continued

Total tesistive fore on A = F+2g =2§3+%9 =44
Total decelesation (a,) " fa = 2B « a,= %9 = ug
m 2 S

Set up a. SUYAT from the instant it stosrts deceleroting il rest
to calculate the stopping distance of A .

S+ S Equation without t : | 2= u?+2as

u: o lecccccecccccccceceeeeaal
viy%E® ¢ Ugh= o"+2(ﬂg)s cg= 3 -k
a: “%s 9 S S %3 2
L

* Total distance moved by A = h+s = h+.§ = %h

The quegtion stateg2 A omes tp rest before reaching the
puley so d must be geater than the distance travelled.

. . : 2
Expression for d in tefmg of h >2h
C) The question doeant toke intd account :
~ Weight ot the shing

- Extensivility of the string
- Fncton ot the pulley

P 6 1 9 0 2 A 0 2 2 2 4
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Question 8 continued

(Total 17 marks)
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TOTAL FOR PAPER: 75 MARKS
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