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1. Two particles, P and Q, with masses'm and 2m respectively, are moving in the same
direction along the same straight line when they collide directly. Immediately before they
collide, P is moving with speed 4u and Q is moving with speed u. Immediately after they
collide, both particles are moving in the same direction and the speed of Q is four times
the speed of P.

(a) Find the speed of Q immediately after the collision.

3)
(b) Find the magnitude of the impulse exerted by Q on P in the collision.

3)
(c) State clearly the direction of this impulse.

1)

0) Drow o diagam lobeling the magses and speeds.
P Q P Q
@ @ & @
Begore Apter

Using comservation of linear meventum : mu,+ MU, = My, +my,

m(bu) + 2m = m(v) + 2m (4v)
Umw + 2Zmu = my + 8mv

ému = Imv
Y =6 =2 d Q ter = 4y = Yx2y = 8
.at:\n& Y Spesa of O af v x2u 21

b) Formula. Har impulse : ,_I_MJL_MIL_.= =

T= my-m(4Hu)
= 'm(l-u)—m(qu) = 2= Y = —Omuy =~ [Tl=10mu
3 3 3

C) Opposite to the direckion of motion .
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2. A small ball is thrown vertically upwards with speed 14.7ms™! from a point that is(19.6 m
above horizontal ground. The ball is modelled as a particle moving freely under gravity.

Find

(a) the total time from when the ball is thrown to when it first hits the ground,

(C))

(b) the speed of the ball immediately before it first hits the ground,
3)

(c) the total distance travelled by the ball from when it is thrown to when it first hits
the ground.

“4)

(d) Sketch a velocity-time graph for the motion of the ball from when it is thrown to when
it first hits the ground.

State the coordinates of the start point and the coordinates of the end point of
your graph.
3

) Set up a SUVAT ~vertically only ea the ball wait move
horizontally taking upwoards o4 pastive from the instant ¢S released
til it hits the ground . SUYAT may ke used of the accelerohon (s conshant .

S: -19:6 Equation withouk v : | S=ut+5ak™
w: 4.7 e ‘
v “ =196 = M7t + 5 (-98)
a: -3 4 =4qtt 4 47+ 19.6 = 0
: « OR
t . >0 "

b) NWe con Seb up ancther SUYAT +to find the Speed of the boll begore
i,thilxﬂ\eemmd().

S:-19-6 Equakion without t : L Yl=ul+2as

w: 4.7
v s vt = 1y + 2(-98)(-19-¢)
o -93 « v = 600-25

£ “oy = =

=z

P 6 5 7 6 0 A 0 4 3 2



Question 2 continued

¢) To calculake the total distonce travelled we can seperute the
joumey into three parts.

O Stastx at release , ends when changes direction and god down,
® Starts ot change of direction, ends when the ball is lexel with storting position.
@Sto.fts when level ak the start , ends When the ball hits the Tloor,

Part @ is already knaun aS iks just the height akt the start and ports @
ond @ are equal so we can just set vp o SWAT for part ©.

S: h Where 0 is the height abave the starting pasition
w: 4.7 — 1 N\ .
v:0 Equakion withavt £ : | v2=u?+2as '
a:-9¢  trmmmmmmemmeememmmmmmes
t: ~ 0= 17" + 2(-9-8)(h)
« A.6h= 7% 4+ = 47" = ((.025m
19.6

* Total dstance = O +@+@ = 11025+ 11025+ 19:6 = Y65 = YI-Tm (3s¢)/

c\ y -
\ graph goet megakive os
constont aucelesation / it velocity-time._and

therefore amstant gradient calcviated was o gpead in the
oppasite clirection .

5
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Question 2 continued
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PN/V

a

Figure 1

A particle of mass 10kg is placed on a fixed rough inclined plane. The plane is inclined
to the horizontal at an angle @, wheretana = % . The particle is held in equilibrium by a
force of magnitude P newtons, which acts up the plane, as shown in Figure 1. The line of
action of the force lies in a vertical plane that contains a line of greatest slope of the plane.

1
The coefficient of friction between the particle and the plane is o

(a) Find the normal reaction between the particle and the plane.

(2)
(b) Find the greatest possible value of P.

“)
(¢) Find the least possible value of P.

(2)

a) Draw a diagram labelling the foreg .
R

As_theret no movement perpendicular 1 the plane, the sum of the
perpenclicular  gorces S zerp.

“iSF=0 ' * R-l0gesex =0 = R=10acosq = [0x9-8x 4 = T84N
i SCD 3 x g /

b) The greaktest valve of P occurs when the pasbicle is on the
point of Slipping up the plane meaning friction i« acting down
the swpe to oppose motion as shawn below.

N
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Question 3 continued

As theret no movement
perpendicular 1 the plane,
the sum of the perpenclicular
forces is zerp .

10gcost

* Prgx = 10gsinec+ LR = 10(38)(3) + 1 (78Y) = IEN L

) To pind the least vawe of P we &mply do the opposite of
ginding the lorgest ~yalve meaning griction is mow acting up the
slope .

As theret no movement
perpendicular o the plane,
the sum of the perpenclicular
forces is zerp .

10gcost
|099inok

Fricion formula. - ._F_=|£_,

=0 : * P, -l0gsnctF=0 =P = |0gsin«-F

* B> 10gsine¢ = LR = IO(‘]-8)(%) = (78“1) = 196 N/

P 6 56 7 6 0 A 0 9 3 2
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Question 3 continued
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2.5m 2m
< P >
A C D B
< >
8m
Figure 2

A non-uniform beam 4B has length 8 m and mass M kg.

The centre of mass of the beam is'd metres from A.

The beam is supported in equilibrium in a horizontal position by two vertical light ropes.
One rope is attached to the beam at C, where 4C = 2.5m and the other rope is attached to
the beam at D, where/DB = 2m, as shown in Figure 2.

A gymnast, of mass 64 kg, stands on the beam at the point X, where 4X = 1.875m, and
the beam remains in equilibrium in a horizontal position but is now on the point of tilting
about C.

The gymnast then dismounts from the beam.

A second gymnast, of mass 48 kg, now stands on the beam at the point ¥, where@(ﬁﬁ,‘
and the beam remains in equilibrium in a horizontal position but is now on the point of
tilting about D.

The beam 1s modelled as a non-uniform rod and the gymnasts are modelled as particles.

Find the value of M.

®
Drow a diagram labeling all relevant forces in the first senario.
M- T"'z
lx c l«G D B8
e G 0 00M , ,
ST V815 Sco-ig76 ) = !
€ 8-25-2 >
s y 5
¢ Z >

lts stated thak the beam is horizontal and on the peint of titting
abovt C meaning the tension in the vope at D s zew.
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Question 4 continued
Since its srared in the question that the beam is in equilibrivm , the sum of the
Cloduwse moments is equal to the sum of the antidockuase moments , theregore :
émcm\mts Clockwise = Zmoments antlaazmse
whesre mommt force x pespendiculad distance
The clockwice forces ose omes thak 0 vpwards from the legt or
downwardg prom the nght of where Moments are token and onticlockwise
jorcer are ones thoak go upwords fam the nght or downwads frm the
ledt of where moments are token.
Taking moments aromd C °
Mg(d.-2:5) = 64g9( Y—m@
clodv.wse anticlodawice
momentsS moments
. Mg= 649(0625) - uog “ M= Yo
- d- d-
Draw another diogam for the second senano.
i v
A C lG D ly B
48q
\ 8-25-2 305 *os
& S 6-' L 2 rd
8

s staked thak the beam is horizontal and on the peint of titting
abovt D meaning the tension in the vope at C is zew.

Taking mgments asound D

Male-d) = 48q(2-05),

clockwise anticlockwise
moments maments

13
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Question 4 continued

6-d 6-d 6-d

. 72 = 40
2

é-d d-25

= J2d-72(25)= wo(6) - uod

= + = U20 = 3.75

a2

“We an nou svistitute this back to find M

M= _12_ = 32kqg _ OR M= 50_=_31k37
6-2715 v 3.75-2-5 7
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Question 4 continued
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5. A particle P is moving in a plane with constant acceleration.
The velocity, vms !, of P at time 7 seconds is given by

v = (7 = 50)i + (12¢ — 20)]

(a) Find the speed of P when t = 2
3)

(b) Find, to the nearest degree, the size of the angle between the direction of motion of P
and the vector j, when ¢ = 2

3
The constant acceleration of P is ams™>
(c¢) Find a in terms of i and j

(&)
(d) Find the value of £ when P is moving in the direction of the vector (—5i + 8j)

@

o) We can first find the velodity ak +=2 .

Y = (1-5()i + (12(1) 2°7J

¥ = —3i+Y4) o = |vl -.| -3) +(‘i)1 5 ms

We ignore the negative valve agter rooting af speed is always pastive .

b) Oraw the direchon of motion of P ok t=2 on an i-j graph.

Al
B Using SOHCAHTOA :
LA tnn6 = Oppesite - 3
adjocent Y

“ 6= tan (%) = 36-86989... = 27°

c) =dv=d(v ;;l {(‘1—5&)& (12+-20) J] d [(h -20;) + t(-5i+12; )]

d) P moves in the direction of (-5it8j) when the Yelocity is a (pasitive
(scalor muttple’ (k) of (-5it2)).

N
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Question 5 continued
- U= k‘-sl’ +2J)
E » (1-5E) = -5k AND  (12£-26) = 8k
v
o 23
= o k = 7-5t AND W= 12+ -ZO
= -5 8
LLl
=
=
=
o 7-5t = 12t-20
(@ -S &
S6-40k = —-60t +100
206 = YM

: £ =22 ,

sSo%e ///
W
L
T
=
i
e
€
;
&
=
Q

_J
17

T
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Question 5 continued
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Figure 3

A railway engine of mass 1500kg is attached to a railway truck of mass' 500kg by a
straight rigid coupling. The engine pushes the truck up a straight track, which is inclined

7
to the horizontal at an angle a, where sina = 55" The coupling is parallel to the track and

parallel to the direction of motion, as shown in Figure 3.

The engine produces a constant driving force of magnitude D newtons. The engine and
the truck experience constant resistances to motion, from non-gravitational forces, of
magnitude/ 1200 N 'and SO0 N respectively.

The thrust in the coupling 152000 N.
The coupling is modelled as a light rod.

(a) Find the accem'(p' of the engine and the truck.
“)

(b) Find the value of D.
“)

0) Draw o diagram lobeling oll relevant forzeg.

1IS00gsinex

We can only consider forces on the truck ony og D is unknown . The
coupling is also nigid so the aceleration of the truck and engne are
the same whidh can be calculated using the equation of motion.

. SF=ma | - 2000-500- 500gsine = 500a.

+ o = 15600-500(a8)(725) = 0.256ms™2
500 7

N
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Question 6 continued
+ D = 1500(0-256) + 1200+ 1500q [Z) + 2000 = 7700 N
J125) y 4
_J
21
DR T D O 0 Turn over »
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B 3m)

AGm) @
Figure 4

One end of a light inextensible string is attached to a particle 4 of mass Sm. The other
end of the string is attached to a particle B of mass 3m. The string passes over a small,
smooth, light fixed pulley. Particle 4 is held at rest with the string taut and the hanging
parts of the string vertical, as shown in Figure 4.

Particle 4 is released.

(a) Find, in terms of m and g, the magnitude of the force exerted on the pulley by the
string while 4 is falling and before B hits the pulley.

®)
(b) State how, in your solution to part (a), you have used the fact that the pulley is smooth.
1)
a) Draw a diagram labelling all relevant {ovces .
Q Using the equation af motion on each particle
toling downwords ag pasibive : [T T
ng dow pasi | =ma |
Portide A: Smg-T = Sma « T = 5mg=5ma.
308 Poticle B: 3mg-T =3m(-a) = T =3mg+3ma
3mg
* 5mg=5ma = 3mq+3ma
A ? * Bma = 2mg
Sm o =2mg = |
2 8m "'3
=5m3-5m(%)= OR = 3mg+ 3m(%)=

The trtal force acting on the pulley during descent is 2

'FI:Zx = 3om = ISmg N

Y 2. P
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8.
Acceleration A
(ms™)
3 1
1.5
0 : { T >
4 24) 26  Time
i 1 (¢ seconds)

4 HE

Figure 5

The acceleration-time graph shown in Figure 5 represents part of a journey made by a car
along a straight horizontal road. The car accelerated from rest at time ¢ = 0

(a) Find the distance travelled by the car during the first'4s of its journey.
2

(b) Find the total distance travelled by the car during the first 265 of its journey.
(6

0) The acceleration of the cor is cnstant so SUYAT can be used .

S: & (Distonce travelled in first Y seconds)
w: 0 (The cor acceleraked fom rest)
Y:
a:3 (Acelention fom t=0 ® t=4)
t: Y4 (Time interval of SuvAT)
SWVAT gormula. without v © | S=uk+5ok™!

= §= (o)(q)+i(3)(u)1 = 24m

b) We can just repeat the above steps (o ind the remaining distances
using SUVAT .
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Question 8 continued

For t=4 4o +=24 :

S: d (Distonce trovelled grom +=4 +o £=24)
W: 3x4  (Velocity ot =Y using {v=utak!)

Y:

a: 1:5  (Accelembion from +=4 4o t=24)
t:24-4  (Time interval gor SUVAT)

SUVAT  gormula. witheut v : Es=ut+lz-od:"'§

t o d= (3=<L|)(2~|—~+)+;-\(l-s)(zw-q)2 = 240+300 = 540 m

For t=24 &

(Distonce travelled from t=24 to )

TeERER

: -y (Accelemtion grom +=24 to )
-2M (Time interval or SUVAT)

SUVAT formula. withovt v : ES=ut+-'Z-ai:7‘§

+ p = [i2+15(20-4)](26-24) + L(-)(26-24)" = 84-8=T6 m

* Total distance tovelled : d., = 24+540+76 = E40m »
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