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1. Two particles, P and Q, are moving towards each other in opposite directions along the
same straight line when they collide directly. Immediately before the collision the speed of
0 is 2u. The mass of Q is 3m and the magnitude of the impulse exerted by P on Q in the
collision is 4mu.

Find
(a) theispeed of O immediately after the collision,

3)
(b) the direction of motion of Q immediately after the collision.

1)

a) Dfawy o diagram af the masses and velodbe .

= =)

The formula. for Impulse is I - "‘V,""u,j for porticde Q.

= 3m(v)-3m (-
= 3my + mu
2mv = —2mu
v = —2mu = —2u Since speed conk be negative , v = 2u
3m 3 3/

B Since we colculoted v tp be negative when positive is the
oppaiite direckion to the orginol motion means it comtinves &
travel in it onginal direction
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2. A motorbike is moving with constant acceleration along a straight horizontal road.

The motorbike passes a point P and 10 seconds later passes a point Q.
The speed of the motorbike as it passes Q is28ms '
Given that PO = 220 m,

(a) find the acceleration of the motorbike,
3)
(b) find the distance travelled by the motorbike during the fifth second after passing P
“4)
0) s stated that accelerotion is constont themfore SuvAT
can be vsed.

S SUVAT  formula.  without initiol velocity : S =wvt- _lz_ ot%
Ww fommmmmecccemeeemeem—m el
v:2g  * 220 = 28(10) = £ o (10)?

0. 20 = 280-50

t: 10 * 500 = 60 = €0 =

0 =

B) For part b) we need to find the distance trowelled ok timeg
t=5 ond t=6 t find the dstance trowelled dunng the fipth
second..  Selting up SUVATs tor each time :

. S5 Msing : | S=vk-Lax* |

e
1]
"

E=5 S 7
T
v: 2% “ Sg= 28(8)-502)(5)* = 125m
@
t: 5
t=¢ S: 8 Using' | S=vk-jak®
W:  iiicicicicicccaoa
v:o2g
aQ: © 8g=28(6)- S (10() = 6.6 m
t: 6

- Distance tranelled during figth seamd= S¢=Sg = ME-6-125 = 2|'HMé

P 7 1 4 0 3 A 0 4 2 8
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6000kg 2000kg
3. A tractor of mass 6 tonnes is dragging a large block of mass 2 tonnes along rough

horizontal ground. The cable connecting the tractor to the block is horizontal and parallel
to the direction of motion.

The cable is modelled as being light and inextensible.

The driving force of the tractor is 7400N and the resistance to the motion of the tractor
18 200N. The resistance to the motion of the block is' R newtons, where R is a constant.

Given that the tension in the cable is 6000 N and the tractor is accelerating,

(a) find the value of R.

(6)
(b) State how you have used the fact that the cable is modelled as being inextensible.
1)
@) Draw a diagam |abeling masses and forces .
€quation for +orce °
‘R_ (BN N N
Tr| 6000 —— : % ;
2000 [~ e
Using the fomula above taling positive ai rightwords as this is
the direction its acelerating .
For the whole system For onwy the trador :
+T-T- - R = (6000+2000) o, -T- = boo0a.
- 7200 — R = 80000\ * 1200 = 6000a
R = 7200 - 2000a “ o= 1200 = 02
= 7200- 8000 (0-2) o0
= 5600N >

b) Since the cable (s modelled as inextendible , the oaceleration
for the tractor and blode is equal.

P 7 1 4 0 3 A 0 8 2 8
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PN

30°

Figure 1
A small block of mass Skg lies at rest on a rough horizontal plane.
The coefficient of friction between the block and the plane is =

A force of magnitude P newtons is applied to the block in a direction which makes an angle
of 30° with the plane, as shown in Figure 1.

The block is modelled as a particle.
Given that P = 14

(a) find the magnitude of the frictional force exerted on the block by the plane and describe
what happens to the block, justifying your answer.

(6)
The value of P is now changed so that the block is on the point of slipping along the plane.

(b) Find the value of P

(6)

0 Drow a diagmm labelling ond resolving fsvces.

R | Since. the. blodc is in

vertical equilibium
3¢

F—= PTIvY

v Rt+[4sin20-8g=0 = R=5g-I4sin20= YN |

59

using the formula. « | F=pRo | F, = 2xw2 =8N
Now we need the horizontal compmment of P and ig it
volwe (s greokesr thon Fuex then 2F> 0 ond wil move but
ig not then it wilk temain Statimosy .

Hovizontod asmpanent of P = ® 21 < Frox
Blocke will pemain stationary .

i R 0 T O
p 71 4 0 3 A 0O 1 0 2 8
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Question 4 continued

B) Prow o new diagram {or the new unknown vake of P.

Rz Since its stated the block
P Psin20 is on the point of Slping
30°
Fe———GCS Pcos30 Peos0 = g,
m

Y

59
The block is chll in yertical equilibnum = ZF =0 |
" R,t Psin30-5g=0 - R,= Sg- Psin30

+ using the Jformula : F=pR ,

We on nou set this equal t Pooc2o and ssve far P

7(59 Psin20) Pcos30

2 189 - 3pxl = LZp
7 7 2 2
3P+ 3px!l = 159
2 7 yA 7
s p(Crd)=1ss - p= ¥ o 9qaRewyes = @4 N (3s4)
AN 7 {_3__'_§_
2" ™

R0 0 0 Turn over
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5.
« Im > < Zm >
C D
4 A A B
< >
S5m
Figure 2

Auniform rod 4B has length 5m and mass Skg. The rod rests in equilibrium in a horizontal
position on two supports C and D, where AC = 1m and DB = 2m, as shown in Figure 2.

A particle of mass 10kg is placed on the rod at 4 and a particle of mass M kg is placed on
the rod at B. The rod remains horizontal and in equilibrium.

(a) Find, in terms of ‘M, the'magnitude of the reaction on the rod at C.

3)
(b) Find, in terms of M, the magnitude of the reaction on the rod at D.
3)
(c) Hence, or otherwise, find the range of possible values of M.
3)

0) DOraw a diagrom labelling oll the {forces and lengths .

Rc '
] ‘|
Al AN [REL7AN 18

10g 5q Mg
e . Se—>
, 2 2 \
) 5 4

Since s Sared in the question that the beam is in equilbnum , the sum of the
Clodaise. moments is equal to the sum of the antcdockwse moments , therepore :

- S moments Cclockwse = Smoments anticlotavise i moment = foree x pependic vias
] Whare ; distance

The clockuwice. forces ose omes +thak 0 Upwards fram the legt or
downwards from the nght of where moments gre token and anticlockwise
forcet ore ones thok go uvpwards frm the nght or downwards from the
le4t of where moments ore taken.

14
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Question 5 continued

Tawing memeats around D 1o eliminake

Mg + R, (5-2- ), = ég(%_- )+ |09(5-l

Clockwise articlockwise
moments momentsg

: P\c=§ 30
Mg'l-l 291' q

2R, =658 - Oy, ¢ R, = 650-M
e = 28 = 2Mg <= 639 -Mg

b) Taking moments around C 1o eliminate R, -

&g(s- ):53(51- )}=L (s- —3;)4- 10g (1),

clockwise oxtidockwise
moments moments

* YMg + % = 2R, + 104

2 = LlM - _52 = ZM -2

9~ 22 9=

C) We know that the reactions at C and D must be
greater than zero as thay cont be negalive .

20 2Mg=29 20 2Mg 2 39 M2 5

9 4 g

R.z0 659 - My 20 Mq € 659 Mg 65
- 5 3 IR “

15
R 0 O RN Turn over
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Question 5 continued
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Question 5 continued
Q5
(Total 9 marks)

J

M 000 0 R .
Turn over »

P 7 1 4 0 3 A0 1 7 2 8



6. A particle P is moving with constant acceleration.

At time £ = 1 second, P has velocity (—i + 4j)ms "’
At time ¢ = 4 seconds, P has velocity (5i — 8j)ms"

Find the speed of P at time ¢ = 3.5 seconds.
(6)

Its  stated thak P moves: with constant acceleradian meaning
SUYAT may be vsed.

We con sek up SUYATs for each Senario 1o form equations

For time t=| For time SUYAT farmwla without
s = S - distonce is :
uw=-u M-u A —— ,

v = -LtY) Y - Fv=U+at !
a - o a-a&
t- 1 t- 4
o @
("') =utalig =Uu+al) e con now solve simuttaneously.
+@-0 = utla-u-o = "(—q') © a0 = (]7‘5) R = (_Z\.,)

~ Using equoﬁm © : u= (-‘1')—(:2") = (-33)

Now o SUVAT con be set up _far t=35

v= (@) (B2 = (%)

> 4 3
u- (%)
v - \/2 - sPad = [v]= J(“I)"'l'(—é)"‘ = 23 ms}
o ()
t-35

) R0 O 0
p 71 4 0 3 A0 1 8 2 8
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Q6
(Total 6 marks)
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7. Two small children, Ajaz and Beth, are running a 100 m race along a straight horizontal track.
They both start from rest, leaving the start line at the same time.

Ajaz accelerates at 0.8ms * up to a speed of 4ms ' and then maintains this speed until he
crosses the finish line.

Beth accelerates at 1ms~ for(T seconds and then maintains a constant speed until she
crosses the finish line.

Ajaz and Beth cross the finish line at the same time.

(a) Sketch, on the same axes, a speed-time graph for each child, from the instant when they
leave the start line to the instant when they cross the finish line.

3)
(b) Find the time taken by Ajaz to complete the race.

(C))
(c) Find the value of T’

“4)
(d) Find the difference in the speeds of the two children as they cross the finish line.

(2)

a) constont speed
SP&d/ms-' ,/ od qms-lp

This means that since Ajaz and Beth tromelled the same 100m , the aea
under each of +their lines  should ke egual hence Bethh needs a
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Question 7 continued

Since the aea under Ajazs groph is equol to distance travelled :
orea undes h

100 = _*_z'c_ + (to-&)»

* 100 = sz +Ug, - 46) -+ Yk, = 100420-10
= 0 = .
t,= U0 =215 secmd.s/

Q) Speed of Beth ofter accelerating for T Sewnds con be

pound  using ‘o= av |
i at |
=Y0 - y=T
T=0

* Using the same d{act in port b).
100 = T2 + (£,-T)T
2
* 100%2=T? +2¢,T= 2T

* 200 = T 485T=-2T> ~ T:-55T+200=0

# T =05555{89  However Tet, =+ T =55-5[89 = 3935
2 2

d) Change in speeds = Y-y =4Y-T=4Y-29S. = 0-0850ms"
(3s4)
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Question 7 continued
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Question 7 continued
Q7
(Total 13 marks)
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8. [In this question, i and j are horizontal unit vectors directed due east and due north
respectively and position vectors are given relative to a fixed origin O.]

Two boats, P and Q, are moving with constant velocities.
The velocity of P is 15ims " and the velocity of Q is((20i — 20j)ms "

(a) Find the direction in which Q is travelling, giving your answer as a bearing.

(2)
The boats are modelled as particles.
At time ¢ =0, P is at the origin O and Q is at the point with position vector 200j m.
At time ¢ seconds, thé position vector of P is pm and the position vector of O is qm.
(b) Show that
q
PO =[5ti + (200 — 20¢)j]m
3)
(c) Find the bearing of P from Q when ¢ = 10
(2)
(d) Find the distance between P and O when Q is north east of P
)
(e) Find the times when P and Q are 200 m apatrt.
3)
a) e
The direchion of Q is O where :
\e z.o oL e = 90+ ¢
(o)
+ =90+ ton"(2—°) = 90+ 45 = 135°
=20+ 10

B) The position 0f a vector is given by : i L= Lo+ VE 1 ¢ = initial

~p= (150t , 9= + (20i-20))t

US""\S 'H\e _FH.C"' '“"\a‘-' : M PQ: q’_ ﬂ

PG = 200, + (20i-20))& - (I5()t
= (20 - 1SE) i + (200-20¢)j
= (SH)i + (200-20¢) j
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Question 8 continued
c) PA o + (s019)i + (200-2000)) = SOt
J

'

o * Bearing of P from Q:

P aq - = = 270°

A 4
|~

since beorings go dodewsise frm north.

d) Q@ is north-east of P when PQ = XL+ X] Sine lboth
L ond j components meed o be equal .

s Xi+ %) = (SBL+(200-208)]

* X=5t , X=200-206  Ngw we can find the time whea Q
s north-east of P,

~ Sk = -20¢ s OSt = - = £00 = R seconds
25

~ PR = (5+8)i+(5x8)) = 40i+Y0;

- pistance = |PB| = {0 +(u0) = U0z ~ S6-6m "

e) The distance ak ony time s given by the modulus of PQ. .

Y dt-_-J (5t) + (200-20k)?

* Whea d=200 , 00 = mﬂ?’-\-( —10&\7'
+ 200" = (5t)+ (200-20k)?
+ Y0000 = 25¢*+ Yoot - 8000t + 40000

+ 425 - 8000k = 0O

“ =0, 3l_?-9 However t#0 -~ t= 3‘2__'0_ > (R-R seamds (3s)
7
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Question 8 continued
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Question 8 continued

(Total 17 marks)
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