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. A van of mass 900kg is moving along a straight horizontal road.

At the instant when the speed of the van is vms™', the resistance to the motion of the
van is modelled as a force of magnitude (500 + 7v)N.

When the engine of the van is working at a constant rate of 18 kW, the van is moving
along the road at a constant speed Vms™!

(a) Find the value of V.

Later on, the van is moving up a straight road that is inclined to the horizontal at an

1
angle 6, where sinf = —
21

At the instant when the speed of the van is vms™!, the resistance to the motion of the
van from non-gravitational forces is modelled as a force of magnitude (500 + 7v)N.

The engine of the van is again working at a constant rate of 18kW.

(b) Find the acceleration of the van at the instant when v =15

(a)Dﬂgram Since the speed is constant WE can use
Int' s, . M4
i T il P
—L 1 0 93\7 we will use Fower,
%009 for -

P =18kW — x1000 18 000 "} Substiture: 18000 = Dy
D = - |8 000 M1
v
vy
Cubstitute our D and solve for v:
'9°\‘,’° =500+3y A4
0=3Iy*+500v -18000 M1

Use
v= 590 500 24(X-15000)
14
v=26.309 — V=26.3m 4o 3sp A
2
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Question 1 continued

we want this! .
Since it's acceleroting, use  Zfx=ma.
/ .
D= 1) = 900gsing = 9002 M9
To 9er_D_wuuﬂl_u1e_E¢Mu
Formulo_for Power:
Power (w) ~ P- Dv

J . B
Dr]vinmgm: )
Pz I8kW — %1000 -» 18000W | Substitute: 18000 = 150

0= 1200N Al

D=D

vz Isms’

_ Cubstiture owr D ond Solve for o

1200~ - tigy - 1009 =900 A1

1 - - =
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Bosocvawiele
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Question 1 continued
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Question 1 continued
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2. Two particles, 4 and B, are moving in opposite directions along the same straight line on a
smooth horizontal surface when they collide directly.

Particle 4 has mass 5m and particle B has mass 3m.

The coefficient of restitution between 4 and B is e, where e > 0
Immediately after the collision the speed of 4 is v and the speed of B is 2v.
Given that 4 and B are moving in the same direction after the collision,

(a) find the set of possible values of e.

)

Given also that the kinetic energy of 4 immediately after the collision is 16% of the
kinetic energy of 4 immediately before the collision,

(b) find
(1) the value of e,

(i1) the magnitude of the impulse received by A4 in the collision, giving your answer
in terms of m and v.

(6)

(a)Diagram . _,we're looking far ts

Before ) Alrer Ly

va

oNoNRoNo

Sm 3m

We con use the consevvokion of Lnear momentum to get tims.
consevvakion of Lnear momentus eans: the totod momemkuwm befove the
colhsion s khe same as the total momentum o.fter.

Substitute: Silug) + 3r(~=Ug) = Sei(V) + 3ri(2v) cancel m’s  (MAAA
Sup - 3ug = Sv+ 6v
Sup-3ug= v (g1

We con wuse Newton's Low of Restturion to Qe an equation.
Newton's Low of Restituron stakes thak: when two objects collide, their speeds afier

the collision depend on (1) Speeds hefore the collision and (2)the mokeria) from which they're made.

Substitute: e(Ug--Mg) = 2v-v  M1As
e(up+VUp=v  fq.2
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Question 2 continued

Solve sicuaxameously Eq1 ond Eq2:

For Wp: Sug -3wg = v use elimination method
+
E\A.Ai'eus‘-'\llx%l 3up*3uy= 62
Bup=llv + %L ) factor our ¥
Buy = ;—‘mua)
Up = é (11e+3) M1

For Ug: Sua-3ug= v use elimination method
+
- I —i - 5 - s s - S_V
eup +eug=y | x &l WA = Sug 2
-8up =Atv- SN\  facter our-¥
e ) ¢
-BuB:--;!(s -e)
=V (s-ne) A
: . ‘e 8e
Since >0, uy>0 for o e (moven in *2 divection).
We womk wg b Mt inthe negative direction, but we already dsiumed thisin our diagram

S We wont uﬁ>o.

“370 M1
N (5-1e)>0
) S-11e30
SHe
Since e is o Coefident of vestitukion, o!es“1
So the {ull range for e:

D<e <% Al

7
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Question 2 continued

r I B .
. : ),
‘ . KEg= 0.6KE =
~ Formuro. for  WKinetic €Enevqy: S
JJ E
KE= Ly 3
2
- velocity "
Substitute: :_:I ;;
Amv?: 16 x tlmu F&
2 00 2 . s
MU Lisa0® e ay com (X (ves3)  cancel fusmo | F
L 100 2 S
“i._Solue for e: S

Vit (vt (Meen®) cancel v*
100 \ g4e?

100 -1 (4043

16 6e?

4 p4etx ‘°° (le+3)*

4Me = lllc+5]

{400 =lnne

IR
gds

20€=lle+3

A L

Al 9:3 »>(@=% volueofe

RIS

"
=1
'
- Y3V SIHI NI

I

T % T 0 % T 0 % % 0 % %0 00 % % 006 % % %0 %6 % %06 %% %026 %% %4 %%

(1]
-~
[7 ]
w
o2

' ( i ‘\M
Velocity

~ . Formulo. for Tmpulse: T=mlv-u)
—
Qubstitute . M1 T==9m(v-wp)  Impulseon & actein the negative_direction
A G 'smhl_ﬁlﬂe+a)\ — - We_usf_n_negnhue_sgn—

x3+3) R

-Smy_(i-_’b-(%'id))

:-Smv (4 -%’zx!'_s')

= -Smyx-3
2

A 1:='"Sm  mognitude of Impuise
2
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Question 2 continued

'ole 28}
ot
SIS

prosstatass
< X
=

SRBDL

e

SERLLS

x>
Sotototeses
ooteteteteset
XX
%

69%
S
%

o0

65

5
o2

:i

oo
25
55

(XXX
3K
Pgogesesetet
S
SOt

KKK
‘ﬁﬁg
oo¢

55
XXX

KRR
KKK
QKK
e %%
K

3%
XX
ORKKEK

SRR
X
%%

&S
5
o0
%
XX

KR RRLRLAKY
=S
CRES

A
B
y 4
2

%
5

XX
X XX
oo
2
‘p

00999,
toletetets
PH
2%
<

090%%%
q&ﬁﬁ%ﬁ

9%

L

00009,
ohele

KR
RS
Re%ete%
AK
I
%

9%
otofs
P

o%
51
4}
o

XX
A
¥

09%0%%
Josetete:
O
S
K

%

0% %
09055 %% %%
SRS
N9
K

9%
9%
QKK
RKK
R

%

O 0000,
3R

25
$0009%s
%

55
ool

%5
KK
2L

000
00s
KKK
’0
Qp
ol Qp‘

40502
R
3R

$

X
s

5

XS

2
%
255

~
2

XX

255K
255

<K

ootets
RIS

pasatatote!
GRS

RIS
SRS

0
3%&

KRS
oo

<
3}
SRXX
XXX
35
e

o0te%otete!

(Total for Question 2 is 14 marks)
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3. [In this question, i and j are perpendicular unit vectors in a horizontal plane.]

A smooth uniform sphere P has mass 0.3kg. Another smooth uniform sphere Q, with

the same radius as P, has mass 0.5kg. <
=
The spheres are moving on a smooth horizontal surface when they collide obliquely. 9
Immediately before the collision the velocity of P is (ui + 2j)ms™', where u is a s
positive constant, and the velocity of Q is (—4i + 3j)ms™! o
m
At the instant when the spheres collide, the line joining their centres is parallel to i. 2
-
3 =
The coefficient of restitution between P and Q is 3 ;
&
As a result of the collision, the direction of motion of P is deflected through an angle of 2
90° and the direction of motion of Q is deflected through an angle of a°
(a) Find the value of u
8)
(b) Find the value of a
) g
(c) State how you have used the fact that P and Q have equal radii. 2
(1) g
—
: =
(a)Diagram s =
L &3 . . .
Before After — Perpendicularly tothe line of centevs s
. 3, . 3 =
r: ’ z: 1he velotity stays the some o
\, [\ “\ @
@ =
&
P 0.3kq @ 0.5kg P 0.3kg @ 0.5kg >
Since we know Pis deflected by 90°, we con look ax P geometrically /algebraically toget up.
let’s get their *gradiemts® and use
. these two ave —~—Rise
O perpendicular. R A R
u T Gp Run—+
3.
Po. wvp
%9 Vp= = 4 8
v =
s.velocity of P after is B1 3
=
2
(s |
m
Z
=
&
v
>
=)
m
>

10
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Question 3 continued

MWMMmmmmm o.(tec,
Formuwa-, w, + Wo = « v

o . C i
instial ve\oukq fino) velodity

_Cubstitute: 0.3w+0.5(-4)= 0.3(- )+059Q

0.3(0) + 0.3(-3)= 0.5ug+0.5¢:4)

0.3u+ )= 0.5(vped) €91 M

)H
e t 'c\o) ni d
3(u--4) =\yp-2

%(u-\-4)= UQi-% €9.2 Mamy

Solve simuakameously Eqi and Eq2:

Get MQZ .;s.(\u' -%: 1 s

3(5)-4=vp
s b 4

VQ%-l B

(-143;)ms’ 2

MMMJD_%M@M_&' MA

19

b
cose-

-lP

Wan .

azcidl(3 )

3)\

S*W)

f[4+3) 4,

Jio/

NTIED 1 2

P 6 6 8 0 0 A0 1T 1 2 8

1

Turn over »



www.mymathscloud.com
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= | Question 3 continued
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4. A particle P has mass 0.5kg. It is moving in the xy plane with velocity 8ims™ when it
receives an impulse A(—i+ j)Ns, where / is a positive constant.

The angle between the direction of motion of P immediately before receiving the (<
impulse and the direction of motion of P immediately after receiving the impulse is 6° CZ)
Immediately after receiving the impulse, P is moving with speed 4 V10 ms™ :E:
Find (i) the value of 4 r:|n
(i) the value of @ %
(®) =
wlmpulse s the Chonge in momentum 44 5
for change wn mowentum: >
for Tmpuise:
Let the wvelocity agter be v=({Im

1-05(v-(8)) g
Equake the twe impulses: CZD
05Cv=(8)):5(7) =
0.50-()=a("") Z
p5vza(i)e (8) z
0.5v= (B; 4’) i
Al V= ('l"z;s) Speed a(ter E
Use Pythagovas’ theorens to gek magaitude +equose to speed. >

05 = yEAG

(4476)°= (-2p+8) * )
Solue for p: 160= 42"-323 « 64 + 43°
160= 8p*- 322 + 64

0=8a%-325-96 #
0= p-4a-12 ) ;}lctor'ute g
0=(a-6)p+2) 1 2
Al Q=6 as~7 Reject Negabtwe §
(ii) Use - value of P E
=
T
v
pe BHEEEY, >
el z

000 (e sxm)
- 0:108" to 3sf value of & A1
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Figure 1

Figure 1 represents the plan view of part of a horizontal floor, where AB and BC
represent fixed vertical walls, with AB perpendicular to BC.

A small ball is projected along the floor towards the wall AB. Immediately before
hitting the wall 4B the ball is moving with speed vms™' at an angle § to 4B.

The ball hits the wall AB and then hits the wall BC.
The coefficient of restitution between the ball and the wall 4B is %

The coefficient of restitution between the ball and the wall BC is e.
The floor and the walls are modelled as being smooth.

The ball is modelled as a particle.

YVIYY SIHENEILREM TON-Od

The ball loses half of its kinetic energy in the impact with the wall AB.

(a) Find the exact value of cos 6.

)
The ball loses half of its remaining kinetic energy in the impact with the wall BC.

(b) Find the exact value of e.
5

Diagram + Paralie! ko the watls the components stay the same.
¢ AB: z

~€0S(90 - &) = Sinot
BC: WCos(20-a) = 3058

Ws}(\us 0S8 = 2cxB=--L
* Perpendiculor to e wan use Tmpoct law:
AB: \ =

b2 cos8 ¢ SIn(20- #) = cose

F-Wsin(a0-«) Re- o)z -
oS @0-a) oL ewsin(30-a)= - 25108

Lgor L)

VISV SIHENEILI-IMION Od

ewcosx = - 288 (wse povoliel trom
e : - 26ing 2 COVision AB to

—_ VLN (VT })
A 8 Tior (o) o

’ AR O O 0
P 6 6 8 0 0 A 0O 1 6 2 8
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Question 5 continued

(1 We've ihat KEg= 3 KE;
for WKinetic €Enevgy:

consider the first cowision only:
] .
Z ZM\I -mw
We need to %et N Use the components we tu\u.u.c.td onthe previous page.

/w/‘ — B181
3

*' =< see above how we got this

We can opply Pythagoras’ Theorem to get W'in terms of Sin® and cose :
Wz f(ucoshy®e (jusin )
w* = vicos’e + fvsin'e

Substitute badk inte KE and solve gor €0sH:

1 ! LT - N
el 1 (3 +zvisi M
L xsm’s Lm(utcose + qusing)
'zm(' '-zuw‘cos‘u ‘Lsmv‘sm’e cancel my?
L. Lcosto+l Sint
3 0s .‘-6&6
l:leosto+r ¥
a1 -] 3“ €os*0)
Lo ] 3 _Least
3= 5e08 6*8 c6s'0 \ w2 both sides
L:costO+L . Lcos?®
2 q
Mi SE'L =8¢0s'@  colect lke terms
18 18 9
T .16 cos’®
18 8
3 . cos’e

A1 @30 vaue of cos

P 6 6 8 0 0 A 0O 1 7 2 8
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Question 5 continued

(b) The Mmethod is basically the same 6sin (o)
consider the second collision
KEe=LKer
.'ix'?_mw% '?_m‘
We need to get 2® Use the components we taleudaxed algove:

8181
t 2038 = wsina = -'_3

tsinB=-ewcoso = e

<
=
(@)
-
=
=
-
Tl
2
-]
2
74,
B
X
I
>

We can opply Pythogorns’ Theorem to get 2'in terms of Sin and cos6 :
2=y eUCosE 4 -Jusinnr®
2%z e uteos'p + Lvlsin'e
Substitute back inte KE and solve for :,
M1 -'-rﬁ(\l cos 9+-v‘sm‘e)= .;.u\(e‘v‘cos‘o +%v's‘in’6; cancel m’s
z\r" (ms‘e*,';Sm'e\- .'{v’(e'cos‘e* Lein'®)  concel u*
L0s’0 "'?Sin"e = 2e*cos'o+ %sn'n‘a
cos'eu.u-cos’eme’ €0s'0 + 1(4-cos'e) Substiture cos'0= T_6 from (o)

“’ ‘(\-*\ T x };’-u*) Solue for e

YVIYY SIHENEILREM TON-Od
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Figure 2
A light elastic spring has natural length 3/ and modulus of elasticity 3mg.
One end of the spring is attached to a fixed point X on a rough inclined plane.

The other end of the spring is attached to a package P of mass m.
o . 3
The plane is inclined to the horizontal at an angle & where tana = 1

The package is initially held at the point ¥ on the plane, where XY =1/. The point Y is
higher than X and XY is a line of greatest slope of the plane, as shown in Figure 2.

The package is released from rest at ¥ and moves up the plane.
The coefficient of friction between P and the plane is 3
By modelling P as a particle,

1
(a) show that the acceleration of P at the instant when P is released from rest is I g

(3)
(b) find, in terms of g and /, the speed of P at the instant when the spring first reaches
its natural length of 3/.
(6)
3 lal_‘ 4‘\.
tont==— -5 oocosk = &
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Sind = =
4 S

P 6 6 8 0 0 A0 2 0 2 8

(&
=
Q
et
=
o
o |
Tl
2
-]
=
%}
P
=)
(23)
>

YVIYY SIHENEILREM TON-Od

VISV SIHENEILI-IMION Od



Question 6 continued
weneed this!

1
T= img(ln =2mMQq Bl
~ I asit’s moving M TR
= Ly moc t thi e
3
et
Substiture oack:
2nig - 4 4. 3. v M

21

AR 0 O TR0 0 —
P 6 6 8 0 0 A0 2 1 2 8 Turn over



Question 6 continued

potentiol elastic potentiaL
pot

\ = kErr_ + (sPE.t. + (EPE':_

: ' potentioL
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. 3, -t sy
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~ We need h interms of L-
oo that: py N

S J/ 3_,2l h

q.
smB@=2— sin= — 3-hHh L=6,
21 S S
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7. [In this question, i and j are perpendicular unit vectors in a horizontal plane.]

B

YIUV-SIHI NI ILINM LON.O

Figure 3

Figure 3 represents the plan view of part of a smooth horizontal floor, where 4B is a
fixed smooth vertical wall.

%
The direction of AB is in the direction of the vector (i + j)

A small ball of mass 0.25kg is moving on the floor when it strikes the wall 4B.

X

Immediately before its impact with the wall 4B, the velocity of the ball is (8i + 2j)ms

306

Immediately after its impact with the wall 4B, the velocity of the ball is vms™

OO

1
The coefficient of restitution between the ball and the wall is 5

By modelling the ball as a particle,

0050565656565

(a) show that v =4i + 6j

(6)

(b) Find the magnitude of the impulse received by the ball in the impact.
3)
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Question 7 continued
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