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1. A particle P of mass 2 kg is moving with velocity (—4i + 3j)m s~ when it receives an
impulse (—6i + 42j) N s.

(a) Find the speed of P immediately after receiving the impulse.

“4)
The angle through which the direction of motion of P has been deflected by the impulse
is a°
(b) Find the value of a

2

(o) Impulse. s the Chonge in momentum
_&mmwmmm%ss

ol — ( iMEiod
Velocity

Substtute a0 T=m(v-wu):

(45) =1 (6) =(5F)] oo
Set up eq“ub‘ons for i and | components Separately:

-6:=2(0-¢-4))2 -6=-20+8 a=-%

42= 2(b-3)— 42=2b-6 bz 24

- velogi (=3 + 26))mS”
Use Pythagoras’ theorem to oet speed:
JEDRQe'  w

='\‘l 49+5%6
= /615

=25ms' speed A

Substitute -

-1 (=9
050 (“HL M1
(25)% J{9)4

cosp:= 28+
25%5

B cod'(129)

0= 33° to 2sf M
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2. A car of mass 1000 kg moves in a straight line along a horizontal road at a constant
speed U ms . The resistance to the motion of the car is a constant force of magnitude
400 N.

@
The engine of the car is working at a constant rate of 16 kW. CZ)
P
(a) Find the value of U. =
o
3) =
m
The car now pulls a trailer of mass 600 kg in a straight line along the road using a tow =
rope which is parallel to the direction of motion. The resistance to the motion of the car :—:|
is again a constant force of magnitude 400 N. The resistance to the motion of the trailer 7
is a constant force of magnitude 300 N. ;
m
The engine of the car is working at a constant rate of 16 kW. >
The tow rope is modelled as being light and inextensible.
Using the model,
(b) find the tension in the tow rope at the instant when the speed of the car is ? ms '
5) -
(a) Diagram _ Since the gpeedis constant,use g
e = M1 9
[ | .
| i I To get W we will use Power, §
-t
10009 for m
=
-
=
n
. =
Substitute: =
P = l6kw - %1000 216 0OOW 16000 406U 1] =
V= u 40:=WU
D =400 W: 40ms' A
(b) Diagram To get D we will use Powoer. P= L6kW — x1000 — 16 000W
:.Vi’l%mi' ,For ° D= 8
U - 2
V= %’-m&' o
o
@0y 16604 substitute: D= 6900 4008 | =
3 =
We use on the whole system: 19 M1 =
- 100 =16000.  a=Emi* Al 2
16 =]
Use only on the troiler toget T: M) B
7
T-"00=600a T= soox% + 300 = 93%.5N >
938N & 3s{ A’ >
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3. Aparticle P of mass 2m is moving in a straight line with speed 3u on a smooth
horizontal plane. It collides directly with a particle O of mass m that is moving on the
plane with speed 2u in the opposite direction to P.

@
The coefficient of restitution between P and Q is e, where e > % g
P
4+10 ’EU
(a) Show that the speed of O immediately after the collision is (@ +10e)u 3
(6) .
=z
After the collision Q hits a smooth fixed vertical wall that is perpendicular to the :__|:|
direction of motion of Q. The coefficient of restitution between Q and the wall is f. :
(b) Find, in terms of e, the set of values of f for which there will be a second collision E
between P and Q.
“4)
(a) Diagram
Before =, % Apter 4,
we're looking for Vg
v va 7
® O) 3
o
im m 2m m et
3
We com use the consevvakion of Gnear momentus to get an equdkion =
consevvokion of Lnear momentus paeans: the totod momemkuwm befove the E
colision s the same as the total momentum ofter. %
MA >
m
=
Subshituxe: 2m(3w) + e(-2w)= 2m(Vp)+ mVq
6L - 2= 2Zmvp< mVq
4y = l\l‘)-!- \IQ €q1 AA

We con wse Newton's Low of Restturion to get an equation.
Newten's Low of Lesritunon stokes thak: when two objects collide, their speeds after 8
the collision depend on (1) Speeds before he collision and (2) the mokerial from which they e made. z
M -
=
=
\ =
Substitute: e(3u--2w)=Vg-Vp g
Sew= Ug-Vp  €q2 A1 :_£|
Solve simuAkameously Eq1 and Eq2: 2
Vp= Vg = Sew—substitute = 4u= A(uq-5euw) + Vg  di E

4w+ 10ew=3Vq
A1 "‘4*3'0 ed=igh hence shown

L T o
p 7 2 7 9 8 A 0 8 2 8
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Question 3 continued

(b) We need ® ?M the <peed of QG after the collision with the wall.

Before wal wq = fulatioe) oy
“(¢4+100) 3
~EE

m
—

Wog —
@ 3

We also need tne Speed Vp : substitute
4y = 2vp+ N M(443|08) =\gq
4uzy, + T woeu
!—IL" 'ﬂ = 2\]9 3 3
3 . :
w(8-Ie) , vp —> this changed direction s e>E
\,Pﬁ ul4-5e¢) 1y
3
For P and O to collide again, the speed of © must be \ur%u than the speedop P,
Since. Wgq is movingin the negative direction, wgz < fu(4tioed
Both are mo\img'\n the mﬂux'we direction 6 we wonk wg to be more
rggative (and .: “smauer” than Vp), so that Ws magnitude and hene speed s
larger.
WQ < \’P
- $uC4+i0e) ¢ Wl4-58) 1y cancet u's and 3%

44 (0
» Se-4 0

4+\0@

x-'( -f§ < 4-5e x-1 —we're Multiglying by o
) -ive_number .- {{ip the

inequality <ign

Since its o Coe(ficient Of restitution, § muit be smoller than \.

. @Secduapsn,  ronge for A1

4+\0e

9
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4. A light elastic string has natural length 2a and modulus of elasticity 4mg.
One end of the elastic string is attached to a fixed point O. A particle P of mass m is
attached to the other end of the elastic string.
The particle P hangs freely in equilibrium at the point £, which is vertically below O

(a) Find the length OE.

Particle P is now pulled vertically downwards to the point 4, where OA = 4a,
and released from rest. The resistance to the motion of P is a constant force of

. 1
magnitude ng.

(b) Find, in terms of @ and g, the speed of P after it has moved a distance a.

Particle P is now held at O
Particle P is released from rest and reaches its maximum speed at the point B.

) . . . : 1
The resistance to the motion of P is again a constant force of magnitude ng.

(c) Find the distance OB.

(a) D'\_Q.%ram Since 1t's in equilibfiven, at E opphes,
0 =.mg
| Ib. A=4mg To get use
E Substitute:
mg = tmgx
) 2o
Sub. this bouck into
aegx -
20. e
4X= 20
x=9
. 2
Lenqth 0€ s +
. 0E=5.0
2
12
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Question 4 continued

| - hzoo frigda®) _ Mgaw
ﬁé‘tiu.........jl’e:o ﬂ'“ 4 z
v 0S a. veference

(8
mg point &90 -9 v +go.+ go-
4 ¢

k)
7_(\‘7311- 94%} \Y)

2\ J
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Figure 1

A smooth uniform sphere S of mass m is moving with speed U on a smooth horizontal
plane. The sphere S collides obliquely with another uniform sphere of mass M which is
at rest on the plane. The two spheres have the same radius.

Immediately before the collision the direction of motion of § makes an angle a,
where 0 < a < 90°, with the line joining the centres of the spheres.

Immediately after the collision the direction of motion of S makes an angle S with the
line joining the centres of the spheres, as shown in Figure 1.

The coefficient of restitution between the spheres is e.
(m+ M)tana

Show that t =
(a) Show that tan 8 (el )

Given that m = eM,

(b) show that the directions of motion of the two spheres immediately after the collision
are perpendicular.

2

J
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Question 5 continued
(a) Diogram e
Before Alter

m m
n M
lSmK .
susiny

L.Parallel to the Une of centerslvelocity changes)

We can use the consevvakion of Lnear momentum to get ths.
consevvokion of Lnear momentum eans: the totod momemkuwm befove the
colision s the same as the total momentum ofter.

0
Substitute: M{UCosa) + MA8Y = m(v,) + M(v,)
mMmucosa= mv, + My, €l
We con use  Newton's Low of Resritunon %0 get an_equation.
Newton's Low of fesrituvion stokes thak: when two objects collide, their speeds afrer
the collision depend on (1) Speeds before the collision and (2)the mokeria) from which they're made.

eCucosa) =V, -V, gl

Visuolize tané: \N = =usSina tong =0 - USHAe
A Vv,

Let's get vy by Soving €41 and €42 Simuitaneously
MUC0SA= mv, + My, SN
e(ueosa) =V,-Vy — \, = EWCOSKA + V4
Mo S = env -+ M (eancosa + Vy)
ruacosen - Memcosa = Vy (i + M)

ueoso (m- Me) =v,
(mMm+ M)
un6: UWINo.
heosA(m-Me)
! M+ ™
tand:= (m+M)toanao hence Shown
(m-Me)

Swostitute wto tond:

17
o R .0 00 Turn over
p 7 2 7 9 8 A 0 1 7 2 8
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Question 5 continued

(b I m=eM:
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r

6. A particle P of mass m is falling vertically when it strikes a fixed smooth inclined plane.

The plane is inclined to the horizontal at an angle a, where 0 < a < 45°
At the instant immediately before the impact, the speed of P is u.
At the instant immediately after the impact, P is moving horizontally with speed v.

(a) Show that the magnitude of the impulse exerted on the plane by P is museca

The coefficient of restitution between P and the plane is e, where e > 0

(b) Show that v* = u’(sin’ a + e cos’ &)

(c) Show that the kinetic energy lost by P in the impact is

%muz(l —e*)cos’ a

(d) Hence find, in terms of m, u and e only, the kinetic energy lost by P in the impact.

~(a) Method |

©))

3

2

2

Formula- MW+ m g = m!yc + MgV

__Diogram inity A inal veloci
L " Substitute:
F’:‘ COoX .
ES \ w., _~ r,)((\AS\nO\)-‘v,v((\ICMa) M1A4
v

wsine

V= USino

. cos
to t "m - Y

! ( i i(M
Velocity

Substitute: Lmv-mw=m(v-u) M)

= M (VSINO: - (-ucoSa ))Ad USINS trom above

FSubt. . ——_ A (oser

VIHY SIHL NI ILIIM LON-OQ

= m(VSinm+ wcosa)
9 (N weosok = =2~ = cosotx Cose&x o 2
: m(“:m & +ucosx) cosx P «
oS . . S .
—Jgijﬁmnsz[)\ tng- identity Sin‘a+costn=14
I = Secocz MU -musecee hence shown A1
Cosar —— oS
- J
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Question 6 continued

l)ing(mm Impulse s the thange in momentum
o .

(0 -Mo . v

L
vertical

Teoscc=m(0--w) A1A1

Lspeed calle 15 0 Since H "

I cosx=mum  mover horizontally

T="" _ museca hence shown A1

~ coSox

The perpendiculatr componant of v is found using Hewron’s

estitution:

usinee  (M9A4 e XWCosk = CULCOSR

usino ¢ lAr\chcuane_{a\M

&omMagn:M we See that:

sing CLM)
J

tana= ZACOSR | o COSK

wsink sino
e = tanag x Sin - tan®ceze M)
cospt
~-Mom inciple

= P
tanu Cot'ee T2 pewn ( sino cos®+cos) [actor cub u
Cos®at -
o

vcosa » Ct”:ﬂ . Cos 2

cosa S . - 2
factorizte = MW [ sinte + costoly (19 1dentity Sin‘a+costnz=4
— Cos & ‘
| = - MU = ot
Cosar « cosax

Method 4 - Vectors Use CLM g@g the plane: 1

riusine = phvcosx

1 .
\ Al V= UySIN® - utank  (USing trig. tand= 5100y
cos« 7 cose

(Veloa'tg
I- -vy _(oO - -V
0 -W
\_ W,
VAR O OO 0 T
(N Turn over »
P 7 2 7 9 8 A 0 2 1 2 8 urnove



Question 6 continued

Apply  Pythugoras’ Theorem to get the magnitude of the impuise:

[Tl=m/vi+u?
= mo/ (utane)sut  v= uktone csep alove)

Al = o qf WTton'saut
= M Jutftan'e 41

< -\Isec'-a=musgm.=_L hence shown (A9

(b) We com use Newton's Low of Resvturion to get an equation perpenduculaxty
Newten's Low of Restituron stakes thak: when two objects collide, their speeds afier
the collision depend on (1) Speeds Defove the collision and (2) the mokeriak {vom which they’re made.

Subshture: M1 eucose = vsina Squu;-e
an
Along the plane —» usine = Veosa odd: ¥4

e*ulcostd+ wisintaz Visinta+ v cos’a
u'(elcost ot Sint)= v (sinta+cos’a)
wh(etost a+ sint)= v shown.
Al

(c) To get KE losk:
for WKinetic €Enevgy:

Substituke: AKE= L o= L oW found e (D)
3 1‘%«\\1’ (st +etcos?ad
factorize = ‘?m‘[1 - S'mto.- e‘cos‘oc]

: lz_m‘ [cos"a- e‘cos’a]
i Q 1 N | A1

(d) We fownd that e= tante in (a), Method 3.

Suloshitute KE = 'own—— (1-¢")
lost 2 e+

M1A4

MR 0 O R o
p 7 2 7 9 8 A 0 2 2 2 8

@
=
@)
]
=
&
-]
m
=
-
&
v
B
)
T
>

VIV SIHENEILIIM LON Od

VIHY SIHL NI ILIIM LON Od



0
o
%!
0%}
20308

,.
XXX

X
3
XXX

oo
3X5
35

XN
S
R

60
0
R
S
o

O 0.0 0.0,
X XXX
SRS
=

REA
R

000
teleteletete%
< RDE
> AF
REXRK

1'C
S
L

XX
o
» )

QI
detetedotete%e%e%e%
SN
RN
RN
JEXK

OO
SRR
00tetetelote%%

€66
)

W
o208
&

¢
z:foto
oY¢
QLRI

)<
o
S

o
\

090%6%%%
355

XX
20 50%

XX
o35

0000,
%%}
””:f.
SSE
:’:’:‘"
e

ég?
RS
deledede!
S

7
2%
25355
XX
XXX

e,
X5 ~§0 5
IR
Proootetetetetetetets
RELLRRRKILLLS

55
255
S

8K

<
<
b e

NG

www.mymathscloud.com

7

Question 6 continued

(Total for Question 6 is 12 marks)
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Figure 2

A small smooth snooker ball is projected from the corner A4 of a horizontal rectangular
snooker table ABCD.

The ball is projected so it first hits the side DC at the point P, then hits the side CB at
the point Q and then returns to 4.

Angle APD = a, Angle QPC = f, Angle AQB =y
The ball moves along AP with speed U, along PQ with speed V' and along QA4 with
speed W, as shown in Figure 2.

The coefficient of restitution between the ball and side DC is ¢,
The coefficient of restitution between the ball and side CB is e,
The ball is modelled as a particle.
Use the model to answer all parts of this question.

(a) Show that tan 8 = ¢, tana
(b) Hence show that e, tana = e, coty

(c) By considering (angle APQ + angle AQP) or otherwise, show that it would be
possible for the ball to return to 4 only if e, > ¢,

If instead e, =e,, the ball would not return to A.
Given that ¢, =¢,

(d) use the result from part (b) to describe the path of the ball after it hits CB at Q,
explaining your answer.
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Question 7 continued

() We will consider the [first collision’

Diagram Parallel to the wall the velocity doesnt change:
0 ““,3": P . ¢ Wepsa = B4
usSiny N Perpendicular to the wal we use Newton's Law of Restitution:
o Q e, sina = B
Divide the two equations:
A esina = ¥ cancel V and U
WUeosx= ¥ M1

e, tanx= tan8 shown Al

(b) Now we will consider the second collision.
To get tang we need sing and cosy.

poYallel :
perendicu\ar e, :
€. tany-= / - & B
/ ¥
H e?-
ond e,x 1 _-e;x 1 tom (0)
? 2 etom
tany:= e, x —
(S e, 1ana
e,tana:= &

ton
M shown A3

(c) Diagram

angle PAQ= 180- (AP0 + ADP)
2180~ (180 -a- 6 +90+6-7)
= o+y-90  ongle PAg M
Forit to return to A, angle PAQ must be larger thano. )

o+y-90>0 tanw=8-2
d A
from Cb): Al & >90-y e et
. eqCoty ar/ereuprowt
tone:= "2 — {ana> tan(9-g) M tum_,o___t_._( )
! oty an(ao-
¢ o Goby canel Coty MY = Cotot
19_7-> 1
e

e>ey  hene shown Al
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Question 7 continued

) From (b):  @=Q0-% .. it raoves parolle to AP B)
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Question 7 continued
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Question 7 continued

KX
X
RIS
IR
<N
®

v,
B
LR

%
%S

oS
&

4§§gs§‘

X
QL

RRRS
‘<:d&%f’
& gss;b
56!

Sasoseseses
Sotototetetes
‘Q:%sé}

SRR

<
3K
XXX
,0\
RS5S
RS

O

SKE

J AN "\‘f
SR

5

QKK
S
X @ o
4

S

S5
|~
[

>
AKX
KRR
Q:f
XK
XXX

0>
0%

KKK
KRR
KRS

X

X
X

QL

"
3
&

oo

XSS

258
R9%e%s
%!

o
558
oo

&
1%

XK.
2
%08

3%

ee%

<
%

2RLS
RRRK
SRR

%
%!

3%

KRS

Po%e%

oa%e!
%

XXX
X

%%

CIBSRL
da'ﬂag
boderaralel

=
B

(Total for Question 7 is 14 marks)
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