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Elastic collisions in 1D - successive coiiisions (distance problem)

3-d 0

n
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Figure 1

Figure 1 represents the plan of part of a smooth horizontal floor, where W, and W, are
two fixed parallel vertical walls. The walls are 3 metres apart.

VI4Y SIHL NI LM LONC 4

A particle lies at rest at a point O on the floor between the two walls, where the point O
is d metres, 0 < d < 3, from W,
0)

At time 7 = 0, the particle is projected from O towards W, with speed ums™ in a direction
perpendicular to the walls.

2
The coefficient of restitution between the particle and each wall is 3
©
The particle returns to O at time ¢ = 7 seconds, having bounced off each wall once.
45 - 5d
4u

(a) Show that 7'=

The value of u is fixed, the particle still hits each wall once but the value of d can now vary.

(b) Find the least possible value of 7, giving your answer in terms of . You must give a
reason for your answer.

YISV SIHLNLILIEM 1ON O

(A)recoqnisi.ng this as a ‘successive direct impacts' question (involving a )=
hence need to consider each section of the 's path SEPARATELY
(preferably uith separate dio.grams)

« firstly: section up to particle collision uith -0

[HM LON Od

_‘;'__ working oui ihe. time taken for po.riule to lmvzl =

tan
‘d'm at ‘Wms™' usin od = 4539
q spe < tim
distance
speedt

rearrangtdz

time =

UV SIHE
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Question 1 continued

< : . L
ke *next, sedion from after collision with '/, to before collision with V/, -©
z firsy need {o work out the velocity of the pariicle AFTER collision]
=
=
@ AFTER collision |
g subbing into (mpact lau —formula for e ":
5 _ speed of separation _ v
(z) speed of opprocch “w
= 2 _V
s ST
xus X9
o)V Zu
T3
W, W, o
— m .
- _'é‘_" uorking out the time taken
SR A9 for the pdr{tde to travel
! €
e —/ “'m at u ms-!
D dusiance.
time= speed
time = — /3“

—{mqllq =-setion AfTER-collision-2-10°0'

first nud. to consider ‘before’ and uﬂer of collision 2 and wolk out the
w.lou%j of the particle AFTER (¢

BEFORE collision 2 M AFTER collision 2
Wy

'L/su
_E—/-\ \ subbmg int0 impact law-formula. for ‘e
W, ( e=V
u
2 - v
832/3 NI 3 z/s\‘.
xYgu——x s
=)= -l:-‘ w

J
3

T




uestion 1 continued -
? —~ (3-dim —) {md.m(] the time
taken $or particle
—— to travel [3-d)m
.0 | at 4qgms”!
time = distaﬂ(e
speed.

timez 3-d
"l/qu

“-Summing all the sections' TIMES to get total time
for the particle to retvra &0 O
d 3-d
T: "\‘4’ + + \'/qu
S

implifying {ractions
_ d_ K q(3-d)
) T' 2* '-l'q,
ge{{mg common denominator

_ b4 200 0-4)
TR TY

W Ts 4dt 124+23-9d
G
=) T= 45-Sd
Yu

(b) ooking at the in part(a) and realising that to
minimise T need to max. d (toqet smaller aumerator)
L the interval for 7d'is 0¢d 3 S0 dpax=3 - Subthis
‘3 into the

= 45-5(3)  an
= 30 |_ IS gocs
" z}'tu 2u

min -

P 6 2 6 7 4 A 0 4 2 8
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Question 1 continued

(Total for Question 1 is 8 marks)
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Elastic collisions'in 2D - oblique collisions with-a fixed surface

2.
C
col((sionq 2 C
<
]
=
=
=
—|
m
2
-
v o
v
A B >
m
Figure 2 >
Figure 2 represents the plan view of part of a horizontal floor, where AB and BC are fixed
vertical walls with AB perpendicular to BC.
A small ball is projected along the floor towards AB with speed 6 ms™' on a path that
4
makes an angle a with AB, where tana = 3 The ball hits 4B and then hits BC. &
1 o
Immediately after hitting AB, the ball is moving at an angle /5 to AB, where tan/f = 3 =
<
The coefficient of restitution between the ball and AB is e. E
. - 1 m
The coefficient of restitution between the ball and BC is 5 =
-
Posen s
By modelling the ball as a particle and the floor and walls as being smooth, A
b
1 m
(a) show that the value of e = 1 >
(b) find the speed of the ball immediately after it hits BC.
(c) Suggest two ways in which the model could be refined to make it more realistic.
: %)
<O
. ° . ° . . i < Z
recognising this a5 a sucessive oblique impacts question -know need to | o
consider each collision separately =
(a) let's first consider the - the one betueen the small ball
S
and AR o
poase: 7
SR
. S
o o0 . T/ a
remembering how uhen a particle collides obliquely =

vith a {fixed surface  the acts perpendicular
to the plane of impact zonly the

P 6 2 6 7 4 A 0 6 2 8
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Question 2 continued

of the CHANGE - here NEL rearranged applies

=) =VSind
..parallel:
doesa't cknnqe. :.can just resolve the using I::ig

=) oSk TVCOSP

...c\dding the resolved components
onto the diagram :

vsinf =

+
€050,  VCOSR = Erosol
uhere tanct =%/3 and tanf ="

. nou two uays to proceed. :
METHOD |:usinq triq expressions (faster!)

we can use the fact that ue know the value of tanp='/2
. tanps= NSinBp &
VeOSB - Geosor

=) tanp = etana

-usmg

METHOD 2:using exact numerical values for the tr;q expressions
from tano(-“/g, ve Can draw a right- angled triangle
and use the P.,thag triple 3-y-S ¢{o fmd values for sinak and ©So

s =) sina= Oy = s
4 cosok = My =3/
3 baagk = Y13
and likewise for ’canB='/3- using Pythagoras'

7



Question 2 continued J (n*+ (3)2 = m

— /1 = sinB=%='/5
J! ! =A/) =3

70— tanp =ty esiven

0
B

Subbing these into prev. diagram :

N,

e vms:!
sino=6(4s) L wstap=2(e) O

< 'Ul/s- O(M d

|
A fa o \ _ﬁ_‘ - 6
6 (osa(=6l5/s) veosp= 1€/

=18/ A

WAY |:using fact that tang:=/3

{.e evaluating tanp: 9y now Jsing numerical values

UAY 2:using the velocity components:
. first perpendicular :

€esind =vsinp
<siaak =Sink

=\ e-s @B‘ but need v -

csink

P 6 2 6 7 4 A 0 8 2 8
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Can qet from the paraliel component 5
Gcosak = vCosp

=CoSP <CoSB
vzgeosa 6 (%)
cosSp 3/‘.‘3
=)V = ‘_ED -®

S
Subbing ® into O

€= (C.{;_o)('/ﬁo> :;f.- /
6("'/5) 7;3_'3

. es '/q

(b)nou focusing on the second collision of the small bal( -the one it makes uith BC
- in blue ¢s the information found in (@) - IWTERMS of /)
—in orange is the ‘W'ms™' resolved  wusia¥

-1
aadll § ETTNY §

¥
I_-l
\/mf"

a

SHLY N Z-?"e

B

—— b
A veoSp= !

bub nou know So sub it into above diagram

wsing | C

fucosx

nln

NoW ctd. from (a)-we're interested in finding the speed. of the small ball after
this second. collision -the one vith wall B8C -call it ‘~'



WAY I: using properties of angle B
Now e see how the vall BC becomes the fixed surface that the impulse .
perpendicular o :

--firsk, perpendicular com ponents:

OnlJ these (HANGE - NEL rearranged applies -
vVCosSp = wsiny

\/(:5/) OR ‘%9)( T?——D) = wsin¥

: ¢\
from plAceAM  from exact values in and %
n
=) q/s '-'!JSiﬂ*

--next, for parallel components -these remain the same -

vSinp = (‘.LI_O)( J—il-o\ or% = usy
SNV N w~

usin q exact diagram
values

=) _6, =wsing
S

Subbing these into diagram
usin = Vs
£~
iC

=6
Hms_l ‘ fuLOS‘ /S-

vms™!

+ vsing = é/g

A —_
VCOSR =16/,

' ' et v
SO now that We have the Components of “'-let’s pythagorise to get vl

——

Iw) =j(c/s)'+(q/g)‘
= —fﬁms-l
5

WAY 2:ue can use the angle (90°- B) and exact values
populating resolved v' {r_o‘_r_q"'(%) buat uwith relation to the

w ¥ {-ucosx

V. v¢0s(q0°- B)=6/5

=nt1ao°-B)= 18/c



DONOT WRITE IN-THIS'AREA
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Question 2 continued

to BC after 2nd. collision (NEL rearranged. ap,,u'es)
vsin(90°-8) = usin¥
which {ollowing corresponding angles rule :sin(i%‘s-g) =
veosp = using

'] 6o\ 3
( ) & (‘E’)(J-’o)
W \-/'V\/
diagram from exact values in
and v'in
nexl:,for parallel components - these remain the same -
V¢os (A0°-B) = wosy
uhich following the corresponding angles rules:
0s(40°-p) =Sinp
Vsinp = w(osS¥
_5_ or 6__-,70 _'_ = uw(od
S ( s )( f\'o) X
Y SV~
diagram using exact valueg
=) & _ysinX

_‘_H‘Sl'tx v

fucos( :6/c

«l

2 .l.vsing =6/$

R R R R R RRRRRRR LR ARKKRRRLIARLHIKLELERLRK

A —r—8
vCosPB =

so now that we have the COMPONENT S of 'w'-let's pythaqorise

).

Wl = JCrs) 4 (%)
= Ljsf-"ms"

DO\QI_OT WRITE INTHIS/AREA

) 'mode(ling the ball ag o pnrkicle‘-{rom Chp 8 Yr | Mechanics:
-consider air resistance
~spin/rotation

-qive BALL DIMENSION S . Total f tion 2 is 11 mark
rsmooth walls'-include friction betuegv\? 21035 2:35 1:‘11” 's 11 marks)

= include $riction balis juratis
9



Impulse and Momentum - momentum as a vector

3. Aparticle P, of mass 0.5kg, is moving with velocity (4i +4j)ms' when it receives an
impulse I of magnitude 2.5 Ns.

As a result of the impulse, the direction of motion of P is deflected through an angle of 45°

Given that I = (1i + ¢j) Ns, find all the possible pairs of values of 4 and .

.first star{inﬁ uith a detailed diagram (keeping the vector notation) -

: 9\ -
' (‘l)"'s ' use{u\ {hinq to notice here s that the (::)
____@__ - velotity iriangle (s a scalar multiple o} the

exact value friangle :
; : el
dss°
I .
~knou that the s ’cravclling at gn angle 45°to the
\!' horiaontal
(e /

|

}
l\ence, if the particle is then that means the

angle that it makes makes etther

4S°~ = 0° uith the hori2ontal

NAY ) reflecting WAY 2:subbing this momentum
in the also being into formula_{or momentum:
P:mV

L veloct
momen tvm ,,',l‘,s (MS-.j’

(kglms™)  (kgq)

= =)v=( )m{“

O.Siﬁ 0.Shq

10
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AFTER - AFTER:
i T{Q)ms™ T (3h)ns™
g > (o5
= [ 1
= Let's evaluate both and gplion 2 into the vector formula for
impulse: [=m(¥-u)
using WAY |[: ,usiml WAY 2:
,(ust : - first
=m (!-5\ m(y-u)
R AN\ » f2a\ _
=os((-(3)) sos(Co-(8)
=) [ V] = -Ll =) "= 2q-|'|
bracket
=) = [0sa -2\ _ [a-2\
\ -2/ = w=l-2)
=)0 =0S8a-2 -0 =) A=a-2 -0
-® -®
and using fact that the maqnitude of | and using fact that the magnitude
C is 2.5Ns ( Pythagoras') of I is 2.5Ns(Pythagoras')
Q2 kN
CYrs( =sr (reasr
= oy iemt=625 or Vo
§ = ’ E ¢ J

/ 'HAY \:reflecting this momentum tnthe | WAY 2:subbing this momentum

<
(TTge
0©

P o
0.
T
=
w
=
e
=
=
Q>
=X
n/

7

Question 3 continued

option 2:45°+ 457 =90° yith the hort2ontal
=)moving directly upuards uith an unknown velotity
but momemum is {°)

[ —

elocity AETER also keing (g)ms" into formula {Br momentum :
3 oo
()= 0.5v
.'.o.s' 0 S

AR P D0 T Tum over »
P 6 2 6 7 4 A 0 1 1 2 8




Question 3 continued

kele Qither S\Abbiv\ﬂ @ into © fordr: kere,ei-lher subbing @into ® for A:

25' =t+(-2)" 18=an4(-2)? 2
=) If )1"_” Z’S:o)z‘,q_ :%'
-y - o —y =
"2 =3:' A= 9y ;
Square root square root: z
<) =) 3 =
>
for (s for S
etther ( )Ns ar( )Ns etther ( Ns or( )Ns
0R SMLbins oand @ (nt0 @ - OR subbing © and @ into @-
(050 )+ (-2)7 = 25 (VR
Tt =) (0.sa-2) =l =)(a-2)* =y 5
square root Square foot OL expanding | =
expanding and solving and solving the resulting quadratic| =
the resulting quadratic: &
...Square root: ...square root: =
0.5a-2=t[aTa =3/, a-2:=t3, x
©0.5a-2= 34 ©08a-2:-3/ ®a-1 3/2 © a=-23-3, £
=) da= 7/2 =) 0.Sa= ') SazHy. =mazlh
X2 %0.§ =*o0.§
=) s ?" Syasl
~-expanding quadratic: ...expanding quadratic:
0.2Sa? -2a +4=2.2§ at-Ya +4+4 =28y g
0.25a*-2a +1.35=0 al-%a + ¥, =0 Z
20.25(x4) z0.25(x4) x4 xy -
al-ga+}=0 4a'-[6a +3:=0 5
(a-3 fla- 1)=0 2
=)a=?%or as| z1a= ¥ 00 '/ “F
SMbbing the a's into © Subbing the a's into © B
= 2=0.5(7)-2 =0 = (3)-2 :
<) -ISor3/z A =( )
; ~{ )
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‘DO NOT WRITE IN THIS AREA

Question 3 continued

...and into @: ... and into @ :
=0.5(1)- 2, = ('h)-2 .
1
= - S. or =
= ( )Ns =( )MS
...next option 2: ..next option 2 -
=m(y-u) =m(.\£ u)
= o\_[4
((b) (.w)) ((zs q))
()= os(p )
0-S into bracket = \j} =0 s(’-b"‘)
tactor the '2 1nto brac {actor the 0.£nto the bracket
- (o.sb-l) = b-2
=) -0 =) -0
=0-S'b'2 ’@ N - b"Z‘@
and using fact that the magnitude and using fact that the magnitude
of I is 2.5Ns (Pythagoras') of I l.S 2.5Ns (Pwdﬂ\agoras)
() +()? = (2:5) )+ ()= as)
=) N4 Mm2=6.25 = 5. =) N4 pm2=6.28= 25/, 0
here eithes “‘;’ 0 "‘“2@5./ N hete either Sub © into ®:
+m?
=5 ™~ ' (1) +pr= 25y
bl "Iv-. oyt =y
Square root: square root -
me 3/, 3,
s or 2 A = or
sub 0ond ® into ® sub © and @ iato
2
(2)*+( ) =6.25 or /4 (-2)*4(L-2) = B
(0.Sb-2)*= 9/ = (b-2)"= Yy
either squareroot or use either square root or use quadratic
quddratic formula formula
- . Square rooting . ... Square rooting:
0.5b-2 = 13/, b-2:= %3/,
©05b-2:23%, o©o0Sb-2:-3, ©b-223, ©b-2:-3

=)0.5b= 2 056z STy}
13

<0.§ =0.5 —
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...quadratic -
0.25b*-2b +4-9/,=0

Jbri2pe ® =
A 2b+7'-0
xY X

b2-8bt+3+=0
tactorise

(b-3)(b-1) =0

=)b=%or b=|
Subbing intp @

=05(1)-2 =

()

=b=) quadratic:
b2-4b4 4=y
3 bi-Ub +3, =0

X1

" Ybt-16b+2:=0

=)b-= ;'/z Of'/z

Sub each ‘b into ®
- (]
SOh2, 142 (3)-2

. the 4 optivas:

(e, (s, () s ()

(Total for Question 3 is 9 marks)



Work, energy and power - resolving force diagrams (inc. inclined planes);
using work-energy principle; power

4. A car of mass 600kg pulls a trailer of mass 150kg along a straight horizontal road. The
trailer is connected to the car by a light inextensible towbar, which is parallel to the
direction of motion of the car. The resistance to the motion of the trailer is modelled as
a constant force of magnitude 200N. At the instant when the speed of the car is vms™,
the resistance to the motion of the car is modelled as a force of magnitude (200 + 1v) N,
where 4 is a constant.

When the engine of the car is working at a constant rate of 15kW, the car is moving at a
constant speed of 25 ms!

(a) Show that 1 =38

VI4Y SIHL NI LM LONC 4

Later on, the car is pulling the trailer up a straight road inclined at an angle 6 to the

horizontal, where sin@ = 5

The resistance to the motion of the trailer from non-gravitational forces is modelled as a
constant force of magnitude 200N at all times. At the instant when the speed of the car
is vms™!, the resistance to the motion of the car from non-gravitational forces is modelled
as a force of magnitude (200 + 8v)N.

The engine of the car is again working at a constant rate of 15kW.

When v = 10, the towbar breaks. The trailer comes to instantaneous rest after moving a
distance d metres up the road from the point where the towbar broke.

(b) Find the acceleration of the car immediately after the towbar breaks.

(c) Use the work-energy principle to find the value of d.

YISV SIHLNLILIEM 1ON O

(a)let's illustrate the above information on a. DETAILEO FORCE DIAGRAM:
...label the RESISTANCE, the and the PONER rearranged :

= Fv-=) VELoLITY
2 F -’c'a mis-t

3]
POVER tn FORLE (a
WATTS NewlIONS

= F:=f
v
Onveit inko WaGttS

= 1ISKW=3]5, 000
and v=2%

20042V ¢—]
200N 4—| 150kq —_—

|5,000W
600kg [ g5 OO

NOTE : could've calculated
this power as a Separate line |
of working but much better
in exams to Straight_auay
usite (n the FORCE from the
formula rearranged Lseves time)

P 6 2 6 7 4 A 0 1 4 2 8

YISV SIHENEILIIM TON-OC
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Question 4 continued

the question (s asking for the value of A hence we need to resolve to the
n’ghl'\beaa‘ng in. mind from yr |Mechanics Chp @ that the fact that
toubar (' light means that the tension is equal thwou ghout (~can be
iqnored)

R(=) : 600-(200)-(200+2v) =0

substituting V=25 as noticing ueve qot an expression for
variable resistance

600-200-200-252+:0

=)25% =200
+26 =2
A=g
(b)let's ook at the forces aqain - REDRAWING the pari (a) diagram but on an
inclined. plane -label the RESISTANCE the , the POUER rearranged.
P=Fv
=) F- £
v

ISkW ’-"—g"los,ooou

the question only focuses on
finding the acceleration of the car-

know from oR
&‘31'2.3;‘ ff&m CAR's dcceleration ~this would
So focus on lhis) require us to resolve paraliel
R to the plane
1
w0038y {CO0kg [~ 1500 ( now as it's accelerating use 2F ma

1,500~ { )-(200+8+) =600 (a)

subbing in V=10 to get ‘a’after toubar breaks
1,500 - 600g( /15)-200- & (10) =600a
=) 1,220- 404 =600a.

=) ],200- 4t0(" %) =600a

=)828=600a
600 <600

15



Question 4 continued

(c)..now focusing just on the TRAILER -re-draving the diagram and. adapting

it £0 work-enerqy principle' - labelling the energies in:
CAR AETER

-G.PE(travelled ‘d' m VP THE PLANE] -but remember
ve need to use the perpendicular Componeht of

d’ so resolving d\ (4 {'m

«GPE=0Level d S(-)

-vork done aqainst FRicTION(i.e the resistive for

VY SIHL NI ILIMM LONC

Subbing into ‘work enerqy’ principle (Yr1)

w.din + K.E+ = W.E+ + wd against
inttial & L,{mt frittion
kinetiC Kinetic
(FeExd)+ Tmulyrngh = Fmvi 4 + fFrxd
~~—

NON APPLICABLE a5 towbar
broke :-no engine force from car

%(ISO)(IO\1+ =0+ 5@ | + 200 (d)
=) 3,500 =150(5 \ ¥,s) + 2004

YISV SIHLNLILIEM 1ON O

=)3,500=10 d +200d
=1298d. 53,500
<29% =298
=)d =25.16738.-.
=25.2(3s4)

16
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Question 4 continued

(Total for Question 4 is 12 marks)
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Elastic collisions in 1D - coefticient of restitution; kinetic energy

5. A particle P of mass 3m and a particle Q of mass 2m are moving along the same straight
line on a smooth horizontal plane. The particles are moving in opposite directions
towards each other and collide directly.

Immediately before the collision the speed of P is « and the speed of QO is 2u.
Immediately after the collision P and Q are moving in opposite directions.
The coefficient of restitution between P and Q is e.

(a) Find the range of possible values of e, justifying your answer.

Given that O loses 75% of its kinetic energy as a result of the collision,

VI4Y SIHL NI LM LONC 4

(b) find the value of e.

(o) illustrating this Linear collision diaqrammatically -illustrating respective
of motion etc.

@ . AFTER:
9

X

-

NOTE - for the rest of the question

Im 3m Im  2m | ue're going to be using
v straightaway X, 900 (uwill use

later!)
and folloving the usual procedure for elastic collisions in 1D
notice how both speeds after are wnknown :.can't stop at just using PCLM-
need to do NEL (Impact law) as well:
.first PCLM-means the total momentum the cofLision
equals the total momentum after :
formula : MeVp + Moug =MpVp + MgVe
+ =m(-2) ¢ 2m(y)
expand brackets
Imw-Umn =-3mX -I-Imj
=) -3x+2y=-u

x=| X=|

=) 31-2.1 =uw -0

YIHY SIHL NI M 1ON 0

...nOW NEL = i.e formula to {ind
{ormulq,: - rspeed. Of sepuratt'on = Va-Vve
Speed of apPrOUCh " -ugq

VAUV SIHL NI LM ION Od

Subbing into above
u=(-x) _ yix

- 3w
P6 2 6 7 4 A O 1 8 2 8
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X 3w X3u
Jeu=y+x

Question S continued =) Y4x = Jew -®
solve © and @ -
+3I.-2~j =4
2x +2y=6eu
Sxzutbeu

factorise ‘w'on RHS
Sx = u(l+6e)
<5 =S

X= '3—‘ |$C€>

next

3y+3x=9eu
+
2y -3x = -M
S\‘L= deu -4
factorise ‘u'on RHS
. Sy= \lHQ-I)-

now for RANGES for ‘' -need to exploit those {acts about x andy
that ue spoke about earlier -that x40

...{-or'x‘: ...GO( '3‘:
x=M\ e)>0 =\ -
% (o) 0 § = £(%e-1)>0
LT s 2us =4s
i1+t6e>0 9e-150
-1 )
efu =6 —:qqe =q
e>-'% e>'/q which
but 62@L] so reject fits 0ces| ~include in infeml
:.combiniag above facts about 72"
=) Yglet|

(b) know that this is the ‘kinetic enerqy' part of Chp Y
Uif Q@ loses 75% of its k.E“this Suqgests that ("4)of 1)
rcmemberim] the formula for - W.E initial = i'm(ua)z

19



Question 5 continued

KE final = im(vq)’

iz

sabbing‘ into formulae and the 2qu ation : s
AR YA oo )@Ql— =
AN 72 3
expand. brackets 2

o |

=

WL (de-1))= § (ume?) G

\2 <;=>°

=) mu? Ni=ma 0

2s (e’

x2S x29
s I\ _ o~
(Ge-1) =25

and solve above for the value of “e!

HAY L square root HAY 2:expand and solve quadrau’? g{ﬁ}f{};
Qe-1=%S 8le? -18e +1:=2§ 3
® 9e-1=S © 9e-1=-5 =) gle*-18e -24 =0
7 _) qe=6 . =)qe=-% calc equtn Solver
[e ‘/q =% ?%_:'51\ | e or -“/q\‘
or [==77/4)

20
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Question 5 continued

(Total for Question S is 11 marks)
L J
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Elastic collisions in 2D - spheres oblique impact; finding impulse

6. [In this question i and j are perpendicular unit vectors in a horizontal plane.]

A smooth uniform sphere 4 has mass 0.2 kg and another smooth uniform sphere B, with
the same radius as 4, has mass 0.4kg.

The spheres are moving on a smooth horizontal surface when they collide obliquely.
Immediately before the collision, the velocity of 4 is (3i + 2j)ms™' and the velocity of B
is (4i—j)ms™'

At the instant of collision, the line joining the centres of the spheres is parallel to i
. — .3
The coefficient of restitution between the spheres is =

(a) Find the velocity of 4 immediately after the collision.
(b) Find the magnitude of the impulse received by 4 in the collision.

(c) Find, to the nearest degree, the size of the angle through which the direction of
motion of 4 is deflected as a result of the collision.

(a) notice now we have an ‘oblique collisions between two spheres' question -
fuest illustrating the collision uith a diagram:
..label: -velocities direction -line of centres parallel to (

(_')MS"
A oakg ' 2+ k
TR OO e “9 '3
ents

iand ;compon
2

NOTE: initially eaSier to qm‘x and 3' RICKTUARDS to awid -ves
now remembering how as two spheres collide obhq,uelj the \MPACT (impulse)

acts ALONG THEIR LINE OF CENTRES uhich implies tl\at

D question

A ]
O.?.hs

- -
x

J
notice how because both final velocitieS are \mknom\'
have to use PCLM AND NEL(Impact lau)

. first PCLm-states that collision equals momentum
AFTER

P 6 2 6 7 4 A 0 2 2 2 8
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Question 6 continued
formula : MAUAJ'MBUB‘:MAVA +m5v£,
substi tuting into formula
+0.4(-4)=0.2(x)+0.4(y)
expand. brackets
0.2x40.44 =-1 -0

..next NEL -le formula for
- Speed of separation v, -va
speed of approach 'y, -ug

=) = L. ‘x_

=) _3_= ‘J:J_L

) 2
equating numerators
T)y-X= 3 -0
solving © and ® -
or (question asks for ')

_Xx4ly=-35

=2x424=6
3x=-1l
=3 3
=)I.=-"/3
here the neqative sugqests that
did infact qo LEFTWARDPS
... perpendicular components: REMAIN THE SAME

hence populating initial diagram :

NOTE:no need in @xam to
"’3 3 ‘/ try work out ‘4" uhen

-\l -
=) vy = ( 3 ms"' orin i-j notation:
(Wi + 24)ms™

23
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Question 6 continued

(b) now that we have both the and final
-can wolk out the (MPULSE we mentioned in part (a) throuqh subbing
into I[mpulse -momentum principle: L=m(v-u) ( after all,impulse only acts
ko the line of Centres )

T=oo(=3)
=) I=Y/3Ns
(c) representing diagrammatically :

...need £o find this ]
METHODO | :ue Hill use the formula jor angle between
s - 2 veckors:

U4 . é_/
- c0s0 = ab

scalar prodwct

Jal [b] —memitaie

Sub into above

s =

Vvl
=osd= (3) '('l;.ls) _3("h)+2(2)
Jee ") sy I 57/

o144

33 [®, [ [5o

but need the

cene [ =2
- (J"ﬂ'_glq)

evaluate on (in )

=) £=113.6994 3.
= 118° (3s.)

METHDO 2: considering the two vectors SEPARATELY.making “ = 'aad 2" to
the x-axis

24
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Question 6 continued

T ﬂ'ﬂigm’c& f"‘éu“;

7 SN see from ¢his diagram that can exploit‘angles
X on a straight line' properties
direction

) "4
| —ﬁWWW%

-! 0 =-1/2 -l

_<’
g
ol
<
\
oo o
.
.
A
m
=
s
Q
Gt
o
s

=113.699.. T‘-‘ l|$°(35‘f)-\

X
E
s
ff
iiV
i;
i;
8
s
S

(Total for Question 6 is 12 marks)

J
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Elastic string and springs - work-energy principle including elastic
energy; dynamics problems with spring

7. A particle P, of mass m, is attached to one end of a light elastic spring of natural length a
and modulus of elasticity kmg.

The other end of the spring is attached to a fixed point O on a ceiling. C
<
The point 4 is vertically below O such that O4 = 3a 3
| 3
The point B is vertically below O such that OB = 59 a
Z
The particle is held at rest at 4, then released and first comes to instantaneous rest at the point 5. E'
4 v
(a) Show that k = — ;
3 m
>
(b) Find, in terms of g, the acceleration of P immediately after it is released from rest at 4.
(c) Find, in terms of g and a, the maximum speed attained by P as it moves from 4 to B.
’ \ 3
(o) alw ays u ith ‘elastic strings and springs questions |hqve to focus on g
drauing the right diagram -...label: S
- spu'r\q ('\_ol string\ -A =kmq §
-Q:a m
<
=]
X
0 AN ;’
)
usal 1enqth (2 < natusal m
, nat _q‘:_ "l () @ lenqth =@ s
30 CALCUATED
ftom 20-0
| e
AL _6G.pPe:0 CALCULATED fiom - :
| “‘”@'“" “level :
(because ;
U ‘at rest' at A -
2
e
e
i
o
A - '.we 3‘ - s b s
TR
=
. o . . b =
using the Conservation of mechanical energy principle- the total amount of | =
MECHANICAL ENERCY (K. E,G.P-E, €.P.E) in o closed sgsiem\io\ the absence of 7
dissipative forces (friction air resistance) remains constant 3
G KEFOE FERE K v e
formuia ot - itiald Lfinal lafmaleu::{;c g
{nttial kinetic mela:h'cpolenﬁﬂl kingtic potential :
26
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Question 7 continued

Lmu’s ot = Lmyly ot
2 2L 2 24
Substitute in

20+ O +kmq( )z=O 4 (Y/zq)+kmq< )L

released J —_
2( Q) Ly comes

Lrom because o . a

{fesl:‘ (,:ego';“u to linstanta heoasvest’ 2. )

Lexpam{.'fcanc;}z'a's and. ‘mq's
ktﬂﬂ(k’q’) - /qkmtj ‘; ;m’((‘)
24 20 2
= =1 3
=) 1ka g ko + 2a
collect like ‘k'term$
-‘-gk = 5/2

Lb) now asked to evaluate & DYNAMICS Springs question:
HINTS at 2nd Newton's law - 2f=ma -drqut'ng o FOR(CE DIAGCRAM
for the spring:

wn determining upwards as sve (because Spting quing
E VPHARDS to stopat [)
RCT)
® ¢ -mg=ma

where T=AX for STRINGS [sPRINCS

L2
subb(ns (nand cancellina

uyy
~I3 mg( /) -mg:ma
o
Emq-ma=rma
Emg - mg
collect like terms
-y X =a
=) amg
s Qs Y/_,,mg (ms")
(<) recall from Yr | mechanics that the max.speed for any object in motion

27
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Question 7 continued

occurs Hhen a=0 ~tn FM] this would mean when the
(call this )
L this occurs uhen mg (from FORCE DIAGRAM (n (b))
Subloim! tension formula (n-

'Lx ma

] J

3l
xa & xa

=)o 37(,0. ‘ <~ O =1+X.=(1+3/.'ﬂ= L
so now We know the cxicnsion at the ‘ve can use

the uolk -enerqy principle from A to © to find this max.speed
REFORE ACTER

\ AV ALY AL AN VLNV g <
0n T \V ‘F /

3a {-i =a ¢ L =
A.

-€.P.E (stretched) - E.P.€ [comprested)
" .0 E (travelled through a distance -
OA-0E=3q - = Slya)

subbing this into conservation of mech. (can get mox speed from the “v* in Lmv?) |
J m‘ v PN

formula -
| & 2 L —1’%12—
z™ 7 22 2t
[N 2 2
0 + + %"'3‘}-?’ = Lmv? s mg( )+ 3mal )

(Total for Question 7 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS

© YaHV SIHLNI 3LIEM 1ON O g8
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collect like ‘ag! terms:

ly= 2§
=)yi:z 2__%3
12

Square root :

ve[egor 3%






