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Year 1 Elastic Collisions in 1D - Impulse-momentum, PCLM

1. A particle 4 of mass 3m and a particle B of mass m are moving along the same straight
line on a smooth horizontal surface. The particles are moving in opposite directions
towards each other when they collide directly.

Immediately before the collision, the speed of 4 is ku and the speed of B is u.
Immediately after the collision, the speed of 4 is v and the speed of B is 2v.

3
The magnitude of the impulse received by B in the collision is 5 M.

(a) Find v in terms of u only.

(&)

(b) Find the two possible values of k.
()

tllustrating this elastic collisionsin 10 diogrammatically-label the
respective speeds, direction of motion, and the impulse

—— —— o AFTER. - =
7~ ——T1

3m m ) Im *-"m \—» L3/ mu
\ \__“

(a) could think to use PCLM and NEL as usual with elastic collisions in 1D-
but to0 many unknowns -let's use the information given for B instead.
lool«ing jusl: at &
&d we can use the [mpulse-momentum
) L=Y,mu gormula {o try give v'in terms of '

—— formula: L= m(\_{-_\k_)
AFTER v 3’““ - ( )(2\/‘( ))
2
expand and cancel m's

%9‘“ - ”((2\/"'(4)
=) %uz 20 +\U

want “v',so collecting ‘u's
dv=l
=1 =2
V=

™

“w

-l=

(b) Nou let's use PCLM - firt let's sub in into the ‘AFTER' diagram so

p 7 2 0 9 2 R A 0 2 3 2
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DO NOTWRITEIN THIS AREA DONOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS'AREA

Question 1 continued
that we have one less variable to worry about

CASE |:  doesn't change direction after collision

< e Y

P 8 (;
3n @ AFTER: 3 @

.. Subbing above iato PCLM - i.¢ total momentum the
collision equals the total momentum after:

formula.: MA“A + MB\LQ.‘ '“AVA"'"\B Vg
sub (nto above

Alkn) + o ()= 2 () 2t 3Y)
cancel the m's and expand above:

Ahu-uw = Yyurhuw
collect like terms
cancel u's and. solve for k'

= 3k = Yy
£3 -3

k= Iy

CASE 2:  does change directidn after cotlision

Im @ AFTER - 3Im @

formula : MpUy +Mglg = MAVA + MaVa
Sub into abbdve : [
/ ( )-\.M( )': /(-;u) +m(3\k)
cancel the m's and expand out:
Iku-uz =3 utifhu

3

R 0 KRN Turn over
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Question 1 continued

~

collect like terms:

=) k='/y

= tuo possible values of ‘k':

< 3

———————
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Question 1 continued

(Total for Question 1 is 8 marks)
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Year 1 Work, Energy & Power - Power, Iniclined Planes, Dynamics

p 7 2 0 9 2 R A0 6 3 2

600kg
TS0kl
o
Figure 1
A van of mass 600 kg is moving up a straight road which is inclined at an angle o to the
1
horizontal, where sina = 5 The van is towing a trailer of mass 150kg. The van is
attached to the trailer by a towbar which is parallel to the direction of motion of the van
and the trailer, as shown in Figure 1.
The resistance to the motion of the van from non-gravitational forces is modelled as a
constant force of magnitude 200 N.
The resistance to the motion of the trailer from non-gravitational forces is modelled as a
constant force of magnitude 100 N.
The towbar is modelled as a light rod.
The engine of the van is working at a constant rate of 12kW.
Find the tension in the towbar at the instant when the speed of the van is'9ms'
(8)
Let's \Mlusirate the above information on a detailed force diagram - label the
respective weights, resistance to motion the tension and the rearranged
formula: P= f\l\,
in J EL0CITY
Pl € g
NOTE :could've calculated this =\F- ‘—':-
power as a separate line of working .- where: f
buat much more efticient in the exam 5l
M éo urite (n the FORLE grom b “i:*;‘
“yo the POUER rearranged 4 vl
z "%
% &
VAN
:
tuin the axis 10'
) —-— §Obkq 2’
IS0k~ I3
100N — 200w
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O NOT WRITE IN THIS AREA

DO NOTWRITE IN-THIS AR

Question 2 continued

aemembefing grom Yr 2. Mechanics Chp 8 that if consider the system as a whole,

the in the rod will cancel out -even though this (swt immediately hetpful
to us to qet us that y it uill help us get the ue need to
finally ge+ the in the tovbar

..heace using Neuton's Second Law onto the system to get the
formula:  2F,sma
RL2) ‘ﬁ’g—"_zoo- 100~ - = (1 4£00)

collect like termsS
3:‘—%0- }S0gsina = 13S0
Subbing sinct="is from the question
3-'12—0- 350q('/i5) =F50
expand and solve for ‘a":
3j\00_ S0gq-+ 3s0
3

S0 2 =1630

3
= =350
il < 163 NOTE:keep thiS as an

225 ] exact fraction to avoid
rounding errors \ateron

now that ue know the ,We can use Newton's Second Law -but this time
On any of the or the van - and solve for
eg-on the (less working as no ):

R @
T formula: ﬁF,_: ma

| SOkg R(=): T -150g('hs)-100 = (33}

expand.
T - 10q-100 = 326/,

5 T = 3}3_5 +10(9.8)+100

100N ¢

7
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Question 2 continued

7= 909 - 306.66..
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Question 2 continued

(Total for Question 2 is 8 marks)
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Year 2 Impulse at Angles - Resolving Forces, impulse-Momentum

2.8ms’!

3Ns

Figure 2

A particle P of mass 0.5kg is moving in a straight line with speed 2.8 ms ' when it
receives an impulse of magnitude 3 N's.
The angle between the direction of motion of P immediately before receiving the

. . . 1 4
impulse and the line of action of the impulse is a, where tana = 3 as shown

in Figure 2.

Find the speed of P immediately after receiving the impulse.

C))

The fact that we're dealing with impulse at angles implies that we need touse
the vector version of the Impulse-momentum principle

10

METHOO I: Subbing into the formula
first, resolving 0ur Impulse of magnitude 3Ns into i- § |
components ready to sub iato our formula

o o)

but given in question that tana ="/5|hence exploiting the
3-Y4-S Pythagq. triple to form an appropriate lrig{riangle

S
% =ysinct =% = "’/g
= =A=3
3 =)osd = = /s
3
5 = 3 (35)
3 (Y15
= [ Ys
( |Z/:) NS
Subbiﬂﬂ the impulse‘ and the a$ .

into our impulse-momentum formula

(et v=L(%))

p 7 2 0 9 2 RAO01 0 3 2
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formulas o IT= m(',_,' -
I

lglg Q 2.9
(zlf/s) =(b)-( () )
Q
rearrange for '°) and using Pythagoras’ to

=) (‘1) =(|8/$ res qet the speed
8J7\ s v = sy s)

(%)= (wi5) [ = [3ns
,.V:(szls')
- " \ayy

METHOD 2:forming a vector triangle
Eurning the diagram. {rom Fiqure 2 into a vector triangle
get value of this from the formula for Impulse
formula: I = M(!"‘i )
3= (yv-u)

-y Vowu "6
=) V-R1-0

and find the value for v using (osine rule:

formula: c2zal+bt-2bccosA
Subbing into above:
v=(6)%4 (2.8)*-2(6)(2.8) 08 (a-)
prdnd. {\A“‘

v1:36+3.84-33.6cos(n-)
uuse cos addition formula

formuta: c0S(A4B)=cosAcosBF SinASinB

Vv2i=36+3.84-33.6(cosm o5k +sinm sino()
collect like terms
vi=36+3.84-336(~1(¥5)+0)
=)v21=36+3.84 +20.16

S)viz=6Y4
Squa/e root
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Question 3 continued

V= gms-

(Total for Question 3 is 5 marks)
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Year 2 Oblique Collisions - Collision between Two Spheres, Angle of Deflection, Impulse

Figure 3

Two smooth uniform spheres, 4 and B, have equal radii. The mass of 4 is 3m and the

39Y SIHLNEILIHM 1ON.Od

mass of B is 4m. The spheres are moving on a smooth horizontal plane when they
collide obliquely. Immediately before they collide, 4 is moving with speed 3u at 30°
to the line of centres of the spheres and B is moving with speed 2u at 30° to the line of
centres of the spheres. The direction of motion of B is turned through an angle of 90°

by the collision, as shown in Figure 3.

(1) Find the size of the angle through which the direction of motion of 4 is turned as a

result of the collision.

(i1) Find, in terms of m and u, the magnitude of the impulse received by B in

the collision.

(€))

notice We have an ‘obligue collisions betueen two spheres' question-splittia
P q P 9

the diagram in Fiqure 3 into and ‘after’ angle of defi

7esolving jato

i-j components

2w IE
= 35/2“ =24 (f3),) 7 /3¢

Im 4Um VS
- 3,2“ = A

because ue Want the

12

Ti¢

AFTER - (3m)// A (4m)
ia AL ¢ L3

for

resolving into
i~ components

Y

3m [ Um

no impulse
alongthe ling
of centres -

YISV SIHLENEILIHM 1ON

femain THE SAME

ywe need to find its f{inal velogty

p 7 2 0 9 2 RAO0 1 2 3 2



Question 4 continued

S YATY
L ]
Z L2 woys of Jinding this-
=
5 METHOD | :[abelling the METHOO 2: labelling the
g as ‘x' and ‘y' relative to the angles’ e and 60°"
k= Yknou that the impulse fromthe knos that the impulse from the oblique
CZ> oblique collision acts line of colliston acts the line of centres
= | centres .. velocity does change -becomes -~ velotity does change -becomes typical
: S in 10 question
a standard “elagtic collisivns in 10" set up elastip colicsin - @
Ten Ym AIm b
AFTEL: - AFTERT )
x 9 ac0sE  Ye0S60°
using PCLM bo qet /x'-(.¢ total usf«g PCLM (.c the total momentum
mementum equals total momentum after equals total momentum after
formula: MaUAE MgUg = My Vg + MeVE  formula: MaUa +Mglg =MpyVp +MgVg
¢ RVAC IR T ~ t/ =/ (~xcosQ )+ itm
cancel m's and expand brackets cancel w's and evaluate ¢0$60°=",
“3xely = Bu-4hu ~3xc00 +2y = 1B u-4fiu
=) =3x .,,q\dzﬁu collect like u's
* =3x¢0$0 + 2y= giu
next,using {act that & isturned
l:lxlougk angle 90° no impact,so !
< =)tan 60° = — ..for :
= | promthe " 3 = X006 inp
iven ‘AF1ER = . =
= q'x.g:qmm =) Y7 ton60® <Sin0_y = 3w
i iy k'S 2%in0
g % gor © ¢
'g =) bR ;/3\" = 4$in60°
o Gubbing into () to qet ‘x' =y: 236\4
- B -
3xl~‘f( /3‘4)-’,3\&

expand biackets sub @ and @ into

13



Question 4 continued

L u--s( <ose+2(2’; )

2si 9)

~Ix+ "L'E\A =y
3 N zt . expand brackets
Collect Like term
x-S, {} s ‘q“cose + ‘&ﬁ
TN /‘ 3*3 2 25(’\6
x=S fu cancel u's and use ‘°_5° zcot®
18 s$ind
. -Shaef3
SVoos ( _/;,8 3\") ‘[.1= 'i(bfe'l'q'_[?
2 2 2 3
L,popqlalmg thisonto ouriaitial Solve for cotB:
¢ AFTEL dlﬂngM -[-Of cotd = S'_f}
23 rationalise
N e L2250
S_-FS R ERTE
v T -
+.tan@ = v }‘}5&
LY .'.l;qner SIB .
S

=) b= {'On-‘ (‘L',:')

=) O =32.2163y.. =32.2163..

but ue're not asked for the angle O -

need the angle o4 —uh’(l\'lmkit\q at
our initial “AFTER) diagram (s
= 180°-72.21(..°-
= 73.38%...
= 32°(to 2.¢¢)

(ii) remembering that because for obligue collisions the
yue Oaly need to sub inthe
of (ato the Impulse-momentum {ormula

&D

4m formala: I: m(V “)
AFTER - Ba_
5“ of tq‘ \ls.d 3‘0560 ( . (
254 (4) L=bm( '!_éu)

3
3/3

p 7 2 0 9 2 R A 01 4 3 2
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Question 4 continued

(Total for Question 4 is 9 marks)




Year 1 Elastic Collisions in 1D - Successive Coliisions with Fixed Surfaces, Sources of Inequalities

5. Two particles, P and O, are moving in opposite directions along the same straight line
on a smooth horizontal surface when they collide directly.
The mass of P is 3m and the mass of Q is 4m.
Immediately before the collision the speed of P is 2u and the speed of Q is u.
The coefficient of restitution between P and Q is e.

(a) Show that the speed of Q immediately after the collision is %(9(3 +2)
(6)

After the collision with P, particle O collides directly with a fixed vertical wall and
rebounds. The wall is perpendicular to the direction of motion of Q.

. o Y
The coefficient of restitution between Q and the wall is 5

(b) Find the complete range of possible values of e for which there is a'second collision
between P and Q.

C))

(a) first part of the question is a typical ‘elastic collisions in 1D' question -
(Uustrating it diagrammatica(ly-label direction of motion respective speeds ete.

&d x g @D

AFTER: — >
3m 4m 3Im Ym

follouing the normal procedure for these types of collision : notice how both
the velocities after are unknown so can't just stop at using PCLM -have to
do NEL (Impact law) as well:
... first, PLLM - means total momentum Qquals
total momentum after:
formula :  MaUp+ MgUg = MuVatMavg

Sub into above
7 (w) #4oA ()= 2 (x) + HAlY)
cancel m's and expand brackets
Yy =bu-Ya
3x+lhy = 2u

...next, NEL:

formala  @= speed of separation

speed of approach
= Ve—V

p 7 2 0 9 2 R A0 1 6 3 2

16
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Question 5 continued
Suhbing into above:
=YY= X
=(-w)
-y . X
S)es ™
X ¥ 3Iu

Y-X=3eu

need to solve () and simultaneous(1-el|'m.’x‘
+ ()%}
S Ix+ly=2y
-3x+3y=9eu
?-! = 2w+9eu

factorise ‘u' out
I TE ul2+9e )_:4

LV
9y=3 (2+9e)
~ Vg =§(z+qe\
as required

(b) now we've introduced to a - this time ¢the one between

and a verfical wall
hillus{raking this dc’qgrammaticall:’:

2w U @

Im (Um
—:c_ -_‘;T‘len)
...to get Vg a*&er -multiply initial speed by
AFTEK)C_ JLe = (de+2)
> =
3m LT

can (nfer {rom the diagram that the only uay there'll ever be a. second collision

between and C is if —ﬁ(‘leq-z\(x ~this (S because we are moviag in
17



Question 5 continued

the -ve direction sowe uant the vV, t0 be even more -ve so we catchup uith
X
...fl'ndl'l\s !
get the 0 and() from part (a):
Ixt li,: 2w
X 4y = 3eu
and aow need ’x"so elim.’J‘
—tx
InrYys2e
T=Ux 4l yi2en
_m-luu
factorise ‘u'
Iz u(2-12¢)
=3 T 2
X = %(Z-QQ,

U agsume this is -ve and 3Cis qoing lett (collision
logic)

Subloing into eur spulce of inequ alfbj
-\ u
—(9e+2)< L(2-12¢
l'-f( ) 3 )
X-4 x -14 (hence changes sigqn)
w(9e+2) > -2u(2-12€)
cancel ‘u's’
Ger2)-4+24e
cohect Like terms
1ISe <6 3
=)e ¢ 6/, (=) eLz/
hs*{’ S
but kaow 0tesl,s0 {ull range (s
ocecis

18
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Question 5 continued

(Total for Question 5 is 10 marks)




(@) it looks like the part (a) of this conservation of mechanical energy question
only vants us to look at the lost by the sqystem as £ falls 3m

20

Year 1 Work, Energy & Power - Inclined Pianed, Friction, Work-Energy Principle

3m

Figure 4

Two blocks, 4 and B, of masses 2kg and 4 kg respectively are attached to the ends of a
light inextensible string.

Initially A4 is held on a fixed rough plane. The plane is inclined to horizontal ground at
3
an angle 6, where tan6 = 2

The string passes over a small smooth light pulley P that is fixed at the top of the plane.
The part of the string from A to P is parallel to a line of greatest slope of the plane.

Block 4 is held on the plane with the distance AP greater than 3m.
Block B hangs freely below P at a/distance of 3m above the ground, as shown in
Figure 4.

The coefficient of friction between 4 and the plane is u
Block 4 is released from rest with the string taut.
By modelling the blocks as particles,

(a) find the potential energy lost by the whole system as a result of B falling 3 m.

Given that the speed of B at the instant it hits the ground is 4.5ms"' and ignoring
air resistance,

(b) use the work-energy principle to find the value of u

After B hits the ground, 4 continues to move up the plane but does not reach the pulley
in the subsequent motion.

Block 4 comes to instantaneous rest after moving a total distance of (3'+ d ) m from its
point of release.

Ignoring air resistance,

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

p 7 2 0 9 2 R A0 2 0 3 2

&)

(6)
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Question 6 continued

We can See §iom Fiqure 4 that:

- lost _ qained
reicall
vertica tcavels up
fait the inclined
plane

L for ,need the perp.height, h,
after it travels Im up the plane

Zﬂjzm . Mk

we're given in the question that tanb <=3/ -
hence exploil'n’nj the 3-4-§ Pythag.tiiple ¢o get a

triq friang le:

s rcinhe 0 =
6:'3 ..>sme-n-3/g

=3cosb=A-Y
Y - /s

~know that .- 3:in0
£ 3(3/5')
=1 q/s

now Sublol'nj this into our formula for
7 helght i
formala: EP sm Q K m
mass ia qr;l;litltl (

ivna
kq fitld sirength
n Nkg-!

(9.8)(3) - 2.(9.8)(9/5)
= 113.6 -35.28
=82.32 or $2.3T(3s.4)

(b) Let's illustrate the before’ and after of © falling 3m (heace
up the plane Jand label the appropriate @nergies

p 7 2 0 9 2 RAO0 2 1 3 2

mov-’ng Im
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Question 6 continued

Lost (part (a))
qained (Vr‘f.gms")

bboth particles as

p 7 2 0 9 2 R A0 2 2 3 2

REForE AFTER connected by Light inui@gibl
string g
'3 =~}
. 3
2000 potential \ ’ teatial =
enacgylvpeso) ke —zelg nP:tggtngBO) - ;
_|
T
Yhg N
- — o
. m
{.ormulogrlﬂ’lm x d< vt
what we nee;i'.nfg 0
e
l“fff'gfdioi
Lcan g¢§ bu‘ f!SOlVl.l\g
parsp.to plane 9 gy
R from ShR
T 2(3)' grand
2qsinl 1hg R = 2‘;](05y
J H ¢
Y 4‘1(0_9 hat, te 23 ( /s)
e nee Lf""“ = 89/5
=M 83/5.
hence subbing iato a more ‘PHYSICS' version of the formula for uork-energy
principle - 1.¢ one that allws us to utilise the that we'd
calculated in part (a)
jormula. energy lost =enerqy gained
G-P-E lost -u.d by friction = k.E gained
4 {
mgh Frx dmv?
! 2
= "‘(3)=21( +4)(4.5)
&
expand out 3
$2.3 - 2""5:60."}5 s
—_ =
S 4
Z
rearrange and so(ve for m: =
Ung=q1.5¢ >
<24 S <M =
. -f s
m=0.45%12...
=0.46 (to 24.p)
22
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Question 6 continued

(¢) now focusing on the position of / agter © falls and until
instantaneous rest -

comes o

4 need perp distance travelled by
I"' =) h= Sind

20 o
=) ,\ =d.(3/,-)
o h: 3/sd
formula: x ¢
Y,
saw from (b) that <= ANnow
can sub in -
now sub all into work-energy principle Lincludes dissipative forces)
1 . = = A againsh
i ERE R E AR 2K G E A E R e
(aitial [nifink initial pinaluinefic  pinal {u\q.'j
nla Kinthic  qranitedis (T . *’:“;Et‘:t?:t st |
L l‘b‘L P*i l l L
¥ ﬁx-L - 1
{armv\ll.' + ﬁ - + 4 %.“E + Frxd_
. : . 22
subbing into above:
2 :
Ows)P v o+ 0 = O+ @)+ 0+ '}

expand

@ - 294, u3l

$ 25 60

collect like terms
S683 =8l)

300
< 68y - E33
300 300

d =1.0684%..
= 1.03(3sf\m

(Total for Question 6 is

p 7 2 0 9 2 R A 0 2 3 3 2

13 marks)
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Year 2 Elastic Strings and Springs -, Censervation iof Mechanical
Energy, Equilibrium in Dynamics Problems, Evaluating Assumptions

7. A spring of natural length @ has one end attached to a fixed point 4. The other end of
the spring is attached to a package P of mass m.
The package P is held at rest at the point B, which is vertically below 4 such that
AB =3a.
After being released from rest at B, the package P first comes to instantaneous rest at 4.
Air resistance is modelled as being negligible.

By modelling the spring as being light and modelling P as a particle,

(a) show that the modulus of elasticity of the spring is 2mg

()
(b) (i) Show that P attains its maximum speed when the extension of the spring is > a
(i) Use the principle of conservation of mechanical energy to find the maximum
speed, giving your answer in terms of @ and g.
(6)
In reality, the spring is not light.
(c) State one way in which this would affect your energy equation in part (b).
(1)

as uith every ‘elastic strings and springs’ question, the most important thing

(s to drav a detailed diagram-here, one for the string is released,
second for uhen (t comes to iastentaneous rest -and label uith appropriate
enerq(es
r3 A = Y A
2-a. ”
%a

e . B__ - .7ero potential

m enerqy ¢.PE=0

nou sub all into Hwk-ener“ principle Lincludes d.iiiipnliﬂ. {'nﬂ!ﬂ

- — = . 1 "
ud in + 1 E ok VEPE =K.+ CRE 4 ERE +udatin
4 iaitial iaifinl initinl pinaluisetit  final final
Ala indic el bl ™ i~ ::E.'?;.l
+
formula; ﬁ + + AX" L Ff xi
28
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Question 7 continued

suloloim] into above ° "'““‘need
+ O+ %0 -0+ g Ga)+ 20
Py 20

expoand out
249N = Imqat A
2

cancel ‘a's and rearrange to solve for

2 3/:' =3/
A =2mg) as required

(b) (i) METHOD I-using equilibrium
here need to interpret the point where the reaches max speed
as the point where the $pring is (n @quilibrium i.e forces up = forces down
... looking at the force diagram for the spring:

R({): T=
T
hence, need to find Lhe at uhich the above
i equilibrium conditidn qpplies (and see if it's )

...Subbing mt-qéke formula. for tension in strings[springs:
formula. ; T-= ‘)‘xeeﬁe&smq
z&nq{m(_
Mt
myg= o ()
a x0.
cancel m's and g's

a=2x
=y =2 ired
=) 3 as requi

xQ

METHOD 2 :using principle of conservation of mechanical enerqy and differeatiation
4 uq here is to draw tuo further diagrams - girst yhen s held at rest

at the point 8 second uhen particle (s at (this will be the extension
tor which package is at mox speed,V) aad label appropriate energi€s

25
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Question 7 continued

oa

o S
K

"
)
&
as
J
-
|
ﬁ
"™
N\/ .I.Q/N

T |
! '
|
|
|
|
'If'\r
]
3
3
2

—=
w
)
)
N
o)
re
LN
55

4 _(,_ - —erfo pu\:en‘l}ul', m |
m 3 GPE=1er0 Jo = 2a-X

~~
<

]
s

" now sub all into vork -energy principle (Lincludes dissipative forces)

. udint W EFCPE AEPE =K EtEREHEPRE +u:‘ :1::"

4 initial u.i L l'ritigLL ;-.'m.ln.r.m:. :,m,tl'.““l H::i'ir- s

— nla h LH qrm - Einlu ‘.:' l;f{.:_im lnf“ ﬂ':'.'uni.'-l. petendial /\/

1 ! L 825

o formula: T -tman] t “Ee‘ S =mViimah, 4 ?L’E + Frxd R
— from (@) £ [ 2R :

Subbmq into absve: /
+0) 4 lo.(zrﬁq\ A /q(2a~>c)+ (2ha) Oc)*

2.&
cancel m' s and expand.
« lyl = 2
2 3

collect Like termS and rearrang@ ¢o Solve for V?
$Vi=2aq - q4xtyxq
xl- * x2
Vi:Yag- 29X"4+2xq

LEBEE

£

OSSR

SRLEEKS

SRRKRX

Booasess

2508

n { KK
" SRS
Sososesetes

SRR

oot

dv?- =0
d.x

hence diﬂelenhqtmg above:
dv? = —Yay %-19— \

e e -
cancel g's and. solve for S

4X -2
S)ix= LY % &S required

) AR D R
p 7 2 0 9 2 R A0 2 6 3 2



Cii)now the benefit of using gacl i) s kbot now for (ii) you'd just

Sub into the -[mal. simplified equtn (the one you'd diffelentiated)
and Solve for V
-however,if used ,nou you'd uSe the wplk enargy principle vith xs30
A
pxa ] o [
3a
-V A 1era potential; m el atla)
m B peeien I%u 3/(7-;
(V:V)
nou sub all into uork-energy princple (.l'ml-dt.s dissipative forces)
u.diin.+ EHCPEAERE = E ¢ CRE HERE) +uAspi
ala 'El-{&t ;r‘.‘;’:nl.}b:;‘l ."il - ;E-‘:l;*':: :’,‘:{*:'f"..
formal b *'l;-c-; ! + ¢ "‘{.’%‘4— Frxd
Sub into abeyve :
O+ (a)t o1y 3
2(a) 2a
expand

Hagh =3mVi+ 3,a9m 1——¢gm
cancel m's and collect like terms
lVz" QI;‘ qa
vi: c'/2.‘“\1
SQ,ur{oo\;
)
E 3\[3_;5

(C) assumptions - parhculur(j from

uould need to mclude G.P.E (n enerqy because of the mass
in the Splmg wll be different

x
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Question 7 continued

(Total for Question 7 is 12 marks)
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Year 2 Oblique Collisions with Vector Walls, Collision Logic, Successive Collisions

I <

R S
Figure 5

Figure 5 represents the plan view of part of a smooth horizontal floor, where RS and ST

—> —>
are smooth fixed vertical walls. The vector RS is in the direction of i and the vector ST
is in the direction of (2i + j).

A small ball B is projected across the floor towards RS. Immediately before the impact
with RS, the velocity of B is (6i — 8j)ms'. The ball bounces off RS and then hits ST.

The ball is modelled as a particle.
Given that the coefficient of restitution between B and RS is e,

(a) find the full range of possible values of e.

3)
. . | . -, Y
It is now given that e = 2 and that the coefficient of restitution between B and ST is >

(b) Find, in terms of i and j, the Velocity of B immediately after its impact with S7.
(7)

see from Figure S we have two Successive oblique collisions uith tuo vector
walls

(a) let's focus on the -one betueen the small ball and the
-l'llqs{ral-ing diagrammatically

doesn't act alonq the fixed surface so

w
" *usfc\o( ho c.hange inthe velocities
ot =) WCOSOk =

-
W COSAR

p 7 2 0 9 2 R A 0 2 8 3 2
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Question 8 continued

dees act perp. t0 the fixed Surface hence the
velocities are impacted by NEL rearranged
S)usink =

Lihence adding these onto the diagram:

/g/'f ~ Y= (sse.)

+

now using owf ‘¢ollisions logic' asous only Source of inequality-for the
ball to have a -now with ST -the v veckor must have
e smaller j:i ratio (§mdienl:" thon the wall veckor ST

- 8e, L
=) T 3
x¢ xé
8e ¢
e ] 3-’78
L 3/8
but know Oclecl;so full range
1S ocel?dg
(b) sub pact that into ¥ aswe illustrate the

diqgrammaticqll-i—tke one betuween the ball and wall ST

now to find this velouty x = ( %3 yuse

o
3 +\wxsin¥ two {»Olmulco.
=2 §
S =y —7 t
6 xcos¥

vector wall

VA
formula: U-‘-J VU

$-(0=(0)-G
evalua{e smlcr product

12¢42=2a+b
=) datbh=14

29
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Question 8 continued v‘;-wlﬂ

1ormula: -ew-L=v.I

(02f4.of 1estHut n
betueen bail
dnd vajl

but the 1gn't qiven - just know it's perpendicular
to our velor wall ns.—.(}-)
e 2 HEYS to do this:

WAY [:dot predu(t and B-] NAY 2: gradients
inspection u= (1) dinterpret this as the
formula:  a-b=0 gradient of line \f:'/;x
ez
(}),(f):() | l..m /)
=f=! | using M, xm, = -
*(2)or () A\ W

.-.|l.|\¢_b,-ar (s \13')-3(
Lvedtor (-3)

= (-2)

cdn  use Qither - eq. —sub (nto formula :
1 /6). -[Q
y X 1) ‘(L)'
evaluate scalar product
-1 Z
= (2) za-2b
=ya-2b =-|

now solve (and) simultaneously:

"2 2a+bs 1y
=2a-%b:=-2

Sb=16
=< =S
=) bz16/5 0r 3.2
Sub into O for ‘a’
2a+(3.2)=1y
2a:(0.%
L 3}

a=s.Yy
o X3 s'q)ms"

= \32
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Question 8 continued
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Question 8 continued
(Total for Question 8 is 10 marks)
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