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Mornenturmn and irmpuise - vector motion

1. A particle P of mass 0.5 kg is moving with velocity (4i + 3j)ms' when it receives
an impulse J Ns. Immediately after receiving the impulse, P is moving with
velocity (i + 6j)ms .

(a) Find the magnitude of J.
“4)

The angle between the direction of the impulse and the direction of motion of P
immediately before receiving the impulse is a°

(b) Find the value of a
3)

V3dY SIHL NI 31IIM LON Oa

(a) illustmtins the above - KLEEPING the velocihj direction

AFTER

0Sky  —IMPUSET,  0Skq

applied
ns N (’6' ) ms”!

~.need to find the IMPVLSE that had caused the
to change direction
...using vector form of the Impulse-momentum principle:

T=m{y-u)

subbing n:
_ -1
T= (( 6)- )
- - -S
") T = ( 3)
factoring 0.5 into the bracket
- <2.§
= :( 2 5)
now finding the magnitude of T requires us to Pythagorise it:

ITl=J=2.9)* (1-5)* = JE;-‘ Ns

YIHY SIHLNEILIIM LON-Od

(b) sketching the correct angle ‘o' needed-(.¢ the one betueen the direction
of the impulse (NOTE:can just be any scalar multiple of it so (:{) is
fine and uill make our asithmetic easier than if ue were dealing uith decimals)
and the it -

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

N ya

<
i . / ,
= yy -1 U to find this tuo main methods:
4 wr_[- -
EI_: 3= 3 Ng
=
=
g "METHOD |- using the formula for angle between tuo vectors
5 fnrmula.'. co _a. L\ (— Scalar product .
g sO -I—g_l T e protuct of -Subbing into this: c0§9= T-u

ikl g maghitudes
2 1Ty

2eos6 = (3)(%) _-s(u)+3(3) )
-5+ )2 1)+ (=) e lr“ B Sﬁil
dJU91 (57 J\VT) T(V) Jay V
“if =1\

+6 =008 '( _r"\
< \ SJ34)
m -—
= = 112.1663Y...
T =112°(3s.f)
E METHOD 2: usmq progerhes of straught lmes and I:nq
= montpu\latmq previous vector dmgmm to exploit stratth: angle properties
E -let lmpnlSC make angle 0 to the straight line and the velouh before
0 ! ]
g make angle © to khe straight line
a

'\ / hence, the required angle =
180° - tan” '(35) = tan" '(344)

. DONOTWRITEINTHISAREA® == = =

(Total for Question 1 is 7 marks)
. J
3




Work, energy and power - inclined planes

A truck of mass 1200kg is moving along a straight horizontal road.

At the instant when the speed of the truck is vms!, the resistance to the motion of the

truck is modelled as a force of magnitude (900 + 9v)N.

The engine of the truck is working at a constant rate of 25 kW.

(a) Find the deceleration of the truck at the instant when/v =25

C))

Later on, the truck is moving up a straight road that is inclined at an angle 6 to the

horizontal, wh inf = —
orizontal, where sin 20

At the instant when the speed of the truck is vms™, the resistance to the motion of the
truck from non-gravitational forces is modelled as a force of magnitude (900 + 9v)N.

When the engine of the truck is working at a constant rate of 25 kW the truck is moving

up the road at a constant speed off] ¥ms™'.

(b) Find the value of V.

C))

(a) let's illustrate the above information on a detailed force diagram
L label the resisl-ance, the REACTION FORCE and the PONER rearranged :

NOTE :could've
calculated this power a$

a separate Line of working but much
more efficient in exam, to just calwulate
Straight onto diagram

T

90049(zsf—- 1200kg—r 22122°2 | 600
'7-°°‘j

R(—) :1,000-(,126 = a

=) -125 = 1,2000.

formula:

P=Fv

pouer J FontkE L’VE“’.‘;JT"Y\s-l
inUatts  {n Neutons "

=F:=f
v
convert into Watts

25%4 2225 25,000W

ond v=25

the question is asking usto find
the deceleration of the car -
know from or

= 1his would
require us to resolve parallel to
the plane

P 6 6 5 0 7 A 0 4 2 8
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O NOT WRITE IN THIS AREA

DO NOTWRITE INTHIS AR

1,200 £1,200
tion 2 ti d = - 12 - -
Question 2 continue oz 128 --§ ms I
1,200 48
ue know that @ -ve acceleration countsas a

deceleration - doceleration = _:_'8 ms-2

(b) let's look at the forces again-redrauing the part (a) diagram but on
on_inclined. plane -label the resistance, the reaction force (perpendicular
o the surface of impact) and the power rearranged (ke in part (a)) :
S -

POWVER d Foece
in Vatts in NeutonS

af: P
v

vhere P=25,000 W
and v=V

where {f sinb =/, ~ drauing appropriate
right- cu\gled {—riongle and usit\g ?‘thugorqs'

rearranged.:
‘o /¢I I (7:)2_(-‘)2= xz
90049V — |200kq-—s 2500 8 400 -1 =x?
v =)x*= 399
=) x=/399
Ay * 39 5
/
/)
nou, the fact that the (s now moving at a of Vv

implies that q=0 -hence bearing jn mind Newton's Second Law of Motion —

VAY I using memorised ‘forces left=forces | WAY l:s\abbing into $F=ma

R(=): et R(~):
= 900+9(v) + = "_‘\'/°°° 900+9v+ ~15000<

=)900+9v +1200g5ind = 25,000
v

5

MR 0 00 Turn over
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Question 2 continued

know ,hence subbing it in
900+4V + 1200q = 25,000
\Vj

expand. krackets

00+9V +605 = ZSlooo
\V)

xV XV
av2+v(900+4609)- 25,000=0
=) qv2 +v(900 +60(7.%)) -25,000 =0
=) qQV? + |438 V -25,000-0
solve using

V=15.3318%.., —180.3025...
but v)O (doesn't change direction)

“V=1S. 4ms™' (354)

P 6 6 5 0 7 A0 6 2 8
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Elastic collisions in 1D - successive collisions

3. Two particles, 4 and B, have masses 3m and 4m respectively. The particles are moving in the
same direction along the same straight line on a smooth horizontal surface when they collide
directly. Immediately before the collision the speed of 4 is 2u and the speed of B is u.

The coefficient of restitution between 4 and B is e.

(a) Show that the direction of motion of each of the particles is unchanged by the
collision.

®

After the collision with A4, particle B collides directly with a third particle, C, of mass 2m,
which is at rest on the surface.

The coefficient of restitution between B and C is also e.

(b) Show that there will be a second collision between 4 and B.

(6)

(a)illustrating this elastic collision in 1D diagrammatically - label the

respective speeds, ,ete.
AFTER-
u X b NOTE : by modelling the velocities
- IN THIS WAV, as in-their velocity
3m Im ol
direction AFTER are vachanged -
the final aim of the question isto show that

x,420
follouing the usual procedure for elastic collisions in m-nom;j hou both
speeds after are unknown ~can't just stop at using PCLM-need to do NEL
(Impact law) as well

...first PCLM-means the total momentum the collision equals
the total momentum ofter:
formula : MaUptMaUp = MAaVa MaVp
sub into above
/  Umu) = 2i70x) + Updly)
cancel m's,then expand brackets
=) 3x+ by =6utlu
=) I+ l-|:,= 10w -0
..next NEL - (. the formula to find the
_ speed of separation _ vg- Vp
) speed of approach ro— U

subbing into above

P 6 6 5 0 7 A0 8 2 8
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Question 3 continued

- w
e "W

.-.)\j-x-.-eu. -@

solve 0 and O -pirst eliminate x':
O +3x@
3x +ly =10y
+
-3x+ 3y = 3eu
?n: IOu+ideuw
factorise the uw's on the RHS
Iy=u(i0 +3e)
-3 <3 >\
SHu= L
Yy= ;(|o+3e)\

-now eliminate ‘y':
O-4x® Ity =10w
=Y +Yy=keu
3Ix = [0u-beu
factorise ‘v out :
Ix= u(IO "'"l.e.)
<3 =3

x= 2 (lo-4 &
and finally proving x,4)0 :mainly using Ocez|
- X eyt
if Ocetl, if ocecl,
=) )0 =)(0+3e)0
--both particles are

after as colLision |=) unchanged

(b) new the elastic collisions in 1D question turns into a SUCCESSIVE COLLISIONS
one that (nvolveS three particles..a couple of things to remember:
-clear, descriptive, labelled diagram that con tains all three particles
-consistent system of labellhg] here,coloured : zbefore {irst collision
X,y =after first Collision

P9 =afker second collision
9

MR A U Turn over
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L xam L 1Si
ln exam, =before first collision

VA, Y6 Yc = ofter first collis(on
s 24 ,2¢ = after second collision

Question 3 continued

Ly NOTE * (n theory, doesn't matter that this
is inconsistent uith part(a), but I personall
find it easier togolve equins uith different
letters of the alphabet (/11 1) rather than
uith x, and Xg (07 2) !
-aluays ook at -t.¢ (f the particie A
&hm

/34 SIHL NI 3LI¥M LON 0d

- in general, Vo0t pasr= U
CoLLISION ”Aglltfsfofﬁouo

...bearing these in mind, adding to the diagram {rom (a)

8 C
) G
—_ - -
AFTER g =2(10-ke) Ya=S(10+3¢) b3

9az i‘-(lo—l-te) 4975 (1043}

AFTER
ZA E,"'

now, for there to bhe a collision (i.e for B to collide with again)’
know that 32,= %(lo-he) 22a=P =)need to {ind 24 (i-ep)

following the uswal procedure for collisionsin 10 between 8 and C
( ) -see both 2g ond 2, are unknown -.not oaly
need PLLM but NEL (Impact I.w) as well

VISV SIHENEI LM ION

.first, PCLM -
formula - Maug + MeWe = mBV% + chC
gubbing into above -

P 6 6 5 07 A 01 0 2 8
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NOTE: keep a5 Yo for ey {3y ) 4 Do) @) 4l el
now to Simplify our

alithmetic=sub (n =) byg =lp + 2«;
expression for it later 2) Yp+2q =Y Yg -0

...hext NEL:
=q-P _ _p= i
-0 =) Q-p=Qig -©
solving © and © -eliminate ‘q
0-2:@ Yp+2q=YYyq
-2pt2q=2eyg
6p=Uya-2eyy
T2 =2
3p=2yg—2Yg
factorise g
3p=ygl2- e)

= ‘18(2 Q.)
NOW sub in g 3 (10+3e)
0+3
.-.p (l t e)(z-e)

=) P= 2(10+3e)(2-¢)

now need to prove zp)ig -using proof by deduction
Conjedture: i;.(lo-ne) 7%00 +3e)(2-e)

cancel u's and expand doubie brackets
| \ _
3 (1o-4e)? —z-l(zo-lle 3e?)
x2| x2|
23(10-Ye) > 20-Ye-3e?
expand

30-12¢)20-Ye -3¢?
collect like terms

3e?-8e +10)70
to prove-tomplete Square

=3 =
el- §e+'°>o -3

complete tl\e square

4216, 10
(e-3) BR+0

oo Y\, 1Y
=)(e-"3)"+ 50

)




DO'NOT WRITE IN THIS AREA:

'DONOTWRITEINTHISAREA

f

Question 3 continued

through the trivial inequality,

[ e-92)50

L 9 IV

theorem - =) (C' l'ls)z" “'/g) W/q'

always +ve - our conjecture,

that zp? lg mus$t be true
~ there IS a Second coliysion

betueen A and 8

L—

(Total for Question 3 is 14 marks)

J
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Elastic collisions in 2D - vector wall

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

B

(i+6j)ms!

(7i + 2j)ms!

A

Figure 1

Figure 1 represents the plan view of part of a smooth horizontal floor, where 4B
represents a fixed smooth vertical wall.

A small ball of mass 0.5 kg is moving on the floor when it strikes the wall.

Immediately before the impact the velocity of the ball is (7i + 2j)ms .

Immediately after the impact the velocity of the ball is (i + 6j)ms .

The coefficient of restitution between the ball and the wall is'e.

(a) Show that AB is parallel to (2i + 3j).

C))

(b) Find the value of e.

C))

(a) recognising this as an elastic collisions (n 20 question but no fixed
vertical wall ~hence not surprised. that the question asks for a

for the wall A8 -

...couple of ways to do this:

METHOD |:using impulse-momentum principle

using the fact that we know that in elastic collisions the IMPVLSE aluays
acts perpendicular to the surface of contact-hence if we found the IMPULSE
through the Impulse-momentum principle-the for the wallAB would
just be the vector perpendicular to the IMPULSE

subbing our and ‘after' velotities
int0 Impulse momentum principle:
L=m(y-u)

P 6 6 5 0 7 A 0 1 2 2 8
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Question 4 continued
- |
r=05((a)-(2)
- -6\ _/-3
: o.s( '-l) - ( z)
~need a vector perpendiculal to the IMPUISE
WAY I:using dot product WAY 2:turning vettors into | WAY 3: think of itasa

by inspection: linear equations and explsit | linear transformations
know that for the perp.lines properties question - involves MATRICES

-callt to be I= (‘75_) =Could interpret

perpendicular $o ‘I'jneed: )
I- =0 | thisasthe gradle(nt of a

mne: _3
("5) g =0 Y :-S/Zx l
2 | mz=Y% | know that‘a rotation 90°

e | T o e | el srepesned b

same digits as | perpendicular Eo each other |

impulse ° - | ) —)
~6s Q4 LINE '
:)‘J = X !

4 rotatmg ( )10°
dockuuse(follou M= Y)

S 0)(3)=

| | (06-3)4- l(l)) 5
-1+ 0(2)) ~

svettor walt (s

METHOD 2: using the 2 Scalar pioduct results forwhen ualls are not parallel to
tand j (.e:

- s
d~\l Z & J ... ptrpendicular components:
\L‘a.\‘\ /\’_{os formula: -ew-I= V-[
13



Question 4 continued

let the
- using the first formula ( ):
w-=v.u
()
=) Fa+2b=a+6b
collect like terms
6az=4b
WAY |: using the ratio betueen ‘a’ and ‘b' WAY2:using alqebra
6::25 -4 v
b+ ~6fa =3
a. Y4 2 b /I.|Q /X
b 6-3 let a=| l
~a:b=2:3 = =
2 ¥ B (3/2)
=) Y ol R
2
W= (3)

(b) METHOD [:using the perp.component formula
now that we know I=(3) leither if ctd.to use METHOD | or,if METHOD 2,
then T is the perp. vector to -can sub (ntO perp.component formuiq
-ew-I'=v-I
—e(3). (3 =(e)-(3)
=) ce(H-3)+2(2))=1(-3) +6(2)
expand
-e(-21+4)=-3+12
-e(-13¥) =9

~13¥e=9q
<13 <13

=ae=3y

METHOO 2:non-formula method :using standard oblique collisions facts
... e know from standard oblique Collisions questions (NoT involving vector uall)

that:
v
ot ( 4{/
0 P 0T 0 O
P 6 6 50 7 A0 1 4 2 8

14



...focusing on the perp tomponient :

Only acts tothe
fixed surface sothe only component that changes
must be the one tothe surface-impacted by NEL(Impact law)
) e =
L shouing on diaqram:

dt/é/

-.-and on the :
no impact ‘alvng’ the surface,hence:

now We can apply the same formulae to our vector-wall situation-that involves ‘e’

W
‘ but this would require us to
- find ‘< and ‘B'-do so using vectors for v and
and appropriate *riﬂ

: ‘- .-next need B':

- first need o - onn | using pink triangle angle-call it “6" and
using the -call it © jand | guk racting the angle & it-draw a
subtracting the

: (caltit ©') $rom | hotidpntal pasallel Line - see ha ppens to be
it -happens to be the same si2e as the Corresponding to the

from . due ~Same Onge of the
to corresponding angles being equal
(can see if draw vertical parallel lines)
v (the
B v }0( cU- .
#t/ ' X}G Bfa'ﬁ 6 s
/, using 4 -0 =ton (64)-ton™(34)=
A s % 'ﬁ 24.22. .

= 40.36. ..



Question 4 continued

.- now that ue know ‘a’ and. ‘B’ could find ‘e’ in tuo ways:
WAY |: ctd from prev diagram and WAY 2: component form
takiag tan of B: ...know paorallel:

tonp =

tanP =etanak

Q

...and perp.
eusingl =vsinf @

®-0 Qusiakk _ ySinp
ucesa  veosp

=) etank = tanP

=) tanp=etank
Subbing tn:
tan(2y.22...) = etan(40.36....)
=)e: tan(24.22..) - q/,}

tan(t0.3...)

(Total for Question 4 is 9 marks)

P 6 6 5 0 7 A0 1 5 2 8
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Elastic collisions in 2D - angle of deflection

5. A smooth uniform sphere P has mass 0.3 kg. Another smooth uniform sphere O, with the
same radius as P, has mass 0.2kg.

The spheres are moving on a smooth horizontal surface when they collide obliquely.
Immediately before the collision the velocity of P is (4i + 2j)ms " and the velocity of O
is (-3i+j)ms.

At the instant of collision, the line joining the centres of the spheres is parallel to i.

The kinetic energy of Q immediately after the collision is half the kinetic energy of Q
immediately before the collision.

(a) Find
(1) the velocity of P immediately after the collision,
(i1) the velocity of O immediately after the collision,
(i11) the coefficient of restitution between P and O,

carefully justifying your answers.

(1)

(b) Find the size of the angle through which the direction of motion of P is deflected by
the collision.

3

(a) notice how we have an ‘oblique collisions between tuo spheres’ question-—
$irst ilustrating the collision uith a diagram:

QEFORE

P /“ N\ Q P u L )
O.Lks O.Zkg s_p['u:_n'.nl-:‘o 035&3 lO.z/, g
= i and j components
. i
AFTER: x Y

——

>-
2} 0awg Oyt

NOTE: realistically know that P might qo inthe
opposite direction after itS collision but easier
to aim ‘x'and ‘4’ RIGHTWARODS to avoid

-ves (n the uorkiqj

...parallel components:
notice how both SPEEDS AFTER are unknoun -can't stop at just using
PctMm-need 0 do NEL(Impact law) as well:

-first PCLM=means the total momentum before the collision equals
the total momentum after

P 6 6 5 0 7 A0 1 6 2 8
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Question 5 continued

{-o!mu‘at MuUp + Mg Ug = mpvp + mava
+0.2(-3) = 0.2 (x)+ 0.2(y)
2)0.3x+0.24=1.2-0.6

=)0.3x+0.24=0.6
x10 x10

Ix+2y=6 -0
-next, NEL-(.¢ formula for coeffitient of restitution :
speed of sep. = Va-Vvp
€s speed of approach Up-UgQ
subbing into above:

ez 4=X o y-x=%e -0

but before solve this Simultaneously ue also need to utilise third {act-KINETIL ENERGY

|
K.Erinat = 2 K-Einitial

) R
formula: 4 eimad L) ) = o)

d  Vsinal 2] Vinitial
mass vclouttj mass vclom]

expand. brackets
l = L[yl
+ (10) = Ly )

so the €, fact helped us find velocity after for @ -
subbing into ©

\ =L Ix + 2(—2) =6
3x =10
x= l0/3
.-Checking uith ‘AFTeR’ diagram 'f possible:
AFTER:

g Q but this would imply that Pand @
10/, 0'5"3 @4 =2 have passed through each other .
25 ( | ) (continne (n SAME DIRECTION) whichi$
IMPOSSIBLE
17
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Question 5 continued

hence left uith y=2,
Subbing into ©
Ix42(2)= 6
=3 ox = 1+3
x = 25 checking With 'AFTER diagfam
AFTER :
Q .
0-3kg @ now @ changes direction
2 ~ - PROBABLE
3 2
2 () 1
( 3] -1
Va= 1 -}
a ( ) ms
and Subbing %, into ®
2 =3 =3e
3.
3 ?e
=¥ <3
—
e= B,
(b) could sketch path of P to help see this angle of deflection:
=(t’22/
)
METHOD |: usinq angle between two lines ~ METHOD 2:non-formula methed -using
tormula vector triangles and trig
. .(1/3)
. (_V_P = MNf/\27 '
scaldfodw l ”VP' J- + J(zls)l* (z,‘- iz see how the aﬂglee
Dptodatt irades (= Comes ffom angle
= |
cosO = 4(1/3)':2(1) : cail 1t subtracted
ﬁ?) “/q ftom pink triangle angle,call it
=) (050 = ﬂ3’= T'.:'E' I: 0=h=
wh 2 oA =I:ar\"(2l )..
3 _173.._' ey /3
e =|,| sl) e‘ "IS

18
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Question 5 continued

(Total for Question 5 is 14 marks)
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Elastic strings and springs - conservation of energy problem

6. A light elastic string with natural length / and modulus of elasticity kmg has one end
attached to a fixed point 4 on a rough inclined plane. The other end of the string is
attached to a package of mass m.

The plane is inclined at an angle @ to the horizontal, where tan 6 = 0

The package is initially held at 4. The package is then projected with speed 1/6gl up a
line of greatest slope of the plane and first comes to rest at the point B, where 4B = 31.

. i .1
The coefficient of friction between the package and the plane is 7

By modelling the package as a particle,

15
(a) show that k= —

26
(6)
(b) find the acceleration of the package at the instant it starts to move back down the
plane from the point B.
3)

(a) aluays with ‘elastic strings and springs' questions focus on drauing the
correct diagram :

. label: also given 1 Pythagq. triples: §,12,13
helpful to Straight away draw the
" s k"\g angle triansle
l-—ﬂ 0
13 "
A
H
BEFORE : TER (includi orces
et AF (inc : ing f )
_%/ll
B
A'mg m™m
e A‘tﬁ tural length ({mm -L)
(hint:‘projected'] . (hint : ‘extended’
9 this has to be the perp.distance
k =) slne- Y)
Yy
30
= ha ISR
) h l3 r:nctuzr\ ol
(Ff NR) 'plan:) Xd
“::ﬁ.:tf,n
20




Question 6 continued . ..fl'nding {or

t

R
— R(1): R:
:mg
° S S
m = 5 ()
=) :szg

sub a.bwve (ato the work-energy principle = includes dissipative forces)

inst
. = + + + u.d again
U-dtlf\i' i i itat l+ t L 1t4 t ¢({;l| {-n'LhDI\
ra elastic ineki a
va S RlT o Ruht SR s e
K
t + ,—J?-Q = + + 4+ Frxd

Sub into above

+tO+ Q0 = ¥ + kmq(2 ‘\"'I' .’-,,3(32)

cxpand and. cancel fv\g‘

3mgt= 1503t 4LkmT L Ghmg
13 28 13
cancel the 2'

3=15p 420k + 94
13 13

collect like terms
2k=3-15_3

13 13
_ =)2k= lS/“'z
k= |5/2‘.

(b) now want to focus on draurng a force diagram for when the package is
| 9 f packag
ABOVT TO SLIDE DOWN the plane from B - this direction is tmportant in
determining ia uhich direction the is acting thig time

)

21
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Question 6 continued

V. Smql2y

=

"3

LA I B

raq /5,
J L

-.“1-

g

= Collecting like terms

13 Y

6 5 0 7 A 0O 2 2 2 8
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(Total for Question 6 is 11 marks)
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Elastic collisions in 2D - oblique collisions with fixed surface

7.

< r >
_a -
2

vms™
a
A B
o— i
Figure 2

Figure 2 represents the plan view of part of a horizontal floor, where AB and CD
represent fixed vertical walls, with 4B parallel to CD.

A small ball is projected along the floor towards wall 4AB. Immediately before hitting wall

AB, the ball is moving with speed vms ' at an angle a to 4B, wherel0) < a < %

The ball hits wall 4B and then hits wall CD.

After the impact with wall CD, the ball is moving at angle %a to CD.

The coefficient of restitution between the ball and wall 4B is %

The coefficient of restitution between the ball and wall CD is also %

The floor and the walls are modelled as being smooth. The ball is modelled as a particle.

1 1
(a) Show that tan(—a) = g

2
(7)
(b) Find the percentage of the initial kinetic energy of the ball that is lost as a result of
the two impacts.
4)

(a) :
now we have an oblique collisions question -useful to know the general idea

of the question jif asked for tan (3«) -must mean that need to find FINAL
VELOLITY of the Small ball after its 2nd collision -the 0ne uith CO
..tUo Main Uays to approdching this sucessive impacts question:

WAY \:diugrnmma{i(quj WAY 2: formulaic

NOTE: this method allows you to just use NOTE - tn this method -you do have to
qiven ‘v and ‘&' varsiables- no need to use intermediate angles and solve
Work (N ‘Was veloity atter of ‘A’ as resulting equins simultaneously

.4 the angle ofter

P 6 6 5 0 7 A 0 2 4 2 8



Question 7 continued

..4irst illustrating just the first
collision of ball with AB - ¢plitting v
into and

W

‘/MnsinB .
O

Jcosp

acts perp. to surface of impact
+Only perp. componeant of velotity changes
-impacted by NEL (multiplyby )
Lon diagram

n0 impact SO no chonqge
Lon diag/am

A B

Weosp=
...noW Second collision -one with CD:
Linotice velotity before is the same
~just COpying appropriate
COmponents doun :

!
113 X

L (0
4/ Sl'r\(';'_“)
/ W
and feor the
*multiply
by € =1y
(qiven)

...poraliet s remain unchanged
'—Iaddinq to diagqlam

P 6 6 5 0 7 A0 2 5 2 8

...irst focusing on just first collision
o} ball and uall-0ne uith AQ -spht

‘v'into its and
components:
W]
/tusinﬁ
[
A B
ucosp

acts perp.to fixed surface
= 0nly perp. Componeats of velscity change

-impacted by NEL (multiply by e)

T) e usinP
<) '75 susinB -0

no impact = n0 thange
= uCosB -©

...noW focusing on secead (ollision- one

Uith (0 -see {hrough altesnate angles
that same veloity and angle -ia
terms of ‘w'and ce

cos{oc
c IV O
A.I/' s# singX

NEL rcammgcd.:
e xXsinl &
2 3 xsin(4«)-®
.--parallel :
xes(3x) -©
question asks for equtn inteims
of ‘' not ‘g’
sub O iato ®
%(% vsina) :)Csin(-i-d,

25
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=) Jvsinat = xsin (3«)-®

Question 7 continued

Sub @ (ato®

~using triq on given veo S ol = chS(%“) )
, tinally for ‘ton': © -0
tan = — tan (fa) = b/q ysink

veosSK
tan (L)= Ltanax
> 1 ~tan (x| .—%tan«

but because ue need a. numerical value -need to replace ‘toned’ - hint ¢o use
tan dowble angle formula : tan20 = 2tand . laa(,édh%{‘“""‘

1-¢an'
let t:t—m%
£ = e 2+
9 (l-e‘)
=) = &k_ = = §-
d q(1-t*) RN
x Ct=t2)——xli-t2)
u-t2)= £

=) t2= 'lq so t= i"/3
{-an% =t}

but ocaxe™s
> ¢on % :'/5 as required

Lb) follouing formula for K.E -
- |
K.Ei - ; m
...b“t fO( k.E{‘use dias,o"‘:

</

2
need smlxl

2

- 4 ¥1 L _T
K-E{.- 2M(J +|8I )

need to replace algebraic expressions
with numbers - con find tene

$rom (a)

P 6 6 5 0 7 A0 2 6 2 8



Question 7 continued

= %[-al\d\ y

=) tana = 3/y

...using .
costd = ( )z & '6/23'

sSinte = ( )t = Y5
..-Swbbing back int0 K. € 2

Wt = g ml[ () EA ()

=gm ( Lvie z'—fg"l)

L\ R 3
=) K. = E"‘(%;V")= ;'-;’mvz

sO (f W.E; = émvl
KE{ = E‘Mvz
90
then K'Elosi :K.Fi - K.E¢

- 3% 2. !

- = MV - MV
90 2

~ l} mv)'
90

l

Jhich as a % chanqe-
I_?,mv"
3|°— 1X|oo =2¢€.%8. -
1 =28.9% (3s.§)

27
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7

Question 7 continued

(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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