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Year 2 Vector Impulse and Momentum - kinetic energy

Answer ALL questions. Write your answers in the spaces provided.

Unless otherwise indicated, whenever a numerical value of g is required, take g = 9.8 ms™ and give your
answer to either 2 significant figures or 3 significant figures.

1. A particle P of mass 0.5 kg is moving with velocity (4i + j)ms™' when it receives an
impulse (2i — j)N's.

Show that the kinetic energy gained by P as a result of the impulse is 12J.

the quined. canbe calculated using final~

.let's use the vector version of the Impulse-momentum fomqla.-.;[=m(!-\,t)
to qet !lﬂef -Fl( st: Impulse szs 4%"“\\’\’,}‘,’;'&&1
()
-‘ -

o (ns) (kg v(ﬂztill)" (ms™))
()

expand the brackets
(4)-0s(¥2)

x2 By - x2
(-qz) § (B—I

equate vector components

i N E
oa-Y4 =4 -2zh -|
=)a.=8 =) b:—l
e (e

Lnow can work out the gningd:

formula. - final =

= %m (Vt- 2.)

L formula requires vectors to be scalars
hence Pythagorise:

v={3)
| I=J( V() Ivl = J(2)2+(-1)*
= = [¢5

subbing scalars into the formula
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Question 1 continued

5 (- )(des)- (1))
=4 (65-1%)
= 4 (48)= 127 s required

(Total for Question 1 is 6 marks)
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Year 1 Work, Energy, Power - work-energy principle, friction, evaluating models

2. A parcel of mass 5kg is projected with speed 8 ms™! up a line of greatest slope of a fixed
rough inclined ramp.

The ramp is inclined at angle a to the horizontal, where sin a = 7

The parcel is projected from the point 4 on the ramp and comes to instantaneous rest at
the point B on the ramp, where 4B = 14m.

The coefficient of friction between the parcel and the ramp is u.
In a model of the parcel’s motion, the parcel is treated as a particle.

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

(b) Suggest one way in which the model could be refined to make it more realistic.

(dYet's llustrate the above information diaqgrammatically-best to draw two
diagrams -one for and one for after the particle travels a distance
AB=1%m up the plane, labelling the

\ _ _AFTER __ ero po{;en{i:ll
¥ energy leve
- KN GPE=0

abut since the parcel is
going up an inclined plane ue need the
perp-distance of I4m
bhence constructing a suitable trigtriangle

\‘Z‘“ Ih ) h=4sinat
ond. given that
S h= l""( ) =

formula: - N,L R"’ "::\:,‘,t?*
friction, T :T?;::::;E\'
but need t0 resolve to get this resultant fore

l-:d.mui:g appropriate force diagram

A )

S -
3 l R =54
33
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and we can get coSol from cina-'/3 using
the iriq identity: sic*a+cos’tz1 rearranged
identiby: sia’-oLH.oszo(El
=) 0S¥ = ,-Sin‘oﬁl
=1-(Y3)
= 48
+9
~ 05 = (48 = 4J3
=4

Subbing it into our R
R= 5q(4J3
9( 4)

= 2003
9.
=) Fr = 208
3
..-Subbing above wnto our uolk-energy principle jthis means total before
= total after
sub a.bwe into the uork-energy principle : includes dissipative forces)
c inst
u-d;.in.“u F * |!'|II'M-|+ Et;'f‘ S.B{.L'; * t-'hlih: E‘;:;:“Ef* ”.d- :?l-:ii:’\
a MO el Wl sy W Al
T;’.'T'u:'l' ¥ lh_x',l =dmyis + x4+ Frxd
22 22

uant to selve for!
L(5)(®)"+ O+0 =0 + S(q(2) + K205 g
expand above \
160 =109 +40f3q
solve for ™'

4oJ3qm =62
=y ms 62

—

4034

=0.0913lI...
=0.091(3sf)



Question 2 continued

(b) looking back at :

shouldn't be modelled as o ~air resistance
could be taken alcount of

- take into account dimensions/uniformity of the

(Total for Question 2 is 6 marks)
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Year 1 Elastic Collisions in 1D - successive collisions with fixed surfaces, distance problems

3. A particle of mass mkg lies on a smooth horizontal surface.

Tnitially the particle is at rest at a point O between two fixed parallel vertical walls.
The point O is equidistant from the two walls and the walls are 4 m apart:

At time ¢ = 0 the particle is projected from O with speed ums™' in a direction
perpendicular to the walls.

. o ) .3
The coefficient of restitution between the particle and each wall is 7

The magnitude of the impulse on the particle due to the first impact with a wall is
AmuNs.

(a) Find the value of /.
The particle returns to O, having bounced off each wall once, at time # = 7 seconds.

(b) Find the value of u.

(a) illustrating the diagrammatically:
label the respective speeds, direction of impulse

&>
V= — |e— trom NEL rearranged :
AFTEK . T+ formula: @< y\l-.
solve for ‘v*
nou that ue hove the and the velocity after,ue

can work out the impulse :
jomaa:  Lzm(v-u) S
sub into above -
I (3/q“—"'( ))
m(*yn) = 3muw (V)

A=ty

(b) notice we're dealing uith successive collisions in 1D -specifically O1STANCE-
question
L let's break the ball's journey into 3 and because qiven tafo
on l:ime.‘ Qvaluate <peed= M" at each
time
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Question 3 continued

e
i ® from O to uall 1 CattA
- el A L. ;
-8 w —
) > wm | speed=u
B ‘ \
e (o) /| distance=2
g time= distance
£ Speed
o wall2 A yuall 4
o
R @ yall 1+t¢o wall 2 %‘l
| speed= 3y

distance =4
time =1 =46
Sy 3u
vall 2 back to 0 wall2 < I
(©) 2 q,q)=g“‘ uall
from. NEL rea 4'2'—3"‘—‘-4 q
( fram .
fD’M\Ala e ”eed = .=_6-u
ﬁvl_‘tﬁ,fii_m«md
time = - -
Yer @

now finally can use the fact that the

total journey time 1S }s-hence summing the times

grom each <¢ linn

SRR AR AN

Med"” wd T 3a qu
A it

getting common denominator :

‘l(_z_)li(ﬁ'"n 3}

9®
\

P LV
Collect like terms and solve fof "

(Total for Question 3 is 8 marks)

R

Pearson Edexcel Level 3 Advanced GCE in Mathematics
Sample Assessment Materials - Issue 1 - June 2017 © Pearson Education Limited 2017



Year 2 Oblique collisions - successive collisions with fixed surfaces,
kinetic energy, evaluating models

Figure 1

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

The floor and the walls are modelled as smooth.

A ball is projected along the floor towards AB with speed ums™ on a path at an angle of
60° to AB. The ball hits AB and then hits BC.

The ball is modelled as a particle.

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

The coefficient of restitution between the ball and wall BC is %

5

(a) Show that, using this model, the final kinetic energy of the ball is 35% of the initial
kinetic energy of the ball.

(b) In reality the floor and the walls may not be smooth. What effect will the model have
had on the calculation of the percentage of kinetic energy remaining?

(a) notice ue're dealing uwith a successive oblique collisions(uith fixed surfaces)
question -need o uork out our final velocity ‘W' first in order to then
..first concentrating on betueen the
ball and the

alumjs acts

e vsin® to the fixed suface - NEL reasranqed
applies y
veosd formula: @S{F =) Ve
228 Pearson Edexcel Level 3 Advanced GCE in Mathematics
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Question 4 continued =) vsinb=
hence using $in€0°=J3/,

=) s

Ao impulse acting porallel to
the fixed surface - no change

vcoso =
hence using 0s60°='/y

=) =

..-hence populating this oato our diagram:

o

...next looking at the -the One betueen the ball and

qsiax

acts to the {ixed
u\ ucoSK

surface - using NEL rearranged
v

v formula : e
S)vseH
(5)

=) <

n

Lno Impulse . no impact
=) =

..1et's populate this onto our diagram:

D ()

Pearson Edexcel Level 3 Advanced GCE in Mathematics 229
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Question 4 continued

now that ue've qot the and
enough information to work out the
tuo

mv‘

NIi-

formula -

wi=
)

3 1
- Qs @ fraction of the Lo™*

mu®

|
2

components of uU,we have

and after the

(b) °/ will be smaller asmore of the energy will be lost to friction

230 Pearson Edexcel Level 3 Advanced GCE in Mathematics
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Question 4 continued

(Total for Question 4 is 9 marks)
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Year 1 Work, energy, powe: - inclined siopes, variable resistance

5. A car of mass 600kg is moving along a straight horizontal road.

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 + 2v)N.

The engine of the car is working at a constant rate of 12kW.

(a) Find the acceleration of the car at the instant when v = 20

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

1
here sin 0 = —
wnere sin 14

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 + 2v)N.

The engine is again working at a constant rate of 12kW.
At the instant when the car has speed wms™, the car is decelerating at 0.05ms 2.

(b) Find the value of w.

(@) itlustrating the above information diagrammatically-label the respective speeds,

variable resistance and the rearranged
Sub in V=20ms ! formula: P:f\{-)VE,LOC';r‘r\
- FORCE “Qm
.~ 200+ 2120) Poda&%sm Howtons
= 240N aE:=Lr
v
..where:

convert
to Watks
X 1000

and v=20

NOTE +this could've been a separate line of woiking b\;{
muchmore time effiGent inthe exam to label steaigh
onto dieqlfam

- / = 600N {\'ndim] implies ue've

— 7

F= . :
24ONe— M 20 qot & dynamics problem ~using
Newton's second law and u~¢$olvingl
s hotizontally
formula : F= ma
. "“ﬁ?,.:
e 600-240 = 4 :
=)600 .= 360
=600 +600
:) - -3_6’0 - ) -
600 T
232 Pearson Edexcel Level 3 Advanced GCE in Mathematics
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Question 5 continued

(b) now the car is moving up an inclined slope -hence drawing the relevant

diagram: label the variable resistance and rearcanged
SN~——~ N—"~N
14 here sub in formula - P=Fv
*« ‘ VAL
\ 2 Rk
u onvert totatts
@0*1 x 1000
and v=\
twin I;l\o.ldxis
& we are gqiven this time the
. 1 of the ‘l\ence treating it as another dynamics
200424 e— — '.%9" problem : applying ZF=ma (Neuton's Second Law)

R(=*): ‘l%‘l° = (260+2v) - z

at .
s:::o. +oof ue're givea that Jhence subbing

this® this into the above

12,000 =200-2v-600q =-30

expand. and collect like terms:

'l':—°°-czo-zu =-30

XW xW
2u*+590W-12,000=0

Solve the above quadratic
for ‘ud:
0¢ quadratic
formula:

= -590+ [(540)*- 4 (2)(-12,000)
2(2)
=) us ‘Sqotsq"'l"tllbo=|q.|oz.
Y or-31y.J0...
N =19.0ms™ (3s4)

(Total for Question 5 is 9 marks)
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Year 2 Oblique collisions between spheres - angle of deflection

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

A smooth uniform sphere 4 has mass 2m kg and another smooth uniform sphere B,
with the same radius as A4, has mass 3mkg.

The spheres are moving on a smooth horizontal plane when they collide obliquely.

Immediately before the collision the velocity of 4 is (3i + 3j)ms™! and the velocity of
Bis (=5i + 2j)ms™".

At the instant of collision, the line joining the centres of the spheres is parallel to i.
. o Yy
The coefficient of restitution between the spheres is A

(a) Find the velocity of B immediately after the collision.

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

(a)see now we have an obligue wollision betueen tuo gpheres question -let's
(Mustrate this diagramm atically

rCSolvE =4 @
AFTER X J
e

= impulse doesa't

¢ ack aloagq line
of centres -
no change

ond asked fOf the el
and components of V

.. :need to find 7y’
~¢tandard procedure as for elastic collisions
in 10 : PCLM and NEL

...first PCLM i.e total momentum before= total momentum
after
formula: MM +mou=m Vv +m_V.

234 Pearson Edexcel Level 3 Advanced GCE in Mathematics
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Question 6 continued
Subbing into above -
/(3) + 3 -S) =0 x+3my
=) 1&-}31 =-q

...next: NEL (Impact law):
Vg -V

{ormula - e <

subbing into above :

= yoX
-(¢9)

=) 'J-X.‘=2-

solve ) and. @ simultaneously - need+o solve for ‘4’ 5o
elimi nate ‘x'
2x 4 3y=-

j?.!.'l- 294z Y
e

Sy=-5
es—J—“+s
=) 3:-]

componeant
of Vo z=-|

S A =( )ms"

(b) there are tuo ways to find the for

WAY I:scalar dot product WAY 2: using triangles and trig

=)=~
:{-on"(_-}-‘) -ton™'

= 42°(2s.f)

formule: €050 :Iu_'_lv I
v
sul,bui‘ng into ;llibve

0S¢ = 2
JENHF@en0)?

expand and evaluate scalar
Product

q RYA
osO= fqr ) O=¢F |(-ﬁﬁ')

Pearson Edexcel Level 3 Advanced GCE in Mathematics 235
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Question 6 continued
g

-~ ‘H.GS?.Y... :595:

g3

- ° -3

=42° (25.4) =

o 15

m:

2

e
\_ J =
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Question 6 continued

(Total for Question 6 is 9 marks)
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Year 2 Elastic strings and springs - equilibrium and dynamic problems, max speed

7. A particle P of mass m is attached to one end of a light elastic string of natural length a
and modulus of elasticity 3mg.

The other end of the string is attached to a fixed point O on a ceiling.

The particle hangs freely in equilibrium at a distance d vertically below O.

4
(a) Show that d = 34

The point 4 is vertically below O such that'O4 = 2a.
The particle is held at rest at 4, then released and first comes to instantaneous rest at the point 5.

(b) Find, in terms of g, the acceleration of P immediately after it is released from rest.
(c¢) Find, in terms of g and a, the maximum speed attained by P as it moves from 4 to B.

(d) Find, in terms of a, the distance OB.

(a)noticing how the first part of the question refers to an equilibrium problem
— let's pirst drau o detailed diagrom:
° (;\-:im to ptove d.="/3¢l|’cl\e question is basically
= asking us 10 {ind the Siring's
...hence using the fact it's in equilibtium ..
forces wup =forces down
HR(T):T=
and subbing (ato our formule for elastic
Strings and springs:
formula: T= l}(“lmg focthis!
'}
7 =3mg

a
cancel mg's and Solve for

=X=

hence subbing into owr
d =0+

= Za asrequired

238 Pearson Edexcel Level 3 Advanced GCE in Mathematics
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Question 7 continued

(b)now that ue're asked for the ywe know we're dealing vith
@ DYNAMICS PROBLEM -illustrating this on a detailed diagram:

T—_: and using Newton's Second. Law tO find
!." d " ’\:lsoml\,g gﬂ‘: lqlnem{ con f"\
1&. {orm\Ala. tw‘ 2 F = u’a"gt;l*vg [
" RLLY: T - =
20.-¢ L.
3 but need the valwe of T,hence cqblomg iato our

formula for elastic Strings and springs
x(exuncloa‘m

formula: T=

2 &—natural
tength,m

T = 3mq(x) = 3mg

*®
now let's sub T into owr prev. equation
3mq -1/ q=A

cancel m's and solve for

=)=

(<) now we're asked to find the mox. speed of = as it moves from A to B-

knou that this happens at some point ,call it Q'ukcre the S A
equilibrium i.e =0
L but looking at pari (a), the is in equilibrium uhere d="3 e
hence subb ing this into the work-energy principle (.¢ total
=total
EFORE REACHING Q @
.Q‘W-I _y
d=2a= y
ta T 3 ® @
| 20 50-
ANVl TN - ___7ero potential level;
GPE=0
Pearson Edexcel Level 3 Advanced GCE in Mathematics 239
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Question 7 continued

sub a.bwve into the work-energy principle : includes dissipative forces)

, - PE + ud_qgumit
. + + EFE = + + C.PE;
y d-L. tn +kmqi H g.uul!’lhwl .gltJil'lc uﬁhk_ ravitadinaal Hn:lli. * "LE oA
Ala inibis L ,.:1:+m|;1“ Pa:ﬁ?:::E ereray P"_:‘“.*:"'L r!m:;‘
¥ v 222 #9042 & Frxd
21 2R

want to Solve for this*
w(V) 4 ohe 3Ima (5% a
& [ &
cancel m's and simplify:

3 =12 a9

+ 0 4+ 3mq

collect Like terms

(d) now ue're back to the diagram uhere we Only heve A and & - dlaums

it 0ut and subbing (nto our work-energy principle -i-e total b
=total
IF T
IT
d| |
d=20= B8
a+a + |
Adlod_ Vo4 qere
potential tevet;
¢PE=0

= E.PE_. . =G.P.E

08 4689
e 9’- ¢cx{enswt. ,“l;, qnv;ﬂll

€lengin
{ormula : = € haigh,
m
"1‘.“5,“:‘:,'
3Imq Y -
«
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Question 7 continued

expand and simplify

(Total for Question 7 is 14 marks)
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Year 1 Elastic Collisions in 1D - kinetic energy, sources of inequality, evaluating models

8. A particle P of mass 2m and a particle O of mass 5m are moving along the same straight
line on a smooth horizontal plane.

They are moving in opposite directions towards each other and collide directly.
Immediately before the collision the speed of P is 2u and the soeed of Q is u.
The direction of motion of Q is reversed by the collision.

The coefficient of restitution between P and Q is e.

(a) Find the range of possible values of e.

Given that e = 5

40mu?

(b) show that the kinetic energy lost in the collision is

(c) Without doing any further calculation, state how the amount of kinetic energy lost in

1
the collision would change if e > 3

() realising this is an elostic collisions in 1D question - illustrating the info
on o detailed diagram -label respective weights speeds before and after
ond

¢ > (:—)-+> ...ond 'l-°"Wt"\‘] the standard procedure for
elastic collisions in 4D questions:

...using pPCLM -means total momentum he

AFTER x, \j, =total momentum after:
4
NpTF:realisH«n, {ormv\laz M W+ MW= m V +M._ V.
:‘{lt\e":i:ﬁ:sﬁ qmﬂ B Subbing into above:
tet's jast medel it as 7 (: ) + S ( ) - /(X\ + S (ﬁ)
r(qwt to Gvoid -ves in
our wortking C"\(el mls Ond expdnd_
Ix + Sj =-U

.~.using NEL - impact law -
{ormu\\a:e___speed- of sepuration - V=V
S peed of approach -
subbing into absve.

= &-.-_(1 ) =) \g-erQu.

242 Pearson Edexcel Level 3 Advanced GCE in Mathematics
Sample Assessment Materials - Issue 1 - June 2017 © Pearson Education Limited 2017




Question 8 continued
Solvins and simu\{oneouslxj {o qet Y -elim. ‘x'

+.2X 1)C-|-S~1=‘u-

+ -1x+23 =6ew
Iys-u+beu
=¥
solve for '4"

j=§—(6e—l)

noW we need to ideatify a gource of inequality-the fact that the
motion of @ is reversed (uhich ue'd already accounted {or inthe

diagram) implies that v, 20
W
) }(Ge 1)

=) 6e-120
=) 6e2 |
- e '/6
and know 0@t | ~the upper bound of 2 would be |
LA
g Lo &
(b) to calculate the lost we wse = K.Crinal

..§irst let's calculate

; =4 VZ— locity ia
{ormula.: Ek a.W\\’ ve ms’"

20 (20 + L (Sm)(-u)?
=l'lmuz+-§-mu

= 13l
= —=mMmu
1"\
..next, final*

but for thiS need to calculate vV

heace solving  and  simultaneously (from park (al}-need
/%" so elim. ‘4’
SxO - -Sx +5yz=iSeu
T AX +Sy=-\U
-¥Ix=15eu-w

Pearson Edexcel Level 3 Advanced GCE in Mathematics
Sample Assessment Materials - Issue 1 - June 2017 © Pearson Education Limited 2017

243



Question 8 continued

solve for X
=3} <3

=-Y(1Ge+l)
9.

and now that ve've qot x and y ue can

sub in into both:
V. =251 +1) Vo= 4 -
= (1 =(604)-1)
- (30 u
2 ==

.-.Sulobinj into our formula O
_ 4 —Gu\2 g L u\
Fnal” s () —;) + Z( ) ;)

=36 w2 s

4q 48
T
m
- U .
Iost - ( |-+)m“
= 4O _ 2
— mu

(¢) if you increase o thea this means the collisidn is

(the

value of @ (s closer to 1) - less enerqy would be lost than what is calculated

in part (b)
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Question 8 continued

DONOTWRITEINTHISAREA |

(Total for Question 8 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS

A
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