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Elastic Collisions

Date:

Time:

Total marks available:

Total marks achieved:

Mark Scheme

Q1.



Q2.

Question Scheme Marks
Number
(a)
C\ B .:>
) _ _ _
u' »- L ——
Vo — We—
Momentum: u=u" +v M1 Al
NEL: v-u =¢u M1 Al
2 5 5
W=u(l + =), v=—ux>=n DM1 Al
3 3 6
w=u—v=— Al
3]
(7)
I | 25 5, 1 1 ,}) .
b KElost= —mu"—| —mXx—u"+—mx—u" their speeds M1
®) > |..~2 36 2 36 pee
1 g el 26 ,
—Emu —I‘meEu A2 - lee
=1 2 §=i : AG Al
2 35 36
(4
1(1 (SYY5) 15«5 25 M1 Al
Speedof C= —| | = |1 2 |=2. 2.2 o
(c) peed o 2|2“|3|||3| 76 3° jﬁu DM1 Al
@)

15




Question
Number Scheme Marks Notes
" N _ M1 CLM. Need all terms. Condone sign slips.
(@) At i Al Correct but check their directions for v & vs.
M1 Impact law. Must be used the right way round, but condone sign
oM s slips.
Ao T Al Directions of vi & v» must be consistent between the two
equations. (Ignore the diagram if necessary)
; Eliminate v; to produce an equation in vz only. Dependent on
L = v, o bath previous M marks — must be using both equations.
7 Al DO NOT accept the negative. The question asks for speed.
(6)
M1 Use the work from (a) or restart to find vy or v for a constant 2.
2u(l—Ge) If using work from (a) this mark is dependent on the first 2 M
(b) i 7 marks.
Al a.e.f. Correct for their direction. Allow for Ay
DM1 An appropriate inequality for their v; (seen or implied) — requires
previous M1 scored.
el e>— Work on 1=0 scores M0 until the inequality is formed.
Al Accept % Answer must follow from correct work for v,
i <e=
g )% Bl For (their value) = ¢ =1
SR: from v =0 could score M1AOB1
(5)11
Q3.
uestion :
< Scheme Marks
Number
—» 4y —*= 0
m O O 3m
v +— E—
dmu = 3mx —mv M1 Al
due=x+v M1 Al
du=3 [4:13— v)-v
4u=12ue—4v
v=(3e-1)u DM1 Al
v>0=3e>1 DMI1
ne>l wx Al
(8)
8




Q4.



Question

Nrepti: Scheme Marks
(a) Before : Correct use of NEL M1*
v—x=e(2u+u) oe. | Al
CLM (—): 3m(2u) + 2m({-u) = Sm{x) +2m(y) (= 4u=3x+2y) B1
Hence x=v—3eu, du=3(y-3eu)+2y, (u(9e+4)=5y ) d*M1
Hence, speed of Q0 = %(Qe +4)u  AG M cso
()
(b) | x=y—3eu :%(99+ Du —3eu M1*
1 2u
Hence, speed P =—(4—06e)u =—(2—-3e) o.e. Al
5 5
1 2
xzauz?H(Z—_?e}:‘,’ Su=8u—12eu,=12e=3 & solve for e d*M1
gives, e=3 = e=1 AG A
(4)
Or  (b) | Using NEL correctly with given speeds of P and Q M1
3eu= 1(9e+4)u-lu Al
Jeu= feu+fu—Ju. 3de-fe=%4-1 & solve for e dmi
le=i=e=-g =2 e=1} Al
)
(c) Time taken by O from A4 to the wall =— —{ } mit
¥
Distance moved by P in this time = ¥ i = EI{ —C” g Al
2"y “alsu) "5
Distance of P from wall = d — x[EJ —d-2d-2d AG i;m;
¥ = CS0
(4)
or (c) | Ratio speed P:speed Q = x: =£u'1(2+4}y—lu'£u =2:5 M1t
3 . hTa e 2 4 ’
So if O moves a distance 4, P will move a distance %d Al
Distance of P from wall =d - 2d:=3d AG cso d™1; At
(4)
Question
ks Scheme Marks
(d) | After collision with wall, speed O = 1y = 4(%)- tu their y Bift
- X .
Time for P, T, -}u Time for Q. T, = ;}_u from their y Bift
Hence T, =T, = fgu e M1
gives, 2(-x)=4x = ¥ —x=2x, Ix=¥ = x=1d Al cao
(4)
or (d) | After collision with wall, speed O = y = —;(%)= }u their y B1ft
speed P = x = lu, speed P: new speed Q@ =1u:lu = 2:1 from theiry Bift
1 3d d 1
Distance of B from wall= —x—:=— their —— M1; A1
3 3 5 2+1
(4)
" or (d) | After collision with wall, speed @ = 1y = -51(%)= iu their y Bift
Combined speed of Pand Q = Eu + %u = %u
3d
Time from wall to 2™ collision = % =3 t_dd from their Bift
4
Distance of B from wall = (their speed)x(their time)= EX :—d :=1d Lt
. i
(4)
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Q5.

Su  15u 15u

QumasEion Scheme Marks
Number
—>u y —
3m O A m O B CEE
B —TC
(a)
(1) | Con. of Mom: 3miu —mu = 3mv + mw
2u=3v+w (1) M1# A1
N.L.R: Hu+u)=w-v M1# A1
H=wW-—Vv (2)
(1)-(2) =4y DM1#
v=1u Al
(ii) In (2} = W—%H
w=3u Al (7)
(b) | B to wall: NL.R: Suxs=V M1
V=1u Alft (2)
(c)
— 1y lu4+—
4 () (OB
: 5 16a
B to wall: time =4a+—u =— Bift
Su
. 1 16 4
Dist. Travelled by 4 = —ux— o Bift
4 S5u 5
1 1
In ¢ secs, A travels—ur . B travels ?m‘
11
RTY : : _=ukf—ut . B
Collide when speed of approach =2 4" . distance to cover = M1S
4
iz - gﬂ
da—%a 16a 4 6da
o = K—=— DM15 A1
Tu 5 3u 15u
y l16a 64a 112a
Total time = + = Al (6)

15
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Question
e Scheme Marks
(a)
IOBEROIENG
i v
0 —
Conservation of momentum: 4mu — 3mv = 3mkv M1A1
3
Impact law: kbv="(u+v
P 4 ( ] M1A1
- 3
Eliminate k: dmu —3mv =3m % Z(H +v) DM1
# =3v (Answer given) Al
(6)
(b) 3
kv =E(3'-.=+1-'j| k=3 M1,A1
(2)
(€) | Impact law: (kv+2v)e=ve—vz; (Sve=v,—vy) B1
Conservation of momentum : 3xkv—1x2v=3vy,+v_ (Tv=3vz+v ) B1
Elinunate v - vy = 1(? — 5e) > 0 hence no further collision with 4. M1 A1
i (4)
[12]
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Q Scheme Marks
o 1 0 It rhe.aigﬂs on tllei.rl diagralm and in rh;ir
@) A e B working are inconsistent, ignore the diagram.
a TBE . E 2
m 3m Penalise inconsistency between the two
v+ — W equations in the second accuracy mark.

mu = —n + 3mw
u=—v+3Iw
e =WwW+VvV

u
w=—(l+e)

4

u
= =0 = = — 3 —1
1 W+ eu 4{ e—1)

(b)
—»4(1+e) 0
B e O
3m Am
Y — X

Imw=4mX —-3mY¥Y

2¢' —4e+1>0
_4+416-8

288 — 45 +1 <0 for

3 1

-

1 2 50 no second
collision.

lew=X+Y
7Y =W(8e—3)
3
Or 2ue(l+e)— I (1+e)=7Y
3
—rﬂ':hﬁa 2
Y=0D= Eﬁt E‘ﬂE

© j—;(ue){sg—s):.&(ae—l)

e=———=1707, 0.293
4

M1

Al

M1

Al

DM1
Al
Al

M1
Alft
Bilft

DM1

Al
Al

M1

DM1

Al

CLM. Allow for v in either direction. Needs all

3 terms. Condone sign errors.

v in either direction. Ignore diagram if
equations "correct” but inconsistent with
diagram.

Impact law. Must be the right way round. but
condone sign errors

Correct equation. Signs consistent with CLM
equn.

Solve for v or w.
One correct

Both correct. 1—3¢#= A(Q forv

If the signs on their diagram and 1n their
working are inconsistent, ignore the diagram.
Penalise inconsistency between the two
equations in the B mark.

CLM for their w.
Correct unsimplified (their w)
Impact law. Must be the right way up. Their w

Solve for (7)Y

NB No longer ft. Condone <.

For a second collision their Y= their v

Obtain the critical values

i
Compare 0.293 (o.e.) with & to reach correct

conclusion for correct reason.

Q8.




%ﬂenfgg? Scheme Marks Notes
* 3u u ¥
2m F 3 o
x >
(@) Gtz — 3mu = 3y — 2mx M1 CLMNeeds all the terms.
Condone sign errors
3y—2x=3u Al Correct equation
due=x+y M1 Ifnpa-:t law. Must be used the
right way round.
Correct equation. Signs with x_ v
Al must be consistent with the
CLM equation.
DMI1 Dependent on the two preceding
'L'=E[8€+3J = M marks
To5 Al Obtain the given result correctly
(6)
This 15 a given result — the candidate needs to show sufficient working to support the answer.
Use one of their equations from
=4 — ¥V
(b) ey Ml (a) and Lthe given v to find x.
- equiv +
xzéulzlﬂe—ge—}]:%ulzﬂre—l] Al Any equivalent form. Accept &
Use x = 0 to solve find values of
xx0=e>— M1 e. The mequality must match
] their x.
1
el ’;;i Need both limits.
1 3u u Tu 3u
(c) E‘:E xz? }=§[4+3]=? Bl Allow x——?
f 17 .
T:lxlmxgu:+lx3mul - =..lmu i M1 KE before or KE after. in terms
2 2 L 2 ) of u
1 9’ 1 4947 [ 165mu’ ) Second KE in terms of x and use
P—— 2 I _ —
=g 7 9m s 5750 ) | M |tofmdk
1 ,.9 1 49
P A Mt i WS - I R P Or equivalent. 0314 or bett
= — = |=5= r equivalent. 0. or better
l><2><E?|+l><?r | 5002) 35 )
2 2
[14]
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Question

Scheme Marks
Number
du :: Ju
7N TN
[ »p :| [ o |
a \\ __.__/.Ill . . A
> w
R
—
X
A — im0 = v 4 oW M1 Equation for CLM. Requires all
4 terms. Condone sign errors.
Condone m missing throughout.
Al
Impact law. e must be used
w—v=0eu M1 P . )
correctly. Condone sign errors
Signs should be consistent with
Al = -
equation for CLM.
v+w=2u .
Solve for w. Dependent on the
w—v=0eu 2w=2u+0eu. DM1 . P
- two previous M marks.
(w=u+3eu)
. . M1 Use inequality to compare their
For Q and R to collide require w > 3u. neq ‘ P
w with 3u.
) ) ,
u+3eu>3u. e>— Al Reach *Given answer* with no
3 Fa

SITOrs se€1l.




o alt Collision between Q and R = w > 3u M1
Magnitude of impulse on Q > 5mu
Magnitude of impulse on P > 5mu Al
= V< —u M1
w—v Impact law
e=—"" M1 P
dae + 2u
Speed of separation after collision
M1
> 1+ 3uU
du
er>——— Al
4w+ 2u
2 Reach given inequality with no
e>— Al R
3 SITOIS SEen.
13 5 . L
b W=1u+3eu= TH. v= _ZH Bl Correct values seen or implied.
W+ 3 = mx + my Equauon} tor CLM gnd impact.
3 M1 Allow with w or their w. All
—(w-3u)=y—x terms required. Condone sign
4 errors. e must be used correctly.
Al Correct equations i w or their
) w.
25 3u
—u=x+y, —=y-—x
Dependent on the previous M1
! Need to get far enough to give a
Solve for x (or kx ) DM1 E = =
convinecing concluding
argument.
97 , Correct expression for bx
—u=2x,
16
- Al
9Tu
x="—(=3.03125u)
32
P and @ moving away from each Al Reach given conclusion with no
other. so no collision. ) EITOrS Seen.
[6]
(13)
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Question

Number Scheme Marks
(a)
Ju 2u

E— —_—

|{:h;:\, :/_;rm\|

AN RN

—» —

x v=4deu

LM 12mm + G = dnoe +12men —rTB1
NEL deu—x=eu | [ M1 Al
Eliminating x to obtain equation in e DM1
Leading to e =§ * cso | Al cso (3)
9 . .
(B) x=3eu or 1:{ or 4.5u — 3eu seen or implied | Bl
) 1 1 21 (9 "',: 1 32 -
Lossin KE = —4m(3u) +=3m(2u) ——4m| —u | —3m(3u) M1 Alft
2 2 2 14 ) 2
T B S B 1752
=24dmu —23—mu" = gmu' =037mu Al (4
(9 marks)

Q11.




Qluestion

Number Scheme Marks
(a) 2u i
— —
N 7
| 2Zm | | 3m |
N N/
B I
X ¥
LM dmu + 3mu = 2mx + 3my MI Al
NEL y—x=1u Bl
Solving to :%H * CsS0 M1 Al (5
(b) X =%u or equivalent | Bl
Energy loss 1x Zm{{_?uf _(%sz )+%>< Em(u: —[ﬁuf ) M1 A(21.0)
=%mu1 Al (5)
() Lu
—
."/‘_-l\'l f/.-_-\\.
|t 3 .l | .II
N "/
— —
5 r
LM %mu =3ms +mi M1 Al
NEL r—s=%eu Bl
Solving to s =%u[3—e] MI1 Al
For a further collision %u ::>%u[3—ej M1
1 S
e }? 1gnore € =1 Al )
[17]
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Q Scheme Marks Motes
3u
o
N s (00
a | A(2m) - | BU"’]' ¢
4 \\,_ _’__/
% v ﬁ‘" W
W
M1 Requires all 3 terms.
CLM: 6mme =2mv + 3mnw Must be dimensionally correct.
Condone sign error(s)
(ﬁu = 2._._,_3“-] Al This equation defines their directions
3 g M1 Must be used with e on the correct side
Impact: w—v==>x3u| =—u
4 4
Al Penalise inconsistent directions here
. DM1 Solve simultaneous equations for v or w
b= 2w - TR 3w Dependent on the 2 previous M marks
21 Al One correct
W="—u =vg
10
21 9 3 3 Al Both correct
vEW-——u=| —== U=——u_ vy-—
10 4 20 20
(7)
21 MI(B1) their w
h Speed of B after hitting wall = 0 e : e Helr
27 21 21 Ml fﬂr [heit’ W.
Impulse == mu = jm[—u += z.-eJ Must be trying to use the correct
4 1010 equation with 3m.
9 21 1 Al
1Tl =g 3)
2? 3u Use impulse to find I, Must be trying to
balt | Impulse = i Jm[— utl ] { ] MI(B1) | | e the correct equation with 3m.
21 3 "= irw
_?fe:jq M V'=egx theirw .
10 20
_ 1 Al
14 (3)
Speed of B after second impact = Blift Compare two relevant speeds.
€ 1 21 3
T "_;D (ft on their I or their e x their w)
Same velocity (and 4 has a head start), sono | Bl From correct work only
collision. (2)
[12]
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Question

Humber Scheme Marks
a M1A1
@) KE lost: %XmX36—%><m><v2=64
Restitution: v= 1/3x6=2 AL
) 1 1 D1
Substitute and solve for m: E 36— ;x mxd=04=16m
) } Al
m=4 answer given
(6)
{b} Ims 2m's
S, " D
[/27\ | {;D‘
i el
v w
Conservation of momentum: 6—8=4w—-2v thewr "2" M1A1ft
Restitution: v+w=%(2 + 3) their "2" M1ATfE
5
V=——w
3
5 10 D1
Solve forw: —2=4w-— Z(E—W) =ﬁw—?
Al
— = 6w
(w=4/18=2/9ms)
w> 0 = will collide with the wall again Al
(7)
[13]
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Quesnou Scheme Marks Notes
Number
a CLM: 2mu = 2mv+3mw M1 All three terms required, but condone sign errors
Al
Impact: w—v =eu M1 Condone sign error, but must be subtracting and e
must be used correctly.
Al Penalise inconsistent signs here.
Subst v=1w—eu: 2u=2 w—en +3w=>35w-2eu DM1 Solve for w. Requires the two preceding M marks
2 . Al
w= ] l+e u *Answer Given*
(6)
b Tu Bl Seen, or implied by correct speeds.
w=—
10
3w MI1A1l | Bothneeded
CLM: 3mw=3mx+4my and Impact: y—x= T
3 DM1 Solve for x or y. Dependent on the preceding M
Subst: 3w=3x+4| x+=-w ik
4
x=0, Al
3 21
=—w=—u 0.525u,
% 40 - '
(6
c _ Bl Correct velocity of P
"0
- . u 2w 23u M1 Correct use of their values and substitute for e.
Speed of separation= —+—=—"— P o L3 lch sefully
20 40 40 1eck directions carefully
Al 0.575u
(3)
[15]
Q15.
Questmn Scheme Marks Notes
Number
@ 2mu = 2mv, +mv, M C:LM. INeeds all 3 terms of corrwet form but condone
- sign slips
Al Correct equation
%mu: = —Jlnn'P: +l3mv93 M1 KE after impact. 3 terms of correct form
Al Correct equation
31»-91 —duv, + w' =0 or 12v,” —16uv, +5u” =0 M1 Use CLM equation to form quadratic in v or vg
Al Correct equation
Vo =%,V = * oory, o =WV, =% DM1 Solve for a value of Vg Dependent on the previous M1.
Al A v,,vppair correct or two correct values for v,
Select solution from a choice of two.
v, =u /
o Ll Dependent on all 4 M marks.
cevnns SICE ¥, > Vi Al Correct justification
(19
=t Vo—Vp Impact law. Must be used correctly. Condone e Follow
(b) S " B B 5 M1 their speeds from (a).
Al fi Correct for their speeds
1
== Al
2
3
[13]




Qle6.

Question Scheme Marks Notes
Number
2 2
(a) Speed after impact = éu Bl Allow for velocity = u
Impulse = change in momentum = Need to consider momentum
{ 2 AT M1 before and after the collision and
m the:tr —m. ( :IJ“ Emu} vse change of direction.
g
1=2 Al cs0
3 (3)
(h) Speed after second collision = elu= %u Bl Allow negative
Total time taken — Use of time = diitanse to find the
1.2, 1(.1,3,9) Ml NPT
el T SO R T TR | total time in terms of u. (At least
u o eu e u'k w u du) one term dealt with correctly)
A2 -1 each error
Ratio of times for the three sections is M1
Alt for 1 3 B
MI1A2 3 -1 7 A2 Or equivalent. -1 each error
4 9 2% 9z DM1 | Use total time = 3 and solve for u
—+4——4;=3, u=1—; o.e Al Accept 2.08 and 2.1 (or better)
u  du 2
©
[]

SC The candidate who only considers
the first return to O can score the first M1

in (b} for l —i—i giving 1/6 marks
U eu

Q17.




Question Scheme Marks
Number
E u
Y N
mh__/ \_J 5m
v w
CLM:  mv+5mw = mu
(a) NLI wW— Vv = éu g}
Solvev: v = (1 - 5e)u. so speed = l[ Se—1)u (NB—answer given on paper)
6 M1* Al
Solvew: w = 1(1+eu
* The M’s are dependent on having equations (not necessarily correct) for CLM and | M1* A1
NLI (6)
®) After B hits C, veloctty of B = “v"= +(1-5.4)u=—Yu M1 Al
velocity = 0 = change of direction = B luts 4 Al {:5?3)
© velocity of C after = Fu Bl
When B luts 4. " = %, so velocity of B after =—%2(— ‘o) = Llu Bl
M1
Travelling in the same direction but L+ < 4 = no second collision Al1CSO
)

Q1l8.

Two equations
B1 TImpact equation
M1 Attempt to elinunate w

positive with reference to e>1/5.
Answer given so watch out for fudges.
M1 Attempt to elinunate v

Al correct expression for w

can obtain v in terms of w
S y
Al (+)u2 (v= —%)
Al CS0 Justify direction (and correct conclusion)

3u
. 1 5
Bl speed of B after second collision (:)zu or (i)Ew

collision.
Al CS0. Correct conclusion .

Bl Conservation of momentum — signs consistent with thewr diagram/between the

Al cormect expression for v. Q asks for speed so final answer must be verified

M1 Substitute for e i speed or velocity of P to obtain v in terms of . Alternatively.

Bl speed of C =value of w= {:)E {Must be referred to 1n (c) to score the B1.)

M1 Comparing their speed of B after 2 collision with their speed of C after first




—

2m m

e — —
v v,

CLM: 4mu —mu = 2mv, + mv,

re. 3u=2v +w

NIL: 3en =—v, +v,

v =u(l-e)

v, =u(l+2e)

M1 Al

M1 Al

DM1 A1

Al

[71
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Scheme Marks MNotes
p !_\ ,-’_3--'\ % Su
| [ |
a \ J".‘i. ,f. I\_:h':i,
v —
T -
Impact with wall: v= i:.: Si=3u Bl or —3u
2
Impulse =hm(3u—(-5u)) M1 MO 1f clearly wsing #ov+pui . otherwise bod
Magmitude 32mu (Ns) Al
(3
M1 Need all 4 terms. Condone sign errors.
x- = 1 g . =
b CLM: 3mx + 4w = 4« 3u Use of 5 is MO
Alft follow therr 3u
Impact: x—w=ex3u M1 Used the right way round. Use of 5u 1s MO
Alfr follow their 3u
signs consistent with CLM equation
3m [: W+ 3eu :l + 4w = Tmw+9emu =12mu
Tw=1(12—9¢) DM Solve for w or fw.
B ’ Dependent on two preceding M marks
Use of e <1 1in their w: Tw = 3 M1 Condone use of =
Hence w> 0 and 4 and B are moving in the Al Complete argument leading to  *given
same direction (7) | answer*
KE of B before collision
€ = éx dm | 3u :]2 |:= 18mu” | Bl follow their 3u. seen or implied
1 (u .. o1 2 ] PR | :
= —xd4m| —(12-9¢) | =1| —xd4mx S’ | M1 Follow their w. J o0 the right side.
4(12-9¢) =40x0_ (4-3¢) = ? At Correet equation 1a m. 1 and e
oL Al
6 )
KE of B before collision follow therr 3u
i 1 P w2 f %
calt =—udmx(3u) (=18mu" | Bl
1, 1.1 . [ 1 ) 1 - -
= Zdpnw? == x—x4m(3u) w=—x3u | | M1 — on the right side.
2 42 . 4
3. L1 Correct equation 1 m. 1 and e from correct
j-_.l- 4-3e)= EX 3 Al work only
1 Al 0.17 or better from correct work only
g=— .
6 &)

[14]
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