Question 1

I(a) e=0.75
1(b)
A B
kg

Conservation of momentum
18x4 + 7x(-3) = 18v, + Tvp

Restitution
5
vg-vy=-—(-3-4
B - V4 7 ( )
181),4 + 7V3 =51
-Tvy+ Tvg =35
25vy4=16

V4= 064

vp=5.64

1(c) I=7[5.64-(-3)]

I=60.48 Ns

Mark Notes

Bl

M1 allow 1 sign error
Al all correct

Ml allow one sign error

Al all correct, any form
ml one variable eliminated
Al cao

Al cao

Ml oe ftv v

Al ftvy vs



Question 2

Perpendicular to line of centres, momentum of
A unchanged, so A has no component of
velocity, so A moves parallel to BA

Taking L to R as positive

NEL along line of centres:

VA —VB = e(v+vcos60”)
3v
[IA—V8=?
7 r R 5 °o_ %
PCLM IA-HB— v+ veos 60 3

Solve: V :%v (Va=“g"’) so speed of A

A

e 8 ;
1s 2" towards right

B1

M1

Al

M1
Al

Al

6]

Use of NEL. Allow sign errors.

St b speed of separation
speed of approach

Use of PCLM. Allow sign errors

NEL is Newton's experimental law

PCLM is Principle of conservation
of linear momentum




Que Stlon 8 solution Mark Notes
(@) | Use of Hooke’s Law M1
75 e A1
0-15
A=235 (N) A1 | cao
[3]
(b) | Using expression for EE or KE M1
R 35(0:09)* _ .
Energy at start, EE = D ( i 0 945) A1 | FT Aand x from (a)
Energy at end, KE = %(0 -Dv?  (=0-05v?) A1
Conservation of energy M1 | Used with EE and KE
0-05v2 =0-945
v=4-3 (ms')  (2sig.figs) A1 | cao
(5]

Total for Question 1




Question 4
=z
R
At maximum speed F = R (N2L with a = 0) M1 | Used
P
F=-— M1 Used, si
v
80 x 1000
2000 = ——
v=40 (ms™1) A1 cao
[3]
(b)
_0-8x80 x1000 "
N B1 |si
N2L M1 All forces, dim. correct

F and R opposing

F —R—mgsina =ma A1 Allow one error
1
F — 2000 — 1200g x 20" 1200a A1l FT candidates F
a=0-51 (ms %) A1 | cao
[5]
(c) | Any valid reason E1
eg. Resistance could vary with speed.
1]

Total for Question 4




Que Stlon 5 Solution Mark Notes

(a) | Conservation of momentum M1 | Allow 1 sign error
mu + 0 = my, + mvg A1 | All correct
Restitution M1 | Allow one sign error
vg — vy = —e(—u) A1 | All correct, any form

vy + Vg u

_VA + vB = eu

2vy, = (1-e)u m1 | One variable eliminated

v, = %(1 - e)u A1 | cao, oe
A1 cao, oe

[7]

vg = -(1+ e)u

(b) | LossinKE = %mu2 - %m [Gu)z + (iu)z] M1

1

:%muz (1_2) :%muz (]) A1 cao
[2]




(c)

Velocity of B after 2" collision = %(1 - e1) X %u

For no further collisions to occur,

Vel. of B after 2™ collision
> Vel. of A after 15t collision

1 3 |
R, g - > -
2(1 el)><4u_4u

3-3e1=2

[y

€ =7

W

Alternative solution

Vel. of B after 2" collision = %(1 - e1) X %u
Ife; < % then1- e; 2%

. 1 2 3 y §
Vel. of B after 2" collis > SXIXIUu=Ju="y,

Vel. of B after 2" collision
> Vel. of A after 15t collision

M1

M1

A1

[3]

(M1)

(M1)

FT (a)

FT (a)

Convincing

FT (a)

FT (a)

Convincing

Total for Question 7

12




Question 6

310 . o 1s angle of slope, f= CAB
Tcosff=mgsina MI | Resolvi llel to sl ’
g esolving paratiel o siope a=1626°, f=53.13-q=3687°
0.87 =(9)(9.8)(0.28) Al | Accept c0s36.9° etc
OR | Tsiny+Rcosax=mg M1 Resolving vertically and 7 1s between string and horizontal
Tcosy=Rsina horizontally y=53.13° (R is normal reaction)
0.87 +0.96R =9x9.8 _
Al Both equations correct
0.67 =0.28R
I'=3087 Al | Accept anything rounding to 31 Dep on MIAI (May be implied)
= W Bl | Correct equation linking T and 4
Modulus of elasticity 1s 37.73 N Bl | Working must lead to 37.73 to 4 sf
151
3 | (i) | (4) | Resultant force is 18 N (up the slope) Ml | Or 18+Tcosf-mgsina
Acceleration is 2ms ™ in direction AB TV o o il dueimindienes Just 2" implies MIAO
clearly on diagram
2]




Question Answer Marks Guidance
J | ()| (B . -2
) | (8 At B, tension 1s 113x(23-22) (=5.145) Bl
18+ Tysina-mgsina=ma M1 | Equation of motion At least two forces required for M1
18+5.145%0.28-9x9.8x0.28 =94 Al | FT for wrong tension
Acceleration is (.584ms™ in direction BA (3sf) | Al |CAO
4]
3| (iii) WD by force 1s 18x2.5 (=45) Bl
2
BEatAis Slo5S (y783)
gkl
2 BI | For either of these
EEatBis 2205 (=077175)
232
Change m PE 1s 9x9.8x0.7 (=61.74) Bl
Ml Equation involving KE and at least
two of WD, EE, PE
45+ 21T83=0T7175+61.74+ L O) g, (e i
2 must be non-zero and all signs correct
Speedis 151ms™  (3sf) Al | CAO Dependent on previous 5 marks

6]




QueStIOH 7 Solution Mark Notes
(a) | Conservation of momentum, M1 Used
muy,+0=mvy+mvp
m(—i+8j) +0=mQRi+j)+mvg A1
vg = (=3i+7j) (ms™) A1 | Convincing
[3]
™ S
(b) = u;
—3i =31
Restitution parallel to j M1 Used
v=-3(7)=-5 A1
=3l =5 A1 | Velocity parallel to the
3 cushion remains unchanged,
B1 |ie —3i
(c) | Impulse, I = change in momentum M1 Used
I =m(-3i - 5j) — m(-3i + 7j)
I =—12mj (Ns) A1
[I] = 12m Ns A1 Units must be included, cao

[3]




(d)

(i) r=p+vt
r=(xi+1-75j)+ (-3i—5)t

Let ket = 1+ 75i and compare j coefficients
togett=0-35 (s)

(i) Comparing i coefficients
x = 2.8 (m)

Alternative solution

. . . distance 1-75
(i) Parallel to y-axis, time = =

speed 5
=0-35 (s)
(i) Parallel to the x-axis, dist. = speed X time
=3x0-35
x =1-05+1.75

x = 2.8 (m)

M1
A1

M1
A1

[4]

(M1)

(A1)

(M1)
(A1)

([4])

Using t = 0 for instant of
impact with table cushion and
attempt at comparing both
coefficients must be made




