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Connected Particles Yr 1 (Sheet 2) Mark Scheme

Ql.
Question Scheme Marks AOs Notes
(a) Equation of motion for @ with

Equation of motion for O M1 | 3.3 | correct no. of terms, condone sign
errors.

0.62—T =0.6a a1 | L1 A correct equation

) o b

Equation of motion for @ with

Equation of motion for P M1 | 3.3 | correct no. of terms, condone sign
errors.

T —0.8a Al 1];,1 A correct equation
Given acceleration obtained

25 correctly.
a=42(ms™) * Al* | 77 | You must see an equation in a
a only before reaching

a=42
N.B. if they just use the whole
system equation:
0.6g=14a, can only score max
MIAIMOAODAD

N.B. Use of g=9.81 or 10 loses
(5 final A mark only.

N.B. Complete verification, using
both equations, can score full
marks.
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Complete method (they may use
M1 | 2.1 | more than one suvar equation) to
first and then use v=4.21, find time for Q to hit the floor

(b) D.4=%><4.2>< ¢, or eg they may findv

(MO if 0.4 not used as distance
moved and/or if 4.2 1s not used as
acceleration and this applies to
findine v as well 1f they use v to
find 1)

r=0436(4357.....) Allow 0.43, 0.44, 11 | See alternatives

0.436, or better, or any surd forme.g_ ].f-l A

Complete method to find speed of
‘ o © as 1t hits the floor
wSEIxg  Lon | wsy2xd2x(s o (MO if 0.4 not used as distance

0+, M1 | 3.4 | moved and/or if 4.2 is not used as
! acceleration and this applies to

(v=1.8330_.) finding 1, as well if they use 1, to

find v)

Uses distance/speed to find time for
15— 04 11 P to hit the pulley after O has hit
ty=—" M1 | the floor.

' N.B. Thus 1s independent of
previous M mark.

Complete method to solve the
Complete strategy to solve the problem by pa | 3-1 | problem by finding and adding the
finding the sum of the two times 1, +1, b | two required times, dependent on

previous three M marks

0.4=

1.0 (s) or 1.04 (s) ar | L1

(6)

(c) | &g rope being light; rope being mextensible; 35 Clear statement. Allow negatives of
pulley being smooth; pulley being small; Bl b these ie. the rope may not be light,
balls being particles the rope may not be inextensible etc
Must be a limitation of the model
stated 1n the question

Penalise incorrect or irrelevant

exiras

BO for: Air resistance, table bemng
smooth

(1)

(12 marks)
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Q2.
Question Scheme Marks | AOs
(a) (1) Equation of motion for P M1 33
T—2mg=2ma Al 1.1b
(11) Equation of motion for 0 M1 33
Smg—T =5ma Al 1.1b
N.B. (allow (-a) in both equations) (4)
(b) Solve equations for a or use whole system equation and solve for a M1 34
a=2 =43 Al | 1.1b
7
3 - 3 3g
v=.[2 Hf <h =f84h or =szg><n (= 8.4h) M1 | 1.1b
6gh
0= f’—ng Ml | LIb
3
H=2" Al | 11b
7
Total height =2h + h + H M1 21
24
Total height = —— Al | L1b
(7
(c) e.g. The distance that (J falls to the ground would not be exactly i1 oe Bl 3.5b
(1)
e.g. The accelerations of the balls would not have equal magnitude
(d) (allow “wouldn’t be the same’ oe) Bl 35a
BO if they say “mextensible == acceleration same’
(1)
(13 marks)
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Q3.
Question Schi Marks
Number e ol
(a) N2L A: Smg—-T = Smx%g M1 A1
15
T =ng * cso Al (3)
(b) N2L B: T—kmg:kmx%g M1 A1
k=3 Al (3)
(c) The tensions in the two parts of the string are the same B1 (1)
: ) o )
(d) Daistance of 4 above ground s, = ;ngxll' =0.18g (~1.764) M1 A1
Speed on reaching ground v= %g x1.2=03g (~294) M1 A1
o e o (03)°
For Bunder gravity (03g) =2gs, = s,= 5 g(~0.441) M1 A1
S=25+5,=3969~40 (m) Al (7)
[14]
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Q4.
Question Scheme Marks
Number
T 05g=05%a M1 Al
15— 70752 =0.75a M1 Al
(OR 15-05g—075g=1254)
— 2z
(@=22ms") M1 Al 6
I'=6N
Notes
First M1 for an equation of motion for either P or @ with usual rules 1 e. correct no. of
terms, dimensionally correct but condone sign errors
First Al for a correct equation (allow I replaced by — T and/or a replaced by —a)
Second M1 for another equation of motion (for either P or @ or whole system) with usual
rules as above
Second Al for a correct equation (allow I' consistently replaced by — I and/or
a consistently replaced by —a )
Third M1 for solving two THREE term equations of motion for T
Third Al for 6 (V). Must be positive but allow a change from — 6 to 6, if they have
consistently used -I instead of T
Qs.
CQuestion Scheme Marks
Mumber
(a) T-035g-135g=2 =03 M1 Al
T'=206 (N)or21(N) Al @)
(b)
R-135g=15¢05 M1 Al
Force = 15.5 (N) or 15 (N) sl
OR
OR: T-R-035g=05 <05 s
Force =155 (N)or 15 (N) Al (3)
o

Notes
(a) | N.B. In both parts of this question use the mass which is being used to
guide you as to which part of the system is being considered

M1 is for an equation for whole system in 7" only, with usual rules
First A1l for a correct equation

Second Al for 20.6 or 21

(h) First M1 is for an equation for the brick only (1* alternative) or for the
scale pan only (2™ alternative) with usual rules.

First Al for a correct equation (in the second alternative T does not
need to be substituted)

Second Al for 155 or 15

N.B. If R is replaced by - R in either equation, can score M1A1. This
would lead to R =-15.5 or -15. The second Al can then only be scored
if the candidate explains why the —ve sign is being ignored.
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Q6.
T Scheme Marks
Number
(a) 4mg —T =4ma MIA1
T —3mg =3ma MI1A1
Condone the use of 4ing —3mg = 4ma + 3ma in place of one of these o
equations.
Reach given answer a =% correctly **# Al
Form an equation mn T
d I—\
T =3mg+5| mg —— J‘T =3mg+ 3mE or T = ~1;t1va;§;—4m£ i
\ 4, 7 7
24 . Al
T =—mg or equvalent, 33.6m, 34m
g M
(b) v =i{:+2(?5:2><%><0.?:1.96, v=1.4 ms” SRS @
3mg —T =3ma MIAL
T—-2mg=2ma -
(c)
a=£ Al
5 ©)
(@) D=1.96—2><%<s M1
5x1.96
§=— =0.5(m) Al
£
Total height = 0.7+0.5=1.2 (m) Al ft
3)
: 1 2 1 2
Altd Using energy: 3mgs —2mgs = ;3mx1_4 +a 2m=1.4 M1
2.5x1.96
s=22270 05 (m) Al
£
Total height = 0.7+0.5=1.2 (m) Al ft
3)
[16]

Subscribe To The Ultimate Study Tool For A-Level
Maths At ALevelMathsRevision.com/UST



Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! %

Q7.
Question scheme Marks
Number
{a) Forcrate, 55g—473= 55a M1 Al
a=12ms™ Al (3)
(b) Forsystem, 35g4200gx T —150=255a M1 A2
M agnitude = 2040 N or 2000 N Al
OR
For lift, 200g+473-130xT =2004a M1 A2
M agnitude = 2040 N or 2000 N Al (4)

Notes

(@ | M1 for an equation in a only. with usual rules.

First Al for a correct equation

Second Al for 1.2 (ms?). Allow — 1.2 (m s7) if appropriate

(®) | M1 for an equation. in T and a . for the system or the lift only. with
usual rules. (a does not need to be a numerical value)

A2 (-1 each error) for a correct equation (Allow = T). We do not need
to see a numerical value for a.

Third A1 for 2040 (N) or 2000 (N)

N.B. In both parts of this question use the mass which is being used to
guide you as to which part of the system is being considered.
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Q8.
Question Scheme Marks
Number
(a) T T
‘ 750 kg } > - 1000 kg | 3200
RN 800N
For the whole system
R(—=) 3200-800—-R =1750x0.88 M1 Al
Leading to R =860 % Al
3)
(b) For the caravan
R(—) T —860=750x0.88 M1 Al
Leading to T =1520 (N) Al
3)
6
Alternative for (b)
For the car
R(—) 3200-800—-T =1000x0.88 M1 Al
Leading to T =1520 (N) Al
(€)]
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==
Q9.
ﬁﬁfﬂ%gﬂ Scheme Marks
(@) s=ut+iar’ = 315=1lax? M1 Al
a=28 (ms™) % cso | Al (3)
(b) N2LforP: 05g-T=05x28 M1 Al
I'=35 [N) Al (3)
() N2L for O- T—mg=728m M1 Al
15 3
m=— =2 % cso |DMI AL  (4)
126 18
(d) The acceleration of P 15 equal to the acceleration of J. El (1)
(e) v=u+at = v=28x15 M1 Al
(or Vv =w +2as = ' =2x28x3.15)
[1.-: =17.64.v=42)
v=utat = 42=—42+08 DMI1 Al
r=g .0.86, 0857 (s) DML AL (6)
[17]
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Q10.
Question
Number Scheme Marks
(a) (v)04g-T =04a M1 A1
Mark ( 1 3T — O,3g =0.3a M1 Al
together solving for T DM1
T=3360r34 orl2g/35 (N) Al (6)
(b) ()_.lg—O_}g:l)_fa DM1
a=14m s':.g7 Al (2)
© (T w=u+ar
v=05x14 M1
=0.7 Al ftona
(Ms=ur+tar’
s=05x14x05 M1
=0.175 Alftona
(¥)s :ul+%m:
1.175= 0.7t +4.9¢ DM1 A1 ft
4.9 -0.7t-1.175=0
DM1 A1 cao

. _07£0.7+19.6 x 1.175
- 0.8
=0.5663..01 —...

Ans 0.57 or 0.566 s

Al cao (9)
[17]
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