Forces and Motion - Answers
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1.

Question Scheme Marks
Number
1

(15i+) + (5¢i — pj) + (- 3pi—gj) =10 MI

M1

Ip-5g=15 Al

p+g=1
p=25 g=-15 M1 Al Al
Notes
First M1 for equating the sum of the three forces to zero (can be implied by subsequent

working)

Second M1 for equating the sum of the i components to zero AND the sum of the j
components to zero oe to produce TWO equations, each one being in pand g ONLY,
First Al for TWO correct equations (in any form)

N.B. It is possible to obtain TWO equations by using A(3p—5¢—15)= u(p+g—1)with
TWO different pairs of values for 4 and At. with one pair not a multiple of the other

eg A=l, =1 AND A=1, =2.

Third M 1 (independent) for attempt (either by substitution or elimination) to produce an
equation in either p ONLY or g ONLY.

Second Al for p = 2.5 (any equivalent form, fractions do not need to be in lowest terms)
Third Al for g =- 1.5 (any equivalent form, fractions do not need to be in lowest terms)




Question Scheme Marks
Number
5
I'=05g=05a MI Al
15— T-0.75g=0.75a MIAL
(OR: 15-0.5g-0.75g=1.25a)
(@=22ms") MIAL 6
T'=6N
Notes
First M1 for an equation of motion for either P or (0 with usual rules i.e. correct no. of
terms, dimensionally correct but condone sign errors
First Al for a correct equation (allow T replaced by — T and/or a replaced by —a)
Second M1 for another equation of motion (for either P or Q or whole system) with usual
rules as above
Second Al for a correct equation (allow T consistently replaced by — T and/or
a consistently replaced by —a )
Third M1 for solving two THREE term equations of motion for T
Third Al for 6 (N). Must be positive but allow a change from — 6 to 6, if they have
consistently used -T instead of T.
Question Scheme Marks
Number
B(a)
(i) Ford: T—F=2ma MI Al
(ii) . _T=
For B: mg—T=ma MI AL (4)
(b)
R= ng Bl
mg(l=2)=3ma M
5“_2#]:& Al (3)
3
()
2gh
1 <&
= 'T(l -2u) M
Al (2)

\’:1’%(1 =2 u)




(d)

— uR=2ma’ MI
0" =theiru” - 2a's M
2gh 2
0 =T(I_E}_2(I—!‘g}s [DI‘ s=(d-h)N Al {‘\'}
=1
=3 Al
d=1h+h=1%h Al (3)
(e)
A (or B) would not move; OR A4 (or B) would remain in (limiting) eguilibrium; OR Bl (1
the system would remain in (limiting) equilibrium 15
Notes
B(a)(i) First M1 for equation of motion for 4 with usual rules
First Al for a correct equation (allow —T instead of T)
(i) Second M1 for equation of motion for B with usual rules
Second Al for a correct equation (allow consistent —T instead of T)
8(b) Bl for R = 2mg
M1 for using I = f1R and eliminating to give equation in a and £f only.
Al for PRINTED ANSWER (Must be identical to printed answer)
8(c) M1 for using +* = &* + 2as or any other complete method to find the speed of 4
Al for correct answer 1n any form
8(d) First M1 for equation of motion for 4 with T=0and F= R e.g. uR = 2ma'(must be

2m)

Second M1 for using v* = 1* + 2as with their &* from (c), v = 0 and a new a (does not
need to be substituted)

First Al for a correct equation in s, g and b with g="/

Second Al fors ="/

Third Al for d=":h

ALTERNATIVE using work-energy principle:

M2 for uRs=12mu’ (theiru” from(c)) (M1 if they use m)
2gh

First Al for 12mgs = %Qm%{l -3)

Second Al fors ="/ h
Third Al for d="h

8(e)

Bl for any one of the altermatives listed above.
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4.

Question Scheme Marks
Number
T(a)
F, = ki+kj Bl
(—1+a)i+(2+D0)j M1
a1 DMI Al
2¢b 3 o
a=b=k=25; F,=2.5i+25j DMI Al; Al
(7)
ALTERNATIVE:
F, = ki +&j Bl
(=1+ a)i+(2+ b)j= p(i+3j) MI for LHS
~l+a=p
DMI Al
2+b=3p
a=b=k=25; F,=25i+25j DMI Al Al
(7)
(b)
v=3i-22j+3(3i+9)) Ml
= 12i+5] Al
[V]=+127+5" =13 ms" ML Al cso (4)




Notes

7(a)

Bl for F, =ki+j (k # 1) seen or implied in working, including for an
incorrect final answer, with the wrong £ value.

First M1 for adding the 2 forces (for this M mark we only need

F, =ai+bj), withi’s and j’s collected (which can be implied by later
working) but allow a slip.

(MO if ¢ and b both assumed to be 1)

Second M1, dependent on first M1, for ratio of their cpts = 1/3 or 3/1
(Must be correct way up for the M mark)

First Al for a correct equation which may involve two unknowns
Third M1, dependent on first and second M1, for solving for & oe
Second Al for a correct k value

Third Al for 2.5i+2.5j

ALTERNATIVE: Using two simultaneous equations

Bl for F, =ki+4j (k# 1) seen or implied in working.

First M1 for adding the 2 forces (for this M mark we only need

F, =ai+bj), withi’s and j’s collected (LHS of equation) (M0 if @ and
b both assumed to be 1) but allow a slip

Second M1, dependent on first M1, for equating coeffs to produce rwo
equations in 2 or 3 unknowns. Must have p and 3p (MO if p is
assumed to be 1 or k)

First Al for two correct equations

Third M1, dependent on first and second M1, for solving for k oe
Second Al for a correct k value

Third Al for 2.5i+2.5j

ALTERNATIVE: Using magnitudes and directions




F, = ki + kj, seen or implied
Correct vector triangle

2 V5
, =— , @ = arctan2
sind5"  sin(90" — &)
2k=5

k=25 F,=25i+2.5]

ALTERNATIVE: Using magnitudes and directions

Bl for K, =ki+kj seen or implied in working.

First M1 for a correct vector triangle (for this M mark we only need
F, = gi+bj). (MO if a and b both assumed to be 1 and/or longest side is
assumed to be V10)

Second M1, dependent on first M1, for using sine rule on vector
triangle

First Al for a correct equation. 45" may not appear exactly.

Third M1, dependent on first and second M1, for solving for & oe
Second Al for a correct k value

Third Al for 2.5i+2.5j

Bl
M1

DMI1 Al

DMI Al; Al
(7)

(b)

First M1 foruse of v=u+arwithr=3

First Al for 12i+5j seen or implied. However, if a wrong v is seen A0
Second M1 for finding magnitude of their v

Second Al for 13




Question Scheme Marks
Number
8(a)
F=1R M1
R=15g Bl
T-F=15a M1 Al
3g-T=3a M1 Al
I'=12gorll8Norl2N DM1 Al
(8)
b
® R=~NT?*+T* or 2Tcos45" or - M1 Al
cos45’
=166 (N) or 17(N) or @ Al
Direction is 45° below the horizontal oe Bl )
12
Notes
8(a) | First M1 for use of F=+Rin an equation.
Bl for R=1.5¢

Second M1 for resolving horizontally with usual rules

First Al for a correct equation

Third M1 for resolving vertically with usual rules

Second A1 for a correct equation

N.B. Either of the above could be replaced by a whole system equation:
3Jg—F=45a

N.B. All of the marks for the two equations can be scored if they
consistently use — a instead of a.

Fourth M1 dependent on first, second and third M marks for solving
their equations for 7'

Third Al for 1.2g, 11.8 (N) or 12 (N)

(b)

First M1 for a complete method for finding the magnitude of the
resultant (N.B. MO0 1if different tensions used),

First Al for yT?+T? or 2T cos45°

Second A1l for 16.6(N) or 17 (N)

B1 for 45° below the horizontal or a diagram with an arrow and a
correct angle. [gnore subsequent wrong answers e.g. a bearing of 225,
which scores B0, as does SW etc.
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6.

Question Scheme Marks
Number
T(a) dmeg —T =4ma MIAI
T=3mg =3ma MIAI
Condone the use of 4mg —3mg = 4ma + 3ma n place of one of these MIAI
equations. o
Reach given answer a :% correctly **#* Al
Form an equation in T~
T‘.
T=3mg+3(mg — ,T=3mg+3m£._m ]"=4m;;r—=1mE Mi
! 7 7
24 Al
T =—mg or equivalent, 33.6m, 34m
7 e (7)
(b) v =1+ 2as =2x £ x0.7=1.96, v=14 ms’" MiAL
7 (2)
3mg —T =3ma MIAI
© T-2mg=2ma Al
c
a=% Al
3 (4)
_ 1.5
(d) {}—I.Qﬁ—uxﬁxs M1
s=202 4 5(m) Al
2g
Total height = 0.7+0.5=12(m) Al fi
(3)
Alt d Using energy: 3mgs—2mgs = éfmrx 1.4° +%Em‘x 1.4° M1
- 2
S:ﬂ:{]j (m) Al
g
Total height = 0.7+0.5=1.2(m) Al fit
(3)




Notes for Question 7

Question T{a){i) and (ii)

First M1 for resolving vertically (up or down) for B+C, with correct no. of terms.
First Al for a correct equation.

Second M1 for resolving vertically (up or down) for 4, with correct no. of terms.
Second Al for a correct equation.

Third Al for g/7, obtained correctly. Given answer (1.4 AD)

Third M1 for an equation in T only
Fourth Al for 24mg/7 oe or 33_.6m or 34m

N.B. If they omit m throughout (which gives a = g/7), can score max M1AOMIAOAOMI1AO for part
{a) BUT CAN SCORE ALL OF THE MARKS in parts (b), (c) and (d).

Question 7(b)

M1 for an equation in v only (usually v=u'+2as)
Al for 1.4 (ms™) allow V(g/5) oe.

Question 7(c)

First M1 for resolving vertically (up or down) for 4 or B, with correct no. of terms. (N.B. MO if they
use the tension from part (a))

First Al for a correct equation for 4.

Second Al for a correct equation for B

N.B. “Whole system’ equation: 3mg - 2mg = Sma earns first 3 marks but any error loses all 3

Third Al for g/5 oe or 1.96 or 2.0 (ms™) (allow a negative answer)

Question 7(d)

M1 for an equation in 5 only using their v from (b) and a from (c).
either 0=1.4"-2(g/S)s or 1.4 =0+2(g/5)s

First Al for 5 =0.5 (m) correctly obtained

Second Al ft for their 0.5 + 0.7 =1.2 (m)

Alternative using conservation of energy

M1 for an equation in 5 only, with correct number of terms, using their v from (b):-
(3mgs — Zmgs) = 3m (1.4)" + % 2m (1.4)°

First Al for s = 0.5 (m) correctly obtained

Second Al ft for their 0.5 + 0.7 =1.2 (m)




Question
Number

Scheme

Marks

8.

(a)

For A, T'=2ma

Bl

ForB, 3mg-T=3ma

M1 Al

3mg =5ma

DM

38 _
q

a (59 or 5.88 ms™)

Al

(3)

(b)

T=6mg/5: 12m ;11 8m

Bl

(1)

(c)

F=AT>+T"

MI Al ft

F= :1.7mg (or better);16.6m;17m

f.'rmgﬁ
5

Al

Direction clearly marked on a diagram, with an arrow, and 45” (oe)
marked

Bl

(4)

[10]

Notes for Question 8

Q8(a)

Bl for T=2ma

First M1 for resolving vertically (up or down) for B, with correct no. of
terms. (allow omission of m, provided 3 1s there)

First Al for a correct equation.

Second M1, dependent on first M1, for eliminating T, to give an equation
in a only.

Second Al for 0.6g, 5.88 or 5.9.

N.B. “Whole system” equation: 3mg = 5Sma earns first 4 marks but any
error loses all 4.

Q8(b)

tm

Bl for —2£ 11.8m. 12m

Q8(c)

M1 (T2 +T7) or ! — or !

sinds cos 45"
1f m omitted)
(MO for T sin 457)
First Al ft on their T.

f:-mgﬁ
5

B1 for the direction clearly shown on a diagram with an arrow and 45°
marked.

or 2Tcos 45% or 2Tsin 457 (allow

Second Al cao for

oe, 1.7mg (or better),16.6m.17m
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8.

T.a)

(b)

(c)

(d)

Inextensible string

dmg —T = 4ma
I-2mgsine - F=2ma
F=025R
R=2mgcosa
cosa = (0.8 or sing = 0.6
Eliminating R, F and T

a=04g=3.92
v =2 x 0.4gh
-2mgsing — F = 2ma’
a'=-0.8g
0°=0.8gh-2x08g xs
s=05h

XY =05h+h=15h

Bl

MIAI
MIAI

(4)

Bl
Bl

Bl
M1
Al

(3)

M1
M1
Al

M1
Al
Al

(6)
16
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9.

%tﬁttjgp Scheme Marks
7.
P03k 05k
(0.3 kg) rn205ke) o
IN ) 2N
(a) Forsystem N2L 4-3=0.8a MI1 Al
a=125 (ms?), 1.3 Al 3)
(b) v=u+at = v=0+1.25x6=7.35 {ms“']l M1 Al (2)
(c) ForP  N2ZL T=1=0.3x1.25 ft theira | M1 AlLft
=1.375
T'=1.375 (N) 1.38,14 Al @)
OR ForQ N2ZL 4-2-T=05x1.25
P(0.3kg) (05 kg)
@ @
1N 2N
(d) Forsystem N2L -3=08a = a=-3.75 M1 Al
vi=u'+2as = 0°=7.5-2x3.75s MI
5=7.5 (m) Al 4)
{e) For P N2IL T'+1=0.3x3.75 MI Al
T'=0.125 (N),0.13 Al (3)
[15]
Alternative for (e)
For 0 N2ZL 2-T"=0.5%3.75 MI1 Al
T'=0.125 (N),0.13 Al (3)




Question 7(a)(In parts (a), (c), (d) and (e) use the value of the mass being used to guide you as to which
part of the system is being considered, and mark equation(s) accordingly)
M1 for resolving horizontally to produce an equation in g ONLY.

First Al for a correct equation
Second Al for 1.25

Question 7(b)

M1 for a complete method to find the speed
Alcao7.5

Question 7(c)

M1 for resolving horizontally, for either P or 0, to produce an equation in T only.
First Alft for a correct equation,ft on their a
Second Al cao for 1.38 (N) or 1.375 (N)

Question 7(d)

First M1 for resolving horizontally to produce an equation in a ONLY.
First Alcao for -3.75 (or 3.75)

Second M1 for use of v =u’+2as . with v = 0, u= their (b) and their a. (or any other complete method which
produces an equation in 5 only)

MO if they haven’t calculated a value of a.

Second Al for 7.5 m

Question 7(e)

M1 for resolving horizontally, for either P or 0, to produce an equation in T only.
MO if they haven’t calculated a value of a

First Alcao for a correct equation

Second Al cao for 0.125 or 0.13 (N) (must be positive)
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10.

Question Scheme Marks
Number
3 (a) T+5+p=0 or G+6+g=0 M1
p=-12 Al
g=3 Al
(3)
(b) R =12i-3j
IR|=+/(12*+(-3)") = V153 or3V17 or 124 orbetter (N) | M1 Al
(2)
(c)
3
tan &=— M1
12
6=1403".. j 12 Al
Angle with j is 1047, to the nearest degree cao \J\E\‘i 3 Al
: (3)
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11.

(a) R=03gcosax M1
=0.24g = 2.35 (3s0)=2.4 (2sf) Al
(2)
(b) mg—-T=14m MI Al
T-03gsma-F=03x14 MI A2
F=05R M1
Elimmating & and T DM1
m=0.4 Al
(8)
(c) v=14x0.35 Bl
—03gsina— F=0.3a MI Al
a=-98 Al
0=0.7-9.38¢ M1
t=0.071sor0.0714s (1/14 AQ) Al
(6)

16
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12.
Question
Number Scheme Marks
7.
(a)
tan# = —
12
sinfl =—
12
costl =—
1
R
g
ForA: 7g—-T=Ta M1 A1
For B: parallel to plane T — F —3gsinf! =3a M1 A1
perpendicular to plane R =3gcos# M1 A1
F=uR=3gcost) =2gcost M1
Ehmmating T, 7g — F —3gsin# =10a DM1
Equation in g and a: 7 —Tng—?n i—?g—Eg—ﬁl =10a DM1
1 R T A TR T
a= 2?3{09 or3.9 or3.92 A1
(10)




(b) | After | m,
s . . 2¢g
vi=u +2as, v =0+2x—x] M1
v=28 A1
(2)
(c) | -(F+3g sinf)=3a M1
2 3 12 3 > 3 3 A1
— F W —— W —= ==, d==—
3 £ 13 8 13 8 8
v=u+ at, 0 = 2.8 — 9.8¢, DM
7
r:? oe, 0.29. 0.286 A1
(4)
[16]
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13.

Nomber Scheme Marks
Q8 (a) (4)0.4g-T =04a M1 A1
Mark (T)T-03g=03a M1 A1
together solving for T DM1
r=336or34 or12g/35 (N) Al (6)
(b) 0.4g-03g=0.7a DM1
a=l4ms”, g/7 AT (2)
(c) ( T}v=u+m‘
v=05x14 M1
=0.7 Al fton a
| T}.';=m‘+%a.r:
s=05x14x05 M1
=0.175 A1 fton a
(4)s=ut ++ar®
1.175= 0.7t +4.9¢ DM1 A1 ft
4.9 -0.7t-1.175=0
i 0.7++/0.7° +19.6 x 1.175 DM1 A1 cao
=0.5663..0or —...
Ans 057 or0.566 s A1l cao (9)

[17]
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14.

Question Scheme Marks
Number
Qé. (a) N2L A: Smg—T:Smxig M1 A1
15
T = ?mg * CS0 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)
(d) Distance of 4 above ground s, = %x %g x1.2° =0.18g (= 1.764) M1 A1
Speed on reaching ground v:igx 1.2=03g (= 2.94) M1 A1
_ 2 (0.3)°
For B under gravity  (0.3g) =2gs, = s,= Tg (=0.441) M1 A1
§=25+5,=399=40 (m) A1 (7)

[14]




