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Annotation In scoris Meaning

vand x

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working

MO, M1 Method mark awarded O, 1

A0, Al Accuracy mark awarded O, 1

BO,B1 Independent mark awarded O, 1

E Explanation mark 1

SC Special case

A Omission sign

MR Misread

BP Blank page

Highlighting

Other abbreviations in Meaning

mark scheme

El Mark for explaining a result or establishing a given result
dep* Mark dependent on a previous mark, indicated by *. The * may be omitted if only previous M mark.
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

soi Seen orimplied

WWW Without wrong working

AG Answer given

awrt Anything which rounds to

BC By Calculator

DR This indicates that the instruction In this question you must show detailed reasoning appears in the question.
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Question Answer Marks | AOs Guidance
1 J=0.25(4.2-(-5)) M1 3.3 | Use of Impulse = change in momentum
J =0.02F M1 3.3 | Use of Impulse = Ft
F= 2.3 =115 (N) Al 1.1 Ccao
0.02
[3]
2 10mx =1(3m) +2(5m) + 5(2m) M1 1.1 | yse of Xm =Y xm
x=2.3 Al 1.1 | cao
10my~ = 2(3m) + (~2)(5m) +3(2m) M1 L1 | useof 33 m = yim
y=0.2 Al 1.1 | cao
[4]
3| (a) T =4g Bl 1.1 | Resolve vertically (possibly implied by
subsequent working)
2(0.02) A M1 3.3 | Use of Hooke’s law with their 4g
03 9
A =588(N) Al 1.1 | cao oee.g. 60g
[3]
3| (b) e.g. spring stretched beyond its elastic limit Bl 2.2b | oe (any correct equivalent statement for
e.g. Hooke’s law no longer applies why the extension of the spring may not
be 0.1m)
[1]
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Question Answer Marks | AOs Guidance
4 DR
A= J‘l(4 - ) ~3 xdx =ﬁ4x -4 X3 _ Zxﬂl M1* 2.1 | Correct integra_l expression for the area Ignore limits for first
0 3 and attempt to integrate (at least two two M marks
| Jo terms correct)
Aca_ L 5.0 Al 1.1 SC M1 AQ if correct
3 3 integral and value
seen but with no
intermediate working
1 , 8 [, 1, 65T M1* 1.1 | Correct integral expression for AX and
AX = J 4x—x —-3x2dx=|2x - x - x2| attempt to integrate (at least two terms
° I 4 5 Jo correct)
Ax—o_ 1 6_11 Al 1.1 SC M1 AQ if correct
4 5 20 integral and value
seen but with no
intermediate working
x= 1% _ o Midep* | 11 | ~ oot useof x= X Dependent on both
A % A previous M marks
33 Al 2.2a | oe This mark can be
- 100 awarded even if the

[6]

two previous A marks
were not awarded
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5 Let w,and wg be the horizontal components of the
velocity of A and B after collision
Wg =2.5 Bl 1.2
M1 3.3 | Use of conservation of linear momentum
(parallel to the line of centres) — correct
number of terms
2(6) + 4(0) =2wa +4(25) Al 1.1 | Allow with wginstead of 2.5 For reference: w, =1
M1 3.3 | Use of Newton’s experimental law
(parallel to the line of centres) — correct
number of terms
wa —2.5=-¢(6 - 0) Al 1.1 | Use of NEL must be consistent with
CLM - allow with wginstead of 2.5 and
possibly their wu
e=0.25 Al 1.1

[6]
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Question Answer Marks | AOs Guidance
6@ | |[F]=MLT? B1 12
[1]
6 | (b) [G]=M'L°T? Bl May use F = SMMz 5 obtain the
d 2
dimensions of G
[1]
6| (0 G = (667 x10™ ) 0454 U M1 | 3.1a | SCB1for
(0.305)° G = (667 10 ) L (0.305)
0.454
=4.17x10712
G =1.07x10-° (Ib1 ft352) Al 1.1 | awrt 1.07x10-°
[2]
6 | (d) KGM T (MflLsTfZ )M M1 2.1 | Attempt to calculate the dimension of
ﬂ r |J= L either kGM or its square root with
r
[k]=1 and two other terms correct
Al 1.1
[ kGM —|:LT’1 or |FkGM1|:L2r2
N e | [ ]
[v]= LT so the formula is dimensionally consistent Al 2.2a | Or allow showing consistency for
>  kGM
V- =
r
[3]
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6 (667107 ) (597 <107 ML | 34

11186 =

6 371000
k=2 Al 1.1 k =2.0019677...
. M1 1.1
2(6.67 x10711 )( 6.39 x10%
WECEDCED
3389500
v=5015(ms1) Al 2.2a | Allow to 3 sf or better (allow 5015 to If using
5017 inclusive) k =2.0019677...
expect to see
5017.346122...
[4]
7| (@ Driving force of engine is Kmg B1 11
v
kmg dv M1 3.3 | Use of N2L, correct number of terms,
— _mg=mv— kmg
v dx allow D (oe) for __~ and a (oe) for the
v
acceleration
Al 2.2a | AG - sufficient working must be shown

[3]

as answer given
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710 | | gx=k2In[ * |-kv—"v2
k=v
N ’ .
x=0,v=0=g(0 =k2|n( )—k 0)-~(0) Bl 11
O o [0, 0
initial conditions are consistent with given equation
dx |F 1 ] M1* 2.1 | Attempt to differentiate using chainrule | Or equivalent (e.g.
g =k? k(k )'2 -k -v solving using
av U_k ] -V Al 1.1 | cao oee.g. separation of
=) (—k(—@\p variables)
z(k—v\ L dx)| dv  dv
9=k |7k JL kv | Kax —Vax
dx —kv+v2—k2+kv+k? Midep* | 1.1 | Correct method to obtain an expression
E (k —v) for dx as a single fraction or as a single
dv
fraction with d_v
dx
(k2 —k2 +kv—kv +Vv2 \dv
eg. g ZL v J&
=gk —v)d_X:>v2 dl: (k-)g Al 2.2a | AG —suf_f|C|ent working required as
dv dx answer given

[5]
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7| (c) Work done by engine is kmgt Bl 1.1
kgmt = 1 mV 2 + mgx M1* 3.3 | Use work-energy principle — correct
P number of terms
kgt = 1V2+k2 In( )_k\/ _ 1\/2 Midep* | 3.4 | Use given result from (b) in work-energy
2 \k—V) 2 equation to eliminate x
kgt = k2 |nq k W_kv —t= k |n|( k W_V Al 2.2a | AG - sufficient working required as
KK—V) g kk—V) g answer given
[4] SC if correctly found by solving
kmg -mg = mﬂ this can score 3/4 max.
v dt
8| (a) Bl 1.2 | All remaining forces adding on correctly

(with arrows to indicate directions) to the
figure in the Printed Answer Booklet

[1]

8 | (b) M1* 3.3 | Resolve horizontally and vertically
(correct number of terms in both
equations)

Fp + Rc =W Al 1.1 | Where R isthe normal contact force at
RD = FC C, etC
F :1R and F =1R Bl 3.4 | Correctuseof F= xR atCandD

D 5 D C 3 C

3 3

1 +R =W> 1 R +R =W M1ldep* | 3.4 | Combine resultsto get an equationin R
5 C C o C C
3 9 only
R = 9_W Al 1.1

¢ 10

[5]
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8 | (c) M1* 3.1b | Taking moments about D (or any other
equivalent point) — correct number of
terms
(r+hsin@)W + (r + 2hcosd) Fc = (r + 2hsind)Rc Al 1.1 |oe
(r +hsin@ W +(r +2h cosd )( iW ! Mldep* | 3.4 | Substitute expressions for F.and Rc
o ) o
=(r+2hsing) "W
o
r =h(2sind —1.5cos0) Al 1.1
2hsin@ —1.5hcosé >0 M1 2.3 | Setting their expression for r>0
Al 2.2a | AG

4sin@ —3cosd > 0= tanéd > i
4

[6]
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9| (a) X=-gsina, y=-gcosa Bl 2.1
M1* 3.4 | Attempt to integrate (twice) and use of
initial conditions
x=5c0sf — gtsinx, Yy =5sind — gtcosa Al 11
X =5tcosd —0.5gt2sina Al 1.1 | or M1 for use of s:ut+iat2 parallel Similarly M1 A1 for
. 2 correct expression for
=5tsing —0.5gt? cosa .
d J to line of greatest slope and then Al for | Y (following SUVAT
correct expression for x perpendicular to
slope)
y=0=>t=.. M1ldep* | 3.3 | Setsy =0and solve fort
{ - 10sin@ Al 1.1
g cosa
(10sin@ ) (10sing ) M1 3.4 | Substitute expression for t into equation Dependent on both
X = SL lcos6 —0.5¢ | | sina for x previous M marks
gcosa ) | g cosa
x ——208ing (cosé cosa —sing sina ) Al 2.2a | AG
gcos? a

L OR = 50sing cos(§ + )

gcos? a

[8]
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9 | (b) sind cos(0 + ) = 1_(sin (20 +a) -sina ) M1 1.1 | Use of given identity to re_—wrlte
2 numerator from (a) as a difference of two
sines
OrR=_ 2 (sin(20 +a) —sinar ) Al 1.1
gcos? a
R = o (1-sinea) Al 3.1a | Use of correct trig. identity and setting Rimax OCCUrs when
mex I ) sin(20 +a) equal to 1 - oe eg. sin(20 +a) =1
25
R =
max g (1+sna )
[3]
9 | (c) 25 18 of 25(1- sina ) _18 M1* 3.4 | Setting their expression equal to 1.8 Expression must only
g (1+sha )_ ' g(l—sinz a)_ ' contain sina terms
25 —18=sing = .. Mldep* | 1.1 | Attempting to solve for sina or & -for | Ifsolvinga3TQ in
g(L+sna) reference sina = % or @ =24.660053... | sine then must solve
(or 0.430399... in radians) using a correct method
0=45-0.5« M1 3.1a | Follow through their
6=32.7 Al 1.1 32.6699733... or

[4]

0.5701986... (in
radians)

PMT



PMT

Y421/01 Mark Scheme October 2021
Question Answer Marks | AOs Guidance
10| (a) [AtB,] KE = 1 mu2 PE=0 Bl 1.1 Note that the reference
2 level for zero GPE
might be taken at C
[ A 6?,]KE=£mvz,PE=mga(1—cos€) Bl 1.1
2
M1* 3.3 | Use of conservation of energy — correct
number of terms
T T (1-cos6 ) Al L1} cao
2
my?2 M1* 3.3 | N2L radially with correct number of
R—mgcose = “a terms and weight resolved
R —mg cosd = (UZ —2ga (1-cosd )) Mldep* | 3.4 | Substitute an expression for v2
a
( u2 Al 1.1

R

=m| 3gcoséd—-29 + —
'\ )

[7]
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10| (b) Before collision at C, _1mu2 = Emv2 + mga M1 3.4 Substituting 6 =z into their
2 2 2
conservation of energy equation from (a)
After collision at C, speed of P is aﬂ]Z —-2ga Al 1.1
2
1 82 1 (\/7 M1 3.1b | Conservation of energy to find an Where vg is the speed
, MV T =mgas, m eyl = 292 expression for the speed of P at B of PatB
Vgt =20a + & (u2 - Zga)
1 mv 2— 1 mv 2 =Fb M1 3.1b | Work-energy principle for motion
2 B between B and A
B 2 A
M1 2.5 | Set v, >0 and substitute for vg?
m(ZQa +e (u2 - Zga))— 2bF >0 o
Al 2.2a | kneed not be stated explicitly
1
Fb <mga+ "~ me?u? — me?ga
2
= Fb< lm|_e2u2 + 2(1—e2 )ga-‘, so k=2
2 L ] (6]
11| (a) M1* 3.3 | Conservation of linear momentum with | Where v, is the speed
correct number of terms of A after 1st impact
and similarly for vg
4V =4v, +3vg Al 1.1 | cao
M1* 3.3 | Newton’s experimental law with correct
number of terms
Vp —Vg =—€V Al 1.1 | Must be consistent with CLM
M1ldep* | 1.1 | Solve the simultaneous equationsto find
both speeds
(4-3e) (1+e) Al 1.1
VA:V 473e and VB=4V 17+e
[6]
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11| (b) Let @be the angle subtended by A intimet
For A, t _— 1o M1 3.1b | Use of s =ut withtheir voand s=r@ Where r is the radius
V(4-3e) of the circular groove
7
ForB, t= 2zxr+ré M1 1.1 | Use of s =ut with their vgand
4V (1+¢) S=27xr+ré
7
2r+6 0 M1 3.4 | Equate expressions for t to form an
4V (1+e) V(4-3e) equation in terms of 4,V and e
. 27 (4 - 3¢) Al 2.2a | AG
Te
[4]
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11| (c) W +aw =V (1+€)+ &y (4-3) M1* 3.3 | CLM correct number of terms using their | Where w, is the
() 5 A7 7 expressions from (a) speed of A after the
' second collision
W o—w =—d W (1+ €) - Ly (4- 39)‘ M1* 3.3 | NEL correct number of terms
=~ |7 7 )
3wg + 4w, =4V and wg —Wa =—e2V Al 11 |oe
M1ldep* | 1.1 | Solvesimultaneously for wg
W = ‘_1V (1—e2) Al 1.1 | cao For reference:
B 1
7 W ="V (4+3¢)
A
7
[5]
11} (¢) If the collision is perfectly elastic (e = 1) B is brought to Bl 3.5a | oe correct statement
(i) rest by the second collision and A is moving with speed
V (which is the situation before the first collision)
[1]
12| (a) PE =g (| +e) (while P is at rest) Bl 1.1 | Where e is the extension in the string Taking the horizontal
through O as the
reference level for
zero GPE
12mge? Bl 1.1
EPE =
6mge? M1* 3.3 | Conservation of energy with correct
| -mg(+e)=0 number of terms
6e2 —el —12 =0 M1ldep* | 1.1a | Solving three-term quadraticine
(Be+1)(2e-1)=0
e=|_:> length of string is £|+|=E| Al 2.2a | AG
2 2 2
[5]
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12| (b) mg — T =mX M1 3.3 | N2L vertically with correct number of
terms
12mgx M1 3.4 | Use of Hooke’s law and substitute for T
mg — =mX .
I in N2L
Al 2.2a | AG
X+$X=g SO X+ a?X=(g where &’ =$
[3]
12| (c) X=y+ 9_:> Y+ @2y =0 M1 1.1 U_se givep substitgtiop to form
iy differential equation iny
y = Acosat + Bsinat Alft 1.2 | Correctly solves their differential
equationiny
X = Acosat + Bsina)t+g_ Al 11 oe e.g. x=Acosa;t+Bsina;t+|_
2 12
t=0x=0= A=—g_ M1 3.4 | Use correct initial conditions in their
2 expression for x
1 mv 2 =mgl M1* 3.1b | Use conservation of energy to find speed
z vp Of Pattimet=0
=0, :\/,ngj B \/Zgl' M1ldep 3.4 | Use initial speed In an expression for X
[0
x=—Fcosat + VO sinax+g_ Al 11 0e eg. x:—lgl—cosa1+ Zﬁ]ai)
> o @? 1
I . M1 3.1b | Setsx = 0 and re 2 =12 Dependent on all
=(1- = = places
12(1 cosct + 24 sin ot ) 0 | previous M marks
Al 2.2a | kneed not be stated explicitly

cosat —\PAsinat =1 SO k=24

[10]
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