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ﬁﬂfﬁggp Scheme Marks
1.6a
A C
1.2a
B
1(a) M(A), M1
Mgx3AC=TxAC Al
(T=) % mg Al
®3)
1(b) Use of HL with T M1
1 2mg
Emg _T(1.2a— L) Alft
Solve for L M1
(L =) 0.96a or ﬁa Al
25
(4)
()
Notes for question 1
(a)

Take moments about A or another complete method to obtain a
dimensionally correct equation in T and mg. All required terms present
with no extras. Accept with consistent sin@or cosé present in both
M1 terms or neither. For example,

Mgx31AC=TxAC, Mgacosa=T2acosa, 0.8aMg=1.6aT,

Mgasin g =T 2asin

Al A correct unsimplified equation
Al Correct answer
(b)

Use of Hooke’s Law and their T to obtain a dimensionally correct
equation in L and a only. Accept consistent omission of m and/or g.
M1 T must be of the form kmg where Kk is a constant.

HL must be of the form /1(1'25_ L) or }L(L—Ll.Za)

If HL is seen in (a) it must be used in (b) to earn the marks.

Alft A correct equation, ft on their T

Complete method using their T and an attempt at HL to solve a
dimensionally correct equation and find L in terms of a only.
T must have the form kmg where k is a constant.

M1
HL must have the form Al2a-L) or /I(L—Ll.Za) or % where X is a

multiple of a.

Al Correct solution including working from part (a).
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L Scheme Marks
Number
0
a
30°
!!)
2. Vertical equilibirum M1
R+Tsin30° =mg Al
N2L horizontall
y , M1
T cos30°=mrw
Al
T cos30° = macos30° (ij
2a Al
Solve for R dM1
3m
(R=)2HE Al
4
()
Notes for question 2
Resolve vertically to form a dimensionally correct equation with all
M1 required terms present and no extras. Condone + sign errors and sin/cos
confusion on the T
Al Correct unsimplified equation
Use N2L to form a dimensionally correct horizontal equation of motion.
All required terms present with no extras. Accept any form of circular
2
. v . .
acceleration re”, — . Accept correct consistent omission of cos30°.
M1 r
Accept ‘ma’ if acceleration is replaced correctly with a circular form in
subsequent working. Condone sin/cos confusion. An incorrect
expression for the radius is marked as an accuracy error and not a
method error.
Al Correct equation in T, m, g (and a) with at most one error.
Al Correct equation in T, m, g (and a)
Dependent on both previous M marks. Solve a dimensionally correct
dm1 : . .
equation to find R in terms of m and g only.
Al Correct answer, accept 0.75mg . Must be in terms of m and g,
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L Scheme Marks
Number
Correct method to form a differential equation in v and x, separate the
3(a) variables and integrate to the form M1
%vz =AX*+Bx (+C) o..
(vﬁ:4x—2 :>j 1v2 =2x*-2x (+C) Al
dx 2
1v2=2x2—2x+% 0.e Al
v=1-2x Al
(4)
Method to form a differential equation in x and t , separate the variables
3(b) and integrate to the form M1
ALT1 DInl-2x)=t (+C) o.e.
U—dl X =|dt :>j —lln(1—2x):t +C) Al
1-2x 2
(t=Lx=0 =C=-1)
1 Al
—Ema—2m=t—1 0.e.
Complete method to obtain v in terms of t
For example
o —%In(v)zt—l (+C) = v=..intermsoft dM1
e X= %(1—e22‘) then differentiate wrt t to obtain v = ... in terms of t
(V :)ezfzt Al
()
Method to form a differential equation in v and t , separate the variables
3(b) and integrate to the form M1
ALT2 Inv=Et (+C) o.e.
Uldv:—z_fdt :>j Inv=-2t (+C) Al
v
t(t=Lv=1=C= 2)
Al
In(v)=2-2t o.e.
Obtain v in terms of t dM1
V= e2—2t Al
(©)
9)

Notes for question 3

(2)
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. dv . . .
Method using vd— to form a differential equation in v and x, separate
X

the variables and integrate to the form %vz = AxX* +Bx (+C) where A

M1
and B are non-zero constants. Condone a missing constant of integration.
[vdv may be implied by sight of %vz . MO for use of suvat
Al A correct equation with or without +C
Al A fully correct equation including the evaluated constant of integration.
Al Correct only
N.B. If the answer to (a) is v=2x—-1, the maximum score for (b) is
M1A1A0M1A0
(b) ALT1
Method using v = % to form a differential equation in x and t, separate
M1 the variables and solve to the reach the from DIn(1-2x)=t (+C)
where D is a non-zero constant. Condone a missing constant of
integration. MO for use of suvat
Correct equation in x and t, with or without C
Al N.B. if they start with v=2x-1, allow M1ALl for %In(Zx—l) =t (+C)
Al Correct equation in x and t with the evaluated constant of integration.
Dependent on previous M. A complete method to obtain v as an
exponential function in terms of t only.
dMm1 o —%In(v):t—l = Vv=..intermsoft
e X= %(1—e2‘2‘) then differentiate wrt t to obtain v = ... in terms of t
Al Correct answer only
(b) ALT 2
Method to form a differential equation in v and t , separate the variables
and integrate to the form Inv = Et (+C) where E is a non-zero
constant. Condone a missing constant of integration.
M1 dv dx dv
—=-2— = —=-2v. = Inv=-2t (+C)
dt dt dt
MO for use of suvat
Correct equation in v and t, with or without C
Al N.B. if they start with v =2x—-1, allow M1A1 for Inv=Et (+C)
Al A correct equation inv and t
Dependent on previous M. A complete method to obtain v as an
dM1 . .
exponential function in terms of t only.
Al Correct answer only
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QBT Scheme Marks
Number
3a
4(a) AD = 2.5a (seen or implied) Bl
Method for the difference in 2 EPE terms (at C and D)
Eg
mg(5a—3a)’ mg(4a—3a)’
Considering the whole string g( ) — g( )
2(3a) 2(3a) M1
mg(sa—2a)> mg(2a-32a)’
Considering two half strings 2x 9(ta-3a) 9(2a-32y’)
2(3a) 2(3a)
1 *
—mga Al*
2
3)
GPE term, mg(%?j Bl
Work-energy equation with all required terms M1
2 Al
3a)y 1 .., 1 3ag 1 1 3a
mg| — |=—mV°——m|,[— | +—mga+-mg| —
4b) g(zj 2 2 ( ZJ 2 J 5 9(2] Al
V= f29ag Al
10
(5)
(8)
Notes for question 4
(@)
Bl Seen or implied eg DB = 2.5a or 2.5a used correctly in EPE expression.
Complete method using 2 EPE terms to form an expression for the
change in EPE, accept subtraction either way round. The EPE terms
2
M1 must have the form %Where | is the relevant natural length, i.e.
(ga or 3a) and x is the extension, in terms of a, at C or D respectively.
Al* Given answer obtained from fully correct working.
(b)
B1 Correct GPE term , mg (%aj seen or implied
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Complete method to form a dimensionally correct work-energy
equation. All required terms present and no extra: GPE change, 2 KE
and change in EPE. May use the EPE change from (a) or start again with
2 EPE terms of the correct structure (kmg). The work-done against

M1 resistance must have the form %mg x distance where distance is in terms
of a. Condone = sign errors on terms.
Allow different rearrangements of the work-energy prinicple.
For example, Loss =Gain+ WD, Initial — Final = WD
Al Correct unsimplified equation with at most one error
Al Correct unsimplified equation
Correct answer in terms of ag. Accept 1.7,/ag or better.
A1 If the answer is in decimal form it must be rounded correctly.

Calculator display for /f—g is 1.702938637
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Question
Number NS
Form an energy equation from A to B M1
5(a) 1, .
Emv =mgr cosa —mgrsin o Al
V> =2gr(cosa —sina) * Al*
(©)
N2L towards O withR=0 M1
5(b 2
2 mgsina = mv_ Al
r
Eliminate v2
%mgrsinazmgr(cow—sina) M1
(3sina=2cosa =) tanazé* Al*
(4)
Expression for the horizontal component of the speed of P at C. M1
Condone cos/sin confusion.
For example,
. 8gr Al
Wcosé or W, . =vsina | =
horiz ( 13\/]3]
Method to form relevant equation for the motion from Ato C or B to C.
. X . . : . M1
Condone cos/sin confusion, consistent with their horizontal component.
[1] Energy from Ato C
5(c) %mW2 =mgr cos
[2] Energy fromBto C
1 1 . Al
—mW? -=mv’ =mgrsina
2 2
[3] Vertical motion under gravity from B to C
(wsin 8)? = (vcos(;z)2 +2grsina
Dependent on the previous M only. Follow their notation.
Use method [1] or [2] to find an expression for the speed of P at C in dM1

terms of g and r only.
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&
Or

Use method [3] to find the vertical component of the speed of P at C in
terms of g and r only.

For example, Wsin@ or W, = 700r
13V13
Dependent on the first two M marks. Use the motion of P at C to form dM1
an expression in & only.
Obtain given answer from correct working
2 . Al*
cosé NeT
()
(14)
Notes for question 5
(@)
Complete method to form a dimensionally correct conservation of
M1 energy equation in (m), g, r and a (m must be seen at some stage). All
required terms present and no extra. Condone sign errors and sin/cos
confusion on GPE terms.
Al A correct equation
Al* Given answer correctly obtained and written exactly as printed.
(b)
Use N2L to form a dimensionally correct equation of motion towards O.
M1 All required terms present with no extras. If R is present, must use R = 0
at some point. MO if R is never zero. Condone sin/cos confusion.
Al A correct equation
M1 Eliminate v using the given answer in (a) to form an equation in o (m
and g)
AL* Given answer correctly obtained. A line of working with terms collected
must be seen before reaching the given answer.
(©)
) 3 . 2 29r
Note: cosa NER sina 3 Vv 3
/ 8gr 70gr 6gr
Whoriz 13\/]3’ errt 13\/]3’ W \/E
M1 Use of constant horizontal velocity component at C, condone sin/cos
confusion.
Al Correct equation (follow their notation)
Energy equation with the correct terms or use of v> = u” + 2as vertically.
M1 Condone sin/cos confusion consistent with their horizontal component.

If t is used in a suvat equation, a second suvat equation is also required
to eliminate t correctly.

Al A correct equation (follow their notation)

Dependent on the previous M mark only. Accept expressions for the
dM1 . . .
speed or velocity squared. Follow their notation.
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Use method [1] or [2] to find an expression for the speed of P at C in
terms of g and r only.

or
Use method [3] to find the vertical component of the speed of P at C in

terms of g and r only.

dM1

Dependent on the first 2 method marks. Use the motion of P at C to
form an expression in & only. Accept the trig expression squared.

Al*

Correctly obtain the given answer.
AO0* if the final answer comes from working with a decimal value of «
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QBT Scheme Marks
Number
M1
6(a)
Al
Al
nj x(a% - x*)dx
Use of X =—2 dmM1
2 3
—ra
3
a4
<
5 4 = = §a * Al*
‘8 8
3
©)
Mass ratios: 8 1 7 Bl
6(b . -
(b) Distances: §a 3a y Bl
8 16
8x3—a—1x3a=7§/ M1
8 16
-\ 45
=)]—a* Al*
(y )112
(4)
Form a moments equation about an axis perpendicular to OC
) | AxisthroughO:  (8x0+) 1><g = 7x
e Axis through A: 8xa—1x%:7)_( ML
. ] 3a _-
e Axis through B: 8xa—1x? =7X
If equation is seen in earlier working, it must be used in (c) to earn the
marks in (c)
Correct X for their axis through
a - \15a - \13a
O: (Xx=)— Al [ x=)— B: (x=)— Al
( )14 ( ) 14 ( ) 14
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Method to find an expression for tan of a relevant angle dM1
tan @ = X
N Alft
112
tand = 8 Al
45
©)
(14)

Notes for question 6

(@) N.B. MO for a lamina

Use of _[xyzdxwith their attempt at a circle equation. The equation for y

must be substituted into the formula in terms of x.
Allow use of alternative forms if their circle equation is substituted in
M1 correctly to give an equation with one variable (including the ‘dx’)

For example use of jyxzdy would need the circle equation substituted

in for x2 to give an integral in terms of y.
Condone consistent use of r instead of a.

Al Correct expression with correct limits seen at some stage I x(a? —x?)dx
0
a4 a4
Al Correct expression ik If " is not explicitly stated, accept correct
integrated expression with correct limits.
Dependent on previous M mark. A complete method to find the required
. . . : 2 :
distance using the equation of a circle. They may use gyra3 or integrate
correctly to find the volume.
a a
dM1 ﬂj xy2dx 72"[ xy2dx
X=—2 or x=-2"
g”as ¢ 2d
3 e ! y2dx
If seen, pand/or © must be present in both numerator and denominator.
AL* Given answer obtained from complete and correct working. Must be
positive and in terms of a. Condone r replaced with a at the final stage.
(b) N.B. For a lamina, max score 0100
Bl Correct mass ratios seen or implied.
Bl Correct distances, allow if measured from a parallel axis. Ignore signs.
Method to form a dimensionally correct moments equation (the small
M1 hemisphere must be subtracted from the large hemisphere). All required
terms present.
Al* Given answer obtained from a fully correct moments equation.
(c) N.B. MO for a lamina
M1 Method to form a dimensionally correct moments equation about an axis

perpendicular to OC (the small hemisphere must be subtracted from the
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large hemisphere). All required terms present. Use of correct mass
ratios. Both distances must be measured from the same axis.

Al Correct distance for their axis, accept +

Dependent on previous M. Find an expression for tan of a relevant angle
(0 or(90°—9)) . Must be dimensionally correct.Must use the given

answer from (b) and x as the distance to the axis through O. The correct

dm1 addition or subtraction is required if an alternative axis is used. Condone
if expressed immediately as 6 =tan™ [%] and condone the reciprocal.
£a
112
ALft Correct equation. Follow through their calculated M
Do not condone the reciprocal. Must be tang= ...
Al Correct exact answer. Must be tang= ... ISW

Accept recurring decimal with correct notation. 0.17
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QBT Scheme Marks
Number
4 7L »
« 4.5L P
| o |
A E B
Equation of motion for P at a general position
T, -T., =m& M1
PB PA T
Use HL in the equation of motion M1
2mg mg . Al
—(0.5L-x) ——=(1.5L+x) =mX
oL ( ) 3L( ) AL
Obtain SHM equation of the correct form and conclude
_29,_5% and SHM Al
3L
7(a) Use of o? :g—ﬁ with the formula period = 2z dM1
w
Must include working that leads to the given answer for the period.
For example
e Clearly identify » within the period formula to reach the answer
. 27 2rx 3L
period = — =—=7,[—
w 47g g
3L Al*
e Clearly identify @ and state the period formula to reach the answer
w:/fg ,period:gzzn-EE
3L @ g
= (period=) 7 st
g
()
amplitude = 0.5L B1
7(b)
/49
Vi =ax,[— M1
MAX 3L
iy Al
3
3)
Method for use of SHM equation for displacement with their amplitude.
[1] x=acoswt
[2] x=asinwt
(c) [3] x=-acoswt M1
[4] x=-asin ot
[5] Any of the above with their x found after use of v’ = @*(a® —x?)
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Form SHM equation with v = %‘
[1] v=—awsin ot

[2] v=awcoswt

[3] v=awsinwt

[4] v=-awcoswt

[5] V* = 0*(a* —x?)

M1

Correct equationing, L, t(and w).

gL gL .

- t
[1],/12 /3 Sinw
[2] 1/(‘J—L:‘/(‘J—Lcoswt

12 3

gL gL .

2= - 2= t
[3],/12 /3 sinw
[4] Jg—L:—,/g—Lcoswt

12 3

gL L* 3

[5] Correct expression for x: = =0*| — —x*| = x=L-—

12 4 4
Accept answers from correct working which may include changing
methods eg using [1] initially then switching to [3] in order to use an
acute angle.

Al

Correct expression for a relevant time. No need to replace o

[ t= lsin-l(—lj (: —ij
@ 2 6w
[2] t= L cos (EJ (: i}
0] 2 3w
[3] t= lsin-{ij (: lj
0] 2 6w
[4] t:lcosl(—lJ (: 2—”)
0] 2 3w
[5] Correct for their approach above

Accept answers from correct working which may include changing
methods

Al

Complete method to find the total time in terms of L and g

7)1 [3L
[1] _4t:_4(_€J[E E]
. 3L 7)1 [3L
[2] period —4t = ﬁ\/%—4(§j£z E]
_g[ 2L R
[3] 4t_4(6j[2 g}

dM1
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[4] 4t—period = 4(2—”j(l 3—"}—7: st
3 )2\ g g

[5] Correct for their approach above
Accept answers from correct working which may include changing

methods.
L
T |— 0.e. Al
V3g

(6)
(16)
Notes for question 7
@)
Equation of motion in a general position ie the tension expressions
never take a fixed value. Allow a for acceleration here. Required terms
M1 . . )
present with no extras. Condone sign errors but must have a difference
between Tap and Tep.
Use of Hooke’s Law in an equation of motion in a general position with
M1 natural length and modulus of elasticity paired correctly. Accept

extensions in terms of L and x if they sum to 2L. Allow a for
acceleration for the method mark only. Condone sign errors.

Unsimplified equation with at most one error. Acceleration must have
Al the form X seen at some stage. Incorrect acceleration notation is an
accuracy error.

Fully correct unsimplified equation. Must use X for acceleration at some

Al

stage.

Correct SHM equation and conclusion. Equation must be in the required
AL form, % = —w*x with X for acceleration and where @ is correct in terms

of gand L.
Conclusion must include ‘SHM’

dML1 Dependent on both previous M’s. Use of 2z where @ has come from
@

an attempt at using N2L at a general point.

Obtain the given answer for the period. Must follow from a complete
and correct solution. At least one line of working must be seen between

X = —g—ﬁx and reaching the given period.

Al* N.B.

The score of M1 DM1 Al A1 A0O* DM1 Al* is possible if there is no
conclusion of ‘SHM’

The score of M1 DM1 Al A0 A0* DM1 Al1* is possible if X is not used
for acceleration.

(b)

Bl Amplitude =0.5L, seen or implied

M1 Complete correct method, amplitude x /:—E No need for amplitude to

be substituted.

Al Correct answer in terms of L and g expressed as a single term then ISW.
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i.e. For the final A, accept % % but not %x /413" until expressed

as a single term.

N.B. A score of MOML is only possible for the first 2 marks if [5] is
(c) used to find x but this is never substituted correctly into an SHM
displacement equation.

Method using SHM equation for displacement. Award if seen in part (c)
M1 with their amplitude substituted. This mark may be implied by using the
SHM equation for velocity in terms of t.

M1 Method using a relevant SHM equation with velocity, v= %‘
L . gL
Al Correct equationing, L, t(and @) using v= 'E}
Al Correct expression for a relevant time. No need to replace o .
dM1 Dependent on both previous M marks. Complete method to find the total

time in terms of L and g only.

Correct answer intermsof Land g e.g = L, z 3L
3g 3\ g

Accept any equivalent expressed as a single term then ignore any
subsequent surd manipulation.

f3L . . I .
Al N.B. 4><(% EJ IS not a single term until written without the

o .. 4r |3L
multiplication sign i.e. —,[—
12\ g

Do not ISW if the method continues and is not complete at this stage.




