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Part One: General Marking Principles for Applied Mathematics —Mechanics—

Advanced Higher

This information is provided to help you understand the general principles you must apply when
marking candidate responses to questions in this Paper. These principles must be read in
conjunction with the specific Marking Instructions for each question.

(@)

(b)

Marks for each candidate response must always be assigned in line with these general
marking principles and the specific Marking Instructions for the relevant question. If a
specific candidate response does not seem to be covered by either the principles or
detailed Marking Instructions, and you are uncertain how to assess it, you must seek
guidance from your Team Leader/Principal Assessor.

Marking should always be positive ie, marks should be awarded for what is correct and
not deducted for errors or omissions.

GENERAL MARKING ADVICE: Applied Mathematics — Mechanics — Advanced Higher

The marking schemes are written to assist in determining the “minimal acceptable answer” rather
than listing every possible correct and incorrect answer. The following notes are offered to support
Markers in making judgements on candidates’ evidence, and apply to marking both end of unit
assessments and course assessments.

These principles describe the approach taken when marking Advanced Higher Applied Mathematics
papers. For more detailed guidance please refer to the detailed Marking Instructions.

1

The main principle is to give credit for the skills demonstrated and the criteria met. Failure to
have a correct method may not preclude a candidate gaining credit for their solution.

The answer to one part of a question, even if incorrect, can be accepted as a basis for subsequent
dependent parts of the question.

The following are not penalised:

e working subsequent to a correct answer (unless it provides firm evidence that the
requirements of the question have not been met)
e legitimate variation in numerical values/algebraic expressions.

Full credit will only be given where the solution contains appropriate working. Where the
correct answer might be obtained by inspection or mentally, credit may be given.

Sometimes the method to be used in a particular question is explicitly stated; no credit will be
given where a candidate obtains the correct answer by an alternative method.

Where the method to be used in a particular question is not explicitly stated in the question paper,
full credit is available for an alternative valid method. (Some likely alternatives are included but
these should not be assumed to be the only acceptable ones.)
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Part Two: Marking Instructions for each Question

Section A
Question Expected Answer(s) Max | Additional Guidance
Mark
A |1 Momentum before breaking: 4 M1: Momentum before breaking

20x100 2000 .
= or 2000i
0 0

After breaking :
Vv 60co0s30° —120cos
12 +6 . +2 .
0 60sin 30° -120sin @
_ (12v+311-8-240cos &
- 180-240sin6

Conservation of linear momentum:

180-240sin0=0= 6 =48-6°

12v+311-8—-240cos 8 = 2000

v=154 ms*

— direction must be indicated

M2: Momentum after breaking

E3: equate components to find
one unknown

E4: Find other unknown quantity
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |2 Acceleration: 5 M1: Use of stuva with

§s=300 t= u=0 v=20 a=
vZ =u?+2as v=u+at
400 =600a 20=§t
2 4
azgms t =30 secs
Deceleration:
s= t=15 u=20 v=0 a=
v=u-+at vi=u?+2as
0=20+15a 0:400—23
-4,
a:?ms s =150 metres
[Alternatively:

Deceleration in half the time: a = %4 ms?]

Remaining distance at 20ms ™

5000-300—-150 = 4550
t= 4550 _ 227.5
20

Total time: 227-5+15+30=272-5 secs

substitution

E2: Correct values of a and t

Graphical approach:

M1: Draw v/t graph and
correctly interpret data to
find acceleration

E2: Correct values of a and t

E3: Deceleration time and
distance correct or state
deceleration directly

M4: Calculation of time for
remaining distance at
constant speed

E5: Correct total time
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |3 AP? =10 + 247 5
AP =26
M1: Find extension in string
Extension in AP and PB = 6cm
M2: Knowing to use EPE with
epE - A _ 25(0-06)° _ 0.225 substitution
2l 2(0-2) E3: Total EPE = 45]
Total EPE =0-45
1 5 o
KE = > M4: Equating Kinetic energy and
1 EPE
E(0-02)v2 =0-45
E5: Calculate speed
v=6-71ms*
. AX
Note: For T =T = 7-5allocate 1 mark
For F=ma: 2T cosd=ma = a=692-3ms allocate 2 marks
No further marks could be awarded if candidate starts solution in this way.
Alternative Solution: Differential Equations

Alternati

Ve SO

AP? =10% + 24
AP =26 = extension in string =12cm

AX AX AX
F=—=ma=— =—a=—
I | Im
dv A
V—=—"X
dx Im
Y 012
Ivdv = i xdx
0 Im

lution: Work/energy principle
AP? =10° + 24

AP =26 = extension in string =12cm
012 012 012

Work done = I Fdx = j TdX:J- I&de
0 0

0
0.121 ,1)(2 012
f Xdx =| —
I 2l

=0-45]

v=6-71ms™

M1: Find extension in string
M2: Use tension in string to find
expression for acceleration

M3: Set up differential equation

M4: Separate variables with
limits

Evaluate integral to find
speed

E5:

M1: Find extension in string

M2: State work done by string as

an integral with limits
E3: Evaluate integral

M4: Work/energy principle

E5: Evaluate speed
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |4 TEquilibrium: T = 1800g 2 M1:state tension in cable and
P use relationship between
P=Fv or F=— .
Vv Power, force and velocity
P =1800g x4 =70560 ~ 70-6 KW E2: Value of power.
A |4 T—-mg=ma 2
T =1800(g +a)
+—1800( 9.8 4 M1: Use F=ma to find tension
- oty under acceleration
=18669N
P=Fv=P, , =FV.
Fv, ., 18669 x4 = 74676
~T74-TkW E2: Value of maximum power
A 4 He|ght = area under s/t graph 2 M1: Method of area under s/t
. 1 1 graph
Height = §(7X4) +(16x4) +§(13>< 4)
—104 metres E2: Height of lift
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |5 m. v.2 4 : :
GMzmB % GM =12 M1: Use of |_nve_rse Square Law
r r of Gravitation for both
M. V.2 orbits.
CMme _Te¥e oM =2n?
(2r) 2r
2
VLZ:Z:WB2 =2v°
Ve E2: Equating expressions for
Vg = ﬁvc GM and manipulation for
answer
Vg =l Ve =2ra
v, = \/Evc M3: relationship between linear
and angular momentum
Frog = «/f X 2r @,
E4: Manipulation to give
Wy = 2\/§a)c P d
Wy = Z\ﬁa)c
A |5 2
2 2
Pb=—=N=>w0,=— ) )
Wy M1: Relationship between
W, = 2\/5% period and angular
o7 5 velocity with substitution
— =220, = 0, =—F=
n C (o nﬁ
P. = 2% _ 2% o on days E2: Calculation of period for
O T Casper
V2
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Motion under gravity:

s=h V2 =u’+2as

t 0=(8-24sin30°)> —2gh
u=48-24sin30° h:0-866:§

v=0

a=-98

Alternative for final four marks

1 1,
—mv°-=mgh = =v° =gh
2 g 2 g

2 H 2
h:V— —he (8-24sin30)
29 29

h=0-866m

Question Expected Answer(s) Max | Additional Guidance
Mark
A |6 ALP: E, =mgh =609 x 4c0s30° 4 | M1: Energy considered with
"E, =0 le:(éJrets;lons for PE and
E, =0 a
At release: . i
E, - 1 (60)V2 EZ2: Equating energy at .
2 release and calculating
Conservation of energy: value of v
30v* =609 x4c0s30°
v=8-24ms™
Motion in a circle
mv2 M3: Motion in a circle with
F=ma= . correct force
2
: T—-60g cos30° =M
E4: Calculation of T
T =904/3g=1528N ~1530N
A |6 2

M1: Consideration of stuva
with correct substitution

E2: Value of h

M1: Conservation of energy
E2: Expression for h

M3+E4: Value of h
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |7 After t hours: 6 M1: Interpretation of data to

. 4t . _3t
F | 20t P k-4t

Ik, —r|" = (7t)" + (24t —k)? = 625> — 48kt + k?
d 2 2
—(r, — 1| =1250t* — 48k
At min dist:
gqu 0ok - 12500 _ 625t
dt 48 24
I —rof = 62517 -4 2 2y g

Min dist = 4-2km
53t> =4-2*> =t =0-577 hours = 35 minutes

Closest at 3:35pm
Original distance apart: k =15 km

Alternative solution for using dot product of vectors:

V—7
T 24
Tt
vh=
24t —k

Ve I = 49t + 576t — 24k
et~ H e kj

49t +576t —24k =0 =

2
7t
=l 625t | =] k[ =53t
241 - 32t
24
53t = 4.2°

t =0-577 hours = 35minutes
Closest at 3:35pm

Original distance apart: k =15 km

give position vectors
after time t

E2: Both position vectors
correct

M3: Expression for [square
of] the distance apart

M4: Method of differentiation
to find minimum distance

ES5: Evaluation of time

E6: Evaluation of k

M1: Find relative velocity
vector

M2: Find relative position
vector

M3: for closest approach dot
product of relative
position and relative
velocity vectors =0

E4: Relationship between k
and t

E5: Evaluation of time

E6: Evaluation of k
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Question

Expected Answer(s)

Max
Mark

Additional Guidance

A |7

(cont)

Alternative Solution 2: Using trigonometry

(Closest
point)

tanazéand lyvy|=25  YC=25

Using aYTC tana = 4-2 = x

25t 24
t =0-577 hours = 35minutes
Closest at 3:35pm

Original distance apart: k =15 km

M1: Interpret information to
construct diagram to
bring yacht/trawler to
rest

M2: Closest when
perpendicular — marked
on diagram

E3: Find relative velocity
components to find value
of a

E4: Establish non-vector
detail

M5: Evaluation of time

E6: Evaluation of k
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |8 dv 5 M1: Use of F=ma

mg —mv? =mv—
dx

39 —0-75v? _a
dx

g—0-25v° =vﬂ
dx

\"
Jo=l gz
x=-2In|g—0-25v°|+c
x=0,v=0—->c=2Ing

~.x=-2In|g-0-25v*|+2Ing

9
g—0-25v*

g

X =2In

v=5:x=2In

= 2-03metres
25

Alternative for marks 3, 4 and 5:

[x], =[-2in|g -0-25v*| |
x=-2In|g —6- 25|+ 2Ing

g
g-6-25

g
g-6-25

X=2In

X =2In = 2-03metres

Note: 3g—0-75v° = 3% 1*" mark awarded

E2: Simplification and method
of separating variables

E3: Correct integration

M4: Substitution to find value
of ¢ or use limits

E5: Substitution for v to give
displacement

M3: use of definite integration
with correct limits.

E4: Simplification of log term

E5: Evaluation of
displacement
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |8 5 M1: Statement for work done

Work done = .[:F.vdt
a=2ti >v=tli+c

t=0,v=0—>v=t%i
F=ma—F =10ti

4
Work done = IO F.vdt = IO 10t3dt = 5%

Work done by P = change in energy:
mgh— - mv? =3g(2-03)—1(3)(52) =22.2]
2 2

j 10t3dt = 222
0

il 4
- 5L =5L=22-2
2 2

0
a=1-73 seconds

by a variable force and
integration to find
expression for v.

M2: Use of F = ma and
expression for work done

M3: Equivalence of work and
change in energy with
substitution

E4: Evaluation of change of
energy

E5: Equating answers and
evaluating a
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |9 |jailA: 4 M1: Consider A and B
F =ma separately with
0-03gsin30°-T =0-03a (i) equations for
equilibrium and
B:_—7 Equilibrium motion
R; =0-02gcos30°=0-170
E2: Correct equations
F =ma
0-029gsin30°+T —0-5R; =0-02a (ii)
Equating expressions for T:
0-03gsin30°-0-03a=0-02a+0-085-0-02gsin30°
0-05¢sin30°-0-085=0-05a
a=3-2ms™
T =0-03gsin30°—-0-03(3-2)
T =0-051N E3: Acceleration
E4: Tension
A |9 |a ii | Motion down slope for 0-25m M1: Use of constant
v2 =u?+2as acceleration
v2 = 2(3-2)(0- 25) equations with
1 substitution
v=1-265ms
After string breaks: E2: Value of v
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Question Expected Answer(s) Max | Additional Guidance
Mark

A |9 A: 4

0-03gsin30°=0-03a

a=4-9ms™

1 M1: Consider A and B
2 .
S=ut+ > at with correct

1-75=1-265t + 2 - 45t*
2.45t% +1.265t-1.75=0
t=0-626

B:

0-029gsin30°-0-5R; =0-02a
a=0-656ms?

s:ut+1at2
2

2 =1-265t +0-325t°

0-325t° +1-265t—2=0

t=1-207

Time interval: 1-207 —0-626 =0-581secs

distances travelled

E2: Time for A

E3: Time for B

E4: Time interval
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Question Expected Answer(s) Max | Additional Guidance
Mark
A |10 | a T AXps  MQGXpg 4 | M1: Use of Hooke’s law to
A T state tensions in both
springs
X 3MPXqs pring
ST
M2: Equilibrium and equating
In equilibrium: Tog =T tensions
MgXes _ 3MgXos s X =3 E3: Establish relationship
| | between extensions
Xps + X5 =1
1 3l
Xps + = Xps = = Xpg = —
3 4 E4: State the distance PS
PS=1+ 3 = a
4 4
A |10 |b i|After further extension: 4
mg [3I_ Xj M1: State new tensions in each
Tos = MI(PS = T’ spring
3mg I—+x
AXos 4
TQS = =
I I
Using < F =ma M2: use of F =ma
Tps —Tos =Ma
3l I
mg Z_X 3mg Z+x )
I — I =mX E3: Correct equation
S E4: Compl r HM an
" 4gX:> SHMa)2:4—g Complete prove S and
I | state value of @
A |10 |bii 4g 2 M1: Equation for max velocity
Vinax = 08 = \fT xI=2\gl with substitution
k=2 E2: state value of k

[END OF SECTION A]
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Section B (Mathematics for Applied Mathematics)

5 4 6
A°B =
2 -2

-4 10
Inverse of A? = 1
41 -2 4

Pre-multiply by (A%
1(-4 10\(4 6
IB==
al2 42 -2
1 -11
B=
ALTERNATIVE SOLUTION

(a b]
Let B =
c d

wo<ly 2 oG )

4a—10c=4 4h—-10d =6

2a—4c=2 2b—4d=-2
Hence, a=1 b=-11
c=0 d=-5

Question Expected Answer(s) Max | Additional Guidance
Mark
B |1 y = e™ tan2x 3
ay _ e5x.i(tan 2x)+tan 2x.i(esx) 1: form of product rule
dx dx dx
— % 25ec? 2 + tan 2x.5e5" 1: one derivative correct
1: other derivative correct
= e (2sec’ 2x+5tan 2x) (Factorisation not needed)
B |2 A (3 B)3 B)_(4 -0 2 I
=1 alli 4712 4 1: Matrix A® correct
det A’ =(4x—4)—(2x-10)=4
Since det A% 0, inverse of AZ exists 1: correct reason stated
B (2 3

1: Statement of inverse A?

1: multiplying both sides

by (A%

1: matrix B

1: Simultaneous equations

1: Two solutions
1: Remaining two solutions.
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Question Expected Answer(s) Max | Additional Guidance
Mark
B |3 _sinX 5
2—COS X
dy _ (2—cosx).cos x —sin x(sin x) 1: form of quotient rule
dx (2—cosx)2 with substitution or
product rule
2cos x—(cos® x+sin’ x)
- (2-cosx)’ _—
1: derivative
_2cosx-1
(2—cos x)2
ForaS.P., d—y:OQZCLX_lz:
dx (2—cosx) - 2
1: Use of sin® x+cos” x =1
& 2c05x—-1=0 to simplify expression
1
& CoSX ==
2
T .
X= 3 1: x coordinate
sin—
when X=—, y_—3=§
T
[2—c033j 1:y coordinate
B |4 log, 2+log, 4+log,8=6log, 2 4 | 1: Statement of answer
100
> log, 2" =log, 2+log, 2> +log, 2° +...+log, 2'° 1: Expansion
r-1 1: simplification of indices
=log, 2(1+2+3+....+100) and factorising
100(101
=log, 2(—( )]
2 1: correct answer
= 5050 log, 2
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Question Expected Answer(s) Max | Additional Guidance
Mark
B |5 6
Lﬂ+ ytan x = tan x
Cos X dx
COS X X ﬂ+cos X.y tan x = cos x.tan x 1: Multiply by cosx,
Cos X dx
* %+ ysinx =sin x
X 1: form of I.F.
Integrating Factor is el _
— e*COSX 1 IF
e ﬂ+e‘°°sx.ysin X =e"""".sinXx

“dx
d —C0S X —COS X H
—(ye =g “*.sinx
e )
Integrate both sides,

I%(y.e‘w“)dx = Ie‘“’sx.sin X dx

ye—COSX - e—COSX + C
y = l+ e—COSX
General _ cosx
Solution y=1+Ce

ALTERNATIVE SOLUTION — From *

dy .
= _ 1—
. sinx(1-y)

Ilci—yy = _[sin xadx

—(n[l-y|=—cosx+C

e—(n\l—y\ _ efcosx+C

= 1 = Ae ©sX
1-y

COSX

<1-y=Be

COSX

< y=1-Be

1: expressing LHS as
correct exact differential

1: Integrating RHS

1: Explicit function for y

1: Separate variables

1: Integrate both sides,

1: Take exponential of both
sides

1: Algebra of exponentials

1: Explicit function for y

Page 18




Question Expected Answer(s) Max | Additional Guidance
Mark
B |6 1 1 __A B 3 | 1: form of partial fractions
1-y* (1+y)(1-y) 1+y 1-y
1=A(l—-y)+B(1+y)
1 1: constant value A
A==
2 1: constant value B
B=1
2
1 1( 1 1
=— +
1-y* 2\1+y 1-y
B |6 Substitution integral: 6

u=+1-x
WML gy
dx 2

-1

T 2fi-x

—2du = dx

\/1—x
Using Y= V1-x

X =1-u?

J' dx
XA/1—X
_ —2du

X

=2 1?12

= _zjl(i+ijdu

2\1+u 1-u
=—(¢n[l+u|—tnfL-u])+C
=Kn‘l—«/l—x‘—(?n‘1+«/1—x‘+c

1—\/1—x
1+\/1—x

=/(n +C

1: correct derivative

1: express x in terms of u

1: replace all terms

1: use of partial fractions

1: integration

1: replace all u terms
(do not penalise omission
of + C or moduli signs)

[END OF SECTION B]

[END OF MARKING INSTRUCTIONS]
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