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General Marking Principles

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.)

In the detailed Marking Instructions which follow, marks are shown alongside the line for which they are
awarded. There are two codes used M and E. The code M indicates a method mark, so in question
B1(a), 1M means a method mark for the product rule. The code E refers to “error’. so in question B1(b),
up to 2 marks can be awarded but 1 mark is lost for each error.
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A2,
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The displacements of the lorry and car are given by

1
§ = Ut & = Eatz,

respectively.
The lorry and car draw level when

lat? = Ut
2 :
>t = ?U (sincet > 0).

The distance travelled by the car before the vehicles draw level is

2
S=Ux£=£.
a a

{Alternative methods are possil}le

Let T be the tension in the string anthe radius of the horizontal circle.
By force balance

Tcosh = 29 (%)

and
T sing = 2ro?
= 50r, (sincew = 5).
Alsor = 2sinf so
T = 100 N.
From (*)
cosf = 29 9 = 0 = 79°.

100 50



A3.

A4,

R umg cosd

R = mg cosf = Friction = umg cosh

The unbalanced force down the plane is
F = mgsind — umg cose.
The acceleration of the sledge is then
a = g(sin@ — u cosh).
Usingv? = u? + 2asgives
VZ = 29(sin® — u cosh)s
and hence
V2
2g(sin® — u cosh)’

(@ From Newton II:

dv
100—
dt

U
%
I

Integrating

<
|
—_—
|
| ~o
~—
=3

= -—+4cC
Sincev = 4whent = 0,c = 4 and we get

v = i(100 - t9).
25

Hence the cycle comes to rest after 10 seconds.

(b) Integrating
_dx 1

v=—=-—(100-t
dt 25( )
with x = Owhent = 0 gives
X = i(300t - 19,
75
Puttingt = 10, the stopping distance is

1 s 80
75(300 x 10 - 10°) = 3 M



AB5. The change in momentum is

1
f F (t)dt
0
1 st
100 jo coszdt

[200 . mT
— SIN—

T 2 lo
200

JT

m(v — U)

kgms™.

AB. (@) Given thatx is the displacement of the car from its equilibrium position,

the tension in the spring is

= 4X.
The acceleration of the car is given by
0-25@ = -T
dt?
= —4x

giving — = -16x
= 4%
e.w = 4
(b) The amplitude of the motion is 0-2 m.
The maximum speed is
Vmax = aw = 02 x 4 = 0-8 ms™.
A7. By Newton I
ma = —mg — 25mv,

and hence
vg—\sl = —g - 25/
Separating the variables and integrating gives
e J- vdv
g + 25v%
and so

s = &Injg + 25/ + C.
Sincev = U whens = 0,

C = —&In(g + 25U2).
The maximum height, is attained wher = 0, giving

H

1 » 1
| 2502 - — |
n(g + 250°%) - =5 Ing

50
_ilng+25u2)
- = el




A8.

Resolving perpendicular to the plane
R = mg cos45°
Resolving parallel to the plane
F = mgsind5° + uR
= F = 2gsin45° + u(2g cos4s®)

The total force acting down the plane is

F = V29 + Vaug
\/é(l + u) g.

The work done by the spring is then

W = Fs

\/§(1+M)X%1

g
——(1 .
> \/i( + 1)
. . Y 'G
The elastic potential energy of a springeis= aT
So the change in the elastic potential energy is given by
Ao &(§)Z
2 2\4
_A#-3F) 7
Co2x & 32
By the work energy principle

A g
and hence
169 _ 8V2g
A= 7\/2(1+/«t) =~ 1+w.

Alternative method using differential equations
By Newton |l

2a = Jx — 2gsin45° — u(2g cos4°)
wherex is the extension of the spring.

Rewriting gives

2\/3—)‘: = x-V2(1 + g

Integrating with respect togives
X2
\/2=7— 2(1+,u)gX+C

Sincev = Owhenx = 1,C = -1 + v2(1 + u)g.
Whenx = 3,v = 0, so

and hence



A9.

(@)

(b)

The equations of motion are
X = V cosét, y = Vsingt - igt%

Hencet =

X L
and eliminating
V cosf

. X 1 X 2
= |V sing x - = .
y \ cose) zg(v cos@)

This simplifies to
2

oX
= xtanh - ————
y = xtan 2V2 cos 0
. gx?
ie. y = xtand - ﬁ(l + tarf6).
Settingx = 3h,y = handV = 3\/igh gives
2
h = 3htand - @(1 + tarf ).
Hence
tarf6 — 3tand + 2 = 0
(tang — 2)(tan® — 1) = 0

tané = 2ortang = 1.
2

Knowing thatV = 3\/@ from (a) whertanf =
2

gx 2
=2X-—(1+2
y = 2x 99h( +2)
5x2
= 2X - —.
Y= %"
Puttingy = 0, the rangeR is given by
0 =2R- ﬁz
9h
Solving gives
R 180



A10.

(@)

(b)

(©)

The velocity vector for aircraft A is

Vv
va = =0 + Kk
A \/2( )
and its position vector is
Vvt .
ra = —= + k).
A \/ﬁ( )
The position vector for aircraft B is
rg = ALY + C
B — \/zj .

And using the initial position

rg = %(\/Eu + (Vt = v2L)j + 4V2Lk).
(i) The distanc® between the aircraft is given by
D* = Irg — rA|2
Vi\y? [Vt 2 Vt\?
= (L - —= — - L 4 - —) .
( @) ’ (\/i ) " ( vz)

Expanding the brackets and collecting terms gives
D? = 3V4? - 6vV2VLt + 18L2
(i)  To minimiseD?:

2
dd—[z = 3V - 6V2 VL.
Setting this derivative equal to zero gives
{ = V2L
Y,

and hence the minimum value Dfis \/6L.



All. (a) By conservation of energy

%mU2 = ng(l - cos%). 1
This becomes
u? = 2gR(1 - %) 1
ie. U?=gR(2-+2).
(b) Again by conservation of energy
Imu? = Imv® + mgR(1 - cosf), 1
o)
Vv = u? - 29R(1 - cost) 1

ie. v =.u - 29R(1 - cosh)

(c) Ingeneral

T(0) = M?Vz + Mg cosd 1
= %[u2 — 29R(1 - cost)] + Mgcosd  (using (b)) 1
My o
= E[u — 29R] + 3Mg cosé
Whené = in
Ty _ Mre_ il
T(4) = R[u 20R] + 3Mg cos
=%[uz—2gR]+% 1
Whend = 3n
3\ M, 3
T(4) = R[u — 20R] + 3Mg cos—
=%[u2—29R]—% 1
Hence
7 37\ (M, SMQ} {M 2 3|V|9}
T(Z) - T(Z) = [P - 2gR] + 222 | — | 22— 2gR] - 222
(4) (4) {R[u R +7 ) 1rY R -5
= 3v2Mg. 2E1

[END OF SECTION A SOLUTIONS]



B1.

B2.

B3.

B4.

Section B

(@ fx = etanx = f/(x) = 2e” tanx + € secx 1M,2E1
b CO2X
®) 9 =—3
— I _ 2
) = (-2 S|n2x)x3x6 (cos2x) (3x?) 1IM.2E1
_ —=2xsin2x - 3 cos2x 1

X4
The Product Rule correctly applied and executed would gain full marks.

) 1 )
The term ina® must come froma—2 x a. Thus the term is

10 })2 g
(2 x(a x (3a) 11
= 45 x 6561 x a° 1
= 2095245 a° 1
3x _ A N B 1M
(X + 1) X+ 12 x+1
X =A+BX+ 1)

X = -1 = -3=A 1
X =0 = 0=-3+B=>B=3 1
3X -3 3
= +
(X + 1)? x+ 1?2 x+1

J‘ 3X dX:f _3 + 3 dX
(X + 1)? (x + 1)y? x + 1)
_ 3 +3In(x+ 1 +c 11
X+ 1
[ydy = [ote®dt iM,1
f=3tj3e3t.dt—f3e3t.dt 1M,1
2
=3te3t—e3t+c 1
02 2=0-1+c=>c=3 1

v = 2(3te® - & + 3)
y = V/6te* — 26% + 6 1




(@)

BS.

detA = m(m-0) - 1(0+ 2) + 1(0 - m)

=m-m-2

=M+ 1(Mm-2) > m= -1, 2

(b)
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[END OF SECTION B SOLUTIONS]



