2012 Mathematics
Advanced Higher

Finalised Marking Instructions

© Scottish Qualifications Authority 2012

The information in this publication may be reproduced to support SQA qualifications only on a
non-commercial basis. If it is to be used for any other purposes written permission must be
obtained from SQA’s NQ Delivery: Exam Operations.

Where the publication includes materials from sources other than SQA (secondary copyright),
this material should only be reproduced for the purposes of examination or assessment. If it
needs to be reproduced for any other purpose it is the centre’s responsibility to obtain the
necessary copyright clearance. SQA’s NQ Delivery: Exam Operations may be able to direct
you to the secondary sources.

These Marking Instructions have been prepared by Examination Teams for use by SQA
Appointed Markers when marking External Course Assessments. This publication must not be
reproduced for commercial or trade purposes.



Advanced Higher Mathematics 2012

|Marks awarded for

1. 3 X+ 1
G.a) (a) f00 = 5

3(x* +1) - (3 + 1)2x
(x + 1y

3 + 3 - 6x° — 2
(@ + 1y
-3 - 2x+ 3
(2 + 1)
g(x) = cogxe?"™

fr(x) =

(b)

g (X) = 2cosx(— sinx)e®™ + (cogx)(seéx)e®™ 1

= —sin2x ™ + g™
= (1 - sin2x)e?™
(b) alternative

g(x) = cogx exp(tanx)

1M |for quotient rule (or product)
for two correct terms

for third correct term

[

product rule

first correct term

1 |second correct term
1 |simplification

1M

In(g(x)) = In(cogx) + tanx 1M
= 2In(cosx) + tanx
Differentiating
g—(X) — 2(—S—|nX) + Se(gx 1
g(x) COSX
1 — 2 sinx cosx
(X)) = cosx exp(tanx) 1
g™ —m p(tanx)
= (1 - sin2x) tanx 1
2. a = 2048 andar® = 256 1M (valid approach
(5) ==}
=>r =3 1 |correct answer only, 2 marks
a(l —r"
S
1- (3" 4088
= 1M [for sum formula
~ 1-1 " 2048
_ 5l
256
(1)” 511 1 511
= 1-(3)] == x=-=
L 2 %ﬁ 21 512
— =1 - = = 1
2" 512 512

1 |any valid method
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3. Sincewis arootw = -1 — 2iisalsoaroot. 1 [for conjugate
(6) The corresponding factors are
(z+1-2)and(z+ 1 + 2i)
from which
(z+D-2)((z+1)+2i)=(z+ 17> +4
=Z2+22+5 1
Z+52+ 112+ 15= (2 + 2z+ 5)(z+ 3) 1 |evidence needed
The roots aré-1 + 2i), (-1 — 2i) and-3. 1 |for stating roots together
« 1 |for two correct points
1 |for third correct point
4. The general term is given by:
(5) (9) @[3 L
r X2
9—ry9—r/_ 1\
_ (9) L 2 XD 1
r X2r
— (?) % (_1)r 29—rx9—3r 1
The term independent &foccurs when
9-3 = 0,ie.whemr = 3. 1
The termis:  — (~1)°2°
e termis: e (-1
= —5376. 1
5. Method1
(5) PO =3i+j+4kandQR=2i - 2j - 2k 1 |PRcould be used
A normal to the plane:
i ]k
PQx QR= 13 1 4 M
2 -2 -2
_ilt a3 4], 32
22|22 2 -2
= 6i + 14 — 8k 1
Hence the equation has the form:
6x + 14y — 8z = d. 1
The plane passes throuBli-2, 1, —-1) so
d=-12+14+8 =10
which gives an equatiodx + 14y — 8z = 10 1

l.e.3X+7y—4z=5.
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Method2
A plane has an equation of the form

ax+ by + cz=d. Using the point®, Q, Rwe get

-2a+b-c=4d
a+2b+3=d M
3a+c=d
Using Gaussian elimination to solve these we have
-21-1d -21-1d
1 2 3 d = 0 55 3 1
3 01d 0 6 8 2
-21-1d
= 0 55 1
0 0 2 -&

:>c=—£'d, b=zd, a=§d 1
5 5 5

These give the equation
(Bd)x + (dd)y + (-4d)z = d

ie. X+ 7y—-4z2=5 1

or other valid method
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6. Method1
(5) €=1+x+5+%+ .. 1
(1+ €)Y =1+ 28 + & 1M
=1+21+x+5+%+ ...) L
+(1+2x+%+%)3+ )
=1+2+2X+ X+ 83+ 1+ 2x+ 2 + $3 +...
=4+ 4x+ 3+ 3+ ..
Method2
€=1+x+%5+%+ .
(1+€)=2+x+5+%+ ...

(1+€f=(2+x+5+%+ 2+x+%+%+ ) 1M
=4+4x+3C+ P+ 3+ 3+ 3+ L 1
=4+ 48X+ 3+ C+ ...

Method3
€=1+x+%+%4 1
f(x) = (1+ e f0) = 4
f/(x) = 2&¢(L + &) f°(0) = 4 1
= 2e¢ + 2e* can award marks for correct
f7(X) = 26 + 48 f7(0) = 6 1 |columns.
f77(x) = 2+ 8 f”7(0) = 10 1
f(x) = f(0) +f (O)x+ (0% + 7 (0)% +...
1+’ =4+42+3+ 33+ ... 1
7. y = |x+ 2|
(4) y
1 [for shape
@ (0.2) 1 |for coordinates
(-2.0) X
y
b 1 1 |for both horizontal lines
(b) Y 1 |[for values:1, -1, -2
X
— -l




Marks awarded for

8. X = 4sinf = dx = 4 cosd do 1
(6) X=0= 6 = 0} L
X=2=0=%
[27/16 > dx
= [3°\[16 = (4sinY . 4cosh do 1
= J5"°\/16(1 - sin?d) . 4cosy do
= [3°\/16 cog0 . 4 cosh do
— [5°16 cog0 do 1
= 817°(1 + cos20)de
= 8[6 + 4 sin20]3° 1 [for applying trig. identity
and integrating
= & + 4sing
=4 + 2/3(= 765) 1 [numerical approx. allowed
0. Method1
(4) A+ Al =
A+l =A 1 |[for multiplying by A
Hence A+l =1-At 1 [for rearrangingd + At = |
A= A1 1 |for subtracting
A= -l iek = -1 1 |for multiplying by A
Method2
A+ A= |
A=1-A? 1 |for rearranging
A =1 - 2A + (A for squaring
A =A-2 +A! for multiplying by A
A=A+AHY-21=1-2
Hence A% = —I,iek = -1 1
Method3
A+ Al =]
A=1-A? 1 |for rearranging
A= - A 1 |for multiplying by A?
A=A-DH-A 1 |usingA? = A - |
= -l,iek = -1 1

Plus other valid methods.
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10 Method1

(3) 1234 = 7 x 176 + 2 1
176 = 7x 25+ 1
25=7x3+4 1
Hence
1234,, = 3412, 1 |answer only, 1 of 3
Method?2
1234 = 7 x 176 + 2 1
= 7x(7Tx25+1)+2
=7x(7Tx(7Tx3+4)+1)+2 1
=3xTP+4xTP+1x7+2
Hence
1234,, = 3412, 1 |answer only, 1 of 3
11. d, . _ 1
(b) fsin-lx.ﬁ dx =
sin‘leﬁ dx—f(%(sin‘lx)fﬁ dx)dx 1
= sinx] 2 dx—J(ﬁf 2 dx)dx
_ ain-l _ X d4x=
= sin x(—\/l—xz)—f(ﬁ(—\/ —))dx 1 1“or_|.\/mdx——\/1—x2
= sin*x(—V/1 - x3) - [(-1)dx 1
= x-sinixyvl-x+c 1
2'52) % = -0.02; % = 0.01 1
V = ar’h
dv dr »,dh 1M |for implicit differentiation
— = n(Zr—)h + arf—
dt dt dt 1 |for accuracy
= 7(2 x 06 x (-0.02) x 2 + 0.36 x 0.01) 1
= 7(-0.048 + 0.0036)
= -0.0444n (= -0.14)
The rate of change in the volume is
-0.04447 m* s1, 1 |units required
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13.
(10)

X = 2t + 3t? = K =2+t
y=4-3% = F=t-3
dy t*-3
dx 2+t
d(dy| 2t2+t)-(t°-3) t°+4t+3
a(&)_ (2 + 1) T 2+12
dy t*+4t+3 1  t?+4t+3
a2 (2412 2+t (2413

Stationary points whef{ = 0, i.e.
-3=0=>1t=+/3
dy 3+4/3+3

Whent = v3
en \/7 dX2 (2+\/_)3 >
which gives a minimum.
y 3-4/3+3
Whent = —/3 0
ot =3 e = T —vap

which gives a maximum.
d?
At a point of inflexiongZ = O.
In this case, that means
t2+4+3=(t+1)(t+3) =
and this has exactly two roots.

Note that this is a slimmed-down version of

the complete story of points of inflexion.

no marks for using a nature
table

no marks for using a nature
table

need to show 2 values exist
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14,
(5,
1,3)

4 0 6 1
(@) 2 24 |-1 1
-1 1 A 2
40 6 1
04 -2 3 1
04 6+44 |9
40 6 1
04 -2 3 1
00 8+41 |6
zZ= 6 = 3 1
8 + 44 2(2 + 1)
y = 3+ 22 = 4y = 18 + 64
4 + 2
Ly 31+9
YT a2+
2, - 14
4 = 1 - 6 4x =
X z = 4X Y]
= X = u l
42+ A
(b) Wheni = -2, the final row give® = 6
which is inconsistent.
There are no solutions 1

() A=-21,x=2275,y=-6.75z=-15 11
Although the values of are close, the values
of x, y andz are quite different. The
system igll-conditioned neari = -2. 1

for augmented matrix

triangular form needed

first root

other two roots

1 for first 2 values; 1 for third
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15.
(4,7)

1 _ A B _C
X—D(X+22 x-1 X+2 (X+2?

1=AX+2?+BXxX-1)(X+2)+C(x-1)

(@)

x=1=A=1 1
X=-2=C=-3 1
x=0=>1=§-2B+i=B=-§ 1
1 1y1 13
TX-D(X+22 9\X—1 x+2 (X+ 20
dy x -1
b _1_— =
(®) (x )dx y (X + 2)?
R 1M

Integrating factorexp(f —rlldx) 1
=exp(-Inx-1) = x -1 1
1 dy 1 1
(x—1)dx (x—l)zy_(x—l)(x+2)2
d( y ) 1
— - 1
dx\x—1/ (x=1)(x+ 2)?
_}( 1 1 3 ) L
“9lx-1 x+2 (x+2)?
L=1(|n|x-1|_|n|x+z|+i)+c 1
x-1 9 X+ 2

y X;gl(ln|x—1|—In|x+2|+;32)+c(x—1) 1

+

-1
Ix+2] x+2 tex-D

_ x—l(I Ix — 1
9

for rearranging

constant of integration needed.
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16. (@) Forn = 1, the LHS =cosf + i siné and
(6,4) the RHS =cosf + i sinf. Hence the
result is true fon = 1. 1

Assume the result is true for= Kk, i.e.
(cost + i sinf)¢ = coskd + i sinké. 1 |working withn is penalised.

Now consider the case whan= k + 1.

(Cosh +i sind)<** =(cosh + i sind)*(cosh + i sink) 1
= (coské + i sink6)(cosh + i sing) 1 |for applying the inductive
hypothesis

= (coskd cosd - sinkA sind) + i (sinkA cosh + coskd sind) 1 |multiplying and collecting
=cogk+1)6 +isin(k+1)0

Thus, if the result is true for n = k the
result is true fon = k + 1.

Since it is true fon = 1, the result

is true for alin > 1. 1

.. 11 ..
(cosk + i sind) costE + i sinig

(b)

1 [using result from above

(cosE + isin&)*  cost + i sing
cost¥y + isinig  cos - ising 1
= — X —
COSE + i sing cosg — i sing
cost cost +sinfesing .
= — +imaginary term
COS% + Sin’g
co 11 ﬂ)+ imaginary term 1
18 9
JT . .
= cosE +imaginary term
Thus the real part is zero as required. 1 |or equivalent

END OF SOLUTIONS



