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General Marking Principles

These principles describe the approach taken when marking Advanced Higher 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 is one code used M. This indicates a method mark, so in question 1(a), 1M means a
method mark for the product rule.
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|Marks awarded for

1. (@) Forf (x) = € sinx?,
(6) f7(x) = esinx® + e(2xcosx’). 1M |using the Product Rule
1,1 |one for each correct term
(b) Method1
Forg(X) = ——,
9) (1 + tanx)
(1 -x3 . .
g = (1 + tanx) secx 1M |using the Quotient Rule
(1 + tanx)?
1 first term and denominator
1 second term
Method2
g = x3(1 + tanx)™* 1 [for correct rewrite
g =
(1 + tanx) ™t + x3(=1)(1 + tanx) ?>seéx 1,1 |for accuracy
= T ez (3 + 3tanx — x seéx)
2. Let thefirst term be a andthe commonratio be
(5) r. Then
a = -6 and ar®? =3 1 {both terms needed}
Hence
ar? 3 1 .
M= — = — = ——, evaluatingr
ar —6 2
So, sincdr| < 1, the sum to infinity exists. 1 |justification
S - a 1 correct formula
1-r
_ 2w
- 3
-8 1 the sum to infinity




Marks awarded for

3. (@) t = x* = dt = 43dx 1 correct differential
(7) J. X3 dx — E J'4—X3dx
1+x8 491+ (x9?
_1 f Ldt correct integral in
Tl 1 g
= jtamlt + ¢
= jtam'x* + ¢ 1 |correct answer
(b) [x2Inxdx = [(Inx)x2dx 1M [for using integration by parts
= Inx [x2dx — [$%dx L lfor differentiating Inx
= H3Inx - § [xedx
= Inx - +c 11
4. . [20) .. .
(@) The matrix| o o | gives an enlargement, 1 [correct matrix
scale factor 2.
1 V3
The matrix 7 i gives a clockwise 1 correct matrix
~2 2
rotation of60° about the origin.
1 V3
| 2 214[20
M Gl (0 2) 1 correct order
2 2
_[ 1 V3 1
-3 1)
S. (n+ 1) _ (n) __(+Ht 1 |pothterms correct
(4) 3 )7\3) " 3(-20 3(n-23)
(n+ 1)! nl(n-2) {alternative methods
- 3(n-2) 3(n-2) will appear}
_(n+ D! —nl(n-2)
- 3(n-2)!
nfn+1 - (n- 2)] 1 correct numerator
- 3(n - 2) | |correct denominator
. nx3 n!
S 31(n-2)!  2(n-2) 1

-3

1 for knowing (anywhere
n=-2!=(n-2)x(n-23)!




Marks awarded for

. i ]k
(4) VXW=]|3 2 -1 1M |a valid approach
-11 4
=i2—1_. 3_1+k 321
14| Y14 11
= 9 — 11j + 5k 1
u.(v x w) = (=2 +0j +5k).(9 — 11j + 5k)
=-18+0+ 25
= 7 1
2 +
76' [} 553X M
( ) X+5 — _A + _B_ + _C_
X+ DX+ 2)(x+3) X+1 X+ 2 X+ 3
X+ 5=
AX+2)(X+3)+Bx+H(x+3)+ C(x+ 1)(x+2)
X=-1=2=2A = A=1 1 for first correct coefficient
X=-2=-1=-B=B=1 1 |for second correct coefficient
X=-3=-4=2C = C=-2
Hence for last coefficient and
3X+5 _t 1 2 applying them
X+DX+2)(x+3) x+1 x+2 x+3
2 . 2
i s seradx = 1(ck + xbz — x%a)dx
= [Inx+ 1 +In(x+2 -2In(x+3)F 1 |[for correct integration and
=In3+In4-2In5-1In2-In3+2In4 substitution
3 x 4 x 4 32
=IN>—7—— = In— 1
5 x2x3 25
8. (a) Write the odd integers a2n + 1
(6) and2m + 1 wheren andmare integers. 1M [for unconnected odd integers
Then
2n+1)(2m+1) =4nm+2n+2m+1
=22nm+n+m+1 1 demonstrating clearly
which is odd.
(b) Letn = 1,p' = pwhich is given as odd. 1
Assumep® is odd and consider * 2. 1M
pk+1 — pk % p 1
Sincept is assumed to be odd apis
odd,p** s the product of two odd for a valid explanationfrom a
integers is therefore odd. 1 previous correct argument

Thusp'*tis an odd integer for
all nif pis an odd integer.




Marks awarded for

9. Letf (x) = (1 + sin’x). Then
(4) f(0) = 1
f’(x) = 2sinxcosx = f(0) =
= sin2x
f7(x) = 2 cos2x = "0 =2 1
f””(X) = —-4sin2x = 70 =0
f77(x) = -8cos2x = "7 = -8 1 one for each non-zero term
f(x)=1+2§—?—82—?+... 1
=1+ X - Ex4 +
3
Alternativel
f(O)=1 1
7 (X) = 2sinxcosx = (0 =0
f7(X) =2cogx-2six = 70 =2 1
f”7(X) = 4(-sinX)cosx = 70 =0
—4 cosx sinx
7”7 (X) =-8cogx+8sinx = f”7(0)=-81
etc
Alternative2
f(x) = (1 + sin’x)
=1+ 13- 3cos2x 1 |introducing co2x
= $(3 - cos2x)
_ %(3 ( _ (2x)2 + (24_x|>4 - )) 1 e.xpar_1di_ng Ca&X
= 3(3-1+2x- %4 -...) 1 simplifying
=1+ %2 - ba- 1 finishing
10. The graph is not symmetrical about the
(3) y-a?<i_s (orf (x) # f(-X)) _
so it is not an even function. 1
The graph does not have half-turn
rotational symmetry (o (x) # —f (—x))
so it is not an odd function. 1
The function is neither even nor odd. 1 {apply follow through




Marks awarded for

11. dzy dy
(7) ae T YT
m+4m+ 5= 10 1
(m+ 22 = -1
m= -2+ i 1
The general solution is
appropriate CF
y = e¥(Acosx + Bsinx) 1M |3PPIOP
1 for accuracy
Xx=0y=3=3=A 1
=Zy=e" = e7=e7(3cos} + Bsin%)
= B=1 1
The particular solution is:
y = € 2(3cosx + Sinx). 1
12. Assume2 + X s rational 1
(4) and let2 + x = gwherep, g are integers. 1
So X = P_ 2
A 2
_P q g 1 as a single fraction
Sincep — 2g andq are integers, it follows
thatx is rational. This is a contradiction. 1
13. y=t-52 = ¥ - 32_5 1
(10) X = VI = t2 = & = §t-12 1
dy 3t2 — 5t 1
= dx 112
= 6t¥2 - 10t¥ 1 |for eliminating fractions
&y _ §(3) N
dx2 dx
6 x 3t¥2 — 10 x 3t'? 1
- 1t-12
2
= 30t — 30t 1

ie.a =30, b = =30

At a point of inflexion,%z’ =
Butt >0 =>t=1= = -4 1

and the point of contact {4, —3) 1
Hence the tangent is
y+3=-4(x-1 1

i.e.2y + 8x = 5

the value of the gradient




Marks awarded for

14.
(10)

1 -11( 1
11 20
2 -1 a|l 2
1 -1 1 1
0 2 1 -1
0 1 a-2| O
1 -1 1 1
0 2 1 -1
0 0 2a-5| 1
zZ= ;
2a - 5
1 -2a+5-1
2y + =-1= 2y=
Y a-— Y 2a-5
_2-a,
Y= 225
2-a 1

X— + =1
2a-5 2a-5
_2a—5 1—a_ a-4

X = + = .
2a-5 2a-5 2a-5

which exist wherRa — 5 # 0.

From the third row of the final tableau,
whena = 2.5, there are no solutions

Whena = 3, x = -1,y = -1,z = 1L
5 2 -3\[1 -1
1 1 -1(|0]=1|-1
-3-1 2 /\2 1

-1 1
-1|=|0|and
1 2

AB:

From above, we havé

1 (-1
alsoA| 0| =|-1| which suggestdsC = | and
2 1

this can be verified directly. Hence
Ais the inverse o€ (or vice versa).

for a structured approach

for triangular form

one correct variable

for the two other variables
{ other justifications for
uniqueness are possible

A candidate who obtains
AC =1 directly may be
awarded full marks.




|Marks awarded for

15. X =8 =>x=8=x=02 1 |values o
Area = 4 [2(V8x — xd) dx 1M |4 f3
1 the rest
2 1 .]°
= 4[ 8(—x3’2) —~ —xﬂ
ve 3 3 Jo 1
_ 4[1_6 _ §} _ 2
3 3 3 1
Volume of revolution about theaxis= 7 [x?dy. 1M
So in this case, we need to calculate
two volumes and subtract:
4 4
V= zlloydy] - = [lo Gay] 1,1 |each term
- %1, - (3.
- ”[2 o~ L3200 1
64 x 42}
= 7|8 =
”[ 320
40 - 16 ( 24n)
5 7 5 ( ) 1
16. Z = r3(cos39 + i sin39) 1
(10) 27 Fein 27\ _ HPS
(cos¥Z + ising)” = cos2z + isin2r 1  |necessary
a=1b=020 1
Method 1
r¥(cos30 + i sin39) = 8
r3cos30 = 8andr®sin3 = 0 1
=>r =23 =0, 27, 4n 1
Roots are, 2(cos¥ + i sing), 2(cos¥ + i sin%). 1
In cartesian form:2, (-1 + iV3), (-1 - iV3) 1
Method 2
2-8=0 1
z-2(Z2+22+4 =0 1
z-2(z+ 12+ "3 =0 1  |or by using quadratic formula
so the roots are, (-1 + iV3), (-1 - iV3) 1
(a) Zl+22+23=0 1
(b)Sinced =2 =2 =18 1
it follows that
A+B+B= 37+ @+ @
=3x64 =192 1

END OF SOLUTIONS





