Topic 6 Part 1 /229 marks

la.

1b.

2a.

[5 marks]
Markscheme

f'(z) = (Inz)? + 2‘“%(: (Inz)?+2lnz = Inz(nz + 2)) MIAI
flz)=0(=z=1,z=€e2) MI

Note: Award M1 for an attempt to solve

f'(z)=0.

A(e2,4e 2)and B(1,0) AIAI

Note: The final A7 is independent of prior working.

[5 marks]

Examiners report

This was answered very well. Candidates are very familiar with this type of question. Some lost a couple of marks by failing to find
their final y coordinates, though only the weakest struggled with differentiation and so made little progress.

[3 marks]
Markscheme
f'(x) =2(nz+1) Al
(@) =0 (=z=e') M)

inflexion point

(et et) Al

Note: M1 for attempt to solve
f"(z) =0.

[3 marks]

Examiners report

This was answered very well. Candidates are very familiar with this type of question. Some lost a couple of marks by failing to find
their final y coordinates, though only the weakest struggled with differentiation and so made little progress.

[6 marks]
Markscheme

attempt to differentiate implicitly M1
2z —}—cosyj—i == mg—z =0 AIAI
Note: A1 for differentiating

z? and sin y ; A1 for differentiating xy.

substitute x and y by
T Ml

dy dy dy _ «
27r7£77r777570:>£71+_ﬂ MIAI

Note: M1 for attempt to make dy/dx the subject. This could be seen earlier.

[6 marks]



2b.

Examiners report

Part a) proved an easy 6 marks for most candidates, while the majority failed to make any headway with part b), with some
attempting to find the equation of their line in the form y = mx + ¢ . Only the best candidates were able to see their way through to the
given answer.

[3 marks]
Markscheme

6= % — arctanHLﬂ (or seen the other way) M1

17
tanf = tan(% - arctanlL) =t~ MIAI
+7 L

_ 1
tanﬂfm AG

[3 marks]

Examiners report

Part a) proved an easy 6 marks for most candidates, while the majority failed to make any headway with part b), with some
attempting to find the equation of their line in the form y = mx + ¢ . Only the best candidates were able to see their way through to the
given answer.

[6 marks]
Markscheme

ds ds o
— 4as __
V=0 T Al
EITHER
_ dv _ dvds
=g =we MD
v
& =@ A
4 _ds
(2s+1)% dt

OR

2
ds d2s d?s
2(5) +2s82 Lo M)

_ofds
%: 2&1) AD
~~

a

THEN
-8
(25+1)°
[6 marks]

Examiners report

Despite the fact that many candidates were able to calculate the speed of the particle, many of them failed to calculate the acceleration.
Implicit differentiation turned out to be challenging in this exercise showing in many cases a lack of understanding of
independent/dependent variables. Very often candidates did not use the chain rule or implicit differentiation when attempting to find
the acceleration. It was not uncommon to see candidates trying to differentiate implicitly with respect to ¢ rather than s, but getting the
variables muddled.



Markscheme

r =sint, de = costdt

f\/lz—jzzdx = f%costdt M1
:fsin3tdt (Al)

= fsin2tsintdt

= [(1 —cos’t)sintdt MIAI

= [sintdt — [cos’tsintdt

= fcost+L:S:t+C AlAT

—ImZ+3(VI=@) +C a1

(=-vI=2 (1-11-2) +C)
(=-ivI—22(2+2)+0)

[7 marks]

Examiners report

[7 marks]

Just a few candidates got full marks in this question. Substitution was usually incorrectly done and lead to wrong results. A cosine
term in the denominator was a popular error. Candidates often chose unhelpful trigonometric identities and attempted integration by

parts. Results such as

in 9 9 g 5 g 9 2 9 9 9
Ik sin’tdt = % + C were often seen along with other misconceptions concerning the manipulation/simplification of integrals were

also noticed. Some candidates unsatisfactorily attempted to use
arcsinz . However, there were some good solutions involving an expression for the cube of

sint in terms of
sint and

sin 3t . Very few candidates re-expressed their final result in terms of x.



6a.

Markscheme

=

(—- Al 175.0.}-*l-37‘HB3 eeo)

intersection points AIAT
Note: Only either the x-coordinate or the y-coordinate is needed.

EITHER
z=y*-3=y==4z+3 (accepty=+/z+3) (MI)

A= [ 2z F8de+ [T /23 —atde  (MDAIAL
=3.4595... + 3.8841...

=734(3sf) Al

OR

y=2=z=yy (M)

A= [P0 - (y —3)dy (MDAI

=734 (3s) A2

[7 marks]

Examiners report

[7 marks]

This question proved challenging to most candidates. Just a few candidates were able to calculate the exact area between curves.

Those candidates who tried to express the functions in terms x of instead of y showed better performances. Determining only

v/ + 3 was a common error and forming appropriate definite integrals above and below the x-axis proved difficult. Although many
candidates attempted to sketch the graphs, many found only one branch of the parabola and only one point of intersection; as the
graph of the parabola was not complete, many candidates did not know which area they were trying to find. Not many split the
integral correctly to find areas that would add up to the result. Premature rounding was usually seen and consequently final answers

proved inaccurate.

Markscheme

L=CA+AD Mi
sinoz:C“—A:>CA: g Al

i sin?
cosa = o = AD = Al

cos

L=-—"1+% AG

sina cos

[2 marks]

[3 marks]



6b.

Examiners report

Part (a) was very well done by most candidates. Parts (b), (c) and (d) required a subtle balance between abstraction, differentiation

skills and use of GDC.

In part (b), although candidates were asked to justify their reasoning, very few candidates offered an explanation for the maximum.
Therefore most candidates did not earn the R1 mark in part (b). Also not as many candidates as anticipated used a graphical approach,
preferring to use the calculus with varying degrees of success. In part (c), some candidates calculated the derivatives of inverse
trigonometric functions. Some candidates had difficulty with parts (d) and (e). In part (d), some candidates erroneously used their

alpha value from part (b). In part (d) many candidates used GDC to calculate decimal values for

aand L. The premature rounding of decimals led sometimes to inaccurate results. Nevertheless many candidates got excellent results

in this question.

Markscheme
a=5andb=1= L=+
METHOD 1

[4 marks]

o

/tn\

\

-2
(1-042,7-773 )

(M1)
minimum from graph
=L="77T (MDHAI
minimum of L gives the max length of the painting RI

[4 marks]

METHOD 2

LoZmerne o
(M1) 3

%finﬁ%ﬁ o'i’ii%gi%eé e t‘f’rc%{oieﬁg‘;ﬁgocl‘:fh% fya%ﬂr@g ) RI

maximum length =7.77 Al
[4 marks]

> X



6cC.

6d.

6e.

Examiners report

Part (a) was very well done by most candidates. Parts (b), (c) and (d) required a subtle balance between abstraction, differentiation
skills and use of GDC.

In part (b), although candidates were asked to justify their reasoning, very few candidates offered an explanation for the maximum.
Therefore most candidates did not earn the R1 mark in part (b). Also not as many candidates as anticipated used a graphical approach,
preferring to use the calculus with varying degrees of success. In part (c), some candidates calculated the derivatives of inverse
trigonometric functions. Some candidates had difficulty with parts (d) and (e). In part (d), some candidates erroneously used their
alpha value from part (b). In part (d) many candidates used GDC to calculate decimal values for

and L. The premature rounding of decimals led sometimes to inaccurate results. Nevertheless many candidates got excellent results in
this question.

[3 marks]
Markscheme
dL Mll—%ié)sla ksina

R T o i (or equivalent)

Examiners report

Part (a) was very well done by most candidates. Parts (b), (c) and (d) required a subtle balance between abstraction, differentiation
skills and use of GDC.

In part (b), although candidates were asked to justify their reasoning, very few candidates offered an explanation for the maximum.
Therefore most candidates did not earn the R1 mark in part (b). Also not as many candidates as anticipated used a graphical approach,
preferring to use the calculus with varying degrees of success. In part (c), some candidates calculated the derivatives of inverse
trigonometric functions. Some candidates had difficulty with parts (d) and (e). In part (d), some candidates erroneously used their
alpha value from part (b). In part (d) many candidates used GDC to calculate decimal values for

and L. The premature rounding of decimals led sometimes to inaccurate results. Nevertheless many candidates got excellent results in
this question.

[6 marks]
Markscheme
d_L(il—)Skcossa-%—ksinza
da MlAfinz.acaosza
i—L =0= 22 = % = tana = /3 (a=0.96454...)
(e} (AI) cos’a
tana = /3= - =/1+9 (1.755...)
@an ot
and —— = — (1.216...)
AT N¢4_V3
\/1+(“‘/§
[6 medHcs] 7 +ky/1++9 (L =5.405598...k)

Examiners report

Part (a) was very well done by most candidates. Parts (b), (c) and (d) required a subtle balance between abstraction, differentiation
skills and use of GDC.

In part (b), although candidates were asked to justify their reasoning, very few candidates offered an explanation for the maximum.
Therefore most candidates did not earn the R1 mark in part (b). Also not as many candidates as anticipated used a graphical approach,
preferring to use the calculus with varying degrees of success. In part (c), some candidates calculated the derivatives of inverse
trigonometric functions. Some candidates had difficulty with parts (d) and (e). In part (d), some candidates erroneously used their
alpha value from part (b). In part (d) many candidates used GDC to calculate decimal values for

and L. The premature rounding of decimals led sometimes to inaccurate results. Nevertheless many candidates got excellent results in
this question.

[2 marks]

Markscheme

MIAI
hefimimbne vl is 1.48
[2 marks]



7a.

7b.

Examiners report

Part (a) was very well done by most candidates. Parts (b), (c) and (d) required a subtle balance between abstraction, differentiation
skills and use of GDC.

In part (b), although candidates were asked to justify their reasoning, very few candidates offered an explanation for the maximum.
Therefore most candidates did not earn the R1 mark in part (b). Also not as many candidates as anticipated used a graphical approach,
preferring to use the calculus with varying degrees of success. In part (c), some candidates calculated the derivatives of inverse
trigonometric functions. Some candidates had difficulty with parts (d) and (e). In part (d), some candidates erroneously used their
alpha value from part (b). In part (d) many candidates used GDC to calculate decimal values for

and L. The premature rounding of decimals led sometimes to inaccurate results. Nevertheless many candidates got excellent results in
this question.

[2 marks]

Markscheme

AIAI
4(z —0.5) +4

Note: A1 for two correct parameters, A2 for all three correct.

[2 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e).

[3 marks]

Markscheme

translation

allow “0.5 to the right”) Al

ir(%g’h parallel to y-axis, scale factor 4 (allow vertical stretch or similar) A1
translation

‘éa(lJlow “4up”) Al

gte: All transformations must state magnitude and direction.

Note: First two transformations can be in either order.
It could be a stretch followed by a single translation of

. If the vertical translation is before the stretch it is

.?4))

[3 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(b) Exam technique would have helped those candidates who could not get part (a) correct as any solution of the form given in the
question could have led to full marks in part (b). Several candidates obtained expressions which were not of this form in (a) and so
were unable to receive any marks in (b) Many missed the fact that if a vertical translation is performed before the vertical stretch it has
a different magnitude to if it is done afterwards. Though on this occasion the markscheme was fairly flexible in the words it allowed
to be used by candidates to describe the transformations it would be less risky to use the correct expressions.



7c.

7d.

[2 marks]
Markscheme

general shape (including asymptote and single maximum in first quadrant), Al
intercept

or rlnaximum

s{l,oglwn Al

_’n%arks ]

Examiners report
This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and

compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(c) Generally the sketches were poor. The general rule for all sketch questions should be that any asymptotes or intercepts should be
clearly labelled. Sketches do not need to be done on graph paper, but a ruler should be used, particularly when asymptotes are
involved.

[2 marks]
Markscheme
AlAl

0 < flz) <
Note: A1 fo

[ IS

, Al for
<1
=g

0<

[2 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e).



Te.

7f.

[3 marks]

Markscheme
let
Al
u:w—%
Al
%:1 (or du = dz)
Al

/ . (i do=J 4(%1) g a

2

1 _1[_1
l&éfzei‘ﬁf follo&lngfhlrough an incorrect answer to part (a), do not award final A1 mark.
[3 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(e) and (f) were well done up to the final part of (f), in which candidates did not realise they needed to use the compound angle
formula.

[7 marks]
Markscheme

f3~L L _de=213_14
Note¥ 4 7%6¢ correct cﬁ'gnugzélof limits. Award also if they do not change limits but go back to x values when substituting the limit

(even if there is an error in the integral).

3
%[a;“(?:an(u)] o

1 (arctan(3) — arctan(
fleg the integral = 1 ( : ) )

Ml
tan4] = tan(arctan(3) — arctan(%))
s MDAL |

TG
g gy -
[7 marks] ~°

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(e) and (f) were well done up to the final part of (f), in which candidates did not realise they needed to use the compound angle
formula.



9a.

9b.

[6 marks]
Markscheme

volume

M1
= Tgfm)Zdy

(MI1)AI)
z = arcsiny + 1

volume

Al
= [ (arcsiny + 1) *dy
Note:A 1 is for the limits, provided a correct integration of y.

A2 NS
=2.608993...m=8.20

[6 marks]

Examiners report

Although it was recognised that the imprecise nature of the wording of the question caused some difficulties, these were
overwhelmingly by candidates who were attempting to rotate around the

-axis. The majority of students who understood to rotate about the

Zaxis had no difficulties in writing the correct integral. Marks lost were for inability to find the correct value of the integral on the
&DC (some clearly had the calculator in degrees) and also for poor rounding where the GDC had been used correctly. In the few
instances where students seemed confused by the lack of precision in the question, benefit of the doubt was given and full points
awarded.

[4 marks]
Markscheme

let the distance the cable is laid along the seabed be y

M1 2)
y? = z? +200% — 2 x  x 200cos60°
(or equivalent method)

(Al)
y? = 22 — 200z + 40000
cost=C=80y+20x (MI)

Al
C = 80(x? — 200z +40000): + 20z
[4 marks]

Examiners report

Some surprising misconceptions were evident here, using right angled trigonometry in non right angled triangles etc. Those that used
the cosine rule, usually managed to obtain the correct answer to part (a).

[2 marks]
Markscheme

(m to the nearest metre) (AI1)Al
x =55.2786... =55

(z =100 — 1/2000)
[2 marks]



10a.

10b.

Examiners report

Some surprising misconceptions were evident here, using right angled trigonometry in non right angled triangles etc. Many students

attempted to find the value of the minimum algebraically instead of the simple calculator solution.

Markscheme

VoA

[’o.ﬂsilg. h)

Note: Award A1 for general shape, A1 for correct maximum and minimum, A/ for intercepts.
Note: Follow through applies to (b) and (c).
[3 marks]

Examiners report

Part (a) was generally well done, although correct accuracy was often a problem.

Markscheme

Al

?<t<&ma(m0<t<
aHbW

5—/7
=)

)
t <0.785
and

Al
s> %57

Examiners report

Parts (b) and (c) were also generally quite well done.

a4

AIAIAI

[3 marks]

[2 marks]



10c. [3 marks]

Markscheme

Al

<t 0.785,( 0<t ﬂ)
?alTOW< or €=

)
¢ < 0.785
Al
2 <t < 2.5, (or 2<t<
t>3
[3 marks]

5+3\/7)

Examiners report

Parts (b) and (c) were also generally quite well done.

10d. [3 marks]

Markscheme

position of A:

M1
x4 = [t® — 58 +6tdt

Al
Ty =1t — %t3 +3t? (+c)
when

, SO

tZO, T A =0
RI1

c=0

[3 marks]

Examiners report

A variety of approaches were seen in part (d) and many candidates were able to obtain at least 2 out of 3. A number missed to
consider the

, thereby losing the last mark.
“+c

10e. [4 marks]

Markscheme

de(MI) .

T = —2’UB = fEdUB = f—2dt
(Al)

Injvg| = -2t +c
(M1)

vg = Ae™ %

when =0 so

vp = 720
Al

vg = —20e~ %

[4 marks]

Examiners report

Surprisingly few candidates were able to solve part (e) correctly. Very few could recognise the easy variable separable differential
equation. As a consequence part (f) was frequently left.



10f. [6 marks]

Markscheme

(MI)(AI)

=10e % (+c)

(MI)AI
zp =20 whent =0sozg = 10e % + 10
meet when

1 (M15)3 2 =7
Al

t =4.41(290...)

[6 marks]

Examiners report

Surprisingly few candidates were able to solve part (e) correctly. Very few could recognise the easy variable separable differential
equation. As a consequence part (f) was frequently left.

1la. [6 marks]

Markscheme

Al)
f(S_g
() = @— 1)t
(M1) ,
(f )() Le—1)7%
(F )()—%
() ) 302

AL -1
NGte: Tile:4last M1 and A1 are independent of previous marks.

[6 marks]

Examiners report

There were many good attempts at parts (a) and (b), although in (b) many were unable to give a thorough justification.

11b. [3 marks]

Markscheme

MIAI
g (z) = e + 2z2e*
as each part is positive  R1
g'(x)>0
[3 marks]

Examiners report

There were many good attempts at parts (a) and (b), although in (b) many were unable to give a thorough justification.



1lc. [4 marks]
Markscheme

to find the x-coordinate on

solve

y=g(z)
(M1),
2 = ze®’

(AI)
z = 0.89605022078. ..
gradient

s

t03sf = A7 o08%6.)
1

= =0.172
(usiﬂg%h)é(lﬁx (0.896....) 2)

J}mction on gdc
a
9'(0.896...) =5.7716028. ..

— L —0173
[A%5%1s]

Examiners report

Few good solutions to parts (c) and (d)(ii) were seen although many were able to answer (d)(i) correctly.

11d. [6 marks]
Markscheme
@)
Al ,
(z® + 1)6(13“) =9
Al
z = —0.470191. ..

(i) METHOD 1

(MI)(Al)
’ o 2341)2 2
(g %I})(.’E) = 3x2e(®+D) (2(:1:3 +1)" + 1)
(9o f)/(~0.470191...) = 3.85755. ..
Al

(2 )———0259(232 .)
Note: The *Soltition can be found without the student obtaining the explicit form of the composite function.

METHOD 2

Al
h(z ) (f‘ 09‘1)(76)

K(z ) ' (971 (=) x
_ £ 71)‘?x< ><)
W)= ( —1) 7 x (7))
= 1(0.89605. . 1)*% % 0.171933. ..
Al N4
=0.259 (232...)
[6 marks]

Examiners report

Few good solutions to parts (c) and (d)(ii) were seen although many were able to answer (d)(i) correctly.



12.

13a.

13b.

[6 marks]
Markscheme

1 3 1
3(—2)° +Inz — Zcosmz

Note: Accept

[ AIAIAL } )

@

in ;)Iace of
%m — 222 +4x

%(m—2)3

M1)
= (O +1In2 — %cos27r) — (f% +1Inl — %cosw)

AlAI

1 2
7§+ln2—;

Note: Award A1 for any two terms correct, A1 for the third correct.

[6 marks]

Examiners report

Generally well done, although quite a number of candidates were either unable to integrate the sine term or incorrectly evaluated the

resulting cosine at the limits.

[4 marks]
Markscheme

dy M{éﬂc{}s!c)(cos z—z sinz)—z cos z(1—sinz)

do + > . L . . . . .
Note: Award M1 f(gr gfstg%npt at differentiation of a quotient and a product condoning sign errors in the quotient formula and the trig

differentiations, A I for correct derivative of “u”, A1 for correct derivative of “v”.

_ Zcos z+cos’x—x” sin z— COs & Sin T— Cos L4z Cos & sin
AG (z+cosz)?
_ coslz—a?sinz

o2
[4 miz#s)

Examiners report

The majority of candidates earned significant marks on this question. The product rule and the quotient rule were usually correctly
applied, but a few candidates made an error in differentiating the denominator, obtaining
rather than

._lflgigcappointing number of candidates failed to calculate the correct gradient at the specified point.
1—sinz

[3 marks]
Markscheme
the derivative has value -1 (A1)
the equation of the tangent line is
MIAI

(y=0)=(-1)(z-3) (y=5—2)
[3 marks]



Examiners report

The majority of candidates earned significant marks on this question. The product rule and the quotient rule were usually correctly
applied, but a few candidates made an error in differentiating the denominator, obtaining
rather than

f/flgigappointing number of candidates failed to calculate the correct gradient at the specified point.
1—sinz

14a. [4 marks]

Markscheme
attempt at implicit differentiation ~ M1

EITHER

2 Alzétliy 9 — 1 dy

Yy y? dz y dz
Note: Award A1 for each side.

Al ,
dy 52 (: 2wy72y2)

1, 22 224y
OR T

Y

after multiplication by y

AIAI W

dy 1dy
2z -2y -2z = Elny—l— Yo i

Note: Award A1 for each side.

iy A1 5y

Az 14+2z+Iny
[4 marks]

Examiners report

Most candidates were familiar with the concept of implicit differentiation and the majority found the correct derivative function. In

part (b), a significant number of candidates didn’t realise that the value of x was required.

14b. [2 marks]

Markscheme

for

y=1,22-2z=0
Al

z=(0or)2

for

=2
& ’ilz
[df mars'ks]

Examiners report

Most candidates were familiar with the concept of implicit differentiation and the majority found the correct derivative function. In

part (b), a significant number of candidates didn’t realise that the value of x was required.



15a.

15b.

15c.

Markscheme

by division or otherwise

AlIAl s
f(:t) =2- +2
[2 marks]

Examiners report

Generally well done.

Markscheme
/AI 5

f (.’13) - (:c+2)2

>0 as

(onD) RIAG
(z+2)2>0

Note: Do not penalise candidates who use the original form of the function to compute its derivative.

[2 marks]

Examiners report

In their answers to Part (b), most candidates found the derivative, but many assumed it was obviously positive.

Markscheme

A2
§=1[-3,3]

)

Note: Award A1A0 for the correct endpoints and an open interval.

[2 marks]

Examiners report
[N/A]

[2 marks]

[2 marks]

[2 marks]



15d.

Markscheme

(1) EITHER
rearrange

to make x the subject M1
y = f(z)
obtain one-line equation, e.g.

Al
2z —1==xy+2y
AJyH

= g

OR
interchange x and y M1
obtain one-line equation, e.g.

Al
2y —1=zy+2z
Al

_ 2z+1
y= 2—z

THEN

Al
f71 (iL‘) _ 2z+1
Note: Accept’

=2
(ii), (iii)
¢—
_? /
Y
—3
[8 marks]

Note: Award A1 for correct shape of

|
3

AIAIAIAL

[8 marks]



y=f(z)

Award A1 for x intercept

seen. Award A1 for y intercept

2
seen.
1

A\%vard A1 for the graph of

being the reflection of

y=rf"(z)

in the line

y= f(z)

. Candidates are not required to indicate the full domain, but
y=zx

should not be shown approaching

y= f(z)

. Candidates, in answering (iii), can FT on their sketch in (ii).
49 = =7

Examiners report

Part (d)(i) Generally well done, but some candidates failed to label their final expression as

. Pelm (d)(ii)) Marks were lost by candidates who failed to mark the intercepts with values.
(L



[7 marks]

15e.
Markscheme
0)
z—-
-r -
— \ "f AIAIAT
—-{r
— -

Note: A1 for correct sketch

, Al for symmetry, A1 for correct domain (from —1 to +8).
x>0

Note: Candidates can FT on their sketch in (d)(ii).

(ii)  attempt to solve

(M1)
fle)=—3
obtain

Al
9B = 2

9
use of symmetry or valid algebraic approach  (M1)

obtain
Al

—_2
T==3

[7 marks]

Examiners report

Marks were also lost in this part and in part (e)(i) for graphs that went beyond the explicitly stated domain.



16a.

16b.

[4 marks]

Markscheme
MIAI
Jzsec?zdz = ztanz — [1 x tanzdz
MIA1
= ztanz + In|cosz|(+c) (= ztanz — In|secz|(+c))
[4 marks]

Examiners report

In part (a), a large number of candidates were able to use integration by parts correctly but were unable to use integration by
substitution to then find the indefinite integral of tan x. In part (b), a large number of candidates attempted to solve the equation
without direct use of a GDC’s numerical solve command. Some candidates stated more than one solution for m and some specified m

correct to two significant figures only.

[2 marks]
Markscheme

attempting to solve an appropriate equation eg

(M1I)
mtanm + In(cosm) = 0.5
m=0.822 Al

Note: Award A1 if m = 0.822 is specified with other positive solutions.

[2 marks]

Examiners report

In part (a), a large number of candidates were able to use integration by parts correctly but were unable to use integration by
substitution to then find the indefinite integral of tan x. In part (b), a large number of candidates attempted to solve the equation
without direct use of a GDC’s numerical solve command. Some candidates stated more than one solution for 7 and some specified m

correct to two significant figures only.



17.

Markscheme

METHOD 1

L — 160 - v)
gftemp?mg to separate variables

69(1 %
—In(60 —v) = L + ¢
(or equivalent)
c=—1n60

attempting to solve for v when =30 (M1)

v*GO 60e

v= 31 7 %ns L)
METHO

w M)
= —v
for equlvalent) Ml

i e Velocity of the car after 30 seconds.

v
attempting to solve

fo;
v 40 4y =30
3975
A]
v=31.7 (ms 1)
[6 marks]

Examiners report

AlAI

[6 marks]

Most candidates experienced difficulties with this question. A large number of candidates did not attempt to separate the variables and

instead either attempted to integrate with respect to v or employed constant acceleration formulae. Candidates that did separate the

variables and attempted to integrate both sides either made a sign error, omitted the constant of integration or found an incorrect value

for this constant. Almost all candidates were not aware that this question could be solved readily on a GDC.



18a.

Markscheme

() METHOD 1

Al
= —sina + cosx

2 Ml
yﬁ = (cosz +sinz)(—sinz + cosz)
Al
= cos?z — sin’x
AG
= cos2zx

METHOD 2

Al
y? = (sinz + cosz)?

2yd—z = 2(cosz +sinz)(cosz —sinz)
AL
==

AG
= cos2z

y cos?z —sin’z

(i)  attempting to separate variables

Ml
Jydy= [cos2z dz

AlIAl
%y2 =1sin2z 4 C

Note: Award A1 for a correct LHS and A1 for a correct RHS.

Al }
y=+(sin2z + A)2
(i)

(MI)
sin2z + A = (cosz + sin)?

(cosz +sinz)? = cos?z + 2sinz cos T + sin’z

use of
(M1)
sin 2z = 2sinz cosz

A=1 Al

[10 marks]

Examiners report

[10 marks]

Part (a) was not well done and was often difficult to mark. In part (a) (i), a large number of candidates did not know how to verify a

solution,

, to the given differential equation. Instead, many candidates attempted to solve the differential equation. In part (a) (ii), a large

ggﬂber of candidates began solving the differential equation by correctly separating the variables but then either neglected to add a

constant of integration or added one as an afterthought. Many simple algebraic and basic integral calculus errors were seen. In part (a)

(iii), many candidates did not realize that the solution given in part (a) (i) and the general solution found in part (a) (ii) were to be

equated. Those that did know to equate these two solutions, were able to square both solution forms and correctly use the

trigonometric identity

. Many of these candidates however started with incorrect solution(s).

sin 2z = 2sinz cosx



18b. [12 marks]

Markscheme

(1)  substituting

and y = 2 into

Mi )
y = (sin2z+ A)2
SO

. Al .
g(z) = (sin2z + 3)>
range g is

AIAIAL
[v2, 2]

Note: Accept [1.41, 2]. Award A1 for each correct endpoint and A1 for the correct closed interval.

(i)

[(MI)AD) |
ﬂf((sirfgx -)1-3) > dz
=299 Al

(iii)

(orequivalent) (MI)(AI)(Al)
™ [,? (%sin2w +3)dz —m(1) (%)
Note: Award (M1)(A1)(A1) for

7 [i? (sin2z +2)dz

Al
=17.946 — 4.935 (= %(37r +2)—m (%))
Note: Award Al for

m(r+1)

[12 marks]

Examiners report

In part (b), a large number of candidates knew how to find a required area and a required volume of solid of revolution using integral
calculus. Many candidates, however, used incorrect expressions obtained in part (a). In part (b) (ii), a number of candidates either

neglected to state ‘II” or attempted to calculate the volume of a solid of revolution of ‘radius’

f(@) - g()



19a. [2 marks]

Markscheme

EITHER
(or equivalent) MIAI

o 8) _ 13
Rd mezsgen(@) —weetan(3)

(or equivalent).
0 =180° — arctan(g) - arctan( 13 )

T 20—z
OR

(or equivalent) MIAI
o ] 20—z
raassgn(3) + orcten(52)

Examiners report

Part (a) was reasonably well done. While many candidates exhibited sound trigonometric knowledge to correctly express 6 in terms

of x, many other candidates were not able to use elementary trigonometry to formulate the required expression for 6.

19b. [2 marks]

Markscheme
(i)

Al

6 =0.994 (: arctan %)

(i)
Al

6=1.19 (: arctan%)
[2 marks]

Examiners report

In part (b), a large number of candidates did not realize that 6 could only be acute and gave obtuse angle values for 6. Many

candidates also demonstrated a lack of insight when substituting endpoint x-values into 6.



19c.

19d.

Markscheme

correct shape. Al

correct domain indicated. Al

1-

[2 marks]

Examiners report

In part (c), many candidates sketched either inaccurate or implausible graphs.

Markscheme

attempting to differentiate one

term M1
arctan(f(x))

EITHER

0=m— arctan(g) = arctan( 2011)

do 8 % 1 13 x 1

OR © (3" @9 ()’

0= a,rctan(%) + a,rcltan<201;z>

[ e S
2\ 2 202\ 2
THEN (2) (%)

-8 13
22464  569—40z+2?
—101+12)—13(z2+64)
22+64) (22 — 402+ 569)
%(744764%12)

= @1 64)(c>— 4021 569)
[6 marks}

Examiners report

In part (d), a large number of candidates started their differentiation incorrectly by failing to use the chain rule correctly.

[2 marks]

[6 marks]



[3 marks]

19e.
Markscheme
Maximum light intensity at P occurs when
(Ml)
elther attempting to solve
fgr x or using the graph of either
dz 0
or
0
@ (M1)
¥210.05 (m) Al
[3 marks]
Examiners report
For a question part situated at the end of the paper, part (¢) was reasonably well done. A large number of candidates demonstrated a
sound knowledge of finding where the maximum value of 6 occurred and rejected solutions that were not physically feasible.
19f. [4 marks]
Markscheme
A1)
dj =05
=10,
(AI)
0
£ =0.000453 (= 7o)
use of

M
0 de

j; Zldac dt
=0.000227 (

(rad s71)
ote: Award (A7) 122058)

and Al for

— —0.000227 (= —52)

Note: Implicit differentiation can be used to find
.déward as above.

at

[4 marks]

Examiners report

In part (f), many candidates were able to link the required rates, however only a few candidates were able to successfully apply the

chain rule in a related rates context.



20a

20b.

Markscheme
A

g ¥ v ] "6' -+ - - - .
2 H & ] 5 H
3 £ 3 £ i

L 8 H
Bow ol am e o Bowe e v B ae M-~m+.~memam-@.mw.r..a.v.\. ¥ R P
3 H i : 3 :
3 ] E £ § H
§ H : § & £
¥ v 2 m-..4- I &
i ¥ i £ 13
¢ i H H
H ¥ t £
& ¥ 3 ) - » - B
% H ] H
] - § i
i i i ¥ ¥
B mm oy an e am e a w oaw - 46.-\4-424-4-\0‘-\!& +
¢ ¢ i 3 3
£ 3 1 H ¢
§ § i H H
o o e o L R - e e + *
k 1 3 £ $
i } i §
¥ ! : £ §
i 1 2 ] 2 1 ]

e AR e e - . L R w s v e
¥ o v e e g A e e G # - o'aa!

Note: Award M1 for any of the three sections completely correct, A1 for each correct segment of the graph.

Examiners report

3 ¢ 3 :

£ i § {

4 d H :
- .

% 1 E

$ H i

& e F o e -

o oo
i

#

]

i

b oo
%

£

§

3

H
P

..

+ & - 4
e o 5 2
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W B e v e A W s Wl W o B A s W

N R L T I, NToRpeppeepea R PR S

B o oma B oan s o e e e e e s e e R se e e e e W

5
(@)

[4 marks]

MIAIAIAL

[4 marks]

Most candidates were able to produce a good graph, and many were able to interpret that to get correct answers to part (b). The most
common error was to give 4 as the answer to (b) (iii). Some candidates did not recognise that the “hence” in the question meant that
they had to use their graph to obtain their answers to part (b).

Markscheme

@ 0 Al

G) 2 Al

(iii)  finding area of rectangle  (M1)
Al

—4

Note: Award M1A0 for the answer 4.

[4 marks]

[4 marks]



21a.

21b.

21c.

[3 marks]
Markscheme

1 Al
1[51 o lde = (k—1)[Inz]!
ofe: Award M1 for 6
and A1 for

Leerrin a0t of e part (b).
(k—1)Inz

Al 1
B Wark)n 5

Examiners report

Generally well answered by most candidates. Basic algebra sometimes let students down in the simplification of the ratio in part (c). It
was not uncommon to see

I%igrgpliﬁed to

g6

B

[2 marks]
Markscheme

l{}\/EA’C_D ldz = (k—1)[nz]y®

ote} Award A1 for correct chan ge of limits.

Al
2 Wharis)n V6

Examiners report

Generally well answered by most candidates. Basic algebra sometimes let students down in the simplification of the ratio in part (c). It
was not uncommon to see

1ls)igrg}pliﬁed to

e

B

[3 marks]
Markscheme

Al
(1 —k)ln% =(k—1)In6
1

A
(k—1)In/6 =1(k—1)In6
Note: This simpfiﬁcation could have occurred earlier, and marks should still be awarded.

ratiois 2 (or 2:1) Al
[3 marks]

Examiners report

Generally well answered by most candidates. Basic algebra sometimes let students down in the simplification of the ratio in part (c). It
was not uncommon to see

1§igrgpli1‘“1ed to

ige D

B



22.

23a.

Markscheme

MIA a
de+2y =0=> 2 =-2
Note: Affow followwthroug% on incorrect
(gom this point.

o

gradient of normal at (a, D) is

b
Kote: No further A marks are available if a general point is not used

equation of normal at (a, b) is
MIAI

undeald (Fp=2=+3)

or

b={%a1
@g==ll
four points are

AIAl
(37 0)7 (_37 0)7 (_17 4)7 (_]-a _4)
Note: Award A1A0 for any two points correct.

[9 marks]

Examiners report

[9 marks]

Many students were able to obtain the first marks in this question by implicit differentiation but few were able to complete the
question successfully. There were a number of students obtaining the correct final answers, but could not be given the marks due to

incorrect working. Most common was students giving the equation of the normal as

, instead %f taking a general point e.g. (a, b)
y—0=-(z—1)

Markscheme

EITHER
derivative of

is
wMAL
&l %(fz ), o

=41 £}
Tl (1-2) 2
/ L .
fs()?ﬂq? tnction is increasing RI
0<z<1
OR
fl(aﬁlfAjlzf_;ﬂ_% <;—z7§ >*Ez; (1—z) % (-1)
—(l=x)2
f (ﬁb—l( : p—
= 5@13 (1—2)2 +l2z (1—2)7
:%41-(;5 l—-2)21—z+x
! 3
2

f/s(ﬂ)u? fnction is increasing R1
P mtires

[5 marks]



23b.

23c.

Examiners report

Part (a) was generally well done, although few candidates made the final deduction asked for. Those that lost other marks in this part
were generally due to mistakes in algebraic manipulation. In part (b) whilst many students found the second derivative and set it equal
to zero, few then confirmed that it was a point of inflexion. There were several good attempts for part (c), even though there were

various points throughout the question that provided stopping points for other candidates.

Markscheme

fig) 4o (L —a) s

= fe)=—1or (1-2)7 +3273 (1-2)

1 -3 _s
=—tz 2 (1—2) 2 [1—4a]
MiA1
fl@)=0=>z=1
changes sign at
"
e(%l)e there is a point of inflexion ~RI
R=S
Al
r=1=qy=

the cdordinates/dre

el

Examiners report

[6 marks]

Part (a) was generally well done, although few candidates made the final deduction asked for. Those that lost other marks in this part
were generally due to mistakes in algebraic manipulation. In part (b) whilst many students found the second derivative and set it equal
to zero, few then confirmed that it was a point of inflexion. There were several good attempts for part (c), even though there were

various points throughout the question that provided stopping points for other candidates.

Markscheme

MIAI
z =sin’f = % = 2sinfcosf

2 dg = %09 gin 6 cos 6
i 1 29
A z —sin
= [2sin?0d6

MIAI
= [1—cos26d6
Al

:Hf%sin29+c

Al
6 = arcsin \/z

MIAI Ve
lsin29:sin90056':\/a—c./l—.z':\/J:—ac2
ence

f}?de—arcsin\/_— z—x2 +c
[1¥ maks]

Examiners report

[11 marks]

Part (a) was generally well done, although few candidates made the final deduction asked for. Those that lost other marks in this part
were generally due to mistakes in algebraic manipulation. In part (b) whilst many students found the second derivative and set it equal
to zero, few then confirmed that it was a point of inflexion. There were several good attempts for part (c), even though there were

various points throughout the question that provided stopping points for other candidates.



24.

25.

[5 marks]

Markscheme
o MIAI
= =3x2—12z+k

For use of discriminant

or completing the square
=\

3(x—2)2+k—12

(Al)
144 — 12k =0
Note: Accept trial and error, sketches of parabolas with vertex (2,0) or use of second derivative.

Al
k=12
[5 marks]

Examiners report

Generally candidates answer this question well using a diversity of methods. Surprisingly, a small number of candidates were
successful in answering this question using the discriminant of the quadratic and in many cases reverted to trial and error to obtain the
correct answer.

[9 marks]
Markscheme
(AD)
z=r—syorz =+(h—y) (or equivalent)
fﬂ'xzdy

Note A(/ for

and A1 for correct expression.

@célﬂ
h Z h Z
7r‘];] <%y71‘) dy and 7r_];) (:I: (rf%m>> dz
Al
_ k(2 __ 2% [
NOTJQ A<:7éept shﬁétﬁuﬂ(ﬂl %gﬁflod and apply markscheme to corresponding steps.

1A1 2,2 h
_ 7‘2 _ Y 7 y2
Note: Award'M1 & tdmpted integration of any quadratic trinomial.

MIA1
=n(r?h—r*h+ 1r2h)
Note: Award M1 for attempted substitution of limits in a trinomial.

A1
Lrr2h
Noate Throughout the question do not penalize missing dx/dy as long as the integrations are done with respect to correct variable.

[9 marks]

Examiners report

Most candidates attempted this question using either the formula given in the information booklet or the disk method. However, many
were not successful, either because they started off with the incorrect expression or incorrect integration limits or even attempted to
integrate the correct expression with respect to the incorrect variable.



26.

27a.

27b.

27c.

[8 marks]
Markscheme

attempt to find intersections M1
intersections are
AlIAI

eX00f {87 10m 10
m+2fm+ land (2m71’_2m71)
- 1M><1A 100m? « 1/100+100m?

) (@m-1)
mi1

TG, W
(MDAI

18 iwates]

Examiners report

Most candidates had difficulties with this question and did not go beyond the determination of the intersection points of the lines; in a
few cases candidates set up the expression of the area, in some cases using unsimplified expressions of the coordinates.

[1 mark]
Markscheme

Al
(3.79,-5)
[1 mark]

Examiners report

Candidates answered parts (a) and (b) of this question well and, although many were also successful in part (c), just a few candidates
gave answers to the required level of accuracy. Part d) was rather challenging for many candidates. The most common errors among
the candidates who attempted this question were the confusion between tangents and normals and incorrect final answers due to
premature rounding.

[2 marks]
Markscheme
AlIAl
p=157or 3, ¢=6.00
[2 marks]

Examiners report

Candidates answered parts (a) and (b) of this question well and, although many were also successful in part (c), just a few candidates
gave answers to the required level of accuracy. Part d) was rather challenging for many candidates. The most common errors among
the candidates who attempted this question were the confusion between tangents and normals and incorrect final answers due to
premature rounding.

[4 marks]
Markscheme
(MI)(A1)
f'(z) =3cosz —4sinz
(Al)
3cosx —4sinx =3 = ¢ =4.43...
Al

oondin
oordinates are

(4.43,—-4)
[4 marks]



27d.

Examiners report

Candidates answered parts (a) and (b) of this question well and, although many were also successful in part (c), just a few candidates
gave answers to the required level of accuracy. Part d) was rather challenging for many candidates. The most common errors among
the candidates who attempted this question were the confusion between tangents and normals and incorrect final answers due to

premature rounding.

Markscheme
(M1)

— 1
Myormal —

gradient at P'fge
so gradient of normal at P is
Than

gradient at Q is 4 so gradient of normal at Q is
[AD

eq%lation of normal at P is

(M1)
y—3 = 1(z —1.570...) (or y = 0.25z +2.60...)
equation of normal at Q is

M1)
Kote: Awldt ﬂ’%%@vi&&?ﬁﬂoﬁ%@éﬁ i tﬁe4gr(?rdi nts are incorrect in
where
Yhie Rooraites Bf P and Q (orin

(@ift ¢ determined using coordinates of P and Q.
y=mx+c

intersect at

AlAl
(3.79, 3.55)
Note: Award N2 for 3.79 without other working.

[7 marks]

Examiners report

[7 marks]

Candidates answered parts (a) and (b) of this question well and, although many were also successful in part (c), just a few candidates
gave answers to the required level of accuracy. Part d) was rather challenging for many candidates. The most common errors among
the candidates who attempted this question were the confusion between tangents and normals and incorrect final answers due to

premature rounding.



28a [3 marks]

" Markscheme

ﬂ! l I

D/ | AIAIAL

Note: Award A1 for correct shape.

Award A1 for two correct asymptotes, and
and

z=1

K ward A1 for correct coordinates,

[&'&—a}k%]) , B'(0,3) and D' (2,—13)

Examiners report

Solutions to this question were generally disappointing. In (a), the shape of the graph was often incorrect and many candidates failed
to give the equations of the asymptotes and the coordinates of the image points. In (b), many candidates produced incorrect graphs
although the coordinates of the image points were often given correctly.



28b.

29.

Markscheme

Note: Award A1 for correct general shape including the horizontal asymptote.
Award A1 for recognition of 1 maximum point and 1 minimum point.

Award A1 for correct coordinates,

and
A”(flao)
D”(2,0)

[3 marks]

Examiners report

460

WK,

[3 marks]

AlIAIAL

Solutions to this question were generally disappointing. In (a), the shape of the graph was often incorrect and many candidates failed
to give the equations of the asymptotes and the coordinates of the image points. In (b), many candidates produced incorrect graphs

although the coordinates of the image points were often given correctly.

Markscheme
&itsp S BRErentiate implicitdy M1

A22 W
Not& A I TIHRGISUE of three correct, A0 otherwise.

A2
d d & .
Nob&Eystant I?l#%%e%#@z oﬁtf)flﬁilélgﬂf‘%ct, A0 otherwise.

égqy—ﬁ-&c? y+x - Y — —an?sinnz
:>g 4—63:2 y+6:cy+n y=0
]+6:1:—5 + (n?2? 4+ 6)zy =0

Examiners report

[6 marks]

Candidates who are comfortable using implicit differentiation found this to be a fairly straightforward question and were able to

answer it in just a few lines. Many candidates, however, were unable to differentiate

w1th respect to x and were therefore unable to proceed. Candidates whose first step was to write

& ¥re §1ven no credit since the question required the use of implicit differentiation.

y_

3



30a.

30b.

[1 mark]
Markscheme

e *gpst =0
T 3
» Ty

[T iark}
Examiners report
Many candidates stated the two zeros of f correctly but the graph of f was often incorrectly drawn. In (c), many candidates failed to

realise that integration by parts had to be used twice here and even those who did that often made algebraic errors, usually due to the
frequent changes of sign.

[1 mark]
Markscheme

™

L

g al Al
| Nz |

Note: Accept any form of concavity for
ze [0,2]

Note: Do not penalize unmarked zeros if given in part (a).

Note: Zeros written on diagram can be used to allow the mark in part (a) to be awarded retrospectively.

[1 mark]

Examiners report

Many candidates stated the two zeros of fcorrectly but the graph of f was often incorrectly drawn. In (c), many candidates failed to

realise that integration by parts had to be used twice here and even those who did that often made algebraic errors, usually due to the
frequent changes of sign.



30c.

31la.

[7 marks]

Markscheme
attempt at integration by parts M1
EITHER
Al
I zAﬁe*z coszdxr = —e % cosxzdx — fe*“c sin zdz

= AF —€ “coszdr — [—e “sinz + [e ?coszda]

ﬁo{e::Dz_zr{BFb@n_alfﬁﬁ’asé'ngé of C.

OR

Al
I :Aje*z coszdr = e *sinx + fe*“ sin zdz

=3 <8 _ AT _ —z
I—Aq sinx —e %cosz fe cosxdx

Wo(e?%ﬂé%@nﬁl%%sén@é of C.

THEN

Al x x
Jo g7" coszdz = | & (sinz —cosz)| 1 = L% s .
&no%f%@i@dm_ £ l(smwfcos:c - ==

S

Examiners report

Many candidates stated the two zeros of f correctly but the graph of f was often incorrectly drawn. In (c), many candidates failed to
realise that integration by parts had to be used twice here and even those who did that often made algebraic errors, usually due to the
frequent changes of sign.

[4 marks]
Markscheme

let

and usmg1 the result
fle) =55

f’ (Mlﬂllm fla+h)—f(z)

1h
)Ii hm 2(z+h)+1  2x+1
his [2z-h1]—[2(z+h)+1] )
i #z) qﬁo E H2( 1) -51;21-%—1]
2(z+h)+1]]
(2z+1)?

= 4% [t )

Examiners report

Even though the definition of the derivative was given in the question, solutions to (a) were often disappointing with algebraic errors
fairly common, usually due to brackets being omitted or manipulated incorrectly. Solutions to the proof by induction in (b) were often
poor. Many candidates fail to understand that they have to assume that the result is true for

and then show that this leads to it being true for

”Nﬁl{i’y candidates just write ‘Let

nwrhiehtid of course meaningless. The conclusion is often of the form “True for

herdfore true by induction’. Credit is only given for a conclusion which includes a statement such as “True for

e Yot = kandn =k+1

n=~k=

n=k+1




31b. [9 marks]
Markscheme

let

?a(/e_wgr},r[to prove that

d"y o \p  2'nl
]ﬂ;_( 1) (@z+1)"*

w@éﬁ e ke WS g e
Eén@ fﬁe‘{e;ggll is true for
RI

Rssurhe the result is true for

o dy o g 2k
nm'ﬁ_( 1) (2z+1)k5!
(~1)F 2!
dz’” k41 dm d k+1 E1
% K2z +1 1
=& Lgkz E\( k( )(2a):+1) k=2 5 2

# - = ( 1)k+12k+1(k+ 1) (2‘,1: o 1)—k—2
1y Lk 1 2 (k+1)!
Eéng:gc it the(redulltis STE for

, it is true for

n==k%

Hricehthle Yesult is true for

, the result is proved by mathematical induction RI1

Rote! Only award final R1 if all the M marks have been gained.

[9 marks]

Examiners report

Even though the definition of the derivative was given in the question, solutions to (a) were often disappointing with algebraic errors
fairly common, usually due to brackets being omitted or manipulated incorrectly. Solutions to the proof by induction in (b) were often
poor. Many candidates fail to understand that they have to assume that the result is true for

and then show that this leads to it being true for

nNﬁl[fy candidates just write ‘Let

hiehtid of course meaningless. The conclusion is often of the form “True for

nherdfore true by induction’. Credit is only given for a conclusion which includes a statement such as “True for

e ot =kandn =k+1

n=~k=

n=k+1



32a.

32b.

[4 marks]
Markscheme

AlAl1AlAl

(-2.8, ,-0:317) (294, ~0~21%)

Note: Award A1 for correct shape. Do not penalise if too large a domain is used,

A1 for correct x-intercepts,

A1 for correct coordinates of two minimum points,

A1 for correct coordinates of maximum point.

Accept answers which correctly indicate the position of the intercepts, maximum point and minimum points.

[4 marks]

Examiners report

Most candidates were able to make a meaningful start to this question, but many made errors along the way and hence only a
relatively small number of candidates gained full marks for the question. Common errors included trying to use degrees, rather than
radians, trying to use algebraic methods to find the gradient in part (b) and trying to find the equation of the tangent rather than the
equation of the normal in part (c).

[1 mark]
Markscheme
gradientatx = 1is-0.786 Al
[1 mark]

Examiners report

Most candidates were able to make a meaningful start to this question, but many made errors along the way and hence only a
relatively small number of candidates gained full marks for the question. Common errors included trying to use degrees, rather than
radians, trying to use algebraic methods to find the gradient in part (b) and trying to find the equation of the tangent rather than the
equation of the normal in part (c).



32c.

33a.

[3 marks]
Markscheme

gradient of normal is
_(AD
v = 1272 0)3820...  (AD)
Equation of normal is y — 0.382 = 1.27(x - 1) Al

(Fniitesy-27% — 0.890)

Examiners report

Most candidates were able to make a meaningful start to this question, but many made errors along the way and hence only a
relatively small number of candidates gained full marks for the question. Common errors included trying to use degrees, rather than
radians, trying to use algebraic methods to find the gradient in part (b) and trying to find the equation of the tangent rather than the
equation of the normal in part (c).

[7 marks]
Markscheme

dv .
éﬁemﬁt% §eﬂ>arate the variables M1

All
[azdy=[-1dt
NS5 ot penfilize the lack of constant at this stage.

whent=0,v=1 MI
Al
= kFarctanl = (%) = (45°)

7 markan (G — 1)

Examiners report

This proved to be the most challenging question in section B with only a very small number of candidates producing fully correct
answers. Many candidates did not realise that part (a) was a differential equation that needed to be solved using a method of
separating the variables. Without this, further progress with the question was difficult. For those who did succeed in part (a), parts (b)
and (c) were relatively well done. For the minority of candidates who attempted parts (d) and (e) only the best recognised the correct
methods.



33b

33c.

| [3 marks]
Markscheme

g |

l

AIAIAL
| 5 (.:

37,

LI

Note: Award A1 for general shape,
A1 for asymptote,
A1 for correct t and v intercept.

Note: Do not penalise if a larger domain is used.

[3 marks]

Examiners report

This proved to be the most challenging question in section B with only a very small number of candidates producing fully correct
answers. Many candidates did not realise that part (a) was a differential equation that needed to be solved using a method of
separating the variables. Without this, further progress with the question was difficult. For those who did succeed in part (a), parts (b)
and (c) were relatively well done. For the minority of candidates who attempted parts (d) and (e) only the best recognised the correct
methods.

[3 marks]
Markscheme
@
Al
@): Zarea under curve

M1)
— j((l tan (5 —t)dt

3 %#s?z %ln 2)

Examiners report

This proved to be the most challenging question in section B with only a very small number of candidates producing fully correct
answers. Many candidates did not realise that part (a) was a differential equation that needed to be solved using a method of
separating the variables. Without this, further progress with the question was difficult. For those who did succeed in part (a), parts (b)
and (c) were relatively well done. For the minority of candidates who attempted parts (d) and (e) only the best recognised the correct
methods.



> [5 marks]

Markscheme

v =ppgn(] —t)
s Sy (5 —t)at
— dt

wﬁ"ﬂs 35@% —t)+k

t :A)l s=0
k =y7Incos %

fs e (7 —t) —Incos (= In[v/2cos(§ —1)])

Examiners report

This proved to be the most challenging question in section B with only a very small number of candidates producing fully correct
answers. Many candidates did not realise that part (a) was a differential equation that needed to be solved using a method of
separating the variables. Without this, further progress with the question was difficult. For those who did succeed in part (a), parts (b)
and (c) were relatively well done. For the minority of candidates who attempted parts (d) and (e) only the best recognised the correct
methods.



33e. [4 marks]

Markscheme

METHOD 1

Ml
% —t = arctanv

t =2 —arctanv

s ﬂjﬂ\\l/ﬁ cos(% — % + arctanv)]

s =In|+/2cos(arctanv)]

Al _
5 T}}lé ﬁ@ cos (arccos \/11“,2 > }
_ lln\/szz
T2 142
METHOD 2

s ﬂ}qcos(% —t) - lncos%
= pfpsec Z _—t)—IncosZ

=4lp /1 +tan? (% —1) —Incos %

=3lpy/1+2 —Jncos%

=l G—l_ +1n+4/2
_ iql V140 v
27 1402
METHOD 3
Ml
vign v — 1
fﬁqdﬂ =—[1ds

SR +1) =—s+k

s}, t=0=v=1

1
#kg 51112
= 5= %ln

[4 marks]

2
142

Examiners report

This proved to be the most challenging question in section B with only a very small number of candidates producing fully correct
answers. Many candidates did not realise that part (a) was a differential equation that needed to be solved using a method of
separating the variables. Without this, further progress with the question was difficult. For those who did succeed in part (a), parts (b)
and (c) were relatively well done. For the minority of candidates who attempted parts (d) and (e) only the best recognised the correct
methods.



34a [1 mark]

" Markscheme

Al

[1 mark]

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2xz)

34b. [1 mark]

Markscheme

(1+sinz)? =1+ 2sinz + sin’z

Al

=1+ 2sinz + (1 — cos2x)
AG

= % +2sinx — %cos?w

[1 mark]

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2z)



34c. [4 marks]

Markscheme

(MI) 3«
V=n/* (1+sinz)’de

3
= 7Tﬁ)7 (% +2sinx — %cos2x) dz

3m
sin 2z ] 5
4

:ﬂ[éx —2cosx —
0

2
AJAI
_ 9

[4 marks]

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2z)

35. [7 marks]

Markscheme
proposition is true for n = 1 since

dy ILH 1

dz 1 g)?
il

=
N0<t1e: Must see the 1! forthe A1.

assume true for n = k,

, Le.

keZ*
dkyﬂg k!
z)k—l

dt (1
consider

wMD4(5)

dzk+t dz
= (k+ 1)k(1 — z) (k+D)-1

_ Ay

1)k
hence,

is true whenever
Pit
is true, and
Py
}i)s true, and therefore the proposition is true for all positive integers  R1
1
Note: The final R1 is only available if at least 4 of the previous marks have been awarded.

[7 marks]

Examiners report

Most candidates were awarded good marks for this question. A disappointing minority thought that the

th derivative was the
(k+1)
th derivative multiplied by the first derivative. Providing an acceptable final statement remains a perennial issue.



36. [7 marks]
Markscheme

to find the points of intersection of the two curves

Ml
—x242=2%—22 —bxr+2

2 —br=z(z? —b) =0

AIAl ~
=z=0;z==+b
Mi
A= a(’ff —a? —br+2) — (—a2 +2)]dz (: I g (@ - bw)dw)
|t bz?
il iy
Al L
- B =B R B
=N 7 2 )T i tTTa
A= [ +2) 2@ - e+ )] do

= fo‘/’; (—a® + bx)dx

_}x4+bx2 \/B_bz
T, Tt

therefore

AG
A1:A2:§

[7 marks]

Examiners report

Most candidates knew how to tackle this question. The most common error was in giving +b and —b as the x-coordinates of the point

of intersection.

37a. [3 marks]

Markscheme

angle APB is a right angle

Al
= cosf = % = AP =4cosf
Note: Allow correct use of cosine rule.

Al
arc PB =2 x 20 =460

t=4AP L PB
3 6
Note: Allow use of their AP and their PB for the M1.

AG
_ 4cosf 40 _ 4cos@ 20 2
St="0"+ T ="5"+3F =2%(2cos0 +90)

[3 marks]

Examiners report

The fairly easy trigonometry challenged a large number of candidates.



37b. [2 marks]

Markscheme

Al
& =2(-2sinf+1)
(or 30 degrees) Al

%(—2sin0+1) :0:>sin9:%é0:%

[2 marks]

Examiners report

Part (b) was very well done.

37c. [3 marks]

Markscheme

d%MI 4 T
E:f§c059<0 (ate:g)
1S maximized at

=1
RI1
0= %
time needed to walk along arc AB is

%” (~ 1 hour)
time needed to row from A to B is

% (~1.33 hour)
hence, time is minimized in walking from A to BRI

[3 marks]

Examiners report
Satisfactory answers were very rarely seen for (c). Very few candidates realised that a minimum can occur at the beginning or end of

an interval.



38a

38b.

Markscheme

Jo-ot

Jot

Mi
52 = (20t)? + (20 — 40t)?

Al
s2 = 2000¢* — 1600t + 400
to minimize s it is enough to minimize

§2

Al
f'(t) = 4000t — 1600
setting
equalto0 M1
f(t)

or 24 minutes Al
4000t—1600:0:>t:§

Ml
f(t) =4000 >0
at
=
is minimized

t=2, f(t)

hence, the ships are closest at 12:24 Al

Note: accept solution based on s.

[8 marks]

Examiners report

(M1)

[8 marks]

This was, disappointingly, a poorly answered question. Some tried to talk their way through the question without introducing the time

variable. Even those who did use the distance as a function of time often did not check for a minimum.

Markscheme

MIAIL
£(3) = V8o
since

, the captains can see one another R1
/80 <9

[3 marks]

[3 marks]



39a.

39b.

Examiners report

This was, disappointingly, a poorly answered question. Some tried to talk their way through the question without introducing the time

variable. Even those who did use the distance as a function of time often did not check for a minimum.

Markscheme

. Al
=2 (242)=4e

de ~ Ine

at (2, e) the tangent line is

M1
y—e=4de(z —2)

hence

Al
y=4ex —Te

[3 marks]

Examiners report

Nearly always correctly answered.

Markscheme

M1
& (m+2):>h17ydy:(m+2)dw

dz_m

flnTydy =[(z+2)dz
using substitution

(MI1)(A1)
u=Iny; du = %dy

A
= (f%dy: Judu = %u2

At

z2
=>——=5+2z+c
at (2, e),
1
(IH;M:(S—i—c
Al .
sec=-4
(ny)?® 22 11 2 _ 2
= ——=5+2z—3 = (ny)’=2?+4z-11
MIA1
Iny = £+/22 +4z — 11 :>y:ei\/m2+4z—11
since y > 1,

R1
flz) = evai+dz—11
Note:M1 for attempt to make y the subject.

[11 marks]

[3 marks]

[11 marks]



Examiners report

Most candidates separated the variables and attempted the integrals. Very few candidates made use of the condition y > 1, so losing 2

marks.

39c. [6 marks]
Markscheme
EITHER
Al
2 +4z—-11>0

using the quadratic formula M1

critical values are

- QV]‘T" (= —2£/15)
using a sign diagram or algebraic solution M1

AIAI
< —2—4/15; x> -2+4++/15
OR

Al
22 +4x—11>0
by methods of completing the square M1

Al
(z+2)2 > 15

(M1)
=z+2<—/150rz+2>+/15
AlAl
z<—2—+/15;2> —24+/15
[6 marks]

Examiners report

Part (c) was often well answered, sometimes with follow through.

39d. [4 marks]
Markscheme
M1 f@)
f(w,izz f'(@) = f(2) = 5 (@ +2)

= Ipff(a)) = o +2 (:»wz: w/3;2+495711)

= (z+20?=22+4z—11= 2> +4z +4 =22 + 4z — 11
RIAG

= 4 = —11, hence f(z) # f'(z)

[4 marks]

Examiners report

Only the best candidates were successful on part (d).
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