TOpiC 9 Part 2 514 marks)

la. [7 marks]
Markscheme
D=2 -1
attempt to separate the variables M1
1 = =
Ik o dv=[-1dt Al
arctanv = -t +k AIAI
Note: Do not penalize the lack of constant at this stage.
whent=0,v=1 MI
= k=arctanl = (%) = (45°) Al
=v= tan(% —-t) Al
[7 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.
1b. [3 marks]
Markscheme

U
N

l

AIAIAL
| o (.:

2
LI ' 3 ﬂl‘-‘

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

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

[3 marks]



1c.

1d.

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
)
M= % Al

(ii)  area under curve

= j;ﬁ tan(% —t)dt  (MI)
=0.347(=1In2) Al

[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.

[5 marks]

Markscheme

W= tan(% — t)

s = [tan(§ —t)dt MI
sin(%—t) gt Mi

Ty @ ™

= lncos(g — t) +k Al

when

t=0,s=0

h= flncos% Al

9= lncos(% — t) — lncosg(: ln[ﬂcos(% — t)D Al

[5 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.



le.

[4 marks]
Markscheme
METHOD 1
% —t =arctanv MI
= % — arctanv
8= ln[ﬂcos(% — % + arctanv)]
s =In[y/2cos(arctanv)] MIAI

I

+0v?

s=1In [\/icos (arccos \/11 ﬂ Al

METHOD 2

g= lncos(% —t) — lncos%
= flnsec(% ft) flncosg MI
=—In,/1+ tan? (% —1) —Incos M1

=—ln+/1+1? flncos% Al
_ 1
_1n¢1+_v2+1n\/§ Al

1 2
=3y 4G

METHOD 3

v = —1 Ml
f%ﬂd’u:—flds M1
sIn(? +1)=-s+k Al
when
s=0,t=0=>v=1
:>k:%1n2 Al

= s=21ln-2 AG
277 142

[4 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.



3a.

3b.

[6 marks]

Markscheme

apply ’'Hopital’s Rule to a
0/0 type limit

lim e*—l—zcosx __ lim e’ —cos z+zsinz MIAI
0 sin’z z—0 2sinzcosz

noting this is also a
0/0 type limit, apply 'Hopital’s Rule again  (M1)

obtain
e’+sinz+x cos z+sinz Al

lim 2cos 2z

z—0
substitution of x=0 (M1)
=0.5 Al

[6 marks]

Examiners report

The vast majority of candidates were familiar with L.’Hopitals rule and were also able to apply the technique twice as required by the
problem. The errors that occurred were mostly due to difficulty in applying the differentiation rules correctly or errors in algebra. A
small minority of candidates tried to use the quotient rule but it seemed that most candidates had a good understanding of L’Hopital’s
rule and its application to finding a limit.

[7 marks]
Markscheme

attempt the first step of

Yni1l =Yn + (Ol)f(mm yn) with
w=1z=0 M)

y =11 Al

¥ =11+ (0.1 =121 (MDAI
ys =1.332(0) (AD)

yy =1.4685 (Al)

Al
15 i3

Examiners report

Most candidates had a good knowledge of Euler’s method and were confident in applying it to the differential equation in part (a). A
few candidates who knew the Euler’s method completed one iteration too many to arrive at an incorrect answer but this was rare.
Nearly all candidates who applied the correct technique in part (a) correctly calculated the answer. Most candidates were able to
attempt part (b) but some lost marks due to a lack of rigour by not clearly showing the implicit differentiation in the first line of
working. Part (c) was reasonably well attempted by many candidates and many could solve the integrals although some did not find
the arbitrary constant meaning that it was not possible to solve (ii) of the part (c).

[8 marks]
Markscheme

(1) recognition of both quotient rule and implicit differentiation ~ M1

dzyAJAﬂkz)Qy:—Z—yz x1
Note: Awaﬁ'q 51 for first term in numerator, A1 for everything else correct.

)
MR
Yy 7y¥1+z)2

(14z) 2
(ii)  attempt to use

177 . .
y = yR) + a;d—i(o) + Ed—:;(O)Jr. ..

Nokter ﬁWa%l Al for correct evaluation of
JAT foarycorreggyseries.
[8 marks]



3c.

Examiners report

Most candidates had a good knowledge of Euler’s method and were confident in applying it to the differential equation in part (a). A
few candidates who knew the Euler’s method completed one iteration too many to arrive at an incorrect answer but this was rare.
Nearly all candidates who applied the correct technique in part (a) correctly calculated the answer. Most candidates were able to
attempt part (b) but some lost marks due to a lack of rigour by not clearly showing the implicit differentiation in the first line of
working. Part (c) was reasonably well attempted by many candidates and many could solve the integrals although some did not find
the arbitrary constant meaning that it was not possible to solve (ii) of the part (c).

[6 marks]
Markscheme

(i) separating the variables
ML
Jbg?aﬁfl =/ H—zdx

Al
imposdhdidl EdnafGdn
Ml
66|tai—nln 1+e
Al
_ 1
¥y= 1-In(1+z)
(ii)
if
Yso&ke—1 (MIDAI
k“&e‘*"ﬁc) zﬁ/;grd A1 must see either

ora=e—1.Donotacceptx=e— 1.
z—e—1
[6 marks]

Examiners report

Most candidates had a good knowledge of Euler’s method and were confident in applying it to the differential equation in part (a). A
few candidates who knew the Euler’s method completed one iteration too many to arrive at an incorrect answer but this was rare.
Nearly all candidates who applied the correct technique in part (a) correctly calculated the answer. Most candidates were able to
attempt part (b) but some lost marks due to a lack of rigour by not clearly showing the implicit differentiation in the first line of
working. Part (c) was reasonably well attempted by many candidates and many could solve the integrals although some did not find
the arbitrary constant meaning that it was not possible to solve (ii) of the part (c).

[7 marks]
Markscheme

recognise equation as first order linear and attempt to find the [F M1

Al
Eimeh* =

MIA1
Hﬁn? lﬁ@%‘?ﬁﬁg’ﬁ by parts with the correct choice of u and v (M1)
Al
JHspstdt = tsint + cost(+C)
Al
__ sint cos t+C
Wrmarks] — ¢

Examiners report

Perhaps a small number of candidates were put off by the unusual choice of variables but in most instances it seemed that candidates

who recognised the need for an integration factor could make a good attempt at this problem. Candidates who were not able to

simplify the integrating factor from

to

er%al?etly gained full marks. A significant number of candidates did not gain the final mark due to a lack of an arbitrary constant or not
ividing the constant by the integration factor.



5a.

5b.

5c.

[3 marks]
Markscheme

or
’LL" M 71
asing T
(Ml)
Jiin = O

Al NJI

[ pliesT 5 =

Examiners report

The “show that” in part (a) of this problem was not adequately dealt with by a significant minority of candidates and simply stating
the limit and not demonstrating its existence lost marks. Part (b), whilst being possible without significant knowledge of limits,
seemed to intimidate some candidates due to its unfamiliarity and the notation. Part (c) was somewhat disappointing as many
candidates attempted to apply rules on the convergence of series to solve a problem that was dealing with the limits of sequences. The
same confusion was seen on part (d) where also some errors in algebra prevented candidates from achieving full marks.

[4 marks]
Markscheme
(A1)

Un (ME) pr) ]
lu, —L| <e= n > 2 (1 + Z)
®

Al
e=01= N=18
(ii)

Al
FAlAIR)01 = N = 175000

Examiners report

The “show that” in part (a) of this problem was not adequately dealt with by a significant minority of candidates and simply stating
the limit and not demonstrating its existence lost marks. Part (b), whilst being possible without significant knowledge of limits,
seemed to intimidate some candidates due to its unfamiliarity and the notation. Part (c) was somewhat disappointing as many
candidates attempted to apply rules on the convergence of series to solve a problem that was dealing with the limits of sequences. The
same confusion was seen on part (d) where also some errors in algebra prevented candidates from achieving full marks.

[6 marks]
Markscheme

and
u MIL
lﬁn@e converges Al
ﬁlance cg{{vérg):s Opmi1a1
Ribter o awdtd A1t Vilag, Et}ﬁ Hmit and a statement of convergence must be clearly seen for each sequence.

does not converge Al
Thd )seﬁmence alternates (or equivalent wording) between values close to

fﬁgnarks ]

Examiners report

The “show that” in part (a) of this problem was not adequately dealt with by a significant minority of candidates and simply stating
the limit and not demonstrating its existence lost marks. Part (b), whilst being possible without significant knowledge of limits,
seemed to intimidate some candidates due to its unfamiliarity and the notation. Part (c) was somewhat disappointing as many
candidates attempted to apply rules on the convergence of series to solve a problem that was dealing with the limits of sequences. The
same confusion was seen on part (d) where also some errors in algebra prevented candidates from achieving full marks.



5d.

6a.

6b.

[2 marks]
Markscheme

(re: harmor%ic sequence) M1
Hive e?bythe comparison theorem RI
No ;lz&b@:@tléitemative methods.

[2 marks]

Examiners report

The “show that” in part (a) of this problem was not adequately dealt with by a significant minority of candidates and simply stating
the limit and not demonstrating its existence lost marks. Part (b), whilst being possible without significant knowledge of limits,
seemed to intimidate some candidates due to its unfamiliarity and the notation. Part (c) was somewhat disappointing as many
candidates attempted to apply rules on the convergence of series to solve a problem that was dealing with the limits of sequences. The
same confusion was seen on part (d) where also some errors in algebra prevented candidates from achieving full marks.

[6 marks]
Markscheme

consider the limit as
of the (proper) integral
R oy
R dz
dubsprer
(M1)
Y, du = 2dz

lnéll |1 1 ,mR .. .. .
IQMe:;EéH\‘)rE carrachhr [spr omission of limits at this stage.

or
if k = % Al

1. 9 9. 0 o c 9.9 9
ﬂqﬁ’émgnore incorrect limits or omission of limits at this stage.

because

(M1)
B ed I indtmt 7 R g

[6 marks]

Examiners report

A good number of candidates were able to find the integral in part (a) although the vast majority did not consider separately the
integral when k = 1. Many candidates did not explicitly set a limit for the integral to let this limit go to infinity in the anti — derivative
and it seemed that some candidates were “substituting for infinity”’. This did not always prevent candidates finding a correct final
answer but the lack of good technique is a concern. In part (b) many candidates seemed to have some knowledge of the relevant test
for convergence but this test was not always rigorously applied. In showing that the series was not absolutely convergent candidates
were often not clear in showing that the function being tested had to meet a number of criteria and in so doing lost marks.

[5 marks]

Markscheme
Cs
Al
e 7 0 7 — o°
Wréeﬂbg by alternating series test RI
AC:
is positive and decreasing on
(zlag) !
%tcﬁ))solutely convergent by integral test using part (a) fork=1 RI
[5 marks]



7a.

7b.

Examiners report

A good number of candidates were able to find the integral in part (a) although the vast majority did not consider separately the
integral when k = 1. Many candidates did not explicitly set a limit for the integral to let this limit go to infinity in the anti — derivative
and it seemed that some candidates were “substituting for infinity”’. This did not always prevent candidates finding a correct final
answer but the lack of good technique is a concern. In part (b) many candidates seemed to have some knowledge of the relevant test
for convergence but this test was not always rigorously applied. In showing that the series was not absolutely convergent candidates
were often not clear in showing that the function being tested had to meet a number of criteria and in so doing lost marks.

[5 marks]
Markscheme
apply the limit comparison test with
o0 MI
MJ.A_L
Tirh 200 — lim —% = lim —4— =1

since %e lmnﬁimﬁniwahd n—yoo 1+1
) both series do the same RI1
\?Aéeoknow that

sonyerges and hence

oﬁ:?nverges RIAG
5 mutrk3]

Examiners report

Candidates and teachers need to be aware that the Limit comparison test is distinct from the comparison test. Quite a number of
candidates lost most of the marks for this part by doing the wrong test.
Some candidates failed to state that because the result was finite and not equal to zero then the two series converge or diverge
together. Others forgot to state, with a reason, that

sgnyerges.

>

n=1"

[3 marks]
Markscheme

( l)nzn+1 00 ( 1)n+1 n+1
=z+), o+ > =
MIn=1 n=1
—z+ 3 ( 1)”+1xn+1 (;1 + l)
OR -1 e

_ _q)mHignel (; _ L)
AE% n+1 an n ntl
=z 4+
’Il

[3 marks}



8a.

Examiners report

Candidates and teachers need to be aware that the Limit comparison test is distinct from the comparison test. Quite a number of
candidates lost most of the marks for this part by doing the wrong test.
Some candidates failed to state that because the result was finite and not equal to zero then the two series converge or diverge
together. Others forgot to state, with a reason, that

sgnyerges.

Tpait (b) finding the partial fractions was well done. The second part involving the use of telescoping series was less well done, and
students were clearly not as familiar with this technique as with some others.
Part (c) was the least well done of all the questions. It was expected that students would use explicitly the result from the first part of
4(b) or show it once again in order to give a complete answer to this question, rather than just assuming that a pattern spotted in the
first few terms would continue.
Candidates need to be informed that unless specifically told otherwise they may use without proof any of the Maclaurin expansions
given in the Information Booklet. There were many candidates who lost time and gained no marks by trying to derive the expansion

for

In(1+z)

[8 marks]

Markscheme

prove that

2 3 n—1 n
1+2(3) +3(3) " +4(3) +--+n(3) :4—2ntf
forn=1

LHS =1, RHS:4—12+—02:4—3:1
sotrue forn=1 RI
assume true forn =k MI

SO

2 3 k-1
1+2(3) +3(3) +4(3) +..+k(3) " =4-22
now forn =k +1

LHS:

Al

1+2(3) +3(2) " +4(3) "+ +6(3) T + R+ 1)) "

le%+12 1\ k
=d—r +(k+1)(3)
e

2k 2k
(accepty ),
T Ty

44
4-5F

2
Therefore if it is true for n = k it is true for n = k + 1. It has been shown to be true for n = 1 so it is true for all

. RI
n(€Z")
Note: To obtain the final R mark, a reasonable attempt at induction must have been made.

[8 marks]



Examiners report

Part A: Given that this question is at the easier end of the ‘proof by induction’ spectrum, it was disappointing that so many candidates
failed to score full marks. The n = 1 case was generally well done. The whole point of the method is that it involves logic, so ‘letn =
k’ or ‘put n = k’, instead of ‘assume ... to be true for n = k’, gains no marks. The algebraic steps need to be more convincing than

some candidates were able to show. It is astonishing that the R1 mark for the final statement was so often not awarded.



[17 marks]

Markscheme
(@)
METHOD 1
MIAIAI
Je*sinzdz = —cosze® + [2e* coszdz
AlAl
= —cosze® + 2e* sinz — [4e?* sinzdz
5 [e* sinzdz = —cosze® +2e¥ sinz
AG
[e* sinzdz = 1e* (2sinz — cosz) + C
METHOD 2
MIAIAI .
[sinze**dz = % = fcosm%dx
= Si“’;e L= cosw%z = fsin:v%mdm
MI 2z 3 2z
%fe% sinzdz = € s2m:c _ cosze

Je* sinzdz = %em (2sinz —cosz) +C
[6 marks]

()

A pe
= [ e sinzdx
—y2
A7’

arcsiny = €% (2sinz — cosz)(+C)
when

Ml
sz,yzO:>C=%

y = sin(1e* (2sinz — cosz) + 1)

[5 marks]

(©)
@)



>

A\

- b ...

51 (\- \62 .- ) 0)

Al
Pis(1.16,0) Al

Note: Award A1 for 1.16 seen anywhere, A1 for complete sketch.

Note: Allow FT on their answer from (b)

(i)

MIA1162

fo

= 1 05
Note: Allow FT on their answers from (b) and (c)(i).

mytdz

[6 marks]

Examiners report
Part B: Part (a) was often well done, although some faltered after the first integration. Part (b) was also generally well done, although
there were some errors with the constant of integration. In (c) the graph was often attempted, but errors in (b) usually led to manifestly

incorrect plots. Many attempted the volume of integration and some obtained the correct value.



9a.

Markscheme
METHOD 1

Al
f(z) =In(1+e%); f(0) =In2

Al B )
f@)=17 £(0)=3
Note: Award A0 for

fl@) =15 F(0) =5

MIAIL
11 ~et(lhe)—e 4y _1
7@) = S pr(0) = 4
Note: Award M0OAQ for
is used

(@) if £ () =

MIAI
In(1 +€?) :ln2+%x+%w2 +...

[6 marks]
METHOD 2

Mi1A1
In(1+e”) =ln(1+14z+ 22 +...)

Al
:1n2+1n(1+%m+ix2+...)

Al
=1n2-+ (%x+%m2+...) — %(%m+%m2+...)

- 1 1.2 1.2
:1n2—|—§:c—|—zw -+

Al
:1n2+%x+%ac2+...

[6 marks]

Examiners report

2
oo

[6 marks]

In (a), candidates who found the series by successive differentiation were generally successful, the most common error being to state

that the derivative of
is
In(1+e®) .. .

. n_l‘éeczgndldates assumed the series for
Qe

In
a

Z
the required series.

t{err—;_pte)d to combine them. This was accepted as an alternative solution but candidates using this method were often unable to obtain



[4 marks]

Markscheme

METHOD 1

limMg{alez),z,hA — lim 21n2-%—:c+a;—2-%—av3 terms & above—z—In4
z—0 z N z—0 z?

=lim (% + powers of z) = 1
Note: K?coept + ... as evidence of recognition of cubic and higher powers.

Note: Award MIAOMI1AOQ for a solution which omits the cubic and higher powers.

[4 marks]

METHOD 2

using I’'Hopital’s Rule

limMI;fale’”);zflnél —lim 2eT%(12+e’”)71
z—0 z z—0 Z
M
- 2 T 1
[4 nmrl%ﬂo

Examiners report

In (b), candidates were equally split between using the series or using I’Hopital’s rule to find the limit. Both methods were fairly

successful, but a number of candidates forgot that if a series was used, there had to be a recognition that it was not a finite series.

10a. [7 marks]

Markscheme

use of

g gy iy, &y d

A

S a "
0 1 1 0.1 Al
01 |11 122 0.122 Al
02 1222 1.533284 0.1533284 Al
03 | 13753284 1981528208 0.1981528208 Al
04 | 1573481221 (A1)

approximate value of y = 1.57 Al

Note: Accept values in the tables correct to 3 significant figures.

[7 marks]

Examiners report

Most candidates were familiar with Euler’s method. The most common way of losing marks was either to round intermediate answers

to insufficient accuracy or simply to make an arithmetic error. Many candidates were given an accuracy penalty for not rounding their

answer to three significant figures. Few candidates were able to answer (b) correctly with most believing incorrectly that the step

length was a relevant factor.



10b.

11la.

Markscheme

the approximate value is less than the actual value because it is assumed that

ggmains constant throughout each interval whereas it is actually an increasing function

ﬁ mark]

Examiners report

[1 mark]

Most candidates were familiar with Euler’s method. The most common way of losing marks was either to round intermediate answers

to insufficient accuracy or simply to make an arithmetic error. Many candidates were given an accuracy penalty for not rounding their

answer to three significant figures. Few candidates were able to answer (b) correctly with most believing incorrectly that the step

length was a relevant factor.

Markscheme

o Al
Y= £ (242)=4e

dz ~ Ine

at (2, e) the tangent line is
M1

y—e=4e(z —2)

hence
Al

y=4ex —Te

[3 marks]

Examiners report

Nearly always correctly answered.

[3 marks]



11b. [11 marks]

Markscheme

w M, 2) = 2y = (z+2)d
a—m(an ):T y=(z+2)dz
Jotdy = [ (z+2)dz

using substitution

(MI)(AI)
u =Iny; du = idy

7v))

= any = fudu= %uz
A
AT

at (2, e),

1
(IHSM =6+c
Al
11

:>C:—7

:m—;+2w+c

(Iny)*
2
MIAI

Iny=+/22+4c—11 = y= etV +iz—11

since y > 1,

:w—22+2z71—21:>(1ny)2:m2+4m711

RI
flz) = eV/z?+dz—11
Note:M1 for attempt to make y the subject.

[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.

1llc. [6 marks]

Markscheme

EITHER

Al
22 +4x—11>0
using the quadratic formula M1

critical values are

- 2“%_0 (= -2+ 15)
using a sign diagram or algebraic solution M1

AlAl
T < —2—4/15; x> —-2+4+/15
OR

Al

22 +4z—11>0
by methods of completing the square ~ M1

Al
(x+2)2>15
(M1)
=x+2<—/15orz+2>+/15
AIAI

r<—2—4/15; x> —-2++/15
[6 marks]



Examiners report

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

11d. [4 marks]

Markscheme

Mi / (€]

f(ale— f(z) = f(z) = o ) (z+2)

= Ipff(@) =a+2 (>o+2=y/a2+dz—11)

= (z+2)?=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).

12. [5 marks]

Markscheme
using ’Hépital’s Rule (M1)

A

1A1
tm (G ) ==
z—)% iMZ)lA :II% —mcosecmz

—mcosec?Z

[5 marks]| 2

Examiners report

This question was accessible to the vast majority of candidates, who recognised that L’Hopital’s rule was required. However, some
candidates omitted the factor

in the differentiation of
T

. Some candidates replaced
cot Tz

by
cot

s Whicl} is a valid method but the extra algebra involved often led to an incorrect answer. Many fully correct solutions were seen.
cosmx/sinmz

13a. [2 marks]

Markscheme
for

MIAI
n>lnl=nn-1)(n-2)...3x2x1>2x2x2...2x2x1=2""1

AG
=nl>2"1forn>1

[2 marks]



13b.

Examiners report

Part (a) of this question was found challenging by the majority of candidates, a fairly common ‘solution’ being that the result is true

for n =1, 2, 3 and therefore true for all n. Some candidates attempted to use induction which is a valid method but no completely

correct solution using this method was seen. Candidates found part (b) more accessible and many correct solutions were seen. The

most common problem was candidates using an incorrect comparison test, failing to realise that what was required was a comparison

between
and
A
n!

'Z 1

2n71

Markscheme

Al

n!>2"’1$n—1!<2"%forn>l

®a plositive converging geometric series R1

71 211,71
hence

sonyerges by the comparison test R1

n!

f3: }narks]

Examiners report

[3 marks]

Part (a) of this question was found challenging by the majority of candidates, a fairly common ‘solution’ being that the result is true

for n =1, 2, 3 and therefore true for all #n. Some candidates attempted to use induction which is a valid method but no completely

correct solution using this method was seen. Candidates found part (b) more accessible and many correct solutions were seen. The

most common problem was candidates using an incorrect comparison test, failing to realise that what was required was a comparison

between

and
1
n!
'Z 1

2n71




14a.

14b.

Markscheme

using the ratio test (and absolute convergence implies convergence)

AlIAT
1+l gntl
lIlote]:u%Al\Tard Al o(ﬁ)g#m?;r tor, A1 for denominator.
ngrolo Tun | ngrolo (=ynan
(n)2n
— Yk (=)™ xgnt xpx2n
; Nipac =2 "><|(£1+—1)><2"‘5<z"
nooo 2(n+1)
AT

2
for convergence we require

MI
<1

le|
2

= |z| <2
hence radius of convergenceis2 Al

[7 marks]

Examiners report

(M1)

[7 marks]

Most candidates were able to start (a) and a majority gained a fully correct answer. A number of candidates were careless with using

the absolute value sign and with dealing with the negative signs and in the more extreme cases this led to candidates being penalised.

Part (b) caused more difficulties, with many candidates appearing to know what to do, but then not succeeding in doing it or in not

understanding the significance of the answer gained.

Markscheme

we now need to consider what happens when
(M1)
B =3

when x = 2 we have

whi(glhis convergent (by the alternating series test) Al

YHen x = —2 we have

whilch is divergent Al

n
fighce interval of convergence is

Al
}_2a 2}
[4 marks]

Examiners report

[4 marks]

Most candidates were able to start (a) and a majority gained a fully correct answer. A number of candidates were careless with using

the absolute value sign and with dealing with the negative signs and in the more extreme cases this led to candidates being penalised.

Part (b) caused more difficulties, with many candidates appearing to know what to do, but then not succeeding in doing it or in not

understanding the significance of the answer gained.



15a.

Markscheme

(MI1)(Al)
L_dz = larctan2z + k
1211 2

Note: Do not penalize the absence of “+k”.

oy a
fl 41 dz = Eallglo [arctan2z]

Note: Accept

1 [arctan 2z

Al
=1(3 —arctan2) (=0.232)

hence the series converges AG

[4 marks]

Examiners report

[4 marks]

This proved to be a hard question for most candidates. A number of fully correct answers to (a) were seen, but a significant number

were unable to integrate

sulccessfully. Part (b) was found the hardest by candidates with most candidates unable to draw a relevant diagram, without which

42241
tﬁe+pr00f of the inequality was virtually impossible.



15b

Markscheme

@)

/\H

0 \ 2 3 k5
The shaded rectangles lie within the area below the graph so that

.cAddi{lg the ﬁggt telrm in the series,

— ——dz
— 4An2+1 1 42241
’}g?lves
4x1241
ooRLlélG ) . 1
< dz
7§14n2+1 4x124+1 +f1 4z2+1

(i) upper bound

i41 1(m
=<+ 5(3 —arctan2) (=0.432)

[4 marks]

Examiners report

W

A2

[4 marks]

This proved to be a hard question for most candidates. A number of fully correct answers to (a) were seen, but a significant number

were unable to integrate

sulccessfully. Part (b) was found the hardest by candidates with most candidates unable to draw a relevant diagram, without which

dz2+1
the+proof of the inequality was virtually impossible.



16a. [5 marks]
Markscheme

METHOD 1

dy ZLH 7% = _ ="
de 2(1+e®) T lte®
now

M
e ™ =eY

2

=1+e?%=2e¥

(Al)
e =2-1
@D e
= W 2

Note: Only one of the two above A1 marks may be implied.

G —y
= @ = % =
Note: Candidates may find

-1

dsa function of x and then work backwards from the given answer. Award full marks if done correctly.
o

METHOD 2

y= ln( 1+e @ )
M

— el = 1+e™®

=e*=2e-1

Al
=z =—In(2e¥ —1)
%IAI .
@ = Tl X 2e¥
Iéy] 2e¥—1
= dz - —2eY
46
= @

[5 marks]

eV
=1

Examiners report

Many candidates were successful in (a) with a variety of methods seen. In (b) the use of the chain rule was often omitted when
differentiating
with respect to x. A number of candidates tried to repeatedly differentiate the original expression, which was not what was asked for,

e Y
although partial credit was given for this. In this case, they often found problems in simplifying the algebra.



16b. [11 marks]
Markscheme

METHOD 1
when

Al
z=0,y=Inl1=0

when

y=f(0)+ f(0)z + O 2 + f,;&a:?’

2
(MDA
:>y:07%m+%9:2+0m3+...

two of the above terms are zero AG
METHOD 2
when

Al

z=0,y=In1=0

when

Al

2=0, W 1 (1_1—g

y=f(0)+ f (0)z + L0g2 4 170 g3

2
(MDAI
éyzO—%m—&—%xz—i—Ox:‘—i—...

two of the above terms are zero AG

[11 marks]



17.

Examiners report

Many candidates were successful in (a) with a variety of methods seen. In (b) the use of the chain rule was often omitted when

differentiating

with respect to x. A number of candidates tried to repeatedly differentiate the original expression, which was not what was asked for,

e Y

although partial credit was given for this. In this case, they often found problems in simplifying the algebra.

Markscheme

(w+y)d—y+(w—y):0

oy
i dz ~ zty

let

M1
Yy =0z
Al
jy =0 +a:—
(A
v

AI
dv _ v—1 _v—1-v*—v _ —1-2?

dz vl vl 1+w
f Allld fld:c

1402

Al 1
fprzd +f1+2 __f;dx
AlAl

War&j? tanv = —In|z| + k

, A1 for the other two terms.

1
El(r)l L}o_t'—p%rlalize missing k or missing modulus signs at this stage.

M1
= G+ l—l—arctan—:—ln\m\—l—k
= ln4+a,r tany/3=—Inl+k

AI
=>k::ln2+§

estplhorcimiessandims- g} + In2 + 3

+ l1n|az:2| =ln2+3% - arctan%

- é{lll y2+12

o o —ln2+— —arctan—
\/—HLJ;Z _ eln2+ arctan—
Yy
:> y2+.732 —eln2 x gj arctans
AG »
= =23

[15 marks]

[15 marks]



18a.

18b.

Examiners report

Most candidates realised that this was a homogeneous differential equation and that the substitution

was the way forward. Many of these candidates reached as far as separating the variables correctly but integrating

y=vz

&r(l)ved to be too difficult for many candidates — most failed to realise that the expression had to be split into two separate integrals.

2
$ome candidates successfully evaluated the arbitrary constant but the combination of logs and the subsequent algebra necessary to

obtain the final result proved to be beyond the majority of candidates.

[3 marks]
Markscheme

volume
M
- Jo ¢ z’dy

m [, ydy

é L _ wh?

“[7 %
[3-marks]

Examiners report

This question was found to be challenging by many candidates and there were very few completely correct solutions. Many
candidates did not seem able to find the volume of revolution when taken about the y-axis in (a). Candidates did not always recognize
that part (b) did not involve related rates. Those candidates who attempted the question made some progress by separating the
variables and integrating in (c) but very few were able to identify successfully the values necessary to find the correct answer.

[6 marks]
Markscheme

rface area Al
aprace s
stirface area

(M1)
=TT

Al

—3v21V

ﬁote Assuming that
C})}&L/lﬂlout justification gains no marks.
=8

[% n;a;ks]

Examiners report

This question was found to be challenging by many candidates and there were very few completely correct solutions. Many
candidates did not seem able to find the volume of revolution when taken about the y-axis in (a). Candidates did not always recognize
that part (b) did not involve related rates. Those candidates who attempted the question made some progress by separating the
variables and integrating in (c) but very few were able to identify successfully the values necessary to find the correct answer.



18c.

19.

[7 marks]
Markscheme

(
Yo 500
= 15700
= -327V

a%emptmg to separate variables M1

EITHER

M

[ =-32r [dt
A1

2V = —32nt +¢
Al

¢ = 2+/50007
Ml

V=0

hours 2 4 50007 1
=t=5y % =333

OR

M1A1A
[0 £ _3/57 [Ta

Note: szard M1 for attempt to use definite integrals, A1 for correct limits and A1 for correct integrands.

[hzf sone = 3V21 T
/ 50007 1
3 Tor 33

[7 marks]

Examiners report

This question was found to be challenging by many candidates and there were very few completely correct solutions. Many
candidates did not seem able to find the volume of revolution when taken about the y-axis in (a). Candidates did not always recognize
that part (b) did not involve related rates. Those candidates who attempted the question made some progress by separating the
variables and integrating in (c) but very few were able to identify successfully the values necessary to find the correct answer.

[6 marks]
Markscheme

Consider

un+MiA(r!+1)m o Lo
u”A] 10n+1 nlo
=1(1+21
gy
— 25 asn — 00
1
=<1
éo by the Ratio Test the series is convergent. R1

[6 marks]

Examiners report

Most candidates used the Ratio Test successfully to establish convergence. Candidates who attempted to use Cauchy’s (Root) Test

were often less successful although this was a valid method.



20.

Markscheme

(@

MIAI
lim £ = lim L
“AGz—o ©

[2 marks]

(b) Using integration by parts M1

i
retde = [—ze ]t + [“erdx
041 - 0" Jo
=—ae *—[e*]?
Al !
=1—ae %—e ¢

[5 marks]

(¢c) Since

and
e*a

are both convergent (to zero), the integral is convergent.

ae™
Itsvalueis 1. Al

[2 marks]
Total [9 marks]

Examiners report

R1

[9 marks]

Most candidates made a reasonable attempt at (a). In (b), however, it was disappointing to note that some candidates were unable to

use integration by parts to perform the integration. In (c), while many candidates obtained the correct value of the integral, proof of its

convergence was often unconvincing.



21.

22.

Markscheme

(a) Rewrite the equation in the form

o MIAL

Ihtegl*a?ng faetor

_
Note: Accept

as applied to the original equation.
3

7

[5 marks]

(b) Multiplying the equation,

1 C(MI)Q _1
2 {MI)(A ) 211

‘) i x7+1
w2 AP 22+1

S rctanz + C

stitute
. Ml
1 :A?+C:> C=1-7%
8;&grk(se7rctanm +1-— Z)
Total [13 marks]

Examiners report

[13 marks]

The response to this question was often disappointing. Many candidates were unable to find the integrating factor successfully.

Markscheme

(a) The area under the curve is sandwiched between the sum of the areas of the lower rectangles and the upper rectangles.

Therefore
1A11+1x1+1>< < &
Whlc‘fl leads t6’the prmféd result’3 @
[3 marks]

(b)  We note first that
MIAI )
oodr _ L_L] — L
'ongider flirs€=* | 3 i
MIAI

SphEd+2+2 +(i+5l3+6i3+...)

1,12
%Vhlcl? 1—s~_a1H fl’i)ﬁér bound) Al
1.22
MI 1 )
i o i 1
E{\iﬁfﬁ ¥ <—+—+5—3+...>
(Whlcﬁ is alfower bound) A1
85( 552 (1 8)
[127311&*]
Total [15 marks]

<1><—+1><

[15 marks]

M2



23.

Examiners report

Many candidates failed to give a convincing argument to establish the inequality. In (b), few candidates progressed beyond simply

evaluating the integral.

[17 marks]
Markscheme
(a) Constantterm=0 Al
[1 mark]
(b)

Al
@)=
fm _ “*192
fl w B (1*;1;)3 "
Ifl(gge)il]lbvé 199)0?1 %Hefr dngjﬁ%eS.

MIAL 1xz 1x 22
g0+ +73
[:6%1‘15]_‘_ 3

2 3
+=E+.

(d) Lagrange error
ML n+1

a6

—_6 1y (l)

@12&)4 24 2

1,1
gﬁv{gglzn‘ uppeérboand of 0.25. Al

2 s]

[5 mar

(e) Actual error

_ _2_
Thlengppe‘&‘ %Qﬁ%zggculated is much larger that the actual error therefore cannot be considered a good estimate.  RI

[2 marks]
Total [17 marks]

Examiners report

In (a), some candidates appeared not to understand the term ‘constant term’. In (b), many candidates found the differentiation beyond
them with only a handful realising that the best way to proceed was to rewrite the function as

. {n )(d), man cand)idates were unable to use the Lagrange formula for the upper bound so that (e) became inaccessible.
f(x)=—=In(1 —=



24a.

24b.

Markscheme
Using I’'Hopital’s rule,

MIAIL )
i) = i (s
[3 l%arks]

Examiners report

[3 marks]

Part (a) was well done but too often the instruction to use series in part (b) was ignored. When this hint was observed correct solutions

followed.

Markscheme

MIAIAL
o6

: 1—e? . 1*(1+z2+’2—?+3—,+...)
mém;m% \W WO series.
2t 4T

Mi 172 e
:lim ( o 2! 3! )

200 (fF s ).)
< JRERN
=z —9 =
[7 marks]

Examiners report

[7 marks]

Part (a) was well done but too often the instruction to use series in part (b) was ignored. When this hint was observed correct solutions

followed.



25.

Markscheme
Let

1‘411A1 — A _B _ A(2z+1)+ B(z+2)
(z+2(im+1) z+2 2z+1 (z+2)(2z+1)
r=-2—3A=-1

Al ) N3 )
r=—2>—>B==

M12 3

_1rh 2 1
T=qh [(mn (z+2)]d””
i
= 3[In(2z + 1) —In(z +2)]
Al

Note: If the logarithms are not combined in the third from last line the last three A7 marks cannot be awarded.

Total [9 marks]

Examiners report

[9 marks]

Not a difficult question but combination of the logarithms obtained by integration was often replaced by a spurious argument with

infinities to get an answer.

was often seen.
log(oo +1)



26.

Markscheme

(@)
@)

dy 9
- =2z(1+2* —y)

¥

X Yi Vi

Ay

2 0

0

2 0.4620

0.0462

2.0462 | 0.9451

0.0945

2.1407

Note: Award A2 for complete table.

Award A1 for a reasonable attempt.

Al

f(1.3) =2.14 (accept 2.141)

(i) Decrease the step size

[5 marks]

(b

dy 2

- =2z(1+2% —y)
dy 1 9
+ +2zy=2z(1+2?)

Integrating factor is
MIA1

e f 2rde et

So,

2

Al

e”y = [ (2ze” + 2ze” z2)dz

MIA1I

2 2 2
=e +a%e” — [2ze” dx

=e” +22e” — e + k
Al
=zx%2e” +k

y=a?+ke
Ml

z=1,y=2—>2=1+ke!

k=e

y= 2+ el-2*
[9 marks]

Total [14 marks]

Al

Mi

[14 marks]



Examiners report

Some incomplete tables spoiled what were often otherwise good solutions. Although the intermediate steps were asked to four

decimal places the answer was not and the usual degree of IB accuracy was expected.

Some candidates surprisingly could not solve what was a fairly easy differential equation in part (b).



27.

Markscheme

(@)

f(z) =Incosz
MIAI

f/ (CB) __ —sinz
M1

f"(z) = —sec’x

cos T
Al
f"(x) = —2secxsecztanx

= —tanzx

fo(z) = —2sec?z(sec’z) — 2tanz(2sec’z tanx)
Al
= —2sec’z — 4sec’ztan’z

(@) = £0) + 2 (0) + 2 £ (0) + 2 (0) + 2 £ (0) + ...

f//(o) = 71,

(0 =,
Al
fw (0) = _27

Notes: Award the A1 if all the substitutions are correct.

Allow FT from their derivatives.

ol z? 2z
In(cosz) ~ —5- — 5~
AG
T
[8 marks]

(b) Some consideration of the manipulation of In 2 (M1)

Attempt to find an angle (M1)
EITHER

Taking

15}

1n2::”_2+”_4:"_<l+i)
[6 mark§) 5% s\2 192

Total [14 marks]

[14 marks]



28a.

Examiners report

Some candidates had difficulty organizing the derivatives but most were successful in getting the series. Using the series to find the

approximation for

in terms of
In2

was another story and it was rare to see a good solution.

s

Markscheme

The ratio test gives

MIA1
q | e | D) (nr1)3
r}%’ﬁ%—z _’r}ggo (n+2)37+ (—1)"zn
(n+1)z
3(n+2)

= hn
-3

So the series converges for

the radius of convergenceis 3 Al

Note: Do not penalise lack of modulus signs.

[6 marks]

Examiners report

[6 marks]

Some corners were cut in applying the ratio test and some candidates tried to use the comparison test. With careful algebra finding the

radius of convergence was not too difficult. Often the interval of convergence was given instead of the radius.

Part (b) was done only by the best candidates. A little algebraic manipulation together with an auxiliary series soon gave the answer.



28b. [7 marks]

Markscheme

u, =/nd+1—-n

MIAL
:ngﬁ/l—l—%—l )

A n
_ 1 1 5
=n (1+W_W+M_'“_1)
using

as thelauxilliary series, MI
v, = ﬁ

since

converges  MIAI

lim*2=1and 1 4+L14+1 414 |
n—oo Un 3 12 22 2 4

then

converges Al
uTL

Note: Award MIA1AIMOMOAOAO to candidates attempting to use the integral test.

[7 marks]

Examiners report

Some corners were cut in applying the ratio test and some candidates tried to use the comparison test. With careful algebra finding the
radius of convergence was not too difficult. Often the interval of convergence was given instead of the radius.

Part (b) was done only by the best candidates. A little algebraic manipulation together with an auxiliary series soon gave the answer.



29.

Markscheme

(@) EITHER
use the substitution y = vx

MIA1
£m+v:v+1

fav=fe

by integration

the equation can be rearranged as first order linear

o M1
& —3y=1

the integrating factor 7 is

ef—;dw —e nz — 1
z

multiplying by 7 gives

the condition gives ¢ = —1
so the solution is
AG

y=z(lnz —1)
[5 marks]

(b) @

Al
fl(z)=Inz—1+1=Inz

Al
f"(:l:) :%

Al
f/// (.’E) —_1

x2

(ii)  the Taylor series about x = 1 starts

(M1) oy
f@) =~ Q)+ f () (@ — 1) + £ () + (1)
= 17411:{1(}7;1)2 _ (Z;!1)3
[7 marks]

Total: [12 marks]

(z-1)°

3!

[12 marks]



Examiners report

Part(a) was well done by many candidates. In part(b)(i), however, it was disappointing to see so many candidates unable to
differentiate

c(orrectly. )Again, too many candidates were able to quote the general form of a Taylor series expansion, but not how to apply it to the
z(lnz —1
given function.

30a. [8 marks]

Markscheme

(1) the integrand is non-singular on the domain if p > —1 with the latter assumed, consider

MIAI
R R
I Zde =55 —5i5de

+p) 2
_1 IHEJLS)L  p#0
thi;iva (at8s th!

M1
1

R 1
L(pts —ngl;) p#0
— 1n(1 +p)
because

% —lasR— o0
hertce the integral is convergent AG

(ii)  the given series is

oo M1
> f(n), f(n) = ——

thetintegral test ana(ﬁEO"i)O.S in (i) establishes the convergence of the series RI

[8 marks]

Examiners report

Part(a)(i) caused problems for some candidates who failed to realize that the integral can only be tackled by the use of partial
fractions. Even then, the improper integral only exists as a limit — too many candidates ignored or skated over this important point.
Candidates must realize that in this type of question, rigour is important, and full marks will only be awarded for a full and clearly
explained argument. This applies as well to part(b), where it was also noted that some candidates were confusing the convergence of

the terms of a series to zero with convergence of the series itself.



30b.

Markscheme

(i) as we have a series of positive terms we can apply the comparison test, limit form

comparing with

RI
sin @ ~ 6 for small 6

and

RI
T
n(n+3)

(so as the limit (of 1) is finite and non-zero, both series exhibit the same behavior)

sonyerges, SO this series converges R1

2
n
n=1

(ii)  the general term is

1
n(n+1)
Ml

1

1

\/n(n+1) - \/(n+1)(n+1)
1 1
(n+1)(n+1) n+1

the harmonic series diverges RI

so by the comparison test so does the given series RI

[11 marks]

Examiners report

[11 marks]

Part(a)(i) caused problems for some candidates who failed to realize that the integral can only be tackled by the use of partial

fractions. Even then, the improper integral only exists as a limit — too many candidates ignored or skated over this important point.

Candidates must realize that in this type of question, rigour is important, and full marks will only be awarded for a full and clearly

explained argument. This applies as well to part(b), where it was also noted that some candidates were confusing the convergence of

the terms of a series to zero with convergence of the series itself.



31.

Markscheme
@ (@

f(mZeH:A(Il +az)(1+bzx)~!

=(1 +aw31(1 —bz+...(-1)"Pz" ...

it follows that

MIAI ) .
c, = (=1)"6" + (=1)" lab*~

= (=0 (a-)

(i)
L AL
[5 mdvks]

(b) to agree up to quadratic terms requires

MIAIAI
1=-b+a, %=b2 —ab
from which

Al
1

a=—-b=-=
[4 marks] *

(c)

1
ot o LH05T
putting ***

Ml

T = A
1 A1 (143)
e = -
[3 markesfs)

Total [12 marks]

7

Examiners report

Most candidates failed to realize that the first step was to write f{x) as

[12 marks]

. Given the displayed answer to part(a), many candidates successfully tackled part(b). Few understood the meaning of the ‘hence’ in

(1+az)(1+bz)?
part(c).



32.

Markscheme

(a) this separable equation has general solution

MI)(A1
Ik sgc yzi(y ) [ coszdz

Al
tany =sinz +c¢

the condition gives

Ml
tan%:sinn+c:>c:1

the solution is

Al
tany =1+sinz

AG
y = arctan(1 +sin z)

[5 marks]

(b)  the limit cannot exist unless
RIAI

a = arctan(1 + sin %) = arctan2
in that case the limit can be evaluated using I’"Hopital’s rule (twice) limit is

’

li (larctan (14-sinz)) _ hm

WT’IEI’G y 15( thé )solutlon 0? the (&ff%)rentlal equation
the numerator has zero limit (from the factor

in the differential equation) RI
cosx

so required limit is

MlAI
hm =

finally,

MIA1
y" = —sinzcos?y — 2cosz cosysiny x y' (z)

since

A17r 1
COSy(E) = E
Al
Yy = —% atx =7

the required limit is
Al
1

0
[12 marks]

Total [17 marks]

Examiners report

[17 marks]

Many candidates successfully obtained the displayed solution of the differential equation in part(a). Few complete solutions to part(b)

were seen which used the result in part(a). The problem can, however, be solved by direct differentiation although this is algebraically

more complicated. Some successful solutions using this method were seen.



33.

Markscheme

5 ;narks]

(b)

dr _ &

dt T

M1
éfrdr:fkdt
, Al
%:kt-&-d

An attempt to substitute either t =0, r=8 orr=30,r=12 M1l

Whenr=0,r=8

Al
= 0j=3Y

= = =kt +32
When r=30, r=12

= 12 =30k +32
Al
>k=1

ST =4132
When =15,

. M1
Al

=72 =104
Al

r =~ 10 cm

Note: Award M0 to incorrect methods using proportionality which give solution » = 10 cm .

[8 marks]

Total [13 marks]

Examiners report

[13 marks]

Candidates found this question quite difficult, with only the better students making appreciable progress on part (a). Relatively few

candidates recognised that part (b) was asking them to solve a differential equation. Many students tried methods involving direct

proportion, which did not lead anywhere.



34.

Markscheme

Let the number of mosquitoes be y.

dy 1141 B

a mp Y
f%ﬁlg = [—kdt
Iny=—kt+c
Y= e kt+c

— Ae Kt
%vhen ¢

Al
t =0, y=500000 = A = 500000

y = 500000e "
when

t =5,y = 400000
400000 = 500 000e 5
4 ef5k

=
— 4
751121— Ins
_ _ 11,4 —
250000 = 500 000e*t

1__
ln%l kt

;8: L;?% = 15.5 years

Examiners report

[8 marks]

Some candidates assumed that the decrease in population size was exponential / geometric and were therefore unable to gain the first

4 marks. Apart from this, reasonably good attempts were made by many candidates.



35.

Markscheme
(a) Using an increment of 0.25 in the x-values Al
n X, Y Fo v | WO, 3) | Y=y, +if(x,.»,)
0 1 -1 1 0.25 -0.75
1 1.25 —-0.75 0.68 0.17 —0.58
2 1.5 —0.58 0.574756 0.143689 —0.4363 .
3 175 |—0436311| 0531080 0.132770 —0.3035...

Note: The A1 marks are awarded for final column.

Al
= y(2) ~ —0.304
[7 marks]

b) @ lety=w Ml

1)
% =v+ m%
(MI) 22 2
dv vzl +x
= 24';)5”5 =2
dv’ _ 1-2v+?
s
dv (I*U)Z
= iva = >
MI , )
= dv = [2dz
/{mf &
=2(1-v)l=Inz+c
=< 2_=Inz+c
when?
MIAIL

z=1l,y=-1=c=1

= zzfzy =lhz+1
MIAI

2z _ zhhz—2
y=z 1+Inz <_ 1+Inz )

(i) when
Al

z—2 y——0.362 (acce 2 4 )
[13 ma’%(s] p 1+In2

Total [20 marks]

Examiners report

(M1)A41
Al
Al
Al

[20 marks]

Part (a) was well done by many candidates, but a number were penalised for not using a sufficient number of significant figures. Part

(b) was started by the majority of candidates, but only the better candidates were able to reach the end. Many were unable to complete

the question correctly because they did not know what to do with the substitution y = vx and because of arithmetic errors and

algebraic errors.



36a.

36b.

36¢.

Markscheme

Al
f[ (z) = COS.E

1+sinz

MIAI

— sina(1+sinx)—cos x cos ©
f"(x) =

1 (1+sinz) ?
_ “dmaz—(sin’z+cos’z)
(1+sinz) ?
AG .

1+sinz

[4 marks]

Examiners report

[N/A]
Markscheme
®
()
() — 05T
(1+sinz) 2
f(4)1‘(4:534i 17+Sinx(1+5iﬂm) 2f2(1+sinat)coszz
MI1 (1+sinz)
1 2;_ 0, f/(0) =1, f"(0) =
f"(0)=1, f9(0) =
AI 22 8 24
f($):$77+?75+

(ii)  the series contains even and odd powers of x

[7 marks]

Examiners report

[N/A]
Markscheme
M{Prsmz) & hm:c—%-FI:#
xHqAI,I\_l+I+ z—0 T
= lim -2
0

Note: Use of I’'Hopital’s Rule is also acceptable.
[3 marks]

Examiners report
[N/A]

R1

[4 marks]

[7 marks]

[3 marks]



37a.

37b.

38a.

Markscheme

the equation can be rewritten as

Al ——s
dy " Tyty/ai-y?t oy Y\ 2
so the differential equation is homogeneous

[1 mark]

Examiners report
[N/A]

Markscheme

puty = vx so that

MIAI
dy _ dv
=
substituting,

Mldv
v—l—wa:v—&—\/l—vz
J A

At
arcsinv = Inz + C

Al
2 =sin(Inz 4+ C)
Al
y=zsin(lnz + C)
[7 marks]

Examiners report
[N/A]

Markscheme

we note that

and
y(0) =1
Al
y'(0) =2
M1
y" = 2e” +y tanz + ysec’z
Al
y"(0)=3
M1

AG

y" = 2e® +y" tanzx + 2y’ sec’z + 2ysec’z tanz

Al
y"(0) =6
the maclaurin series solution is therefore

Al ,
y=1+2z+% 128 +...
[6 marks]

Examiners report
[N/A]

[1 mark]

[7 marks]

[6 marks]



38b.

39a.

Markscheme

®

d M1 . . .
E(IZI(SHNJ + cosz)) = e*(sinz + cosz) + e”(cosz — sin )
=2e*cosx

it follows that

AG
[e® coszdz = le?(sinz +cosz) + ¢

(ii) the differential equation can be written as

o M1

d—i —ytanz = 2e”
MIA1

IF = ef —tanzdz — glncosz — qogqp
M]

cosT—~ — ysinz = 2e” cosx

. T .

integrating,

Al
ycosz = e®(sinz 4 cosz) + C
y=1whenx=0givesC=0 MI
therefore

Al
y=¢e%(1+tanz)
[9 marks]

Examiners report

[N/A]
Markscheme
we note that
for
f(0) =0, f(z) =3z
and
z>0
flz)=zforz <0
MIAI
lim f(z) = lim 2 =0
za%] z—0"
lim f(z) = lim 3z =0
ginte B=A
, the function is continuous whenx=0 AG
f(OJZJ: 0
lim L*I")h*ﬂ“) = lim %=1
za%] z—0"
lim 28010 _ iy 31— g

thee limit§ are unequdl "RI
so fis not differentiable whenx=0 AG

[7 marks]

Examiners report
[N/A]

[9 marks]

[7 marks]



39b.

40a.

Markscheme

Ml .
[ f)de = [° azdz+ [} 3zdx

~[2]° + [

[g' marks]

Examiners report
[N/A]

Markscheme

using the ratio test,

M1

Unil ngt! n?2"
Un +1)22n+1  (n—1)an
Al (3" )
=™ xZ
gy (-1 2
Up 41 z

lim == =
o Un 2 5
thé*fadius of convergence R satisfies

oR=2 Al
PR;
f4marks]

Examiners report
[N/A]

[3 marks]

[4 marks]



40b.
Markscheme

considering x = 2 for which the series is

o0

n—1
Z( )

n2
tising the limit comparison test with the harmonic series M1

,cwhlich diverges
Bonsider
Al

lim “* = lim 221 =1
Theo L
the Sefies is therefore divergentforx=2 Al

when x = -2 , the series is

$ 0D o (-

i
thid is an alternating series in which the

term tends to 0 as
nth

Al
n — 00

consider

Ml L
fla) = =
Al )
fle) ==

this is negative for

so the sequence
T >2

is eventually decreasing R
{lunl}
the series therefore converges when x = -2 by the alternating series test R1

the interval of convergence is therefore [-2,2[ Al

[9 marks]
Examiners report

[N/A]
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[9 marks]
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