Integration Involving Trigonometric Functions MS

Q1, (OCR 4724, Jun 2006, Q8i)
Integration method

Attempt to change cos”6x into f(cos 12x) M1
cos®bx = _Hl +cos12x) Al with cos®6x as the subject of the formula
|= %x+ﬁsinllx+c Al AG Accept El[x+%sin121)

Differentiation method
Differentiate RHS producing 1+ +cos12x --(E) Bl

Attempt to change cos12x into f(cos 6x) M1 Accept +/ -2 cos”6x + /-1
Simplify (E) WWW to cos®6x + satis finish Al 3
Q32, (OCR 4724, Jun 2012, Q7)
. X . M1 (l —sin 31)3
Satisfactory start method eg attempt square of [l —sIn 3x] Note.g. s
[N.B. The squaring process might include a term sin”9x |
The next 2 marks are awarded for integrating - 2sm3x
. . 2 *Al
Obtain j— 2sin3xdy = 3 cos 3x
2 , Aldep*
Obtain — 3 or (..+ l]___)— ( + ?} P
The next 3 marks are awarded for integrating sin”3x or for integrating sin”ax where a = 6 or 9 only
Use sin®3x =k(+/-14/—cos 6x) M1 sin za_r=k(+ =1+ /-cos Zax)
Al

Correct version = %[I —cos 6x) Correct = l1[1 —COS Za_r)
2

jcns 6 dx = %sin 6x . seen anywhere, indep Bl or J'ms 2ax dx = 1 sin 2ax
2a
Al i
Final answer = l.fr + their — 2 | 3 1 . ’
4 3 Check that the — 7 is from | —X ——sIn 6x
4 2 12 0
171
Q3, (OCR 4724, Jun 2016, Q2)
cosix seen in integrand M1
Flx]=Ax + Bsin8x oe Mi* A and B are non-zero constants
=6 2 8
Flx]= x—gsm X Al
Fl< 7] - Fl— ] M1+
8 16 wraep
2r+3 o Al
B 8
151




Q4, (OCR 4724, Jun 2013, Q5)

(i)

(i)

(1+tanx)—(1-tanx)
(1 —tanx)(1+ tan x)

2tanx
= ——— = fan 2x
|—tan” x

Answer Given

[tan 2xdv= Zln(sec 2x)or Infcos 2x)  [= F()]

2 2
pra Fra
their F[ — | — their F[|—
Iﬁ] [12]
%ln.?—'?lni oe

P

%ln«ﬁ or +In3 or In3% or +In 6

2 2\5

oe ISW

Q5, (OCR 4724, Jan 2010, Q3)

Usecos2x= acos x+b/+ cos’x—sin®x/1-2sin’x  *M1
Obtain A+ usec’x dep*M1
ji+,usecz;rd.r: Ax+ pitan x Al
Obtain correct result 2x-tan x Al
%f_ 341 ISW Al

E

M1

Al

2]
MI

Al

M1

Al

+Al

151

Combine (or write as 2 separate
fractions) using common denominator

2tanx .
———— essential stage

l-tan” x

N.B. If tan x changed into <% before
mantpulation, apply same principles

dependent on attempt at integration. ...

1.e. any correct but probably unsimplified
numerical version

Le. any correct version in the forma In b

using ‘reasonable’ Pythag
attempt

(4 or p may be 0 here/prev line)
no follow-through

exact answer required



Q6, (OCR 4724, Jan 2011, Q3)

. d d l d 1
(i) State/imply —(secx)=— or —(cos x Bl
Py dx ( } dr | cos x dx { }
Attempt quotient rule or chain rule to power -1 M1
Obtain S x or —.— {sin x Icns x]l'z Al
CoOs~x
. . . .. sin x
Simplify with suffevid to AG  eg. . Al 4
COSX COSX
(i) Use cos2x=+/-1+/-2cos’x or +/-1+/-2 sin’x Ml
Correct denominator = +/2 cos”x Al
Evidence that * sec xtan x or J fan-x dr =secx Bl
Cos X Cosx
|
—secxy (+c) Al 4

NG

Q7, (OCR 4724, Jun 2014, Q4)

J cos2x Bl*
1+sin2x BI*
Flx]= kln(1 + sin2x) so1 MIldep*
k=% Al
Yaln(1 + sin(*/3)) — YIn(1 + 0) Al AG
= 1In2

151

cos2x = I — 2sin*x or
(1 +)sin2x = (1 +) 2sinycosx seen

numerator and denominator both correct

in the integral soi

or

Kn(1 + ) or kln(u) following their
substitution www

correct k for their substitution

correct use of limits www

Mot just secx =

COs x

udv—vdu

Allow & wrong trig signs

‘.l
No inaccuracy allowed here

Or vice versa. Not just = sec x.tan x

or {cns 2x —sin 21)
J2-2sin?x needs simplifying

irespective of any const multiples

Condone @ for x except final line

if BOBOMOAO, SC4 for
Flx] = an(1 + 2sinxcosy) or Y:In(1 + sin2x)
final mark may still be awarded

minimum working: %zn2 —'4nl or
Yln(1 + 1) oe







Q8, (OCR 4724, Jun 2015, Q6)

(i)

SINX X —SIN X —COS X % COSX

= 2
s5In X

may be implied by _SIh FTeos X

o

sin” x
eg
- 3 3
—(smn” x + cos” x) )
= — and completion to
sin” x
-1
—— AG
sin” X

M1

Al

2]

or —sinxx

51N X

g

=

_ —sin" X oS X

sinx  sinx
-1

sin” x

4+cosxx—(sinx)” xcosx oe

oe and completion to

allow sign errors only
if MO, SC1 for just

-3 1
—5IN° X—CO0s8™ X -1

. 3 s B
sm- x sImn- X

need to see at least two correct,
constructive steps and statement of
given answer for Al

NB sin’x + cos’x = | seen may be a
constructive intermediate step



(ii)

cos2x = 2cos x — | substituted in numerator

sin2x = 2sinxcosx substituted in denominator

\ﬁcosx
< 3
2sin” xcosx

=%(\/€—-J§) www AG

M1

M1

Al

MI1*

Mildep*

Al
6]

or alternative form of double angle formula

. . « 2 -
plus Pythagoras leading to no term in sin’x in
numerator

k must not be obtained from square rooting a
negative number

2 —cos% B —cos%
Jz-xsin% Jz_xsin%

may be awarded if not seen as part of
fraction

1
-

|
NB —dx
%,, \E sin~ x

COos X

ﬁsinx

/8 %

cg \E"/JZ‘ J-z—xyz

NB —

at least one correct intermediate step
following substitution needed as well
as statement of given result

cg -g(l—ﬁ)






Q9, (OCR 4724, Jan 2008, Q7)

(i) Perform an operation to produce an equation M1 Probably substituting value of &, or
connecting 4 and & {or possibly in 4 or in 5) comparing coefficients of sin x, and/or cos x
A=2 Al
B=-2 Al WW scores 3

(ii) Write 4sin @ as A(sin # + cos 6 )+ Blcos # —sin 8) A and B need not be numerical — but, 1f they

Blcosf —sind
and re-write integrand as 4 + M M1 are, they should be the values found in (1),
sin & + cos
J-A df = A8 VBI general or numerical
I M df = Bln(sin 8 + cosd) VA2 general or numerical
sin # +cos f
|
Produce ) Az + Bln -u'E f.t. with their 4,8 VAl Expect %;r —1In2 (Numerical answer only)




