Trigonometry equations and identities As level Edexcel
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Maths Past Papers Answers

01.
Question Scheme Marks | AOs
|_| Uses sin® x=1-cos* x = 12(1—cos’ x)+7cosx—13=0 M1 3.1a
=12cos’ x—Tcosx+1=0 Al 1.1b
Uses solution of quadratic to give cosx = M1 I.1b
Uses inverse cosine on their values, giving two correct follow
M1 I.1b
through values {see note)
= x= 430.5°, 4355° Al I.1b
(5 marks)

Notes
M1: Uses correct identity
Al: Correct three term quadratic
M1: Solves their three term quadratic to give values for cos x — (The correct answers are
cosx =1 or Lbut this is not necessary for this method mark)
M1: Uses inverse cosine on their values, giving two correct follow through values - may be

oulside the given domain
Al: Two correct answers in the given domain
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Question Scheme Marks | AOs
. . siné?
a 4cusﬂ—1=251nﬂtanﬂ:>4cosﬂ—l=251nﬂxm M1 1.2
= dcos’@—cos@=2sin’@  oe Al 1.1b
= 4c0s’0-c0s 0 =2(1-cos’ @ ) M1 1.1k
6cos’@—casf—-2=0 * Al* 2.1
(4)
(b) For atlempling to solve given quadratic M1 1.1b
[cos?px)=§,—% Bl 1.1b
—1a CCOs E orlarccos —l M1 1.1b
=3 3)93 2 -
x=40° 80° awrt 16.1° Al 22a
(4)
(8 marks)
Notes
(a)

iné
M1: Recall and use the identity tané&= sin
cosé

Note that it cannot just be stated.

Al: 4cos’@—cos8 = 2sin’@ oe,

This is scored for a correct line that does not contain any fractional terms.

It may be awarded later in the solution afier the identity 1 —cos” § =sin” @ has been used Eg for
cos#(4eosd -1)= 2(1 —cos* & )or equivalent

MI1: Attempts to use the correct identity 1 —cos®# =sin> @ to form an equalion in just cosé
Al*: Proceeds to correct answer through rigorous and clear reasoning, No errors in notation ot
bracketing. For example sin® #=sin#” is an error in notation

(b)

M1: For attempling to solve the given quadratic " ﬁyz —y=2=0 "where y could be

cos3x, cosx, or even just y. When factorsing look for (ay+b)(cy+d) where ac=+6 and

bd =12

This may be implied by the correct roois (even award for ( yE %J[ y* %] ), an atiempt at

factorising, an attempt at the quadratie formula, an attempt at completing the square and even +
the correct roots.

2 1
B1: For the rools 375 oe

2 1

3* 2

Al: x=40°80° awrt 16.1°0only Withhold this mark if there are any other values even if they
are outside the range. Condone 40 and B0 appearing as 40.0 and 80.0

M1: Finds at least one solution for x from cos3x within the given range for their 2
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Question Scheme Marks AOs
2
10sin’ #~7cosf+2 _ 10(1-cos’ 8)~7cos6+2 Ml Lib
3+2cosd - 3+2cosd
_ 12— 7cos@—10cos” @ Al L1b
3+ 2cosd
E(3-1- 2cos8)(4—-5c0s8) Mi Lib
3+2cosf
=4-5c0s8 * Al* 21
(4)
b
(b) 4+3sinx=4—5msx:>tanx=—§ M1 21
x=awrt 121°,301° Al Al
3)
{7 marks)
Notes
(2)

M1: Uses the identity sin® @ =1—cos” & within the fraction
12—7cosf—10cos’ &
3+2cosf

3+2cosd)(4-5cos8 —Tu—10
as ( ]{ } Allow for Mwher& they introduce i =cos&
3+2cosé 3+2u

‘We would condone mixed variables here.
M1: A correct attempt to factorise the numerator, usual rules. Allow candidates to use u=cos®
oe
Al*: A fully correct proof with correct notation and no errors.
Only withhold the last mark for (1) Mixed variable e.g. & and x's (2) Poor notation

Al: Correct (simplified) expression in just cos&

ot exact equivalent such

cosé& > cos” @ or sin® =1—cos” within the solution.
Don't penalise incomplete lines if it is obvious that it is just part of their working
2
10sin? 8- 7cos6+2 _ IO(I—COS 9]—73055’*2 _ 12—7cos@—10cos> @
’ 3+2cosf - - 3+2cos8

(b)

M1: Attempts to use part (a) and proceeds to an equation of the form tanx=4%, t=0
Condone #ex Do notcondone atamx=0=ptanx=b=px=...
Alternatively squares 3sinx =—5cosxand uses sin® x=1-cosx oe to reach
sinx=dA,—-1<A=<l orcosx=8-1<B=<1
Al: Either x=awrt 121° or 301°. Condone awrt 2.11 or 5.25 which are the radian solutions
Al: Both x=awrt121°and 301° and no other solutions.

Answers without working, or with no incorrect working in (b).
Question slates hence or otherwise so allow
For 3 marks both x=awrt 121° and 301° and no other solutions.

For 1 marks scored SC 100 for either x =awrt 121° or 301°
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Notes On Questions Continue

Alternative proof in part (a):
M1: Multiplies across and form 3TQ in cos& on rhs

10sin> 9—?cos€+2=(4—5c039](3+2ms€):‘>1[]sin2 8—Tcosf+2= Acos’ &+ Beos8+C

Al: Correct identity formed 10sin® 8—7cos#+2=—10cos’ #—Tcosf+12
dM1: Usescos” @ =1—sin’ & on the ths or sin® #=1-cos” @ on the lhs
Alternatively proceeds to 10sin® #+10cos® @ =10 and makes a statement about
sin® #+cos> 8=1 oe
Al*: Shows that (4—5cos8)(3+2cosf)= 10sin® -7 cos#+2 oe AND makes a minimal
statement "hence true"
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Question Scheme Marks AOs
(~180°,-3) Bl 1.1b
{1
b) | (i) (-720°,-3) BIN 22a
(i) (—144=,-3) Bl fi 22a
2)
© | Atempts to use both tand = sin? g4+cos” @ = 1and sol
empts to use both tand=——=, sin F+cos #=1land solves | ., 312
a quadratic equation in sin# to find at least one value of 8
3c0sf=8tan#=>3cos O=8sind Bl 1.1b
3sin’ @+8sinf-3=0
M1 1.1b
(3sing-1)(sin#+3)=0
sinG:% Al 22a
awrt 520.5° only Al 2.1
(5)
{8 marks)

(@)
Bl: Deduces that P(~180°-3) or ¢ ==180"",d ==3
(b)(i)

Bift: Deduces that P'{~720°,-3) Follow through on their (c,d}—(dc,d) where d is negative

(b)(i1)
Bift: Deduces that P'{-144° -3) Follow through on their (c,d)— (c+36°,4) where d is

negative
(c)
MI1: An overall problem solving mark, condoning slips, for an attempt to
sinf
* uge lanf = )
cosé

2 2
* use +sin f+cos &==I
+ find at least one value of & from a quadratic equation in sin#
— - . 2 .
Bl:  Uses the correct identity and multiplies across to give 3cos#=8tan# =>3cos #=8sin#
oe
- - . 2 2 . . -
MI1: Uses the correct identity sin #+cos & =1to form a 3TQ in sin# which they attempt to
solve using an appropriate method. It is OK to use a calculator to solve this

Al:  sind :% Accept sight of % Ignore any reference to the other root even 1f it is "used”

Al:  Full method with all identities correct leading to the answer of awrt 520.5° and no other
values.
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05. Question Scheme Marks | AOs
D (i) Uses cos’@=1-sin’@ M1 12
5co0s’ @ =6sinf = 5sin’ 8+65in-5=0 Al L1b
::-sin.S':ﬂ:-&':m dM 1 3la
_ o o o Al 1.1b
= #=345%1455° 394 5 Al 1L 1b
5)
(ii} (a) | One of
# They cancel by sinx (and hence they miss the solution
sinx=0=>x=0)
# They do not find all the solutions of cosx:% (in the Bl 23
given range) or they missed the solution x=-53.1°
Both of the above Bl 23
(2)
(ii) (b) Sets Sa+40°=T720°-53.1° M1 31a
o =125° Al 1.1b
2)
{9 marks)

Notes
®

M1: Uses cos” & =1—sin*#o form a 3TQ in sin @
Al: Correct 3TQ=0 5sin’ #+6sinf—5=0

dM1: Solves their 3TQ in sin# to produce one value for &. It is dependent upon having used
cos’ @=+1+sin’ &

Al: Two of awrt §=34.5°1455°3945° (or if in radians two of awrt 0.60, 2.54, 6.89)
Al: All three of awrt 8 =34.5°145.5% 394.5° and no other values

(@ (a)

See scheme

(ii)(b)

M1: Sets 5o +40°=666.9" o.e.

Al: awrt o =125°
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Question Scheme Marks | AQs
rtang= 1tsing  (I+sind)cosd MI | 1.1b
cos cosé cos &
_1+5inﬂxl—sin6'_ 1-sin® & _ cos” &
T cosd l—sinf?_ccsﬂ[]—sinﬂ)_cnsﬂ(l—sinﬂ]
ar dMl | 2.1
(1+sin@)cos® (1+sinf)cosd  (1+sinf)eosd
cos® 6 1—sin® @ (1+sin &)1 -sin &
_ cos@ N
T einD Al 1.1b
(3)
(®) ! +tan2x=3cos2x —CDS_ZI =3cos2x
cos2x 1—sin2x Ml 2.1
::-1+sin2x:3::osz2x:3(lnsin12x) = cos2x =3eos 2x(1 —sin2x)
= 3sin’ 2x+sin2x—2=0 = c0s2x(2-3sin2x)=0 | Al | Llb
. 2
sin2x==, (=])=2x=_=x=_.
5 (1) M1 | L1b
x=209° 69.1° Al | Llb
Al 1.1b
(5)
(8 marks)

Notes
(a) If starting with the LHS: Condone if another variable for £ is used except for the final mark
M1: Combines terms with a common denominator. The numerator musi be correct for their
common denominator.

dM1: Either:

1+sin#d . . . .
« ——— : Multiplies numerator and denominator by 1 — sin &, uses the difference

cos@
of two squares and applies cos® #=1-sin* @

1+sin#)cosd . .
. %: Uses cos® @ =1—sin* & on the denominator, applies the
cos”

difference of two squares

It is dependent on the previous method mark.

Al*:  Fully correct proof with correct notation and no errors in the main body of their work.
Withhold this mark for writing eg sin instead of sin# anywhere in the solution and for
eg sin#"instead of sin® @
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Alt(a) If starting with the RHS: Condone if another variable is used for # except for the final
mark

1+sind 6(1+sin @
MI1:  Multiplies by :f“ o COSO(L+sin )

leading to
1 & 1-sin* @

cosd cos” &
leading to ——
cosd cosB(1—sind)
dM1: Applies cos® @ =1-sin® #and cancels the cos# factor from the numerator and
l+sin8d
cosd
Applies cos® & =1—sin® #and uses the difference of two squares leading to
(1+sin &)1 —sind)
cosf(1—sind)
It 15 dependent on the previous method mark.

Multiplies by

denominator leading to or

Al*:  Fully correct proof with correct notation and no errors in the main body of their work.
If they work from both the LHS and the RHS and meet in the middle with both sides the
same then they need to conclude at the end by slating the original equation.

(b) *Be aware that this can be done entirely on their calculator which is not acceptable*

M1:  Either multiplies through by cos 2x and applies cos® 2x = 1 —sin® 2xto oblain an

cos2x
equation in sin 2x only or alternatively sets sinzs =3cos2x and multiplies by
—sin2x

1—sin2x

Al:  Correct equation or equivalent. The = 0 may be implied by their later work
(Condone notational slips in their working)

M1:  Solves for sin 2x, uses arcsin o obtain at least one value for 2x and divides by 2 to obtain
at least one value for x. The roots of the quadratic can be found using a calculator.
They cannot just write down values for x from their quadratic in sinZx

Al:  For | of the required angles. Accept awrt 21 or awrl 69, Also accept awrt 0.36 rad or awrt
1.21 rad

Al:  Forboth angles (awrt 20.9 and awrt 69.1) and no others inside the range.
If they find x =45 it must be rejected. (Condone notational slips in their working)
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07.

States or uses tan x = —— Bl 1.2
cosX
4sinx =5cos” ¥ = 4sinx = 5(1-sin’ x| Ml | Llb
5sin’ x+4sinx—-5=0% Al* 2.1
)
®) et dsinr—S—0o>sinre
Atlempis to solve 5sin” x+4sinx—5=0=sinx=... M1 1.1b
—2+.f
sinxz% (sin x =awrt 0.677) Al 1.1b
Takes sin™' leading to at least one answer in the range dM1 1.1b
x=awrt42.6{°} and x =awrt137.4{°} only Al 1.1b
4)
(© | 15%"2"=30 following through on their "2" BIft | 22a
Explams either
"mathematically” by stating 3x5x their number in range 0 to 3607
Blift 24
or
'In words" e.g., stating 3 x"2" values every 360° and 5 lots of 360°
2)
{9 marks)

Notes:

(a)  Allow use of e.g. # but the final mark requires the equation to be in terms of x
1 1 sin &
cos &

MI1: Multiplies by cosx and uses cos” x=1—-sin’ x to set up a quadratic equation in just sin x

sIn x
B1: States or uses tanx =
©

— &% Manx =5cosx = 4% =5cosx Allowe.g. tanx=
Condone mixed arguments here.

Al*: Proceedsto Ssin’ x+4sinx—5=0 with correct notation and algebra, showing all key steps.
The = 0 must be present in the final answer line.
Condone a single slip in notation, e.g., sin x* or sind seen once.

(b
M1: Attempis 1o solve 5sin’ x +4sinx—-5=0= sin.x =... using the usual rules.
s x = may be implied later.
Allow solution(s) from a calculator but one must be correct (0.6 or 0.7 or —1.4 or-1.5)

-4+ fT16

Al:  Achieves sinx= _10 [sin x = awrt 0.677) sin x = may be implied later.

dM1: Finds one value of x in the range 0 to 360° from their sinx =
May be scored for working in radians. If using sin x = 0.677 they should have awrt 0.744 or
awrt 2.40
If they have made a shp in solving the quadratic, e.g., by the formula, then their values will
need checking both in degrees and radians to see if this mark can be implied.
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Al:  y=awrt42.6 {°} and x =awrt 137.4 {“‘} only. Ignore any values outside of 0 to 360°

1sw if they round their values to e.g., 3sf after stating acceptable answers.
There must be some evidence that the quadratic has been solved.

(c)
Bift: Follow through on 15 multiplied by the number of solutions in (b) in the range 0 to 360°
If working in radians in (b), they must state 30 (solutions).
Blft: Explains either mathematically or in words. See scheme.
Note that you might see arguments expanding the range from 1800 to 5400 to account for the
stretch parallel to the x axis. % =15 and 15%2 =30 which 1s also acceptable.
Note: If candidates list 30 values and conclude that there are 30 solutions, score B1fiB11t
There 1s no need to check their 30 values are comrect, but there must be 30.

WWW LONDONMATHSTUTORS.CO.UK



