Subject - Math AA(Standard Level)
Topic - Geometry and Trigonometry
Year -May 2021 - Nov 2024

Paper -1
Answers
Question 1
(@) valid approach using Pythagorean identity (M1)
2
sin’ A4 +[% =1 (or equivalent) (A1)
sinA:% A1
[3 marks]
1 11
(b) EXSX GX% (or equivalent) (A1)
area=4/11 A1
[2 marks]

Total [5 marks]



Question 2

(@)

(b)

commen expression other than 2sinxcosx—2sin’ x.

Note: Do not award the final A1 for proofs which work from both sides to find a

METHOD 1 (LHS to RHS)
attempt to use double angle formula for sin2x or cos2x
LHS=2sinxcosx+cos2x—1 OR

sin2x +1-2sin’ x—1 OR
2sinxcosx+1-2sin’ x—1
=2sinxcosx—2sin’ x
sin2x+cos2x—1=2sinx(cosx—sinx)=RHS

METHOD 2 (RHS to LHS)

RHS = 2sinxcos x—2sin® x
attempt to use double angle formula forsin 2x or cos2x
=sin2x+1-2sin” x—1
=sin2x+cos2x—1=LHS

attempt to factorise
(cos x—sinx}(l sin.r—i—l) =0

sin x

" . , 1
recognition of cosx=sinx = =tanx=10R sinx=-——

COsX
one correct reference angle seen anywhere, accept degrees

T T m T
— OR — (accept ——.—
4 6( P 6 6)

M1

A1
AG

M1
A1
AG
[2 marks]

M1
A1

(M1)
(A1)

Note: This (M1)(A1) is independent of the previous M1A7.

in 11x
6 6

Sm

.1': —
4

A

A2

Note: Award A1 for any two correct (radian) answers.

Award A1AQ for four correct answers given in degrees.

Award A1AQ if additional values given with the four correct (radian) answers.

[6 marks]
Total [8 marks]



Questions 3
METHOD 1

attempt to use the cosine rule to find the value of x

100 = x> +4x" - 2(@(2@(%}
2x* =100

x2 =50 OR x=4/50 (:5&)

attempt to find sinC (seen anywhere)

2
sin” C+[f—1] =1 OR x”+3*=4" orright triangle with side 3 and hypotenuse 4

sin C = ——?-
4

Note: The marks for finding sinC may be awarded independently of the first
three marks for finding x .

correct substitution into the area formula using their value of x (or x°) and their
value of sinC

A:lXSﬁxloﬁxﬁ or A soxzﬁxﬁ
2 4 2 4
257

2

A=

(M1)

A1

A1

(M1)

(A1)

(M1)

A1



METHOD 2

attempt to find the height, /4, of the triangle in terms of x (M1)
2 ]
h+ ix =x*OR W’ + Ex =10* OR hzﬂx A1
-+ 4 4
equating their expressions for either 4” or h (M1)
2 2
5
X - i::c =10% - Ex OR ,’100—2—:(2 :—\/Ex (or equivalent) A1
4 4 16 4
x2 =50 OR x=4/50 (:5&) A1
correct substitution into the area formula using their value of x (or x*) (M1)
A=lxzﬁx£\@ OR Azl(zxsﬁ) ﬂsﬁ
2 -4 2 4
e 257 A1
2
Total [T marks]
Question 4

(@) METHOD 1
correct substitution of cos”x=1—sin’x A1

2(1 —singx)+ Ssinx =4

2sin? x—5sinx+2=0 AG
METHOD 2
correct substitution using double-angle identities A1

(2coszx—l)+55inx=3

1-2sin’ x+5sinx=3

2sin® x—5sinx+2=0 AG
[1 mark]



Question 5

(@)

minor arc AB has length r

recognition that perimeter of shaded sector is 3~
3r=12

r=4

EITHER
0 =2n-AOB(=2n-1)

Area of non-shaded region = é(h —1)(42)
OR
area of circle - area of shaded sector

16n-[lx1x42J
)

THEN
area =16m—8 (=8(2n—1))

(A1)
(A1)

A1
[3 marks]

(M1)

(A1)

(M1)

(A1)

A1

[3 marks]
Total [6 marks]



Question 6

(a) METHOD 1

attempt to write all LHS terms with a common denominator of x —1 (M1)
py 3. 0 _2X(x-1)-3(x-1)-6 o (2x=3)(x-1) 6
x—1 x—1 x—1 x—1
_2x?=Dy=3x43=6 OR 2X —5x+3 6 A1
x—1 x—1 x-1
2
_ 2x°=5x—=3 AG
x—1

METHOD 2

attempt to use algebraic division on RHS (M1)

correctly obtains quotient of 2x—3 and remainder —6 A1

= B 5
=2x—-3——— asrequired. AG
X—
[2 marks]
(b) consider the equation 2Sin_2_9_53i“ 26—3 =0 (M1)
sin26 —1

= 2sin” 20 -5sin28-3=0

EITHER

attempt to factorise in the form (2 sin29+a)(sin 20+ b) (M1)

Note: Accept any variable in place of sin26.

(2sin26+1)(sin26-3)=0

OR

attempt to substitute into quadratic formula (M1)

" 5+4/49
sin 20 =
4
THEN

sin.?f?:—% or sin28=3 (A1)



Note: Award A7 for sin26 = —% only.

one of F%t OR % (accept 210 or 330)

?; 11z (must be in radians)

Note: Award AQ if additional answers given.

Question 7
@ ([fog)x)=r(2x)
f(2x)= «Esin 2x +Ccos2x

(b) \E sin2x+cos2x=2cos2x
\/_’: sin2x =cos2x

recognising to use tan or cot

tan2x OR cot2x = J_ 3 (values may be seen in right triangle)
[arcta [TJ ] — (seen anywhere) (accept degrees)
2x=2 ,?—
6 6
nIn
X=—,—
121

(A1)

A1l

[5 marks]
Total [T marks]

(A1)

A1l
[2 marks]

M1

(A1)

(A1)

A1A1

Note: Do not award the final A1 if any additional solutions are seen.
Award A1A0 for correct answers in degrees.

Award AQAO for correct answers in degrees with additional values.

[5 marks]
Total [7 marks]



Question 8

5 12—6 (2_1)

- -14-4 3
; = T :
finding m, = —— using their g
BC
m, =3

y—20=3(x+2), y=3x+26

Note: Do not accept L =3x+26.

(b) substituting (%£,2) into their L
2-20=3(k+2) OR 2=3k+26
k=-8

Question 9

determines g- (or 45°) as the first quadrant (reference) angle

(A1)

(M1)

A1

[3 marks]

(M1)

A1
[2 marks]
Total [5 marks]

(A1)

(mM1)

attempts to solve * + RE
2 4
Note: Award M1 for attempting to solve S1EL E,E(, )
2 3 4 4
£+E=E=>x<0 and so & is rejected
2,3 4 4

X @ T T
—t—=2g—— | =—
2" 3 4 [ 4]

x= ?n (must be in radians)

(R1)

A1

A1

[5 marks]



Question 10
(a)

Note: Award a maximum of M1AQAQ if the candidate manipulates both sides of
the equation ( such as moving terms from one side to the other ).

METHOD 1 (working with LHS)

attempting to expand ((;'2 —1)2 (do not accept a* +1 or a* 1)

4 5,2 2 4 A2
LHS:a2+a 2a° +1 01_4(1 +a’-2a°+1
4
_a*+2a’ +1
4

:[0324—1]2 (s}

Note: Do not award the final A1 if further working contradicts the AG.

METHOD 2 (working with RHS)
: 2 2
attempting to expand (a +1)

4 2
RHS:G +2a°+1

B 4a’* +a* —2a% +1

e 03—12: :
_a+{ 3 ) (=LHS)

Note: Do not award the final A1 if further working contradicts the AG.

(M1)

A1

A1

AG

(M1)

A1

A1

AG

[3 marks]



2 e
(b) recognise base and height as ¢ and [a ] (may be seen in diagram) (M1)
correct substitution into triangle area formula A1
2o ala® -1 3o
Area=2| 4 : (or equivalent) | = ( ) =44
21 2 4 4
[2 marks]
Total [5 marks]
Question 11
(a) (i) attempt to find midpoint of A and B (M1)
centre (—1,3,—2) (accept vector notation and/or missing brackets) A1
(iiy attempt to find AB or half of AB or distance between the centre and A (or B) (M1)
2 2 3
—“4+§+4 or 22 112+ 22
=3 A1
[4 marks]

(b) attempt to find the distance between their centre and V

(the perpendicular height of the cone) (M1)

VO’ +4*+2> OR \/(‘rheir slant height)2 —(their I‘a{:lius)2
_J35(=245) A1

Volume :%11:32\/20

:3n\@(:6n\/§) A1

[3 marks]

Total [7 marks]



Question 12

(@)

i)

(i)

attempt to use Pythagoras (M1)

2 2
si11249+(ﬁ] =1 OR x*+22=3? OR right triangle with side 2 and

2
hypotenuse 3
sin@ = ﬁ A1

3
attempt to substitute into double-angle identity using their value of sin& (M1)
sm26 = 2[@](%}
2 i |
sin26 = ﬁ A1
9
[4 marks]

METHOD 1 (using values from part (a))

b

a

siné B sin 28

attempt to use sine rule with their values from part (a) (M1)
3 9
b __a OR »
)[4 b
3 9
correct working that leads to AG A1
3
ﬁazﬂb OR _b:9_a OR 3:4—b (or equivalent)
3 9 NN 39
g2 AG



METHOD 2 (double-angle identity)

b a
sin@ sin28

using double-angle identity (A1)
.b - a R 7o frrsmé' OR b—_@

sinf 2sinfcosd 2sin@cos 2cosé

correct working (involving substituting cos & = % ) that leads to AG A1

NG

a{_
_. |
b:ﬂ ORB=_~_/ OR p=—2_ (or equivalent)

251119[3) z[ﬁJ[EJ 2(3]
3 3 3 3
= AG
4

[2 marks]
METHOD 1 (using supplementary angles)
recognizing CAD and BAC are supplementary (M1)
recognizing supplementary angles have the same sine value (A1)

sinCAD =sin28

sinCAD =¥ A1



METHOD 2 (using sine rule)
recognizing CD=a

a b
sinCAD siné

J5

correct substitution of sin@ =

-

and b:3—a into sine rule
3 4

)
4 - \F)  op shiefipe

sinCAD_(ﬁ]

(or equivalent)
3

45

sinCAD =Y~
9

METHOD 1 (using CAD in area formula)

recognizing DCA=8

recognizing AD=5 (: ?J

correct substitution into area formula (must substitute expressions for two sides
and name/expression/value for sin CAD )

45

1
2

(M1)

(A1)

A1

[3 marks]

(A1)

(A1)

(M1)

area:—(b)(b)[T] OR areaz%(b)(b)shﬁ@ OR area:%(b)(b)siuCAD

correct substitution in terms of «

w3 4E)

Ja

arca =

(A1)

A1



METHOD 2 (using ACD or ADC in area formula)
recognizing CD=a (A1)

3a

recognizing AD:b[ y } and/or DCA =6 (A1)

correct substitution into area formula (must substitute expressions for two sides
and name/expression/value for sin ADC or sm ACD ) (M1)

e J5
alea—a(a)(b)(?

OR a1‘ea—%(a)(b)si116’ OR area—%(a)(b)sinAf)C

OR area = %[a)(b)sinA(%D

correct substitution in terms of 4 (A1)

"

V5a
arca =

A1

[5 marks]
Total [14 marks]



Question 13

(a) attempts to find perimeter
arc+2xradius OR 10+4+4

=18 (cm)

(b) 10=46

(c) area :%[%)(42) (=1.25x16)

=20 (cm?)

(M1)

A1
[2 marks]

(A1)
A1

[2 marks]

(A1)

A1

[2 marks]
Total [6 marks]



Question 14
(@) 1-2sin’x=sinx

2sin’ x+sinx—1=0

(b) valid attempt to solve quadratic

i~y OR N2

2(2)

recognition to solve for sin x
i 1 2
smx=—0Rsinx=-1
2
any correct solution from sinx = -1

2 ! 1
any correct solution from smx = E

A1

AG
[1 mark]

(M1)

(M1)

A1

A1

Note: The previous two marks may be awarded for degree or radian values,
irrespective of domain.

5w

mx
X=—"7,—,
26 6

A1

Note: If no working shown, award no marks for a final value(s).

5
Award A0 for —g%?ﬂ: if additional values also given.

[5 marks]
Total [6 marks]



Question 15
(@ M (6,-3)

(b) gradient of [PQ] = _g

gradient of L =%

9 9 69
(€ y+3 :g(x—(i) OR yzgx—? (or equivalent)

A1A1
[2 marks]

(A1)

A1

[2 marks]

A1

Note: Do not accept I:%x—g.

5

[1 mark]
Total [5 marks]



Question 16

EITHER

attempt to use Pythagoras’ theorem in a right-angled triangle. (M1)

(\/42 12 :)\/E (A1)

OR

attempt to use the Pythagorean identity cos” a +sin” a =1 (M1)

~ &

sin° BAC =1 [4) (A1)

THEN

sin BAC = \/jr_s (may be seen in area formula) A1

attempt to use ‘Area= %ab sinC'" (must include their calculated value of sin BAC ) (M1)

:l><16><\/1—5><—\/E (A1)
2 -

=30 (enr) A1

[6 marks]



Question 17

(a8 a=7 A1
[1 mark]
(p) (i) period=n A1l
(ii) b=t R (A1)
T b
=2 A1l
[3 marks]
(c) substituting 1_H? into their f(x) (M1)
EY o B)
f(lz_l ")
. {:rr] 1
sin| = |== A1
SmLG 5 ( )
_id A1
2
[3 marks]

Total [T marks]



Question 18

(@ 12b=21 OR (6=)-% OR 12=2F A1
12 b

b=§ AG

[1 mark]

b) () a=5 A1

i) c=15 A1

[2 marks]



(i) attempt to substitute x =5 into g(x} (M1)

g(5)=3.55m%”+11

1
sin—=— A1l
5B (A1)
g(5)=3.5x—+11
g(i]:lz.?ﬁ(:ﬂ] A1l
4
(i) METHOD 1 (finding maximum temperature)
considering the maximum value of sin%x(= 1) OR g'(x)=0 at maximum
OR maximum = vertical shift + amplitude (may be seen on a graph) (M1)
| i
8 —3.5+11 OR Els.Scos[gx]=0 OR x=3
£ =145 A1l
14.5 <15 (hence the midday water temperature is never warm enough for
Alex to swim) R1
METHOD 2 (working with inequality)
[T
3.5511:1(Ex]+11215 (M1)
' 8
sin ExJ;z— A1
6 T

sine values can never be greater than 1 (hence the midday water
temperature is never warm enough for Alex to swim) R1

[6 marks]



(d) EITHER

attemptto find 0.7 f(x) OR 0.7 f(x)+gq (M1)

0.7f(x)=3.55mgx+10.5 OR 0.?f(x)+q=3.53i11%x+10.5+q OR

10.5+g=11 (A1)
OR
attempt to find 0.7 f (x ) for a particular value of x (M1)
eg maximum 20x0.7=14 (A1)
THEN
q=0.5 A1
[3 marks]
Total [12 marks]
Question 19
9 3.3 0 33
a i - accept x=— and y=—— Al
(@ (i) {2 2 ] ( P 5 Y=y )
L .
(i) using m=—EY ith their midpoint OR gradient perpendicular to AC
changeinx
OR m=tan30° (M1)
m= {; (A1)
23
3 3
¥y :?x OR y— % = g[x—%j (must be written as an equation) A1

[4 marks]



(b) substituting x = 6 into their equation (M1)
soatB y=243 (A1)
area of triangle OAB =%>< 6 3J§ = 6J§
area of quadrilateral OABC = 12J§ A1l

[3 marks]
Total [T marks]
Question 20
tan"'1=45" or equivalent (A1)
attempt to equate 2x—5° to their reference angle (M1)
: Do not accept 2x—5°=1.
2x-5°=45"(225°)
¥=25 115 A1A1

Note: Do not award the final A1 if any additional solutions are seen.

[4 marks]



Question 21

(a)

(b)

2r+ré =10 A1
l,
—r6=6.25 A1
2
attempt to eliminate @ to obtain an equation in M1
correct intermediate equation in » A1
25 10 23 i (10 -
10-2r=— OR —-2=—5 OR —#’|—-2|=625 OR 12.5+2r* =10r
2r r 2r : r
47 —20r+25=0 AG

[4 marks]

attempt to solve quadratic by factorizing or use of formula or completing the square (M1)

(2r—57 =0 OR r:20i\/(—20)2—4(4)(25){:2gim]

2(4) 8
. 5
= A1
2
attempt to substitute their value of r into their perimeter or area equation (M1)
S
10— 2(‘— )
5
6= 72 or 8= - 5
SR T
2 2
=72 A1
[4 marks]

Total [8 marks]



Question 22

attempt to substitute into cosine rule (M1)
2 Z 2
(cos20 _)% OR 5 =42 + 6 —2x4x6xc0s 20
Xa4X
(cosze:)i;[:f’ﬁ] (A1)
attempt to use cos20 =2cos” 01 (M1)
1+£ 1+2
COSZQ 48 — 16
2 2
c0326:E [_£] A1
6 32
5
cosf=(2),|—= |= B -2 (A1)
96 32 W2
-
44/2
5\2

ite: The final answer must be positive.

[6 marks]



Question 23

(@) %-29—48 OR %;-2(1_5)_48

(A1)
attempt to solve their equation to find » or ;2 (M1)
Note: To award the M1, candidate’s equation must include »* and @ =1.5, and they
must attempt to isolate * or 7.
=64
r =8 (cm) A1
[3 marks]
(b) evidence of summing the two radii and the arc length (M1)
perimeter =2r+rf
=16+8 (1 .5)
=28 (cm) A1
[2 marks]

Total [5 marks]



Question 24

attempt to substitute into cosine rule
3410787

(0520 =)}———— OR 8> =3* +10* ~2x3x10xc0s 26
2x3x10

attempt to use cos26 =2cos’ 6 —1

45 3
 FEE R e
(:(:»s"llfa*:i =4
2 2
B :l]
200 8
5
cosf = (+) 10°8 41
120 8
V7
242
14
==, (p=l4.4=4)

Note: The final answer must be positive.

(M1)

(A1)

(M1)

A1

(A1)

A1

[6 marks]



Question 25

(@) =r’(6)=6 OR —r’(0.75)=6 (A1)

attempt to solve their equation to find » or »* (M1)

Note: To award the M1, candidate’s equation must include »* and 8 =1.5, and they
must isolate »* or r.

]

=16

r=4 (cm) A1
[3 marks]

(b) evidence of summing the two radii and the arc length (M1)

perimeter = 2r+ 168

=8+4(0.75)

=11 (cm) A1
[2 marks]

Total [5 marks]





