AS-Level
Topic: Circular measure

May 2013-May 2025

Answer
Question 1
(i) | ¥2.3%r = 1920 - 14320 M1 Al M1 needs -0 once. Al all
) correct.
— 0= Al [3] | Answer given
(i) | p= 6+6+3x%}r+ Qxlir =214 cm. M1 M1 is for use of s=rf once.
or 12 +3x Al [2]
Question 2
(i) BOC=2tan "% =0.9273 MI1 Al Correct trigonometry. (ans given)
g ry g
[2]
(i) OB=V(10+5%)or112=r Bl Use of trig (or Pyth) for the OB = V125.
g y
Arc BXC =125 x 0.9273 MI Use of s = @ with @ in rads , r #10
— Perimeter = 20.4 cm Al
[3]
(iii) Area = 470 M1 Correct formula used with rads, r # 10.
—1%.10.10 — 7.96 cm?. Al Allow 7.95 or 7.96
(2]
Question 3
. A R
@ (o4 )‘?‘8 B, RiQs5xxx4 BIBI Accept 25.1 (for 0AC)
o=— B1
8 3]
e h : 1 8 &,
(i) 8=8xtheir o+ Zx8xm B1/ 23.7 gets BIBO
8+5n B1 SCBI for e.g. 57 (omitted OB)
[2]




Question 4

(i) sector areas are %l lza, %5205 Bl Sight of 1 12, 5°
Lara-Lisa
2 7 117 - 52
k= Ml Or
1l o 57
—x5a
2
k :% or 3.84 Al
[3]
(i) perimeter shaded region= 1la+ 5o+ 6+ | Bl
6=16a+12
perimeter unshaded region=5a+5+ 5= | Bl
Sa+ 10
160+ 12 =2 (5a+ 10) Ml
a=4/3 or 1.33 Al
[4]
Question 5
(i) slant length =10 cm. Bl
circumference of base = 127 Bl
arc length =100 (= 12x) Bl Use of 8, @ calculated, not 6 or 8.
— 0= 1.2z or 3.77 radians. Bl
(4
(i) '2r’0=188.5 cm ? or 607. M1 Al Use of 2?0 with radians and
(2] r = calculated “10°, not 6 or 8.
Question 6
(i) r27-a) +2ra+2r B1BI
2mr +ra+2r B1/ ft for ra instead of 2ra or omission 2r
SC1 for 2ra + 4r . (Plate = shaded
[31 | part)
G) Y@rfa+n’-Yra B1BI1 Either B1 can be scored in (iii)
2
3"2“ + 2 BI
131
(i) =° - yzrza =2%q M1 For equating their 2 parts from (ii)
a 2 Al
=—7
> 2]




Question 7

®

(ii)

s=rb

Angle of major arc = 2n — 2.2 = (4.083)
Perimeter =12 +24.5=36.50r 12n— 1.2
(or full circle — minor arc B1)

Area of major sector = %rzt? =(73.49)

Area of triangle = %.stinQ.Q = (14.55)

Ratio=5.05:1 (Allow 5.03 — 5.06)

Question 8

(i)

Wr*0=Y%r*0-Y%r sin@
— 2smf=60— p=2

(ii) Chord length = 8sinl.2 x 2 (14.9)

(or from cosine rule)
Arclength=24x8 (19.2)
Perimeter = sum of these = 34.1

Question 9
(i) area A = %x 4x4tano.  oe soi
Area sector = % x2%q oe soi
Shaded area =8tana— 20  cao

(i)

DC= 4 -2 oe soi

cosa
Arc DE =2a soi anywhere provided clear
Perimeter = +4tana+2a  cao

cosa

M1
Bl
Al

(3]

M1

M1

Al
(3]

Bl
Bl

12]
M1

Bl
Al

(3]

Bl

Bl

Bl
3]

B1
B1

B1
[3]

Used with major or minor arc
Could be gained in (ii).
co

Used with major/minor sector.

Correct formula or method.
(2m—2.2)/sin 2.2 gets MIM 1
co

Correct equation.
All ok — answer given.

Needs x2. Any method ok.

cO

4tana = y16/cos” @ —16 . (Can also score in

answer) Accept @ throughout

Little/no working — accept terms in answer

=+16+16tan> @. Can score in answer

cosa

Little/no working — accept terms in answer



Question 10

T
(i) CBordB= —or 3 tan 3 B1 Allow throughout for e.g. 343 ,
tan — ey 3 9
B1 \127, 33,(\/5) s ﬁ
2r 7@
Arc or AC =3 x {T or ﬂ (=270rr) Bl After BOBO SCBI for 16.7
[3]
Perimeter =643 +27  oe B Their AB in form k3

(i) Area OABC (2)x %x 3 x their AB

(=9V3 or 9‘26) Bl
1 , (27 =« T . o1 e
Area 0ADC EXB X 701"3 =37zm"7 B1 After BOB0O SCBI1 for 6.16 or 6.17.

All 3 -3
Shaded area 93 =37 oe ow (f )S 2

3]
Question 11

. 5
(i) tanf= o M1 Any valid trig method ag
5 (0=03948 ) 1]
(ii) Other angle in triangle = —7 — 0.3948 B1 Unsimplified OK
Area of triangle AOB = 2x12x5 (= 30) BI co
Use of %rzl‘? once M1 With @ in radians and =5 or 12
Shaded area = sector + sector — triangle
= L122x0.3948 + 1529 - 30 DMI1 Sum of 2 sectors — triangle or any other
2 2 , , ,
valid method using the given angle and a
different one.
=2843+14.70-30=13.1 Al co
(3]

Question 12

(i) | Arc AB=4a B1
Arc DC = (4cosa)a B1
AC (or DB)y=4-4cosa B1
Perimeter =4a cosa +4a +8—8cosa B1

14
(i) OD:4COS%{=2J§} B1

Shaded area= | +x4’xZ | [ —%(Zﬁ)zx% ] B1B1

z Bl Ork=>=
3 [4]




Question 13

(i) | OC=rcosaorAC=rsina or oe soi M1
(Area AQAC =)]Er2 sina cos « Al
Irlsingcosa=1xtria  oe M1 Ore.g.
Yria-Y%r’ cosasina = Yrla
Wria— Yr? cosasin a=Y%r’ cosasina
sinacosa=Lta Al AG
14]
(ii) | Perimeter AOAC=r+rsina+rcosa =240 | M1Al Allow with ra number. 2.0164 gets M1AO
Perim.
ACB=ra+rsina+r—-rcosa=2.18ror2.17r | M1Al Allow with ra number. 0.9644 gets M1A0
Allow 2.2 www.
Ratio = —=2@ .1 119 Al Use of cos = 0.6, sin =08, @ =09isPA 1
2180r2.17
[5]
(iii) 54.3°  cao B1
(1]
Question 14
Radius of semicircle = + AB = rsin® Bl.\lll" aef
-y ¥, . . Bl e L PR
Area of semicircle = %mﬂsmzﬁ = A, Uses smr* with r=1(6)
Shaded area = semicircle — segment BIBI . ,
) B1 ( —sector ), B1 for + (triangl
= A~ 1220+ Lysin20 (47 | B! (sector), Bl for + (tniangle)
Question 15
1
1] Sector OCD = 5(2;")2 0 (=2r%0) B1 2r’@ seen somewhere
1
Sector(s) OAB/OEF = (2)5?‘2 (r—-0) B1 Accept with/without factor (2)
5 AG www
Total =r" (7 + @) B1
[3]
(ii) Arc CD =2r0 B1 Accept with/without factor (2)

Arc(s) AB/EF (2)r(z - 0)
Straight edges =4r
Total 277+ 4r (which is independent of @)

B1
B1 Must be simplified
B1

[4]




Question16

(i) | Length of OB= = 7.270 M1 ag Any valid method
cos0.6 [1]
(ii) | AB = 6tan0.6 or 4.1 B1 Sight of'in (ii)
Arc length=7.27 x (Yamr — 0.6) = (7.06) M1 Use of s= rf with sector angle
Perimeter = 6 + 7.27 + 7.06 + 6tan0.6 = 24.4 Al [3]
(iii) | Area of AOB =2 x 6 x 7.27 x sin0.6 M1 Use of any correct area method
Area of OBC =" x 7.27* x (Y —0.6) M1 Use of ¥r26.
— area= 12.31 +25.65=38.0 Al [3]
Question 17
() | BC*=r*+r>=2r> 5 BC=r2 Bl AG
(1]
. 1 . 1
(ii) | Area sector BCFD=Z?r(hE)2 s0i M1 Expect Em'z
Area ABCAD= %(2?’)}' M1 Expect r* (could be embedded)
Area segment CFDA= %mz —r?.0e Al
Area semi-circle CADE=%7Z?2 Bl
1 > (1 5
Shaded area —m”™ —| —m" —r
2 2
or t— []7:7'3 + (1 - ,JJ] DM1 Depends on the area A BCD
2 2
=2 Al

[6]




Question 18

(a) (i) | BAO=0BA= %—a Allow use of 90° or 180°
AOB = 7 - [E - o:) - {E - a] =2a AG MI1A1 Or other valid reasoning
2 2 2]
(ii) (20:) ——r°sin2a oe B2,1,0 SCBI1 for reversed subtraction
12]
T
(b) Useof a=, r=4 B1B1
1 segment § = [ J42 [EJ —[1]42 sin>
2 3 2 3
8
= [7” —%ﬁ} M1 Ft their (i), a,r
Area ABC T =| - |4? sin (= 4\/5) B1 OR AxB=L=4tan” o
2 3 3 6
L4 27 _43
T-3S= [2}425"13 -3 E T 3
Ve (LgsnZ M1 OR 3{5—5}_ 3 ( 4{)
2 3 2 3 3 3
1673 87 cao Al
[6]

Question 19

BAC =sin"'(3/5) or cos™'(4/5) ortan™'(3/4) | Bl Accept 36.8(7)°
ABC =sin"'(4/5) or cos™'(3/5) ortan(4/3) | Bl Accept 53.1(3)°
ACB=7/2 (Allow 90°) Bl
Shaded area = A4ABC — sectors (AEF + BEG +
CFG) Mmi
AABC = %x 4x3 oe Bl
Sum sectors = l[320.6435) +
2
220.9273 +11.5708] M1
OR ”_[3%36.8(7)+2%53.1(3)+1°%0
360
6 5.536 = 0.464 Al
[7]




Question 20

®

(ii)

PT=rtana

OT=0T-00 = —~
COsax

or vr?+ ritan?a —r

Perimeter = sum of the 3 parts including ra

=-F

Area of triangle = Y2 x ]0x10tan§

Area of sector = 4 x 107 x YA

Shaded region has area 34 (2sf)

Question 21

®

(ii)

CD = rcosf, BD =r — rsinf oe
1
Arc CB = r(Err—E?) oe

— P =rcosf +r—min9+r(%x—9) oe

[

Sector =— .5{(%;: —0.6) (12.135)

89

) 1 '
Triangle = 2 .5¢050.6.5s1n0.6 (5.825)
— Area=6.31

(or % circle — triangle — sector)

Question 22

(i)

(i)

T AC s 7 2x
tan| — | = —— orcos | — || =siIn— |=—
3 2x 3 6 AB

— AC=2\3x or AB=4x

AM= J13:2,\13x,3.61x

tan (AL:IC) = L
Their AC
1
0= —n —tan —— AG
2V3

B1

B1

Bl
3]

M1

M1

Al

3]
B1 B1
Bl

B1"
[4]

M1

M1
Al

(3]

B1

MI1A1
[3]

M1

Al

2]

Correct formula used, 50\/5,86.6

Correct formula used, SOTE ,52.36

allow degrees but not for last B1

" sum — assuming trig used

Uses l 0
2

1 , ,
Uses > bh with some use of trig.

Either trig ratio

Complete method.

“Their AC” must be f(x),
(MEC ) 6.

Justifies % and links MAC & @




Question 23

®

c0s09=0E/6 or= sm[% - 0.9] oe

OFE =6¢0s0.9=3.73 oe

Use of (27—1.8) or equivalent method

Area of large sector =% x 6* x(27—1.8) oe

Area of small sector ¥ x3.73% x 1.8
Total area = 80.7(0) +12.5(2) = 93.2

Question 24

@

X —sin0.60r - =cos097
10 10
or BD = ~/200—200co0s1.2(=11.3)

r=10 = 0.5646, r =10 = sin 0.6,
r=10xcos 0.971 or r=% BD
— r=15.046

Major arc = 10(d) (= 50.832)

8 =2r—1.2 (=5.083)

or C=2m = 10, Minor arc =1.2 x 10
Semicircle = 5.646x (= 17.737)
Major arc + semicircle

=68.6

Area of major sector
=107 (0) (=254.159)

Area of triangle OBD
=%:10%sin1.2 (= 46.602)
Area = semicircle + sector + triangle
(=50.1+254.2+46.6)
=351

Question 25

(@)

2ra+ra+2r=4.4r
a=0.8

15(2r)? 0.8 —%(r?)0.8 =30
(3/2)r*x08=30 — r=5

M1
AG | A1
M1
M1
M1
Al
M1
Al
[2]
M1
Bl
Al
(3]
M1
M1
Al
[3]
M1
Al
MiALY
Al

3]

[4]

Other methods possible

Expect 4.48

Or 76> —'6%1.8. Expect 80.70
Expect 12.52
Other methods possible

Or other valid alternative.

@=2r—120rm—12
Implied by 5.1

=2r—-12o0rm—12

Use of ¥2absinC or other complete method

At least 3 of the 4 terms required

Ft through on their




Question 26

6] ABC=7/2—-x/7=5x/14. CBD=g-5x/14=97/14 B1 | AG Or other valid exact method.
Total: 1
(i1) .1 WBC BC 8 M1
sin—= or ——=——F(— or
7 8 . 2@ . Sw
sSim-— s
7 14
BC? =5 + 8"~ 2(8)(8)cos 2L
BC =6.94(2) Al
are CD = their 6.94 %97 /14 M1 | Expect 14.02(0)
arc CB=8x2x/7 M1 | Expect 7.18(1)
perimeter = 6.94 + 14.02 +7.1§ =28.1 Al
Total: 5
Question 27
'@ | sindBC=8/10— 4BC=0.927(3) B1 | Or cos = 6/10 or tan = 8/6. Accept 0.295m.
Total: 1
(i) | AB=6(Pythagoras) —» ABCD=8x6=48.0 MI1A1 | OR 8x10sin0.6435 or %x10x10sin((2)x0.927)=48. 24or 400r80 gets M1A0
Area sector BCD =Y:x10” x (2) x their0.9273 *M1 | Expect 92.7(3). 46.4 gets M1
Area segment = 92.7(3) — 48 *Al | Expect 44.7(3). Might not appear until final calculation.
Arca semi-circle — segment = % x 7 x 8% — their(92.7 - 48) bm1 Dep. on previous M1A1 OR 7x 8- (‘/; xwx8+ thefr4-4.'?).
Shaded area = 55.8 — 56.0 Al
Total: 6
Question 28
i Sin2 B1 N
® (4B) = 2rsiné (or 2 —2co0s28 or L‘g\) Allow unsimplifed throughout egr +r, ? etc
si.n[ K | -
2 )
(Arc 4B) =218 B1
'sin2 B1
(P=) 2r+ 216 + 2rsinf (or 12 —2cos28 orﬂ)
sm(f—ﬂ
g
L= J
Total: 3
(i) 2571 B1 | Use of segment formula gives 2.26 B1B1
Area sector AOB = ( Y212 26) T01'13.1
Area triangle 4OB = (V2% 2rsind=ircosf or ¥ ?‘: 5in28) B1
254/3
IorlO.S
4
Area rectangle 4BCD = (r » 2rsiné) 25 B1
(Area =) Either 25 — (2571/6 — 25Y3/4) or 22.7 B1 | Correct final answer gets B4.
Total: 4




Question 29

(1) Letting M be midpoint of AB
OM = 8 (Pythagoras) — XM =2 B1 | (could find V40 and use sin lor cosil)
tan AXM — 9 AXEB — 2tar13 — 2,408 M1 Al | AG Needs x 2 and correct trig for M1
(Altemative 1: sin 4OM = E,AOM —0.6435. AXB = 7—0.6435) g;lltlelina.tive 1: Use of isosceles triangles, B1 for AOM, M1.A1 for
10 pletion)
(Alternative 2: Use of circle theorem, B1 for AOB, M1, Alfor
completion)
Total: 3
(ii) AX=1(6*+ 22 =40 B1 | CAO, could be gained in part (i) or part (iii)
Arc AYB =76 =40 x 2.498 M1 | Allow for incorrect V40 (not # =60r120710)
Perimeter = 12 +arc =27.8 cm Al
Total: 3
i) area of sector AXBY = Y2 x (V40)? x 2.498 M1 | Use of ¥5726 with their 7. (not 7 =6orr=10)
Area of triangle AXB = 12 % 12 x 2, Subtract these — 38.0 cm? M1 A1l | Use of ¥bh and subtraction. Could gain M1 with » =10.
Total: 3
Question 30
@ si.u“{%}=0.6435 AG MU or (PBC =)a0;"@}=09273 = (48P =)%—09273 =0.6435
_ Or other valid method. Check working and diagram for evidence of
incorrect method
(i) Use (once) of sector area = 44720 M
Area sector BAP =1x 5" x0.6435 = 8.04 Al
Area sector DAQ =Yaxtamx 3* = 7.07, Allow 9—: Al
3
(iii) EITHER: (M1 | Use of correct strategy
Region = sect + sect — (rect — A) or sect — [rect — (sect + A)]
(Area ABPC =)%x3x4=6 Seen Al
8.04+7.07-(15-6)=6.11 Al)
ORI: (M1 | Use of correct strategy
Region = sector ADQ — (trap ABPD — sector ABP).
(Area trap ABPD =) %A (5+1)%x3=9 Seen Al
7.07—-(9-8.04)=7.07-0.96=6.11 Al
OR2: (M1 | Use of correct strategy
Area segment AP=2.5686 Area segment 40 = 0.5438
Region = segment AP + segment 40 + A4PQ.
(Area AAPOQ =)' x2x3=3 Seen Al
2.57+054+3=6.11 Al)




Question 31

(i) Pythagoras — 1= +/72 OE M1 | Correct method leading tor =
6 6
or cos45=——r= =6\/5
r cos45
3.2 M1 A1l | Use of s=rf with their 7 (NOT 6) and Y1
Arc DC = 72 x Yar = i—ﬁ . 2.12m, 6.66
3
(it) Area of sector-BDC is %2 x 72 = Y4n (= 97 or 28.274...) *M1 | Use of ¥2728 with their ¥ (NOT 6) and Y
Area 0=97-18 (10.274...) DMI1 | Subtracts their 2 % 6 x 6 from their 1278
Area Pis (m6® —area Q) = 18 M1 | Uses {14 76> — (their area Q using /72 )}
[ \ Al
Ratio is 18 I 18 ‘ — 1.75
97 —18 110.274)
4

Question 32

(1) cos 4=8/10 — A4=0.6435 Bl | AG Allow other valid methods e.g. sin 4=6/10
1
(if) EITHER: (M1A1
Area AdBC =1ix16x6 or Y2x10x16sin0.6435=48
Area 1 sector % x10% x0.6435 M1
Shaded area = 2 x theirsector —their AABC' M1)
OR: (B1 B1
ABDE =12, ABDC =30
Sector =32.18 M1
2xsegment + ABDE M1)
=16.4 Al
5
Question 33
3(1) PO . M1 | Correct use of sin/cos rule
T‘ =10xsinl.1
(PO=)17.8 (17.82...implies M1, A1) AG Al OR PO- 10’511122 o l.0sh12.3 or /200 200c052.2 = 17.8
sin[. 3_1_1 | 5in0.4708
\2 )
2
i(ii) Angle OPQ = (n/2 —1.1) [accept 27°] B1 | OE Expect 0.4708 or 0.471. Can be scored in part (i)
Arc QR =17.8 x their (/2 —1.1) M1 | Expect 8.39. (or 8.38).
Perimeter =17.8 —10+10 + their arc OR M1
26.2 A1 | For both parts allow correct methods in degrees
4




Question 34

M1
Angle AOC= g orl.2 Allow 68.8". Allow %
AB =75 x tan(theirl.2) OR by e.g. Sine Rule Expect 12.86 DM1
OR OB =————— Expect 13.80
costherrl.2
1 ) DM1 1 . PR
Area AOAB =:><5 x their12.86 Expect 32.15 OR S ¥ 5 x their OB x sin their 1.2
1 3 . DM1 | All DM marks are dependent on the first M1
Area sector E>< 5° xtheirl.2 Expect 15
Shaded region=32.15-15=17.2 Al | Allow degrees used appropriately throughout. 17.25 scores A0
5
Question 35
i(i) r B1 | May be seen on diagram.
AT or BT = rtanb or OT =
cosd
I o ) y r ) ) M1 | Both formulae, (Y2126, Y2bh or Y2absing), seen with 26 used when
Var?26, & Vaxrx(rtand or AT) or Yaxrx( - or OT) sinf -
1?26 = 2xYaxpxatand — Var?26 oe — 26 = tanf AG A1l | Fully correct working from a correct statement.
Note: 121226 = ¥2 r’tané is a valid statement.
3
(it) @=1.2 or sector area = 76.8 B1
Area of kite = 165 awrt B1
164.6 — 76.8 = 87.8 awrt B1 | awrt 87.8 with little or no working can be awarded 3/3. SC Final

answers that round to 88 with little or no working can be awarded
2/3.

Question 36

3(i AT - B1 | CAO
® (tanf= —) — AT = rtanb or OT = I so1
r coséd
1 1 B1B1 1 1
— A= —rand - =7 B1 for —?tanf. Bl for “——16"
2 2 2 2
If Pythagoras used may see area of triangle as
1 7. o 1
Zifr? +r'tan®d or =1 " \sing
2 2 \cosd
3
i(it) _ AT . M1 | Correct use of trigonometry and radians in rt angle
tand = E — AT=17.716 triangle
Arc length=r8 =3.6 B1 | Accept 3x1.2
3 M1 | Correct method for OT
OT by Pythagoras or cosl.2= — (=8.279)
oT
Perimeter = 4T + arc + OT —radius = 16.6 Al | CAO. www
4




Question 37

i(i) 0.8 o B1
1
(ii) BD = 5sintheir(.8 M1 | Expect 3.58(7). Methods using degrees are acceptable
DC =5 —5cos their 0.8 M1 | Expect 1.51(6)
Sector = ¥ x 5° x their(.8 M1 | Expect 10 for sector.
OR Seg =¥ = 57 x [their 0.8 — sintheir 0.8] Expect 1.03(3) for segment
Trap = %(5 + theirDC) x theirBD oe M1 | OR (for last 2 marks) if X is on AB and XC is parallel to BD:
OR ABDC = YatheirBD = theirCD
Shaded area= 11.69 — 10 OR 2.71(9) — 1.03(3) = 1.69 cao A1 | BDCX —(sector — ALXC ) = 5.43(8) — [10 — 6.24(9)] = 1.69 cao
MI1Al
5
Question 38
6] - . . . 1,1 .4 1 7 M1 | Correct method for 4 B C, expect 1.696 awrt
A B C using cosine rule giving cos (?) or 2sin (%) or 2 cos B
- r 7 > 7 ”
or BAC=cos'(%) or BAC=sin" % orBAC= tan! % Or for B.A C. expect 0.723 awrt
CBY=r-ABCor2xCAB M1 | For attempt at CBY=n-ABCorCBY=2xCAB
OR
Find CY from A ACY using Pythagoras or similar As M1 | Expect 4.7
A . gl egl_ (Eheir' CY)2 ) M1 | Correct use of cosine rule
CBY=cos | —————
2x8x8
CBY=1.445° AG Al | Numerical values for angles in radians, if given, need to be
correct to 3 decimal places. Method marks can be awarded
for working in degrees.
Need 82.8° awrt converted to radians for Al
Identification of angles must be consistent for Al.
3
(i1) Arc CY=8x 1.445 B1 | Use of s=80for arc CY, Expect 11.56
BAC= %(r— A B C) or cos (%) M1 | For a valid attempt at B Ac, may be from (i). Expect 0.7227°
Arc XC= 12 x (their BAC) DM1 | Expect 8.673
Perimeter = 11.56 + 8.673 + 4 = 24.2 cm awrt www Al | Omission of “+4° only penalised here.




Question 39

Angle OAB =n /2—n/5=3x/10 so1 B1 | Allow 54° or 0.9425 rads

1 3 M1 | Expect 11.78
Sector CAB = 3 x[rheir%}x 5 P

M1A1 | May be implied by OC =3.507
0d= —>_—8507 Ay be mmphed by
<_;1'.nE

5

M1 | E t 3.86
Sector COD=%x(rheir3.507):x% *pee

. M1 1 5
A04B = L 5 (their8.507)sin % Or —x5x—— or 2.5 x |(their8.507)’ ~25
2 10 tan ™
5
=17.200r 17.21 Al
Shaded area 17.20(0r17.21)-11.78 - 3.86 =1.56 or 1.57 Al
8
Question 40
. 7 1 17 B1 | Accept 61.0°, 667 or 122°
Angle CBA = sin EJ = 1.0654 or CBED = cos EJ =213
Sector BCYD = Y x 8% % 2 x theirl .0654(rad] soi M1 | Expect 68.1(9). Angle must be in radians (or their
i Yo 8 x thesr P 61/360 % 2 x 8%)
or sector CBY =12 x 8" x their 1.{)654(13 ] Or sector DBY
ABCD = Tx~8 —7% or % x8> xsi.u(Z x their] ‘0654) i M1 | Expeet 27.1(1). Award M1 for ABC or ABD
Semi-circle CXD = %z x 7" = 76.9(7) M1 | MIMI for segment area formula used correctly
Total area = their68.19 — their27.11 + their76.97 = 118.0-118.1 M1A1 | Cannot gain M1 without attempt to find angle CBA or
CBD
6




Question 41

i@ 3n , Bl
Angle EAD = Angle ACD= o or 54° or 0.942 soi
or Angle DAC = % or 36° or 0.628 soi
. 3m T M1 | Angles used must be correct
AD = 8sin(— ) or 8cos(—) -
10 5
(AD =) 6.47 Al
Alternative method for question 3(i)
NEDS B1 | Angles used must be correct
s 8sin I
AB = orAB= 01'11‘(01)
e e
tan| — sin| —
5 =)
M1
4D= 11.0(1]@% oe
(AD =) 6.47 Al
3
ii M1 | 19.7(4
) Area sector = l(thieirAD)2 x fheir(E — E) @
2 2 5
; M1 w e
Area AADC = l x 8 x theirAD x sinz or lecos[j—ﬂ}x Ssin[j—ﬁ‘] Ore.g. ¥atheirAD x\8" —theirAD" .
2 52 10 10 15.2(2)
(Shaded area=) 35.0 or 34.9 Al
3
Question 42
Perimeter of AOC = 2r+ 1 B1
Angle COB=rn-6 B1 | Could be on the diagram. Condone 180 — 6.
Perimeter of BOC =2r + r(z - ) Bl | FT on angle COB if of form (k7 —6). k> 0.
(2r +) mr—rf = 2((2r) + 16) M1 | gets up equation using i‘(k#— 19) and %2 on correct
(RQ+ar-0=4+20— 6= z=2 ) side. Condone any omissions of OA, OB and/or
3 ocC.
8=0.38 A1 | Equivalent answer in degrees scores AQ.
5
Question 43
Uses A = Y@ M1 | Uses area formula.
Al
P 24
P=r+r+rf B1
2 A1l | Correct simplified expression for P.
P2+ P P
-
4




Question 44

(1 B1
) Angle C40= g
1
i 1, M1 | SOI
&) (Sector AOC) = Er‘ X their%
1 (w1 NER M . her
(AA4BC) = E(r)(z")“‘{rhe"?] or 5(2;)(,-]7 or E(y)(;)ﬁ For MIM], their 3 must be of the form kr where
' 0<k<¥
) ; 1 3 1 A1l | All correct
(AABC)= %(r)(lr)sm[%} or E(ZF](?‘)% or ;(r)(r]\fg
A(B)- () a1
2 2 \3
4
Question 45
(1) Arc length AB = 2r8 B1
AT BT Bl 2 i .
Tan 8= - or . — AT or BT=rtan8 Accept or {[ r ] _}_z] or rsing NOT (90— 6)
cos@ . [TC
y sinf| —— @&
2
P=2r8+2rtanf BI1FT | OE. FT for their arc length + 2 = their AT
3
Hii) Area AAOT=% x5 x5tan1.2 or B1
Arca AOBT =2x Y2 x5 x5tan1.2
Sector area = %2 x 25 x 2.4 (or 1.2) *M1 | Use of %r’@ with 8=1.2 or 2.4.
Shaded area = 2 triangles — sector DM1 | Subtraction of sector. using 2.4 where appropriate, from
2 triangles
Area =34.3 (cm?) Al | AWRT
Alternative method for question 4(ii)
Area of AABT =% x (5 x tan 1.2)” = sin(z — 2.4) (= 55.86) B1
Segment area = % x 25 x (2.4 —sin 2.4) (= 21.56) *M1 | Use of ¥ (@ —sin 8) with §=1.2 or 2.4
Shaded area = triangle — segment DM1 | Subtraction of segment from A ABT, using 2.4 where
appropriate.
Area =343 (cm?) Al | AWRT




Question 46

30 Odx3n—6 M1
8
Al
04=12_50903(0)
T
() AB = their5.0930 x taniﬂ M1
16
Perimeter = 2x3.4030+6=12.8 Al
(i) | Area OABC = (2x¥:)x their5.0930 x their3.4030 M1
2 M1
Area sector = ¥ x(their5.0930) x %T(
Shaded area = fheir17.331—theirl15.279 = 2.05 M1A1l
Question 47
OC = 6¢0s0.8=4.18(0) M1A1 | SOI
1 ’ 2 *M1 | OE
Area sector OCD = E(rhen*4.18) x0.8
1 . . M1 | OE
AOCA = EXGXIhen‘4.18>< sin0.8
Required area = their AOCA — their sectorOCD DM1 | SOL. If not seen their areas of sector and triangle must be seen
2.01 Al | CWO. Allow or better e.g. 2.0064
6
Question 48
5 M1 A1
cos POA = a — POA=1.17(6) Allow 67.4°
. 12 1
orsin=— ortan= —
13 5
Reflex AOB = 2m—2Xtheir 1.17(6) OE in degrees M1
or minor arc AB = 5x2xtheirl.17(6)
Major arc = 5 X their 3.93(1) M1
or 2n X5 - their 11.7(6)
AP (or BP) = 13* =57 = 12 Bl
Cord length = 43.7 Al




Question 49

'(a M1
@ e 422 cos[gj =52 - 22\3
BC=r(5-2v3) Al
2
‘(b M1 A1
® Perimeter = %+r+ r (S—Zx/g)
2
‘() Area = sector — triangle
Sector area = 141‘ZE M1
2 6
. . W M1
Triangle area = %2 r. 21 smg
Al
Shaded area = r? [E —l]
3 2
3
Question 50
Angle AOB= 15 + 6 = 2.5 radians B1
Angle BOC=n—2.5 (FT on angle AOB) BIFT
BC=6(n—2.5) (BC=3.850) M1
sin(r —2.5) =BX+6 (BX=3.59) M1
Either OX = 6cos(n — 2.5) or Pythagoras (OX = 4.807) M1
XC=6-0X (XC=1.193) - P=28.63 Al
6

Question 51

(a) 6 8 +12>-8 M1 | Or other correct method
c0sBAO=— or ——
8 2x8x12
BAO=0.723 Al
2
'(b) | Sector ABC = ¥ x12* x their0.7227 *ML | Accept 52.1
Triangle A0B =Y, x8x12sin (their 0.7227) or Y%x12x\28 *ML1 | or % x8x8sin (7 —2xtheir(.7227) . Expect 31.7 or 31.8
Shaded area = their 52.0 — their31.7 = 20.3 DM1 | M1 dependent on both previous M marks
Al
4
i(c) Arc BC = 12 xtheir0.7227 *M1 | Expect 8.67
Perimeter = 8 + 4 + their 8.67 = 20.7 DM1
Al




Question 52

(a) Use of correct formula for the area of triangle ABC M1 | Use of 18028 scores M0. Condone 2126
1r*sin(n—26) or %rz sin26 or 2X1rXrcosfxsind or Al | OE
2x1rcosdxrsing
9 B1FT

[Shaded area = triangle — sector] = their triangle area — 17*

FT for their triangle area — %rzg

(Condone use of 180 degrees for triangle area for B1)

3
() Arc BD=rf=6cm B1 | SOI
AC = 2rcosf = (2x10c0s0.6 = 20c0s0.6 = 16.506) *M1 | . . 1
. Finding 4C or —AC (= 8.25)
T rxsin(m— 20) 2
or (Zr -2r cos(n—20)) or —————+*
sin@
e B B o DM1 | Subtracting » from their AC
S TR (21 21 cos(n 29)) O L or r-rcos@ from their half AC (8.25-1.75)
(Perimeter = 10 + 6 + 6.506 =) 22.5 Al | AWRT
4
Question 53
(a . M1 Al
(@ [sin@zi—aJ 06— _r
oc s é
r Al
Ch =g+ —
sin@
3
b B1 | SOI
®) RadiusofarcAB:4+L=4+8:12
sin ™
2 1 T M1 | Expect 4xt, must use their CD, not 4
(Arc AB =) their 12X— or | — AB = || their 12x—
6 2 6
Perimeter = 24 +4n Al




Question 54

(a)

(b)

Area FOC = %x 4 their OCx sing M1
83 Al
AreasectorFOE:%X?xﬁ:léT7t B1
Shaded area = 16y/3 — 16?“ Al
Alternative method for question 10(c)
FC= \/(their OC)’ —4* M1 | /38 or 43
AreaFOC:%x4><4\E:8\/§ Al
Area of half sector FOE = %ng:l.z =83£ B1
Shaded area = 16+/3 — IGTT[ Al

4

M1 | Attempt to find the area of A4DE .

AADE = L(ka)l sin i
2 6

Lkzaz Al | OE.
4
Sector 4BC =102£ B1
2 Y6
axlprgr ol ® M1 | OE. For 2XA4DE = sectorABC with at least one
2 W6 correct area.
Al
T
k= \/: =0.7236
6
5
M1 | Condone omission of ‘2 or “1/2” on LHS for M1

2><i(.ka)2 sinf = l15126
2 2

only.

.__ 0
2sin @

Al

1 1
K >E leadingto —= <k<1

V2

Al

1
OE. Accept >T or £>0.707 (AWRT) or
2

1
0.707(AWRT) <k<1or k >\/; OE




Question 55

(a) 1, x4* x angle BAD =10 M1 | Use of sector area formula
Angle BAD =1.25 Al | OE. Accept 0.3987, 71.6° for SC B1 only
2
(b) Arc BD =4 xtheirl 25 M1 | Use of arc length formula. Expect 5.

BC = 4tan(theirl 25)

M1 | Expect 12.0(4). May use 4CB=0.321 or 18.4°

D=—— 2 4o J# +(therBCY -4
cos (theirl 425)

M1 | Expect 12.69 — 4 = 8.69. May use 4CB.

Perimeter =5 + 12.0(4) + 8.69 = 25.7 (cm)

Al | AWRT

Question 56

(@)

@

[By symmetry] [6 x PAQ =2x], [ PAO =] 2n-6,

Ml

Explaining that there are six sectors around the diagram that make
up a complete circle.

Al

AG

Alternative method for Question 12(a)

Using area or circumference of circle centre 4 + 6

M

=

4007 40n
of

6

6

Justification for dividing by 6 followed by comparison with the
sector area or arc length.

Al

AG

Alternative method for Question 12(a)

Explain why APAQ is an equilateral triangle

M

=

Assumption of this scores MO

Using APAQ is an equilateral triangle .. P;!Q =

w3

Al

AG

Alternative method for Question 12(a)

2
Using the internal angle of a regular hexagon = Tn

Or FA0+0AB = ZTT[ , equilateral triangles
bl

Ml

n2nnj1t
3

PAQ = 2n7(7+—+7
2 3 2

Alternative method for Question 12(a)

Al

AG

Sinf = %, with@ clearly identified

M1

o =%,20 =g =FAO and by similar triangles = Pz:iQ

Al

AG

(®)

Each straight section of rope has length 40 cm

B1

SOI

Each curved section round each pipe has length 76 = 20><§

*M1

Use of 6 with =20 and @ in radians

Total length = 6x ( (their40)+ kn)

DM1

6 (their straight section + their curved section).
Their curved section must be from acceptable use of 78 — this
could now be numeric.

240 +407 or 366 (AWRT) (cm)

Al

Or directly: (6% diameter) + circumference




©

@

Bl
[Triangle area =] %x 40x 40x sin ( gj or %x 40x2043 or
40043 or 693(AWRT)
- — - Bl
[Total area of hexagon = 6 X 40043 12400 V3 Condone 4800 ?
Alternative method for Question 12(c)
: 1 . (r Bl
[Trapezium area =] EX (40+80)x 40 sm[;} or 1200~/3 or 2080
(AWRT)
y = = Bl
[Total area of hexagon = 2 X 120043 1 2400+/3 Condone 4800 \/23
Alternative method for Question 12(c)
Area of triangle ABC = 4004/3 or 693 (AWRT) or Bl
4 x Area of half of triangle 4BC = 4 x2004/3 or 1390 (AWRT)
or Area of rectangle ABDE = 1600\/6 or 2770 (AWRT)
F - Bt Bl
[Total area of hexagon =2x 40043 +1600~/3 ] 24003 Condone 4800 V3
Or [= 4x2004/3 +1600 =] 24003 2
If BOBO, SC B1 can be scored for sight of 4160 (AWRT) as final
answer.
2
Each rectangle area = 40 x 20 (= 800) B1 | SOI, e.g. by sight of 4800
1 1 200 B1 | SOL
Each sector area = — 126 = —x 207 x| = s
2 2 3 3
Total arca = 2400~/3 + 4800 + 400x or 10 200 (cm?) (AWRT) Bl | Or directly: part (¢) + 6800 + arca circle radius 20.
3

Question 56

a . . . 2 M1
@ Either Let midpoint of PQ be H: sin HCP = = = Angle HCP = e
4 6
. 4 T
Or sin PSQO = . = Angle PSQ = s
Or using cosine rule: angle PCQO = E
Or by inspection: triangle PCQ or PCT is equilateral so angle PCQ = g
Al | AG
Angle PCS=n Bl S %n
6 6 3
2
b M1 | Length of t PSand OR
® Perimeter = 2><4><2—TE or 8m— 8?7[ e
+21x2 M1 | Adding circumference of two semicircles
28t Al | Must be a single term
3
3




©

1 8
Area sector CPQ = —x4* xX_°1
2 3 3

M1 | Uses correct formula for sector

Area of segment of large circle beyond CPQ
8t 1 ., . (m) 8=n
= ———X4"Xsin| — |=——443
2 (3 ) 3 3

M1 | Attempts to find area of segment

3
Area of small semicircle = nx2  or area of small circle = mwx2* M1
Area of plate = Large circle — [2 x] small semicircle — [2 x] segment area M1
Al | AG

x4} —wx2? —2>{%—4\/§J=2.%+8\/§

Alternative method for Question 8(c)

Area of sector PCS = l>< 4? x& - J6m
2 3 3

M1 | Uses correct formula for sector

Area of triangle PCQ = %X 47 % sing =43

M1 | Uses correct formula for triangle

Area of small semicircle = 1x2  or area of circle = ©x2? M1
Area of plate =[2 x] large sector + [2 x] triangle — [2 x] small semicircle M1
Al | AG
2(%}2(4\/5)—:9@2 :¥+ 83
5
Question 57
(a) a9 N B1 | AG. OE using cosine rule.
Angle XYC = sin T =0.9582
or sin X1C = l—glleading to XYC =0.9582
1
(b) XY =117 —=9* =40 or using 0.9582 and trigonometry “MI1 Al
AB =9+11-theirXY BIFT | OB g 20-2710, 2+9-2J10 +11-2V10
Arc AC =11 % 0.9582 M1
T M1
Arc BC=9x—
2
Perimeter = [13.6(8) + 10.5(4) +14.1(4) =] 38.4 Al | AWRT. Answer must be evaluated as a single decimal.




Question 58

i(a) Angle XYC= sin™ [ 19_1} ~ 09582 B1 | AG. OE using cosine rule.
or sin XYC = %leadmg to X¥C =0.9582
1
®) X m:m or using 0.9582 and trigonometry “MI1 Al

AB =9+11-theirXY

BIFT | OEeg 20-2v10. 2+9-2410 +11-2v10

Arc AC=11 x 0.9582

M1

AIcBC=9xg

M1

Perimeter = [13.6(8) + 10.5(4) +14.1(4) =] 38.4

Al | AWRT. Answer must be evaluated as a single decimal.

6
Question 59
(a) EITHER M1
By using trigonometry: BAC =06435... and ABC = %
OR
By Pythagoras: AP =12 = BP =3 s0 tan ABC = e i:0.9486... @ =0.3162...
3 J1o 10
OR
Using APBC and either the sine or cosine rule
sin ABC = —— or cos ABC = @
Jio 10
o n—0.6435 39 o, i3 4 Jio Al | AG. Final answer must be 1.25, more accurate value
ABC= ——/——— orfaw 3 or sm T or cos  ———0r 1.24904... with no rounding to 3sf seen as the final answer
10 w gets M1AO
1.249(04...) or71.56° = 1.25 radians (3 sf) If decimals are used all values must be given to at least 4sf
for Al.
2
(b) M1 | Using correct method(s) to find BC.

BC:,ﬂ(zhem)?w? or — ? [= 90 .3+/10 or 9.48697...]
sinl.25

Area of sector = %x[rheii'BCf xtan™ 3 [=56.2070r56.25]

M1 Using tan™'3 or 1.25 and their BC, butnot 9 or 15, in
correct area of sector formula.

Area of triangle PBC =134 1to 13.6 or %x9x3

B1

[Area=(56.207 or 56.25)—their 13.5=]42.7 or42.8

Al | AWRT




Question 60

()

®

: . %
Recognise that at least one of angles 4, B, C'is —
J

Bl

SOI; allow 60°.

5 IR ; . : M1 | SOI e.g. may see 27 or 47.
One arc 6 x their 3 leading to  two ares 2 x 6 x their 3 Use of correct formula for length of arc and multiply by 2.
Perimeter =6 + 4n A1l | Must be exact value.
Alternative method for question 6(a)
Calculate circumference of whole circle = 12n B1
i . 1 M1 | SOl e.g. may see 21 or 47.
One arc Ex12n leading to  two arcs 2><g><127r
Perimeter =6 + 41 A1 | Must be exact value.
3
gL (x M1 | Use of correct formula for area of sector.
Sector = EX 6~ X their 5 SOI e.g. may see 6m or 127
T ‘ (m = M1 Al | M1 for attempt at strategy with values substituted:
—x (62 ) x their [E} - EX (62 ) X sm{rhezr(;] J +6m [: 6m—943 +61‘[} area of segment + area of sector
h Al if correct (unsimplified).
Area= 127-93 Al | Must be simplified exact value.
Alternative method for question 6(b)
ik 8 NE: M1 | Use of correct formula for area of sector.
Sector = Ex 6~ X their 3 SOI e.g. may see 6m or 127
1.5 o | (m M1 Al | M1 for attempt at strategy with values substituted:
2x(5x 6% rhezr[ gj _EX (6 ]xsm[rhezr[gJ 2 x sector — triangle
: Al if correct (unsimplified).
Area= 121— 93 Al | Must be simplified exact value.
Alternative method for question 6(b)
gL =z M1 | Use of correct formula for area of sector.
Sector = Ex 6~ X their e SOI e.g. may see 6m or 127.
1,505 by O ) M1 Al | M1 for attempt at strategy with values substituted:
2x EX 6 X rherr[ J_EX 6 xsin rheu‘[ 3 ] + 2 x segment + triangle
. : Al if correct (unsimplified).
(62 xsm[zhen [ J] [ 12183 +9\f—]
] A1l | Must be simplified exact value.

Axea[ 6T—93+6m|=12n-943




Question 61

@ ta.uA:E or cosA:i or ma:E Mt OR taﬂB:i or cosB:E or sinB:i
5 13 13 12 13 13
A=1.176 B=0.3948 Al | Allow 1.18 or 67.4°, Allow 0.395 or 22.6°.
May be implied by g— 1.176
DE=4 B1 | If trigonometry used accept AWRT 4.00
Arcs = 5xtheirl 176 and 8xtheir0.3948 M1 | Or corresponding calculations in degrees.
[Perimeter = 5.880 + 3.158 + 4 =] 13.0 Al | Accept 13.
If DE is outside the given range this mark cannot be awarded.
5
(b) Area of triangle = 1 > 5 x their12 [ = 30] B1FT
Area of sectors = x5 xtheir 1.176+1x8” xtheir 0.3948 M1 | Or corresponding calculations in degrees
[Area =30-14.70 -12.63 =] 2.67 Al | Allow 2.66 to 2.67
3
Question 62
(@) _e % il & T M1 | OE Correct working in degrees is acceptable throughout.
AC=9.40 Al | SOI
Accept 9.39 — 9.41, may be used but not seen for Al.
Angle CAB = Y5(n— 1.8) M1 | SOI
Expect 0.6708 (or 0.671).
Arc CD = their 9.40 x their 0.6708 M1 | Expect 6.306 (or 6.31), do not accept 6 for their AC or 1.8
for CAB.
[Perimeter = 6 +3.40 + 6.306 =] 15.7 Al | Accept 15.69 —15.72.
5
(b) Sector ADC — AABC = V5 x their 9.40% x their 0.6708 — ¥ x 6* x sin 1.8 M1 M1 | Accept correct use of their answers from part (a).
[29.64 —17.53 =] 12.1 Al | AWRT




Question 63

@

®

= 2 B1 | OE
[AOB =:| 10 Sight 0of 0.2 from s =78 but 106 =2 is not enough.
swif = ="
10 5
[BOC ]5n+6 1 02 B1 | OE e.g. 0.724° AWRT or 41.5 degrees AWRT.
= or —m+0.
30 6 9.1 5%
But not — fraction within a fraction.
ISW incorrect simplifications.
. (5n+6 5n+6 M1 | OE
[BP]= IOsm( 0 ) and [OP]= IOCOS{ j Any correct method for both lengths, for #heir angle BOC (which
[= 6.6208...] and [= 7.494...] may have been incorrectly ‘simplified” but not 0.2) or length BP
and O BP. May be seen as part of labsinC :
OR 2
S 076 R Su—3 Sight of correct method enough. Can be implied by the next Al.
BP] = 10sin and [OBP] = .
9] 10sin 328 ana 05 - (2
[=6.6208...] and [= 0.84719...]
1 (546 St+6 Al | OE Can be implied by any answer in range (24.7, 24.9) or a final
Area ofAOBP:Ex l()sm( 3 j xlOcos( 5 ) or answer in the range (11.3, 11.5) WWW.
5 Sm—
l><10><105in[ n+6)xsin[[ T 3]]
2 30 15
[=24.809]
1 ) . (5m+6 M1 I g . ]
[Sector BOC] = v x 10~ x their Use of Er 6 with their angle BOC (may have been incorrectly
‘ ‘simplified’ but not 0.2).
_s0[ 22+ ) 364700L
30
Area of region BPC = 11.4 Al | CAO




Question 64

a 1.,(n T B1 i - .
(@ Sector area = —7 [—}[: —?‘2] Using —+’8 with 6 in radians SOL
2 Lg) 2 )
B0 if using a value for r.
3 B1 | SOI Finding triangle area.
BD = sin %T’ [: %f} and AD = cos%x‘[:%r} Decimals B0 unless exact values seen in working.
so triangle area = l[sinirlcosﬂrj - xlr x V3 P
2 6 6 2 2 i
1 2 Y.omy 1 o431
or —r|cos—r || sin— || = Zrx—rx=
2 6 6 2 2 2
1 3 B1 2 .
Area of BCD= —mr? — £rz OEeg " |F_ ﬁ with cos= and sin— evaluated.
12 8 41{3 2 6 6
Must be exact, in terms of »?.
ISW
3
i(b) \/3 B1 | SOI by length of AD, CD or arc, or by perimeter.
ssie idc— | gl
s r 3
1 M1 | SOI Finding length b hagoras, or by trigonometr
Length 4D = cos£r|:: l;} [so length CD = Br] elengthy Eythas 3;{ o -
3 2 A with their angle BAC, provided BAC ;ﬁg.
e M1 . . ; . T
Length of arc BC' = r x F SOI Using @ with 8 in radians. Condone 8= 5
Al
Perimeter of BCD = 2 r + L 4 &, OEeg r V341 + 2| with e.g. cos— evaluated.
2 2 3 2 3 3
Must be exact, in terms of .
ISW
4
Question 65
(a) *M1 | May use cosine rule to find APB. Stating APQ or
a g’ 435 APB as an incorrect multiple of 7z 1s MO.
APQ=cos — |= cos —
r 6
= 0.5857 Al | Accept 0.586 or 33.6° or APB (1.171 or 67.1°).
Perimeter =4 x7 xtheir0.5857 =2.34r or 0.745x r or (293/125)r DMI1 Al | Must use a numerical value of their angle.
4
() Use of sector formula: Sector APB =% x (2 x their 0.5857) or Sector APC M1 | Any sector with zheir appropriate angle. It must be
i 5 clear the appropriate numerical angle 1s being used.
(Cis on PQ so PC =1) =¥ar" x(their0.5857)
Use of appropriate formula for area of triangle and correct combination with M1 | .o Area APB = Uyl x sin(2 xtheir 0.5857) .
the sector to find the area of a half segment, one segment or both segments -
- j2 o .2 Al 5 1 )
Shaded area [ =2x0.12507"] = 0.250¢ or 0.0796+ , allow Zrz or 02572
3




Question 66

B1 | F ith . Arc ARB 1d be AR+RB.
(a) )5 X4sz+ 5 24% 5?77' [=1047[2] + 5.86[4] or 1(:);1' " 218571 ] or either arc correct. Arc could be
: M1 | For adding two (or three) arc lengths using different radii and
angles and nothing else. SOI
26z Al | AWRT
LR 5 Condone 16.33 only.
3
(b) 1 ;. 2% M1 | For either AAOBor AAPB (AB = 4.33, h=1.25, 0.58) or any other
Area AOB = —x2.5"sin— [=2.706] 1
2 3 valid method.
1 .5
Area APB = —x 2.24% sin 2% [=1.254]
2 6
[Difference =] 1.45 Al | AWRT Condone 1.46 only.
2
(c) JO— 1 e 4z (=13.09] B1 | For either sector area correct
2 3
1 2 5
Area APB = —x2.24* x> [=6.57]
2 6
[Area of cross section =| M1 | Adding two sector areas from different sectors and  their10(b)
1 , 4 1 2 3 i
—x2.5*x 21 Zx224 x 2L 4 “their10(b)’ i R
2 3 2 6
[=13.09+6.57+ “their10(b)” |
211 Al | CAO Condone slight inaccuracies in intermediate working if the
correct answer 1s arrived at.
3

Question 67
@ | [2r+8=20=]r=6

B1

8

Angle AOB =
their 6

*M1
Expect % OE (76.4°).

MO Assume triangle is equilateral.

. 2 ) 4
AB=2x Gsmz‘heirg or J6Z +6° —2x 6% cos their—

6

: (ﬂ' ) ZJ
sin| ——their—
2 3

. 4
or AB= X sin rheir;

DM1 | For 6 read their6.

Perimeter =[7.42+8 =] 15.4

Al | AWRT

(b)

1 4 1 ) 4
Area == x 6 x their— ——x 6 x sintheir—
2 3 2 3

)

or Area = % %67 X their% —2x %(6 sin zheir%} [ 6cos their=

M1 | Sector area — whole triangle area.
For 6 read their6.

Sector area — 2(half triangle area).

=[24-17.49=] 6.51

Al | AWRT




Question 67

(@ 4 : 4 3 M1 . 24
tan BDC = F or sin BDC = = or cos BDC = E used to find ADC May use cosine rule or CAD =tan™ —
BDC=0927[3] - A4ADC=n-0.927[3] [=2214t02.215] Al | Allow degrees, 126.87, and 0.7048T o1 0.705 T
Are AC=5x1heir2.214 M1 0
Use of @ or ——.2mr Expect 11.07 .
360
AC=\8+4# or 2x5xsinl.107 Ll s
[Perimeter=11.07+8.94=] 20.0 A1l | Accept AWRT [20.01, 20.02].
5
(®) Sector ACD =% x 5 xtheir2.214 M1

o e o .,
See use of —r°0 or —— .qur~. Expect 27.7 .
2 360

L .
Subtracting the area of AADC =Y2x5%x4 or 5 5% sin their 2.214 or

l><8><4—l><3><4
2 2

M1 | Subtracting the area of A4DC, expect —10.

Shaded area=27.7-10=17.7

A1l | Accept AWRT [17.67, 17.68]. Correct answer
cannot come from an angle of 2.215 .

Question 68

(a) 1,20 76.8 1(9.6> M1 | Eliminate forr using correct formulae SOL
— —=—" or —| —|0=76.8
ré 9.6 2\ &
r=16 Al
0=0.6 Al | Accept 34.4°
AOAB = Y x their 16* x sin their 0.6 M1 | Allow Segment = 76.8 —%; x their 16 x sin their 0.6.
Expect 72.27 .
[Area=76.8 —72.27=]4.53 Al | AWRT
5
(b) AB=2x16xsin0.3 OR 4B*> =16%+16> —2x16>cos0.6 M1 | Any valid method with their 1, 6. Expect 4B = 9.46.
Perimeter = 9.6 + 9.46 = 19.1 Al | AWRT




Question 69

a 1 04 *Bl . o1
'@ —0OA4=xcos0 or ——— = L or Correct expression containing —0A4 , O4 or OA* (allow p,
2 sin(n—26) siné 2
O 5 P cos(n 3 26?) o a or 7 for O4) containing only terms with x and € but not
just OA4=2xcos0 .
x* =r? +x* —2rxcos@ or other valid method. Do not condone sinm — 26 until missing brackets
recovered or cos(180—26 ) until it becomes —cos28 etc.
04 = 2xcos@ leading to Arc length = 2x6cos @ DB1 | AG Complete correct method showing all necessary
working. Condone 2xcos9x6 .
2 | If BO but www then SCB1 for O4 = 2xcos 6 leading to
Arc length = 2x6cos 6.
i(b) 1 2 M1 | OE Using sector formula with a correct OA. Condone
Sector area = =(2xcos )" x6 5 5 =y
2 cos@” for cos”6 and missing brackets.
. 1 i - Lo M1 | Using a correct triangle formula for the correct triangle.
Triangle area = Ex 2xcos@xsind OR e sin(m—26) Conidne mivsing Brackels anl 180 forw:
[Area APB =] Their sector area — their triangle area M1 | Both expressions must be areas involving terms with x* and
9 only. Condone missing brackets and 180 for « for the
triangle. Condone calling the sector a segment.
ool 2 1 5. Al | OE
[Area APB =] E(Zxc,os 9) < 5’5 sin(n—26) A correct expression. Mark the first unsimplified result of
1 subtraction and ISW any incorrect ‘simplifications’.
[=x*(26¢cos* 60— Esinza) or x% cos@(20¢cos6 — sinb)]
4
Question 70
1 16 B1 2
~x8xg=—2L = 9=" SOIOE e.g. ~=, 0.524(3sf)
2 3 6 12
Use of degrees acceptable throughout provided
conversion used in formulae for sector area and arc
length.
Vid M1 . 4r
Arc length = 8x ’]’ei"g [=4.1887...] OE FT their 0. Look for B
i1 M1 2
[BC=] 2x8 sm[axﬂwirgj [=4.1411.. ] Attempt to find BC or BC~ (see alt. methods below)
FT their 6. Look for 165in% or 46 442 .
Perimeter = 8.33 Al | AWRT Must be combined into one term.

Question 71

(a) Angle ACO=0.7 B1 | Don’t allow AWRT 0.7 .
1
® | [R=] 1537 B1 | Allow AWRT 1.53r.




©

©

Sector OA4AB = lrZ x2.8 [:1.41'2]
2

B1

Sector CAB = %(thez'r R)l x 2 x their 0.7

*M1

1.638 77

Al | Allow AWRT 1.6472.

[2]x %1‘3 sin(7-14) OR [2]x %rx theirRsin 0.7

*M1

2%0.4927r2 Al | Allow AWRT 0.98 72 t0 0.99 2.
1477 —(rheir1.63 82 —their 0.9851" ) bM1
0.7477* to 0.7487* Al

7

General guidance for alternative methods

Finding any useful sector area of the circle radius, r

B1 | May be ‘nested’ in a segment.

Finding the area of sector CAB

*M1A1 | May be ‘nested’ in a segment.

Finding the area of one useful triangle

*M1 | May be ‘nested’ in a segment.

Finding the total area of useful triangles

Al | May be ‘nested’ in a segment.

A correct plan for the shaded area DM1
0.747r% to 0.748° Al
7

Question 72

(a)

)

[Arc length=] 2x gor 160
¥

x 2

B1 | Finding one correct arc length — may be implied by correct
final answer.

[Perimeter =] 27 or 6.28

B1 | AWRT

[Area of one sector =] i i I
2 360 3

B1 | SOI AWRT

[Area of coin =3 segments + triangle :] 3(2 —«/;J +3 [=2.82]
ol

3
X B LT S x Bl | AWRT
[Area of triangle 7]5 x2° xsin 5 or other valid method Allow use of 60°
[=V3or1.73]
M1 | OE

: 2
Or 3 sectors — 2 triangles (3 X Tﬁ —2x \/37}01'

Sector + 2 segments {ZTE+ 2[2—; —\ﬁn

21—24/3 or 2(m-4f3)

Al | Must be one of these simplified versions but equivalent
decimal answers can score BIBIM1




Question 73

1 B1
@ -2 Allow ACB= 2"
3 3
1
(b) Perimeter of shaded area =2mwr B1
1
© Major sector O4B = lrz x an . Expect %ﬂ?z . Finds area of any relevant sector or
< 3 triangle. Can be embedded in segment formula.
One or both segments = [2]x (i 2 lrz smfj M1
2 F 2 3
= [2] rZE—r2£ Al
6 4
2 DM1
Shaded area = 2m —2| L? _ e
3 6 4
_m? 2B Al
T3 2
() Alternative method for Question 6(c)
*M1
Sector CA0B =[2] x%rtheirén Expect [2] x %m‘z .
Can be embedded in segment formula.
One or both segments — [2]x (lrz Wiin, er Smﬁ) *M1
2 3 2 3
=[2] rzE—r2£ y
6 4
DM1
1 bus 3
Shaded area = w2 — {=m” +2| "= 71‘2£
3 6 4
_m B Al




Question 74

B1
@ State 2r+r8=065 and %1‘29 =225
Form a 3-term quadratic or cubic in 7 or & or 76 from correct arc and sector *M1 | Condone sign errors.
formula
Solve their 3 term quadratic or cubic to obtain values of  or & DM1 | Expect 27” —65r +450=(2r— 45)(r—-10) or
186% 976 +72=(90-8)(26-9).
. 8 . A1l | B1 SC if no quadratic or cubic solution.
r=10 and =45 ignore =22.5 and & :5 , do not ignore =0 If 7 = 0 included AO or BO SC.
4
(b) Use correct formula for area of triangle with clear use of angle being 27 — their & M1 | Expect 1.783 or 102.2° their 6 must be reflex.

48.9

Al | AWRT, WWW or a second answer.
Or greater accuracy; condone absence of units.

Question 75

(@

(a)(ii)

g xée="
6
CEx=2
3
X E
AE  .om XE T XE=0.2 M1 | A correct trig expression involving XE
0d- AT E ¥ 3 B = Do not condone a mixture of degrees and radians.
Length EF=2+2x02 =24 Al | AG
2
B1 | OE, SOI

[cx :]0.4cosg or 0.451'1.1% or V0.4* —0.2?

5

Expect é or 0.3464.

[Sector :]é x (0.4)2 x%

B1 | SOI
Expect 0.0838 or Z—E Allow use of 6—07r(().4)2 :
75 360

Either  Area of their (rectangle + two triangles + two sectors)

M1 | Either implied by a correct answer or areas clearly
labelled.

Or Area of their (trapezium + two sectors) Expect 0.6928 + 0.06928 + 0.1676 or
23, B 4
5 25 15
Or 0.7621 +0.1676 or 143 +4—7[ )
75
0.930 Al | AWRT
11/3 4
Condone 3 o

= <
2y B




(b) [Length AD =] 2+42r B1 | Must be seen alone or part of a list and not part of a
product.

B1

[Arc length =] » xg May be implied by rx g %2

Must be seen alone or part of a list.

B1 | Must be seen alone or part of a list and not part of a

[EF=]2+ 21‘5111% or 2+ 2rcos§ or2+r st
2nr ; B1 | AWRT
[4+3r+ Y g leading to ] 0.393
3 Condone

2m+9’
NB: Using EF = 2.4 gives 0.391.

4
Question 76
() dinighss = T s 10 of sin™! E: 0.7297 B1 | C o;ldone working in degrees if converted to radians at the
2 15 15 €.
AG
1
'‘®) | Be= 15 -10% [=11.18...0r 5V5] e
Arc 4B = 15x0.7297[=10.9459] 8
Perimeter = their BC + their arc AB +25 + 51 M1
Perimeter = 62.8 Al | AWRT
1 5 B1
Area sector AOB = e 152 %0.7297[=82.09]
1 . ) T i M1
Area = 5 x 10 x their BC + their sector AOB + Z x10
Area=217 Al | AWRT
7




Question 77

'(a) 1 2 M1 | Or combination of large semi-circle and small sector:
Area of sector BOF = —x 20 x(27[72.4) [: 776_63‘.‘] 1 1
2 —x 207 x4+ =% 20" x (n—2.4).
2 2
Length BD = DF = 2x20sin0.6 or \]202 1207 — 2% 20%20c0s1.2 M1~ | Length of radius of small circles is acceptable for M1.
[: 22.58‘“]
Area of two semicircles = mx (2081110_6)2 [: 400.64.. ] DbM1
! 1 ’ M1
Area of triangles = 2 XX 20x20sinl.2 [: 372.81:: ]
Total area = 1550[cm? ] A1l | Expect 1550.09 but accept AWRT to 3sf.
5
i 1 B1 .8
® ;m’z =50 = r=10 May be seen as 20 sma, where 6= g
VA & )
g M1* | OE
Hhe= 3 Finding @ using their r. Allow working in degrees.
2n DM1
Arc length of sector BOF = 20x| 27 — fhe;r'rT
. § 2 DM1 | Dependent on the first dM1.
Total perimeter = 20 x( 2n — their— |+ 2m x their10
140m 2 Al | Must be a single exact term.
— or 46—n
& | bl
5
Question 78
[Perimeter =] 7+ 10 +7+2rx20 +r+r0+r [=4r+6r0] B1
U s, ) 1, 2 B1
Area=] —r 0+—(2r) x20+—r70 =50
[Area =] 2 2( ) 2 [ ]
47+ 6r6=14 and 5°0=10 MI* | gr+br60=14 and 1’6 =10 where a, b and ¢ are constants # 0.
Terms may be uncollected.
EITHER
5 14 —4 DM1 | Eliminate € to get an equation in 7.
52 10 or 4r+6r[_1—07J:14 S
6r 5r°
[é v R 02] (r— 2)(27‘ » 3) yy DMI1 | Factorise or other accepted method for solving their 3-term
quadratic.
OR
2 DM1 | Eliminate » to get an equation in 6.
S( = ] 6=10 or 4 ’R +6 10 =14
4+66 56 56
[=186% —256+8=0=] (99-8)(20-1)=0 DM1 | Factorise or other accepted method for solving their 3-term
quadratic.
Then
r=2and =0.5 B1 3 8
Condone extra answers » = E and 0 = '




Question 79

Use correct sector area formula

M1

-

Obtain l><152 in == l><x X=T = &n or equivalent
2 5 2 5 5

Al

Obtain [A] =

Al | AWRT 4.00.

Use correct arc length formula twice

M1

Obtain 22+ 3—5 T

Al | OE. Must be in terms of x.
Like terms must be collected.
Not from a rounded value of x.

Question 80

n

B1
(a) 6x0.8 Accept —45'8 x12m.
360
4B® =10% +10% —2x10x10c0s0.8 or AB= 2(105in0.4) oF M1 | Allow angles correftly cox}verted to degrees for this mark.
10sin0.8 0.8rad = 45.8°, O4B = OBA4 =67.1°.
APt SISO ( 7-08 )
. (m-08 — =117
sm[ ) 2
2 This mark can be implied by AWRT 7.8.
20.6 Al | AWRT
3
b . 2 B1
() [Area of sector =] %xé‘ x0.8
. . . M1 | OE
[Area of triangle =] e x10% xsin0.8 or 10sin0.4x10cos0.4 i
2 Allow use of their value of & or 3‘9 in degrees.
or other complete method.
215 Al | AWRT
3
Question 81
i(a) 1 4 L 4 [ 1) M1 | Attempt a complete valid method for finding angle EAF.
—n—2| tan” — or sin” — 3
2 i =t 12 - [160 . % 160 V160 may be replaced by 12.65 AWRT and /32 by 5.657
Or AWRT.
1 Working in degrees should give EAF = 53.13° which
4 EEF 432 \/E . converts to the correct value in radians.
2sin” | *——| =—== =—= | | or other valid method.
4E | eo 10
[ EAF =0.927295...=] 0.9273 Al AG
If decimals are used, at least one of 0.32175.., 0.6435 or
0.92729.. must be seen in the first method and 5.6569 and
12.649 or 0.46364 seen in the second method for the correct
level of accuracy.
Note: EAF = 53.14° does not convert to the correct answer,
so A0.
Alternative Method for Question 8(a)
2 1 . : P M1 | Attempt a complete valid method for finding angle EAF.
10— 00 20500 )=~ (T B St AR Sin AR Area of ABCD — (Area As ADF, ABE &CEF) = Arca AAEF.
. 2122 - (24+24432)) EAF =sin™ [ their ).
smEAF = ———————— 3,
(theirAE x their AF') 3
2{122 —(24+24+ ;2)} Using the cosine rule should lead to cos™ =,
EAF =sin' ——8————— >
(lheirAE x their AF )
Al | AG

lEF
- —1i7 2
EAF =sin =
5 AE




®) 4 B1 | OE
AE or AF =] 4160 or =
[ 1 =T Expect AWRT 12.65.
[r0=] (their12.65)x0.9273 ML | (ge of 70 with (their \/160).
Note: using = 12 scores MO.
[11.729...+8+8=] 27.7 AWRT Al
3
M1
© l(their 12.65)Z x0.9273 [=74.184] Use lr’z‘) for area of sector with (heir 12.65).
2 2
Note: using r = 12 scores MO0.
1 3 M1 | Attempt a complete method for finding area of shaded region.
1442424~ E(rheirlz.ss) %0.9273 Corlbmsieat= 15
[Area=]21.8 Al | AWRT
Alternative Method for Question 8(c)
1 s M1 . .
—(their12.65)" (0.9273 —sin 0.9273) [10.183] Area of the scgment with (their 12.65).
2 Note: using r =12 scores MO.
il 2 . M1 | Attempt a complete method for finding area of shaded region,
32 (their12.65)' (0.9273 - sin0.9273) sondor®ise b= 12,
[Area=]21.8 Al | AWRT
3
Question 82
" 5 B1
@ lr‘oz:ééot =>r=4
2
L 5. T B1
—r'sina=4 > a=—
2 6
M1 | Using theii d their a.
Area of segment = L x4 x X4 P aln elrnot
2 6 Condone 4 — —x 4% x—.
2 6
Allow use of 8 x their a —4
4 Al | Fraction must be simplified.
=34 4n—12
3 Allow ———.
4
'(b)

1 3
r?+r*=2rtcosa :Er2 éZCOS(I:E

*M1
Ora =2sin"! ﬁ or ZSin"(L]
4 22

Using o :% or r =4 implies 0/4.

@=0.723[0.72273...] = %rl sin (their0.723)[= 4]

DML | or i = %rl sin (their 41.4)[=4]

r=348[3.4777..]

Al | Accept 2 =12.1 AWRT.

Area of segment = %x 3.48%x0.723-4=0.371[0.37068...]

ALl or L3482 x414-4=0371 AWRT.
2 180






