Arc length and Areas of sectors

Arc Length and Areas of Sectors - Edexcel Past Exam Questions MARK SCHEME

Question 1: Jan 05 Q7

Question Scheme Marks
Mumber
B (a) & =8x0.7.=3506(cm) M1, Al
(2)
(b) BC? =8 +117 —2x8x11x cos0.7 i—‘ll
= BC=70980r 7.10 (Awrt) or ./(30.4) or better M1, Alcao
Penimeter = (a) + (11 -8)+ BC.=15.7{(cm) 0
(c) ﬁz%a&:sﬁc;%xllxgxsmﬂ.? ML Al
1 . 1 . M1, Al
Sector=—=pr"8 = =x8"x0.7
Area of R =28345_.—22.4=759455=5.95(cm”) Al ©)
(11)
(c) Final Al accept 3sf or better
(a) and (c) M1 for quoting and attempting to use correct formula
(b) 1 MI for attempting to use cosine rule (formula given)
Question 2: June 05 Q7
Question Scheme Marks
number
@) sy _ sin (.5 or _E _ 7 | sinxzﬂsm{].:} M1 Alf
8 7 sinx sin0.35 7
sinx = 0.548 Al (3)
(b) x=0538 (o) (This mark may be earned in (a)). El
T—a =256 M1 Alft (3
6

(a) M: Sine rule attempt (s1des/angles possibly the “wrong way round™).
Alft: follow through from sides/angles are the “wrong way round™.

Too many d.p. given:

Maximum 1 mark penalty in the complete question. (Deduct on first occurrence).
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Arc length and Areas of sectors

Question 3: Jan 06 Q5

(d)

1% M1 for full method for the area of triangle 4OB
2™ M1 for their sector — their triangle. Dependent on 1¥ M1 in part (d).

Alft for their sector from part (c) — 12 [or 4.1 following a correct restart].

Question Scheme Marks
number
Ao 5P+57 -6
(a) cosd0OB=—— o1 M1
2x3x35
sin 8 =% with use of cos26 =1—2sin" @ attempted
_ i_ * Aleszo (2)
25
(b) AOB =1.2870022... radians 1.287 or better Bl (1)
(c) Sector = %xilx{b}, = 16.087__. (AWERT) 16.1 | M1 Al (2)
(d) Triangle = $x5 xsin(d) or 4x6x+5" -3 M1
Segment = (their sector) — their triangle dM1
= (sector from c) — 12 = (AWRT)4.1 (ft their part(c)) | Alft (3)
8
{a) M1 forafull method leading to cos AOB [N.B. Use of calculator 1z MO
{usual rules about quoting formulae)
(k) Use of (b) in degrees 1z MO

wWww,natkermaths, com



Arc length and Areas of sectors

Question 4: June 06 Q8

Question Scheme Marks
number
(a) ¥ =2.12x0.65 1.38 (m) M1 Al 2)
(b) %rlé' = %x 2.12° %065 1.46 (mj) M1 Al (2)
(c) %— 0.63 0.92 (radians) () M1 Al 2)
(d) A4ACD - %{2.12){1.36} sin @ (With the value of & from part (c)) M1
Area="146"+"1.57", 3.03 (m*") M1 Al 3)
9

{(a) M1: Use of #& with »=2.12 or 1.86, and 8= 0.65, or equiv. method for the
angle changed to degrees (allow awrt 377).

(b) M1: Use of %rié? with »=2.12 or 1 .86, and #= 0.65, or equiv. method for ths
angle changed to degrees (allow awrt 377).

(c) M1: Subtracting 0.65 from % or subtracting awrt 37 from 90 (degrees),
{(perhaps implied by awrt 53).

Angle changed to degrees wrongly and used throughout (a), (b) and (c):
Penalise “method’ only once, so could score MOAO, M1AO, M1AO.

(d) First M1: Other area methods must be fully correct.
Second M1: Adding answer to (b) to theirr AACD.

Failure to round to 2 d.p:
Penalise only once, on the first occurrence, then accept awrt.

If 0.65 1s taken as degrees throughout: Only award marks in part (d).
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Question 5: Jan 07 Q9

Arc length and Areas of sectors

Question Scheme Marks
Number
2, g2 1
- 1
cosPOR = & FO (63 [__1 M1, Al
(a) 2x6x6 2
2T Al
POR =
~ 3 (3)
1, 27
®) | Arca= 2x6’ XTTIIIE M1
2 Alcso
=127 m~ (¥
(c) z'i'm:a::-fﬂ.:%xll5>»c!’j>~<sinz?’?;r m’ M1
Alcso
_ 2
3w @
(d) Area of segment = 127 — ‘Qﬁ m* M1
5 Al
=221m Q)
. 2
(e) Perimeter = 6+6+|:6><T:| m M1
_ Alft ()
=246m an
Notes
9a)NB. a’ =b" +¢" —2bccos A is in the formulae book.
Use of cosine rule for cos POR.  Allow 4, #or other symbol for angle. M1
(1) {6-..5 ) =6 +6" —2.6.6cos POR - Apply usual rules for formulae: (a) formula not stated,
must be correct, (b) correct formula stated, allow one sign slip when substituting.
+ 2 + 2 + 2
or (11) cos POR = 6= (ﬁﬁ)
2626
Also allow mnvisible brackets [so allow ﬁﬁ : ]1n (1) or (1)
1, g1 2 Al
Correct expression o +6 {6\5) oe (eg —E or —l)
2x6x6 72 2
2 Al
3
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Arc length and Areas of sectors

Question 6: Jan 08 Q8

Question Scheme Marks
Number
@) | (x— 6)2+(y—- 4)2=; 32 B1:B1 (2)
(b) | Complete method for MP: = \/ (12-6F +(6-4) M1
= m or awrt 6.325 Al
[These first two marks can be scored if seen as part of solution for (c)]
Complete method for cos &, siné or tané M1
MT 3
eg co0s = —=——-———  (=0.4743) (8 = 61.6835%)
MP  candidate s/40
[If TP = 6 15 used, then MO0]
6=10766rad AG Al @
(c) Complete method for area TMP: eg.= %x 3%+/40sin & M1
3
= ;\/ﬁ (=8.3516..) allow awrt 8.35 Al
Area (sector)MTQ = 0.5x3*x1.0766 (=4.8446..) M1
Area TPQ = candidate' s(8.3516..—4.8446.) M1
=3.507 awrt Al (5)
[Note: 3.51 1s A0] [11]
Notes
(a) Allow 9 for 32.
(b) First M1 can be implied by + 40or v 31
For second M1:
May find TP = ,/(+/40)? — 3% = 431, then either
2 P 3
sin & = 2 = Q (=0.8803...) or tané = @ (1.8859..) or cos rule
MP /a0 3
NB. Answer is given, but allow final Al if all previous work is correct.
; y 1 e
(c) First M1: (alternative) X 3x J40 -9
Second M1: allow even if candidate’ s value of 8 used.
(Despite being given !)
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Arc length and Areas of sectors

Question 7: June 08 Q7

2?:;%:: Scheme Marks

(@) | r8=7x08=56 (cm) M1 Al (2)

®) | 2170=2x72x08=19.6 (cm?) M1 Al 2)

(¢) | BD* =7* + (their AD)* —(2x 7 x (their AD)x cos0.8) M1

BD? =7% 4352 —(2x7x3.5xcos0.8) (or awrt 46° for the angle) Al

Perimeter = (their DC) + 5.6 + “5.217 =143 (cm) MIAI &)

(d) | AABD =l)x7><(their AD)xsin0.8  (ft their AD) (=8.78..) M1 Al ft
Area= “1;6" —-“8.78..." =108 (cm?) M1 Al (4)

(12 marks)
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Question 8: Jan 09 Q7

Arc length and Areas of sectors

Question &chorng ks
Number
a M1 A1 2
@) %r20=%x62x2.2=39.6 (cml) @
b s s M1 A1 2
(®) ( x =] 7-11=204 (rad) @
1 y M1 A1ft
(c) ADAC=5><6X4sm2.04 (=10.7)
Total area = sector + 2 triangles = 61 (cmz) M1 A1 {‘;)]

use degrees formula.

Answer with no working 1s M1 Al.
This M1A1 can only be awarded in part (a).

(b) M1: Needs full method to give angle in radians

()

find area BDC 1s 0/4

(a) M1: Needs @ in radians for this formula. Could convert to degrees and

Al: Does not need units. Answer should be 39.6 exactly.

Al: Allow answers which round to 2.04 (Just writes 2.04 — no working 1s 2/2)

1
MI1: Use 5 x6x4sin A (if any other triangle formula e.g. 15 x4 is used the method

must be complete for this mark) (No value needed for 4. but should not be using 2.2)
Al: ft the value obtained in part (b) — need not be evaluated- could be in degrees
M1: Uses Total area = sector + 2 triangles or other complete method

Al: Allow answers which round to 61. (Do not need units)

Special case degrees: Could get MOAO, MOAO. MIAIMI1AO
Special case: Use A BDC — A BAC Both areas needed for first M1
Total area = sector + area found 1s second M1
NB Just finding lengths BD, DC, and angle BDC then assuming area BDC i1s a sector to
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Arc length and Areas of sectors

Question 9: June 09 Q9

Question
Miinkar Scheme Marks
Q  (a) | (Arc length =) 6 =r x1=r. Can be awarded by implication from later work, e.g. B1
3rh or (2rh + rh) in the S formula. (Requires use of = 1).
(Sector areca =) %1'18 = %r’ x1l= rT Can be awarded by implication from later B1
work. ¢.g. the correct volume formula. (Requires use of 8= 1).
Surface area = 2 sectors + 2 rectangles + curved face
- 2 +3rh) (See notes below for what is allowed here) M1
Volume = 300 = 4»h B1
Subfork: S=r2+3x3%0 = ,2,1800 (* Alcso  (3)
©) ds 1800 ‘ '
—=2r——— or 2r-1800r" or 2r+-1800r7 M1A1
dr re
-:—s-=0 = r’=... r=4900.orAWRT9.7 (NOT -9.7 or £9.7) M1, A1 (4)
r
E 2
(c) Sld-'—f =.... and consider sign. %‘?— =2+ 3620 > 0 so point 15 a minimum M1, Alft (2)
: 2 %
A | 5, =(9.65..) + 21320
e = )+ 9.65...
(Using their value of r. however found. in the given S formula) M1
=279.65... (AWRT: 280) (Dependent on full marks in part (b)) Al [ (2;
13

(@) [ M1 for attempting a formula (with terms added) for surface area. May be mcomplete or wrong and
may have extra term(s). but must have an »r* (or r*8) term and an rh (or rh8) term.

(b) In parts (b). (¢) and (d). ignore labelling of parts

1" M1 for attempt at differentiation (one term is sufficient) »" — k™
M1 for setting their derivative (a ‘changed function’) = 0 and solving as faras »’ = ..
(depending upon their 'changed function'. this could be r = ... or r* = .. etc.. but
the algebra must deal with a negative power of 7 and should be sound apart from
possible sign errors, so that »" = ... is consistent with their derivative).
() [ M1 for attempting second derivative (one term is sufficient) r" — kr™, and considering
its sign. Substitution of a value of r 1s not required. (Equating 1t to zero 1s M0).
Alft for a correct second denivative (or correct ft from their first derivative) and a valid reason
(e.g. > 0). and conclusion. The actual value of the second denvative. if found. can be i1gnored. To
score this mark as ft, their second derivative must indicate a minimum.
Altemative:

M1: Find value of % on each side of their value of » and consider sign.

Alft: Indicate sign change of negative to positive for _:._’S’_ . and conclude minimum.

Alternative:
M1: Find value of S on each side of their value of » and compare with their 279.65.
Alft: Indicate that both values are more than 279.65. and conclude ninimum.
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Arc length and Areas of sectors

Question 10: Jan 10 Q4

?uostion S P
(@) Either sm(Aé'B) - sm0.6 or 4 =5 +5 -2xbx5c0s0.6 M1
4 . 10c050.61/(100cos’ 0.6-36)
- ACB = arcsin(0.7058...) o 2 "
=[0.7835.. or 2.358) =[6.96 or 1.29]
Use angles of triangle Use sine / cosme rule with value for 5
ABC=7-06-ACB BB g DT M1,
(But as AC 1s the longest side so) 4 40
ABC =176 (*)Gsf) [Allow1007° 1.76] | [ (But asAC s the longest side so) A1
ABC =176 (*)(3sf) (4)

In degrees 0.6=34.377°, ACB=449°

(0) | |cBD=7-176=138] Sectorarea= 1x4%x(7-1.76)=[11.0~11.1] %x42x79.3 ismo | M1

M
Area of AABC =1x5x4xsin(1.76)=[9.8] or-;-xSx4xsin101 i

(7]
Required area=awrt 208 or 209 0r 210  or gives 21 (2sf) after correct work.

1M1 for correct use of simne rule to find ACB or cosine rule to find b (MO for ABC here or for use of sin X where x
(a) | could be 4BC)

2* M1 for a correct expression for angle ACB (This mark may be implied by 7835 or by arcsin (. 7058)) and needs
accuracy. In second method this M1 1s for correct expression for  — may be implied by 6.96. [Note 10cos0.6~8.3]
(do not need two answers)

3* M1 for a comrect method to get angle ABC in method (i) or sindBC or cos4BC , in method (ii) (If sin 3 >1, can have
MIAD)

Alcso for correct work leading to 1.76 3sf. Do not need to see angle 0.1835 considered and rejected.

1¥M1 for a correct expression for sector area or a value in the range 11.0-11.1
2 M1 for a correct expression for the area of the triangle or a value of 9.8

(b) | Ignore0.31 (working in degrees) as subsequent work
Al for answers which round to 20.8 or 20.9 or 21.0. No need to see units.

(a) | Special case  Ifanswer 1.76 1s assumed then usual mark 1s MO M0 MO A0. A Fully checked method may be worth
M1 M1 M0 A0. A maximum of 2 marks. The mark is either 2 or 0.

Either M1 for AéBisfmmdlobeOJSlG (angles of triangle) then
M1 for checking sm(‘;CB)=Sm4o'6 with conclusion giving sumerical answers
This gives a maximum mark of 2/4

OR M1 for 5 is found to be 6.97 (cosine rule)

M for . sxn(:BC')___sm40.6
This gives a maximum mark of 2/4
Candidates making this assumption need a complete method. They cannot eam M1MO.
So the score will be 0 or 2 for part (a). Circular arguments eam 0/4.

with conclusion giving numerical answers
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Arc length and Areas of sectors

Question 11: June 10 Q6

%mﬁp Scheme Marks
(a) r8=9%x0.7=6.3 (Also allow 6.30. or awrt 6.30) M1 A1
(2)
1 > 1
(b) =2 6 =;x81 x 0.7 = 28.35
= = M1 A1

(Also allow 28.3 or 28.4. or awrt 28.3 or 28.4)
(Condone 28.35% written instead of 28.35e¢m?)

(2)

(¢) tan0.7 = ATC M1

AC =7.58 (Allow awrt) NOT 7.59 (see below) Al
(2)

(d) Area of triangle 4OC = %(9 x their AC)  (or other complete method) | M1

Arcaof R="34.11"-"28.35" (tnangle — sector) or (sector — triangle) M1
(needs a value for each)

=5.76 (Allow awrt) Al
(3)

(a) M: Use of r@ (with & in radians), or equivalent (could be working in
degrees with a correct degrees formula).
(b) M: Use of %rze (with @ in radians). or equivalent (could be working

in degrees with a correct degrees formula).

(¢) M: Other methods must be fully correct.
AC 9

eg — =
s 0.7 K -
sm(? - 07]

7 -0.7) instead of | = —0.7 | here is not a fully correct method.
bl

Premature approximation (e.g. taking angle C as 0.87 radians):
This will often result in loss of A marks. e.g. AC = 7.59 1 (c) 1s A0.
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Arc length and Areas of sectors

Question 12: Jan 11 Q2
Question
SkiriBor Scheme Marks
(a) | 11 =8 +7* —(2x8 x TcosC) M1
S, S
cosC = i (or equivalent) Al
2x8x7
{C=164228 } = C-awrt 164 Al cso
3)
(b) | Use of Area AABC = %absin(their C), where a.b areanyof 7. 8 or 11. M1
= %(7 x 8)sinC using the value of their C from part (a). Al ft
{=27.92848 . or 27.93297..} = awrt 279 (from angle of either 1.64° or 94.17) Al cso
(3)
[6]
Notes
() [ M1 is also scored for 8% =7% +11' —(2x 7x11cosC) or 7* =8> +11° —(2x8x 11cosC)
7 2 _ g2 2 2_72
or cosC=_+ﬂ__8. or cogC:E-ll_.
2x7x11 2x8x11
1" A1: Rearranged correctly to make cosC =...and numerically correct (possibly
2, 72 _ 112 o
unsimplified). Award Al for any of cosC = s L or cosC = =& or cosC=-— X or
2x8x7 112 14
cosC =awrt — 0.071.
SC: Also allow 1™ Al for 112cosC = —8 or equivalent.
Also note that the 1* Al can be implied for C =awrt1.64 or C =awrt 94.1"
TR L
Special Case: cosC = 1 or cosC = uscores a SC: MI1AOAO.
14 2x8x7
2™ Al: for awrt 1.64 cao
Note that 4 =0.6876..° (or 39.401..") . B=08116..° (or 46.503..7)
(b) | M1: alternative methods must be fully correct to score the M1.

For any (or both) of the M1 or the 17 A1: their C can either be in degrees or radians.

: 1 3 ;
Candidates who use cosC = i to give C =1499..., can achieve the correct answer of awrt

27.9 1n part (b). These candidates will score M1A1AOcso, 1n part (b).
Finding C =1499... 1n part (a) and achieving awrt 27 9 with no working scores MIA1AOQ.

Otherwise with no working in part (b). awrt 27.9 scores M1A1A1.
Special Case: If the candidate gives awrt 27.9 from any of the below then award
MIAIAL

l - L 1 - o,
;(7 x 11)sin(0.8116° or 46.503") = awrt 27.9 5(8 x 11)sin(0.6876... or 39.401...") = awrt 27.9.

Alternative: Hero’s Formula: 4= J13(13 —11)(13 - 8)(13 — 7) = awrt 27.9 . where M1 1s
attempt to apply 4 = \/s(s —11)(s — 8)(s — 7) and the first Al 1s for the correct application of
the formula.
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Arc length and Areas of sectors

Question 13: June 11 Q5

S Scherme
- 2 2 1 .‘l’. -
-;-r‘o = %(6) (%) =67 or 18.85 or awrt 18.8 (cm)’ i
(a) - 67 or18850rawrt 188 | A1
_ [2]
(b) Sm(£]= oL oM sx'n(i}orsin30°= A M1
6) 6-r 6 6-r
1 5 S
== 6_rr_ Replaces sin by numeric value | dM1
6—r=2r=>r=2 r=2 | Al cso
Fh [3]
. i - o | M1
i N et 2 e1r area of sector — a7
© Area =67 — 7(2) T ora 3 (cm) 2rorawrt 63 | Al cao
(21
-

(a) M1: Needs & radians for this formula.
Candidate could convert fo degrees and use the degrees formula.
Al: Does not need umits. Answer should be erther 67 or 18.85 or awrt 18.8

Correct answer with no working 1s MI1AL.
This M1A1 can only be awarded n part (a).

M1 Also allow cos[-’E]orcosw' e
3 6—r

(®)

1% M1: Needs correct trigonometry method. Candidates could state sm[%] =L andx+r=6or
/ X

equvalent in their working to gain this method mark.
dM1: Replaces sin by numerical value. 0.009... =

here for dM1.

Al: For r =2 from correct solution only.

Alternative: 1* M1 for Z =smn30 or & =cos60. 2* M1 for OC = 2r and then A1 for r = 2.
Note seemng OC =2r 1s MIML.

Special Case: If a candidate states an answer of 7 = 2 (must be m part (b)) as a guess or from an
incorrect method then award SC: MOMOBI1. Such a candidate could then go on to score M1A1 1n part
(c).

(c) M1: For “their area of sector — their area of circle”, where r > 0 1s ft from their answer to part (b).
Allow the method mark 1f “their area of sector” < “their area of circle”. The candidate must show
somewhere in their working that they are subtracting the correct way round, even if their answer is
negative.

Some candidates 1n part (¢) will either use their value of  from part (b) or even introduce a value of r
in part (¢). You can apply the scheme to award either MOAO or M1A0 or M1AL1 to these candidates.

Note: Candidates can get M1 by writing "their part (a) answer — 77", where the radius of the circle 1s
not substituted.

Al: cao — accept exact answer or awrt 6.3

Correct answer only with no working n (c) gets M1A1

Beware: The answer in (¢) is the same as the arc length of the pendant

r

i from working “incorrectly” in degrees 1s fine
-r
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