R Radians

ROBINSON Worked solutions

This topic online

n a. Write 135° in radians, giving your answer as an exact multiple of .

b. Convert 2.4 radians to degrees, giving your answer to 1 decimal place.

c. Find the exact value of sin %ﬁ

o)

Oe.are.c.s to radians: X ——
1-Yeo/

(3 marks)

o
137 = a5 x 1

180
3T
(7Y

)
1-Yeo)

Roadians to J.e.aru.s: X —

“"
180 = \3150
2.4 x 3O
W

—— =T - —, second guadrant: sin cs posctive

sT _ ™

SN
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n A sector of a circle has radius 8 cm and angle 0.9 radians.
Find
a. the length of the arc,
b. the perimeter of the sector,

c. the area of the sector.

(4 marks)
o)
s = f9
= 3 x 0.9
7.2 em
b)
Two radic and the arc
P =8+8+72
13%2 em
<)
-— |
A = rze
2
= |
— X 64 % 0.9
2
29%.8 cm?
B Given that 6 is small and measured in radians, use the small angle approximations to show that
3s5in 20 + cos 40 ~ a + bO + O
where q, b and ¢ are integers to be found. (3 marks)

91

2

W\Qzémacostl—

3 sin 20 = '5(7.9)
= 69

¢0% '-}925!

_ (40)?

2
= |- %6*
3oin 20 4+ cos 4O =\ + ¢0 - 26+

a=\,b=6,c=-9%
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n A sector of a circle has radius r cm and angle 6 radians. The area of the sector is 20 cm? and its
perimeter is 18 cm.

Find the two possible pairs of values of r and 6. (5 marks)

)9 = 20
2
2r+c0 = 18
0 = 1.n-2r

Wrike the area as % (+0) and svbstitute

%r(l& - Zr) = 20

- = 20
r*=-9%+20 = O
(r-u)r-5) =0
9='-§O

rl
r=4:0=22 2,5
14
- 4O
F=s5:60=—=\¢
295

Both o.na(.o.s are Less than 2T

r=‘-l,9=7..5'orr=5',9=l.6

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 3 of 14



a The diagram shows a circle with centre O and radius 10 cm. The points A and B lie on the circle and
angle AOB = 1.2 radians. The shaded region is the segment cut off by the chord AB.

a. Find the area of the shaded segment.
b. Find the perimeter of the shaded segment.

Give each answer to 3 significant figures.

A/\B

1.2 rad /10 cm

Diagram NOT accurately drawn (6 marks)

o)
Se.amu\t = sector - tru.na(.e

A= 2P Lirgn O

2 2

\
— %100 % (1.2 = sen 1.2)
2

= SO X 0.2479€¢...
= 13.39%...

\3.4 em?
b)
oafre A6 = I0OX\2

= 12
Chord.: split the tsosceles ‘tr:.o.na(.e. en ho.(.J.
AB = 2 xi10snou

= \.292...
P =12 +1n.292...
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233 cm

n Solve, for 0 < x < 2m, the equation
2cosx+3sinx=3

giving your answers as exact multiples of 1. (5 marks)

Use cos?* & = | = sin? =

20 -sen?x) +3snx = 3
2-2sn*x+3stnx = 3
2sin>x-3staxtl = O
(?.si.n.z-l)(s:.nx-l) = O
sinx = |\
2

"‘-"'1of‘.:r.=“‘r-1

¢ ¢
sinx = |
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Solve, for 0 < 6 < m, the equation
3 cos(206 + 0.5) =2

giving your answers in radians to 3 significant figures. (5 marks)

905(29 + O.S’) = i
)

Letv=20140.5and r.lmu\se the wnterval
05 &v<2Ta+o0s

0.5 £ v < (.7%3...
2

v = cos"(—)
3

= O.8410..
Coscne is also posctive wa the pourth guadrant

v = 2T - o0.9410...
= S.442.\..

0.%%O0... + 2T = 7.124... s ovkside the interval

9 = U-0.9
2
0 = ©o.84o..-05 _ 0.1705 ..
2
f = S.442l.-05 = 2.4T\O..
2
O = o, 2.47
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n The equation sin 8 + cos 8 = 1.1 has a small positive root, 8 = o, where 0 is measured in radians.
a. Use the small angle approximations to show that o is approximately a root of 02-20+02=0

b. Hence find an approximate value for o, giving your answer to 4 decimal places and explaining
your choice of root.

c. Given that the true value of a is 0.10579 to 5 decimal places, find the percentage error in using 1
- V0.8 as an approximation for a.

«)

sn O~ 0O and cos B~

(6 marks)

[4%1

2
z -—
6+ - = L\
2
2
O-—-0n =0©
2

Mu(.t:.p(.:) by -2

6r -20+02=0
b)

25 ((4-01)
2
12 0%

1+ 08 = 1Latu...
Thes root is not small, so the approximations do not hold
x=1-{ 0%
= 0.\05572..

6

X = 0.105¢

¢)
A error = ©O-OST1-0.05572...
0.105 71

0.203..

X 100

0.20%
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n The diagram shows a sector OAB of a circle with centre O and radius 6 cm. Angle AOB = 0.8 radians.
The tangent to the circle at A meets the line OB extended at the point C. The shaded region is
bounded by AC, CB and the arc AB.

a. Find the length of AC.
b. Find the area of the shaded region.
c. Find the perimeter of the shaded region.

Give each answer to 3 significant figures.

0.8 rad
o / \ ra

6cm

Diagram NOT accurately drawn (7 marks)

o)
To.nsu\t 1 radevus, so '(:r:.o.nﬁLe. OAC hos o r;sk{: angle at A

AC = ¢ tan 0.%
= (.778...

1% em

b)
Shaoded = kr:.o.l\bte. OAC - seckor OAD

triangle = % X ¢ X ¢\7T%...

= 18.5%3...
sector = ! L2 x 00
2
= 44
shaded = IR.Fd3. -4y

G$.1d3%...

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 8 of 14



W13 em?
¢)

o = 6

cos 0.8

= %.¢09...
BC = sl -¢
= 2.4n9...

oare A6 = X 0.2

%49
P = CI77%... + 2.6uU%... + 4.
12.5%19...

\3.6 em

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 9 of 14



m The points A and B lie on a circle with centre O and radius 5 cm, and angle AOB = 6 radians, where 0
< 0 < . The chord AB divides the sector OAB into the triangle OAB and a segment. The area of the
segment is equal to the area of the triangle OAB.

a. Show that © = 2sin 6
b. Show that this equation has a root between 1.8 and 2.0

c. Given that the root is 8 = 1.8955 to 4 decimal places, find the area of the segment, giving your
answer to 3 significant figures.

(7 marks)
o)
= |
trao.as(.c. drran B
2
seqment = Lerf-Leren O
2 2
- |
lrze- lrz sinB = Zrren B
2 2 2
Ocvide by o2
v d 2 (s
9 = SiN 9 = 8in 9
O =2snb
)
*(9) = 0-25nb
FOR) = 1B -25ia1% = —0TT..
H2.0) = 2.0-24in2.0 = OUBI...
5:.3!\ cho.nat. and F e continuous on [1.8, 2.0]
so there s a root between \.% and 2.0
e)
Seamu\t = tria.natc.
- |
A = — X S* %X sin 1A9SS
2
= \2.5 x 0.94774...
= \La46...
1.8 em?
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m A flower bed is in the shape of the region between two arcs of circles with the same centre O, as
shown in the diagram. The inner arc has radius r metres and the outer arc has radius 2r metres. Both
arcs subtend an angle of 6 radians at O, and 6 > 1

The perimeter of the flower bed is 26 m and its area is 36 m?.
a. Show that r26 = 24
b. Show that r* - 13r + 36 = 0

c. Find the value of r and the value of 6, explaining why you reject one solution.

r r
\ /
\ 0 ’
\ ’
\ ’
N r
\ /
N2
2 4
O

Diagram NOT accurately drawn (7 marks)

o)

Areo = Lmrae. sector - small sector

A = L(2e):0 - L0
2 2

2020 - ! 26
2

= 3#9
2
irzé = 3
2
20 = 24

b)

Perimeter: £wo arcs and two strmtskt e.&azs °of LGnth r

P = 2004+c0+2r
30 + 2 = 26
From(m),r =ﬂ

r

T2 -
—_t2r = 26

c
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T2+ 20 = 26r

f2=-13r+3¢=0
)
(e =w)r-9)

r

i
o

[}
£
>
[}

N
k
[}
W\

0>, 50 reject e =19

r='+,9=\.$

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 12 of
Tuition 14



m A pendulum consists of a small bob on a light string of length L metres. When the string makes an
angle 0 radians with the vertical, the bob has moved a distance s metres along its circular path from
the lowest point, and it is h metres above the lowest point, where

h = L(1 - cos ©)

a. Write down s in terms of L and ©.

2
b. Show that, when 8 is small, h = %

A pendulum with L = 2 is pulled back until the string makes an angle of 8° with the vertical.

c. Use the approximation in part (b) to estimate h, and find the percentage error compared with the
exact value of h. Give your answers to 2 significant figures.

d. Explain why the approximation becomes less accurate as the angle increases.

«)

Arc Lu\atk = radivs X o.nat.e.
«s=L6
o)

cosgzl-

(8 marks)

92.

2

h=LO-0-

L 6>
2

D)

S
0=
_ L st
N o—_—R —
2 L2

$1

e —

y X

h

)
Convert ko radians I,ust

O = ¢ T
\20

= 0.139¢26...
s = 2 X 0.\39¢2¢...

= 0.279252...

0.279252...2
I...

= 0.0\49sSs...

h =~ 0.0\1m
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exacth = 2(1 - cos 80)
= 0.0191443a...
% ercor = 0.0V4ISS.. - 0.014€3%... 100
0.0\944¢3%...
= 0.\626...
0.6/
d)
2
¢0% 6>25I -

b:.ase.r

2

tqnores terms that qrow 10“'“'3 as O Se.ks
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