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1. Express in degrees and minutes and also in grades the
vertical angle of an isosceles triangle in which each of the
angles at the base 1s twelve times the vertical angle.

2. The angles of a triangleareas4 : 5 : 6. Expressthem
in radians.

3. Prove that cot A—tan 4 =1—2 sin® A.

cot A4-tan A

4. If A is an acute angle and sin 4= 15—3, find the value of
tan A--sec A.

5. The adjacent sides of a parallelogram are 15 m and
30 m, and the included angle is 60° find the length of the
shorter diagonal to two places of decimals,

6. A tower 50 m high stands on the edge of a cliff. From
a point in a horizontal plane through the foot of the cliff,
the angular elevations of the top and bottom of the tower
are observed to be a and B, where tan e=1-26 and tan
B=1-185. Find the height of the cliff.

7. Find the length of 10 degrees of a meridian upon a
globe 20 metres in diameter.

8. The sine of an angle is to its cosine as 8 to 15, find
their actual values,

9. Find the values of 6 from the equation
4 sin? 8+ 4/3=2(1-44/3) sin 6.

5sin e+7cosa
6cos e—3sina

10 If tan a— 155, find the value of

11. Prove that
(I4sin A4-cos 4)2=2(1-sin 4) (14-cos 4).

12. Simplify the expression
2 sec? A—sect A—2 cosec® 4--cosect 4,
giving the result in terms of tan A.
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sin a—cos a
13. If tan 0= , prove that
sin a--cos a

12 sin 8=sin a—cos a.
14. Shew that the values of

sin 45°—sin 30° sec 45° —tan 45°

cos 45°4-cos 60° and Cosec 45° ;- cot 45°
are the same.

15. Prove that the multiplier which will convert any

number of centesimal seconds into sexagesimal minutes is
-0054., '

16. Prove the identities:
(1 tan A—tan B __tan B
cot B—cot A cot A’

@) 1—|—tan23_(1-—tanﬁ' 2
l1+cot2d \l—cot@/"

17. Solve the equations:

(1) sin 6+ cosec A= -‘%2—; (2) cos G+4sec §=2%.

18. A man running on a circular irack at the rate of 16
km an hour traverses an arc which subtends 156° at the
centre in 36 seconds. Find the diameter of the circle. Take

22
=

19. If AD is drawn perpendicular to BC, the base of an
equilateral triangle, and BC=2m, find AD. Thence, from
the figure, shew that

cos? 60°4-cot? 30°=

™

13
.
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20. Prove the identities:
(1) (sin® A+cos? 4) (tan? 4—1)
= (tan?® A-+1) (sin? A—cos? 4).
(2) sin? o cos? B—cos? a sin® B
—sin? o sin® B (cosec® B—cosec? a).

21. In a triangle, right-angled at C, find ¢ and b, given
that at6=281, cos B=4053,

22. On a globe of 6 km diameter an arc of 281-25 m
is measured : find the radian measure of the angle subtended
at the centre of the globe.

If this was taken as the unit of measurement, how would
a right angle be represented?

23. Shew that
(1) sin @ cos B{sin (g—ﬂ)msec H—i—ms(g—-ﬂ)s&c B} =1

s " ™
tan|{=—@ sin|=—1~@
n(2 ) cot® 6 (2 )

sec @ - " T sin® 6
27 il E —B

24, From a station two lighthouses 4, B, are seen in dir-
ections N. and N.E. respectively; but if 4 were half as far
off as it really is, it would appear due W. from B. Compare
the distances of 4 and B from the station.

25, Find the numerical value of

3 tan? 45°—sin? 60° — % cot? 30°+ Iﬁ sec? 45°;

(2)

—cot® f.

and find x from the equation
cosec (90°—A)—x cos A cot (90°— A) =sin (90°—4).
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26. Prove the identities:
(1) (sin A—cosec A)%4(cos A—sec 4)2
=cot? 4A|-tan® A—1;
(2) (cot 6—3) (3 cot #—1)=(3 cosec? §—10 cot §).
2sin A—cos 4
2 sin A3 cosA”

28. Find two values of § which satisfy
2 cos @ cot 8+ 1=cot 82 cos 6.

27. If cot A=4-5, find the value of

29, If an arc subtends 20° 17’ at the centre of a circle
whosc-radius is 6 cm, find in sexagesimal measure the
angle it will subtend in a circle whose radius is 8 cm.

30. Looking due South from the top of a cliff the angles
of depression of a rock and a life-buoy are found to be 45°
and 60°. If these objects are known to be 110 metres
apart, find the height of the cliff,

31. Prove that
l+cos A sec A—1
I—cos A 14sec A

32. Solve the equations:
(1) 8sin? —2 cos #=5; (2) 5 tan® x—sec? x=11.

33. What is the difference in latitude of two places on
the same meridian whose distance apart is 22 c¢m on a

globe whose radiusis 2 m? Take r— 2_2

5 -

4

— 2 e
4 cot®* 4 Tsec 4

34. Given that sec A= 25

i find all the other Trigo-

nometrical ratios of 4.

35. Which of the following statements are possible, and
which impossible?

(1) 4 sin? §=5; (2) (a®+8%) cos 8=2ab;

(3) (m®+-n%) cosec §=m?—n?; (4) sec #=2-375.
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36. Walking down a hill inclined to the horizon at an
angle # a man observes an object in the horizontal plane
whose angle of depression is a. Half way down the hill the
angle of depression is 8. Prove that cot §=2 cot e—cot B.

37. In a triangle =—=254/2, ¢=50, ¢=90°: find B, b and
the perpendicular from C on .
38. Prove that
(2 sec A+3 sin A) (3 cosec A—2 cos 4)
=(2 cosec A+3 cos 4) (3 sec A—2sin 4).

39. Find the values of sin 960°, cosec (—510°), tan 570°.

40." Find all the angles between 0° and 500° which satisfy
the equation tan® #=1.

41. The angle of elevation of the top of a steeple is 58°
from a point in the same level as its base, and is 44° from a
point 42 m. directly above the former point. Given that
tan 58°=-1-6 and tan 44°==-965, shew that the height of the
steeple is 105 m approximately.

sin 24 . -
42- Frﬂﬂl thﬂ fUIIﬂUIﬂ. tan A— m ﬁnd tan ]5

and tan 75° and solve the equation sec? §=4 tan @.

43. Shew that
(14-sec #4-tan 8) (1-}cosec §-+cot 8)
=2[1—{:tan #-cot 6-+-sec 6-cosec §).
44. In a triangle ABC right-angled at ¢ shew that
sin® 4 cos? A4 a*—b!
sin? B cos2 B~ a%h® '
45. Find all the angles less than four right angles which
satisfy the equation
2 cos? f=1-L3zIn A.
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46. Determine the value of sin (270°4-4) when sin 4=+6.

47. Given sin a:%, sin ,B:%, find the wvalue of cos

(e+B), and deduce sin (45°+a+f8)= ??;: .
48, Reduce °= A—co? 54 to a single term and trace the
sin 34—sin 4

changes of the expression in sign and magnitude as 4
increases from 0° to 180°,

49, If cos A=— ‘\/2{3, find tan 4, drawing a diagram to

explain the two values.

50. From a balloon vertically over a straight road, the
angles of dc%rcssmn of two consecutive kilometre posts are
observed to be 45° and 60°; find the height of the balloon.

51. Find the value of

2T __ 2 3 a7 T 2™
(1) cot 5 2 cos 3—37 %" 4 sin 5
(2) 2 sec® 180° sin 0°—cos 27-}-cosec %‘I

52. Prove the following identities:

: . 1

(1) sin* a2 sin? a(] s a,) —]—cost a
1+tan® (E — ﬁ)

(2) —cosec 20;

1 —tan? (E —ﬂ')

(3) cos 10°4-sin 40°=+4/3 sin 70°.
53. If b tan #=a, find the value of
asin 6—b cos @
asin 8- cos @

54. Prove that
4 cos 18°—3 sec 18°=2 tan 18°.
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55. Find the values of
tan (—240°), cos 3360° cot (—B840°).
Prove also that
sin o —cos = +cos w=sec gf-r.
2 2 3
56. A railway train is travelling on a curve of half a kilo-
metre radius at the rate of 20 km an hour: through what

angle has it turned in 10 seconds? Take 7= ~2,?—2

57. If sec a= %3, find the value of

2—3 cot @
4—94/sec® a—1

58. Prove
(1) 2—2tan A cot 24—sec?® A4;

COos (z— —ﬂ) —Cos (g L 6‘)
sin (“;;I —I—E) —sin (% __3)
39. When 4+ B+C=180° simplify
(1) cos 4 cos C+-cos (44-B) cos (C+B)
cos A sin G—sin (A+B) cos (C+B)’

(2) cos A cos B ‘g cosC
sin BsinC ' sinCsin A ' sindsin B

+4/2=0.

60. A flagstaff 100 metres high stands vertically at the
centre of a horizontal equilateral triangle: if each side of

the triangle subtends an angle of 60° at the top of the flag-
staff, find the side of the triangle.

61. Prove that the product of
sin 6(1-sin #) 4 cos 8(14-cos 8)
and sin §(1—sin 8)+cos 6(1 —cos )
is equal to sin 26,
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62. Shew that
(1—sin 0) (1—sin ¢)— {mw s 9_—«?}

63. Prove that the value of
sin (a+ @) —sin (a—6)
cos (B—8) —cos (B+6)
is the same for all values of 8.
64. If A4 B+4C=180° prove that

cns—csB—mw—{—c sé' H-{—EDSCG A—5
5 €05 —3 0 2::05 5 5 Cos 5

=sin A-}sin B--sin C.

65. If tan g-=cﬂse~c @ —sin 6, shew that

cos? g~=cus 36°.

66. A man stands at a point X on the bank X¥ of a river
with straight and parallel sides, and observes that the line
joining X to a point { on the opposite bank makes with X7
an angle of 30°. He then goes 200 m along the bank to

Y and finds that ¥'{ makes with ¥X an angle of 60°,
Find the breadth of the river.

67. It is found that the driving wheel of a bicycle, 80
cm in diameter, makes very nearly 1000 revolutions in
travelling 2,513 m. Use this observation to calculate (to
three places of decimals) the ratio of the circumference of a
circle to its diameter.

68. If a-B+y= g, prove that

sin? g 4sin? B+4sin? y4-2 sin o sin B sin y=1,
69. Prove that
(1) (tan A+tan 24) (cos A+cos 3&]-—-2 sin 34;
1

. 1 1
2 4 —
(2) sin® 4 cos A“16+32ﬂ 0824 — 16cus4A 39 08 6A.
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70. If o= . find the value of -1 23a—sin 3a

19° sin 16a<-sin 4a”
7k, If A4+ B=225° prove that
cot 4 cot B 1

Itfcotd itcot B 2
72. Prove that cot 8—tan =2 cot 28: and hence shew
that tan 642 tan 26--4 tan 48=cot §—8 cot 86,

o sin? @ cos? ¢
73. Simplify 1— [Tootd  Tdtan &

74. Eliminate 4 between the equations
x=3 sin A—sin 34, y=cos 34+ 3 cos A.

75. Two flagstafis stand on a horizontal plane. 4, B are
two points on the line joining the bases of the flagstaffs and
between them. The angles of elevation of the tops of the
flagstaffs as seen from A are 30° and 60° and as seen from
B, 60° and 45°. If the length of AB is 10 m., find the heights
of the flagstaffs and the distance between them.

76. Prove the identities:
(1) cos? A-+4-cos? B—2cos 4 cos B cos (A+B) =sin2 (4+B);
(2) 2 sin 5A—sin 34—3 sin A=4 sin 4 cos? A(1 —8 sin? 4).

77. A square is inscribed in a circle the circumference of
which is 1 m. Find the number of centimetres in the
length of a side, correct to two places of decimals. Given

L3183, \2—1-4142.

w

78. Points A, B, C, D are taken on the circumference of a
circle so that the arcs 4B, BC, and CD subtend respec-
tively at the centre angles of 108°, 60° and 36°. Shew that

AB=BC+CD.
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79. Prove that cot 15°+cot 75°+cot 135°—cosec 30°=1.
80. From the equations
cot 6(1+sin 6) =4m,
cot 6(1 —sin 8) =4n,
derive the relation (m*—n®)2=mn.
81. Prove the identities:
(1) sin (a+B) cos B—sin (y+a) cos y
=sin (—y) cos (a+B+v);
(2) (tan24—tan 4) (sec A+-sec 34)=2sin 4 sec 4 sec 34.

82. Prove that cos 6° cos 66° cos 42° cos 78°= TI'E_i .

83. From the formula cot A= M, prove that
sin 24

cot 22° 30" =4/241.

84. An observer on board a ship sailing due North at the
rate of 10 km an hour, sees a lighthouse in the East, and
an hour later notices that the same lighthouse bears S.S.E.;
find in kilometres, to two places of decimals, the distance of
the ship from the lighthouse at the first observation.

85. Prove that .
(1) sin 4 sin (B—G)-+sin B sin ((—A4)+sin € sin (A—B)

¥

2) tan §— sin #--sin 248

1 4-cos 8-} cos 26°
86. If «+-B-+Ly=0, prove that
B v

a
cos a-cos B-cos y=+% cos 5 COS 5 €08 5 —1.

87. In any triangle prove that
ﬁz_,ca 52_32 a?.___b?.

cos A+ A cos B

cos C=0.
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88. If cos A L sin @
) a b’
prove that a b

sec 20 T Gosec 26
89. Prove that log, b logy ¢ log; a=1.
Given log,, 3="47712, log,, 8=+90309, find the values
of log;o 2+4, log;, 5400, L tan 30°
90. If A4 B4+C=90°, prove that
cot A-+cot B-f-cot C=cot 4 cot B cot C;

and if 4, B, C are in Arithmetical Progression, shew that
this equation gives the value of cot 15°

91. Shew that
(14sin 244-cos 24)2=4 cos? 4 (14-sin 24).

92. In a triangle where @, b, A4 are given, shew that ¢ is
one of the roots of the equation

x2—2bx cos A+ b2 —a2=0.
sin9°  sin 12°

sin 48°  sin 81°°

94. If A+ B-}C=180° prove that

A B C
cnsi—kmsﬁ- -i—cc-sf

o A . B s G
=4 cos (45 - 5) Ccos (4—5 - Z) cos (45 s Z)'
95. Given L sin 27° 45" =9-6680265,
L sin 27° 46’ =9-6682665,
Lsin @ =9-6682007,

93. Prove that

find 8.
96. Prove that if 4, B, C are three angles such that the

sum of their cosines is zero, the product of their cosines is
one-twelfth of the sum of the cosines of 34, 3B, 3C.
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97. If A be between 270° and 360° and sin 4= — 55>

find the values of sin 24 and tan g

98. Solve the equation
2 cot g =(1-4-cot 6)2.

Hence find the value of tan 15°.
99. Given log;, 2=-3010300, logy, 360=2-5563025, find
the logarrthms of -04, 24, -6, and shew that log, 30=4-90689.
100. Prove that
cos (x—y—z)+4cos (y—z—x)
+cos (z—x—y)—4 cos ¥ cos y cos z
vanishes when x--y+4z is an odd multiple of a right angle.

101. If cot a=(x®+4x2+2)%, cot B=(x+x-141)%,
tan y= (x5O,
Shﬂw that ﬂ-il—ﬁ: V.

102. Shew how to solve a right-angled triangle of which
one acute angle and the opposite side are given.

Apply this to the triangle in which the side is 28 and the
angle 31° 53" 26-8", given

log 2:8="4471580, log 4-5=-6532127,
L cot 31° 53'=10-2061805, diff. for 1'=2816.

. 4/8 _ /3
103. If tan A_4~— 73 and tan B= T3

prove that tan (4—B)=-375.

104. The sides of a triangle are #, 3, and Va2+xy-+5%
find its greatest angle.

105. Prove that cos A—sin A is a factor of cos 34 4-sin 34;
and that

cos? A-4cos? (A—,L QS—TT) +cos? (A — 233) ==,
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. . A 5 B 20
106. In any triangle, if tan 5 =5 and tan 7 =37 find
tan C.
Shew also that, in such a triangle, a--¢=25.

107. Simplify

(o)} (=) of )}

108. If a=40, b=>51, ¢=43, find the value of 4, given
log 1-28=-107210, log 6:03='780317,
L tan 24° 44’ 16’ =9-6634465.
nsin A cos A
l—nsin® 4’

prove that tan (A—B)=(1—n) tan 4.

110. Given log 5=-69897, find log 200, log 025, log
4/62-5, and also L sin 30° and L cos 45°.

111. Prove the identities:
(1) (sec24—2) cot (A—30°) =(sec 24+2) tan (A+30°);
(2) 14-cos 2a cos 28=2 (cos® a cos® §+sin? « sin? B).

112. In a triangle, B=60°, C=30°, BC=132 yards. BC
is produced to D and the angle ADB=15°; find CD and the
perpendicular from 4 on BC, given that 4/3=1% approxi-
mately,

109. If tan B=

113. In any triangle prove that

C A B C
(a+4-b+c) tan 5= a cot 5 + b cot 5 — ¢ cot 5

114. If the sides of a triangle are 68 m, 75 m, 77 m
respectively, find the least angle of the triangle, given
log 2=-30103, L cos 26° 34'=9-9515389, diff. for 1’'=632.

115, If sin A='6 and A lies between 90° and 180°, find
the values of sin (4—90°), cosec (270°— 4).

116. Prove that
log, d=log, b xlogp ¢ xlog; d.
Given log;, 5=-69897, find log,, 8, log, 10, log;, (0-32)5.
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117. Prove that
cos (420°+ 4) +-cos (60°—A4) =cos A.
Deduce the value of cos 105°+cos 15°.

118. Find the values of tan % from the equation

cos x—sin a cot B sin ¥=cos a.
119. Ifsin A4 :sin (244B)=n : m, prove that

m—n
m-+n

cot (4+4B)= cot A.

120. A tower AB stands on a horizontal plane, and AC,
AD are the shadows at noon and 6 p.M. If AD is 51 m
longer than AC, and BC is I5°9 m, find the height of the
tower and the altitude of the sun at noon, when the alti-
tude at 6 p.M. 1s 45°; given tan 31° 54'=-6223.

121. Prove that
(1) sin 80+sin 260=4 sin %,f cos —52—6 cos 38;
(2) sin 18°4-cos 18°=+/2 cos 27°,

122. Given log @:]*556302, log 48=1-681241, find

log 40 and log v 123 .

123. Given b=9'5, c='5, A=144°, find the remaining
angles; given log 3=4771213, L cot 72°=9-5117760,

L tan 16° 19"=9-4664765, L tan 16° 18'=9-4660078.

124. In any triangle prove that
(1) be sin? A=a? (cos A+cos B cos C);
(2) bc cos A+ca cos B+-2ab cos C=a®-b>

125. If tan —’g=4- tan ;,, prove that

— 3sin a
i:ElI'l'8 4.1:

2 5—3cosa

126. Shew that
sin (36°4A4)—sin (36°—4)
+sin (72°—A) —sin (72°+4-A)=sin A.
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127. If sin 6= _2 find tan 8, and explain by means of a

33‘
figure why there are two values.
128. Prove that

(1) sin 24-+cos 2B=2 sin 3 +A—B) cos (j_;: ~4-5))
0-+4
4,

(2) (sin —sin ¢) (cos ¢-+cos 8)=2 sin (§—¢) cos®

129. In any triangle, if
(sin A4-sin B--sin C) (sin A-+sin B—sin C)=3 sin A4 sin B,
prove that C=60°".

130. Prove that log, & X log, d=log, dx log. b.

131. If log 2001 =3-3012471, log 2="30103, find

log 20-0075.

132. If a=7, b=8, ¢=9, shew that the length of line

joining B to the middle point of AC is 7.

. 3 .
133. If tan A-+}sec A=2, prove thatsin A= o when A 1s

less than 90°,

134. Prove that
3—4 cos 2A4-cos 44

—tand
314 cos 24 -4-cos 44 tan® 4.

135. Shew that
sin 34+cos 34  14-25in 24
sin 34—cos 34~ 1—2sin 24

tan (A—45°).

x cos A
136. 1 S iy
‘ y cos B’
A+B
2 L

prove that x tan A-y tan B=(x-4y) tan

137. Given
log 3:3=-344068, log 3:25=-511883, log 2-45=-389166,
find log 5, log 7, and log 13.
138. In a triangle, a=2384, b=330, C=90°: find the other
angles; given
log 11=1-0413927, L tan 49° 19'=10-0656886;
log 20=1-3010300, L tan 49° 20'=10-0659441.
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139. If cos 8==cos a cos 8, prove that

9 _
tan ;—ﬂ' tan Eg—a == tan? g .
140. Prove that
sin 6 n sin¢g  sinf sin ¢

cos 8+sing ' cosg—sin @ cos 6—sing ' cosg+sin 0

. ) B
141. If in a triangle ¢(a4-b) cos E:b{:a—}-c) cos g, prove
that b==c.

142, Prove the identitics:

cot A-4cosec 4 r A A
(1) tan A-4-sec 4 =cot (ﬁ- T f) cot 5
3

(2) sin® A--sin® (120°+4) +sin® (240°+4) = — sin 34,

143. Calculate the value of 418 x -0015, having given
log 3="4771213, log 48559=4-6862697,
log 48560=4-6862787.

144. Find the other angles of a triangle when one angle is
112° 4’, the side opposite to it 573 yards long, and another
side 394 yards long; given

log 573=2-7581546, log 394=2-5954962,
L cos 22° 4'=9-9669614, L sin 39° 35'=9-8042757,
L sin 39° 36'=9-8044284.

IV. (After Chapter XVIII)
145. In any triangle prove
cos A cos B cos C
¢cos B+bcosC ' acos G4ccos A + b cos A+4a cos B
@b
T 2abe T
146. Given log 7="8450980, and log 1 7=1-2304489, find

9
log 119, log %?, and log %%
147. If A, B, C are the angles of a triangle, and if
cos 6 (sin B+sin C)=sin 4,

6 B
prove that tan® =~ =tan - tan

2 27
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148. Prove that the diameter of a circle is a mean propor-
tional between the lengths of the sides of the equilateral

triangle and the regular hexagon that circumscribe it.

149. Given that the sides a and & of a triangle are respec-
tively 504/5 m and 150 m, and that the angle opposite the
side a is 45°, find (without logarithms) the two values of e

Also having given
log 3=-4771213, L sin 71° 33'—=9-9770832,
L sin 71° 34’ =9-9771253,
find the two values of the angle B.
150. Prove that
2 cos 2x cosec 3x=cosec x—cosec 3x.
Thence find the sum to n terms of the series

cos 2x cosec 3x+-cos (2 * 3x) cosec 3%
+cos (2 - 32x) cosec 33x+4-... .

151. Prove the identities:
(1) cos? A--sin® A cos 2B=cos* B-}-sin® B cos 24 ;
(2) sin 33°4-cos 63°=cos 3°.
152. Find all the positive angles less than two right angles
which satisfy the equation
tant A—4 tan? 44-3=0.
153. Prove that
cot E,_g cot 20 . 4w b
2 2 142cos ¥

154. The tangents of two angles of a triangle are 3, and

13 respectively. Find the tangent of the third angle, and

the cosine of each angle of the triangle. Also find the third
angle to the nearest second, having given
log 33=1-5185139, log 56=1-7481880,
L tan 59° 29'=10-2295627, Diff. for 1'=2888.

155, Ifin a triangle
(62452 sin (A—B)=(a*—b2) sin (4+B),
shew that the triangle is either isosceles or right-angled.

156. If r and R are the radii of the in-circle and circum-
circle of a triangle, prove that

8'R { cus“g +cos® g +cos?® {2:-} =2bc+2ca+2ab—a®—b2—c?
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14

157. In any triangle prove that

4 cos ot Ct- cos B

cot B4— = e
sin B cos A sin C cos A

158. Given
log 6=-778151, log 4-4=-643453, log 1:8=1255273
find log 2, log 3, log 11, o8 273
159. Prove the identities:
(1) sin 34=sin A(2 cos 24 —1)tan (60°+4) tan (60" —A4) ;
(2) (sin 24—sin 2B) tan (4--B)=2 (sin®* 4—sin? B).
160. Find the greatest angle of a triangle whose sides are
183, 195, and 214 m respectively; given
log 82=1-9138139, log 296=2-4712917,
log 101=2-0043214, L tan 34° 26’=9-8360513,
log 113=2-0530784, L tan 34° 27'=9-8363221.
161. A circle and a regular octagon have the same peri-
meter ; compare their areas, given 4/2=1414, #=3-1416.
162. If the sides of a triangle be in arithmetical progres-
sion, and if a be the least side, then

e =4s —3b
2¢

163. If a sin (04 a)=0b sin (8-+fB), prove that

cot E=b sin f—a sin a’
164. In the ambiguous case shew that the circum-circles
of the two triangles are equal.

165. From a point 4 on a level plain the angle of eleva-
tion of a kite is a, and its direction South; and from a place
B, which is ¢ m South of 4 on the plain, the kite is seen due
North at an angle of elevation . Find the distance of the
kite from A and its height above the ground.

166. If a4 B- =2, express cos a--cos B-+cos y+1 in
the form of a product.

167. Prove that
cos 104-+4-cos 843 cos 44+3 cos 24=8 cos 4 cos® 34.
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168. In any triangle shew that
_ (ratry) (rotry) (ntra)
T 4(rgrytrarytrara)

169. If tan? #=2 tan® ¢+ 1, then
cos 26-sin® $=0.
170. Prove that
tan A4 tan (60°4A4) tan (120°+44)=—tan 34.

171, Ifin a triangle A=2B, then a®=0b(c+5).

172. Shew that the length of a side of an equilateral
triangle inscribed in a circle is to that of a square inscribed
in the same circle as 4/3 : 4/2.

173. In any triangle prove that

A c+b A
tan (-2—- —|—B)= 5—_31:3115.
If 3¢=7b, and 4A=6° 37' 247, find the other angles; given
L tan 3° 18" 42"—=8-7624069, L tan 8° 13" 50"=9-1603083,
log 2= -30103, diff. for 10" =1486.
174. If D be the middle point of the side BC of a triangle
ABC, and if /\ be the area of the triangle, prove that

AC2— AB?
cot AD.B-_‘-- T-
175. Prove that tan 20° tan 40° tan 80°=tan 60°.
176. If, in a triangle, b=4/3-+1, ¢=2, and 4=30°, find
B, C, and a.

177. Prove that the rectangle contained by the diameters
of the circumscribed and inscribed circles of a triangle is
equal to

2ab¢
a+b4¢
_178. Solve the triangle when a=7, b=84/3, 4=30°;
given
log 2=-30103, L sin 81° 47"'=9-9955188,
log 3=:4771213, diff. for 1'=183.
log 7=-8450980,

Special Problems : TRIGONOMETRY @ vellarkanmcom



-21-

179. 1f . _ sin 2a-+5in 2a’
sin 28 1-4sin 2a sin 2a”

180. On a plain at some distance from its base, 2 moun-
tain is found to have an elevation of 28°. At a station lying

5,357 m further away from the mountain the angle is
reduced to 16°. Find the height of the mountain in metres.

log 1:6071 = -2060, L sin 16°=9-4403,
L sin 28° =9-6716, L sin 12°=9-3179.
181. Prove that
A+B A—B 2sin B
(1) tan T @My = Cos A+cos B’
(2) 4 cos® A—4 sin® A=4 cos 24—sin 24 sin 44.

182. If A+B+C= g, and cos A-}+cos C=2 cos B,

A C A c
shew that 1--tan 5 tan 5 == (tan §+tan§)s

or else A4-C is an odd multiple of =.

183. Shew that in any tria_nglc

cos A+ cos B—sin C=4 sin gsin (45“—— %) sin (45“— g)

184. With the usual notation in any triangle, prove that
be ca ab b ¢ ¢c,a a b
e —— — -— — = —_ - i ——-3 -
"1_]_ —|—ra 2R{a*a+b+b+c+c }

Ty
185. The bisector of the angle A meets the side BC in D
and the circumscribed circle in E, shew that

a® sec—

2
PE=g07a
186. If a=4090, b=3850, ¢=3811, find 4, given
log 5-8755="7690448, log 3-85=-5854607,
log 1-7855=-2517599, log 3-811=-5810389,

L cos 32° 15" =9-9272306, L cos 32° 16'=9-9271509,

187. Prove that
(1) cosec® 8—cot® 8=1-3 cosec? § cot? §;
(2) cos (15°— a) sec 15°—sin (15°— a) cosec 15°=4 sin a.
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188. Prove that
sin (44-B-4-C)
cos Acos BcosG

1025
189. If log Topg —2» and log 2=g,

prove that log 4100=p--124.

=tan 4-}tan B-4-tan C—tan A tan B tan C.

190. In any triangle prove that
(1) (a®*—b%—c?) tan A4 (a®—b2+¢?) tan B=0;
cos 24 cos2B 1 1
(2) TR T 2T

as

b~

191. Find the area of the triangle, whose sides are 68 m,
75 m, 77 m, respectively; and also find the radii of the
three escribed circles.

192. If the bisector of the angle 4 of the triangle ABC
meet the opposite side in D, prove that

2bc A
AD= b+£ CDSE'I

193, Solve the equations:
(1) sin 560—sin 36=sin 6 sec 45°;

(2) cot 3+cot(g+a) —2.
194. If 2 sec 2a=tan fB-}cot B, shew that one value of
« M
ﬁ_]_ ﬁ 15 ;-

195. If cos® B tan (a-6)=sin? B cot (a—4),
then tan® §=tan (a-+p) tan (a—p).

196. If p,, py, ps are the perpendiculars from the angular
2528

(1) 8R8 = 22 °_,

D12ty ,

2) m=—+——— cosC.

@) 2SS UL Pl OF
cumscribed zbout a circle whose area is 1386 sq m; given

tan 12°=-213.

points on the sides of a triangle, prove that
1 1 1
197. Find the perimeter of a regular quindecagon cir-
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198. The top of a pole, placed against a wall at an angle
a with the horizon, just touches the coping, and when its
foot is moved @ m further from the wall, and its angle
of inclination is B, it rests on the sill of 2 window: prove

that the perpendicular distance from the coping to the
a+p

sill=a cot —-=.

2

199. In any triangle prove that
ab—nry  bo—rory  Ca—rgry
N
200. Prove that

(1) cos™ i—; =2 sin-1 ;; (2) 3 tan-1 i:tan‘*l g-;
201. Prove the identities:
(1) (tan A+4-sec A) cot % = (cot A4cosec 4) tan (4—5“+%) ;
(2) cos2A4-cos 2B—4sin (45°—4) sin (45°—B) cos (4 B)
=sin 2(4+B).

202. Given log 3="4771213, log 7=-8450980,
L sin 255°=9-6373733;
shew that the perimeter of a regular figure of seven sides is
greater than 3 times the diameter of the circle circumscrib-
ing the figure.

203. If tan = H cot ?q, in any triangle, prove that

$in —

2
cos ¢ )

204. Thesides of a triangle are 237 and 158, and the con-
tained angle is 66° 40’; use the formul in the last question
to find the base.

log 2= -30103, L cot 33° 20'=10-18197,
log 79=1-89763, L sin 33° 20’'— 9:73998,
log 22687=4-35578,
L tan 16° 54'=09-48262, L sec 16°54'=10-01917,
L tan 16° 55'=9-48308, L sec 16°55'=10-01921.

c=(a+b)

2

205, Shew that sec § — .
V214219 cos 40
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206. Prove that
. 3 11 1 Bm
sin—1 cos™1 sin~1 = — —
v im T T
and solve the equation
tan~1 x—1 1 tap-1 2x—1 23

x41 " . 2x-1-1 tan 36’
207. If x, 3, z are the perpendiculars from the angular
points of a triangle upon the opposite sides a, b, ¢, shew that
bx ¢y | az  a®4-bPc?
T et T T3k
208. Ifsin (a—0) =cos (a+0), shew that either

ﬂfm‘m‘#—g or ﬂ.=?ﬂ1’r—[—§,

where m is zero or any integer.

209. The vertical angle of an isosceles triangle is 120°;
shew that the distance between the centres of the inscribed

and circumscribed circles is to the base of the triangle in the
ratio 4/3—1 : 4/3.

210. Ifin a triangle 3R=4r, shew that
4(cos A+cos B+4-cos C)=7.

sin (6+a) L 1—m
21k If cos (f—a) 1+4m

70)=n o (3~}
tan E— =m cot 1 al.

212. Solve the equations:
(1) sin 58 —sin 360=4/2 cos 46;
(2) (1—tan 8) (1-4sin 20)=1-tan 8.

, prove that

213. 1f cos A-4-cos B=4 sin® gin any triangle, prove that
a-+b=2c.

214. A flagstaff standing on the top of a tower 40 m high
subtends an angle tan-1 1 at a point 50 m from the foot of

9
the tower: find the height of the flagstaff.

Special Problems : TRIGONOMETRY @ vellarkanmcom



215. Prove that
(1) cot~% 7-cot-1 84cot~1 18=cot1 3;
1 1 ™

(2) 4 tan™1 5 —tan~1 539 = 7

216. T2 sin %z — /T¥sin A+VT—sin 4, shew that 4

lies between (8n-+ 3) 1r%.am‘i (8n+5) %

217. Prove that

sin? (g-i—g) — sin# (g — g) = 71-2-5111 6.
x sin ¢ tan ¢ — ysin @

218. If tan 0= m?s, =T 5 cos &
sin 8 x
prove that sme

219. Solve the equation
tan~1 (x41) -t tan-1 (x—1)=tan-1 %;

and prove that
sec? (tan—12) 4-coscc? (cot~1 3)=15.

220. Prove that in any triangle
sin 1044-sin 10B+sin 10G=4 sin 54 sin 5B sin 5C;
also that the sum of the cotangents of 5”;; A, 5";; B, 52?0

is equal to their product.

221. If d,, dy, d, are the diameters of the three escribed
circles, shew that

dydy+dody+dody = (a-+b+c)2.
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222, To determine the breadth AB of a ravine an ob-
server places himself at C in the straight line 4B produced
through B, and then walks 100 m at right angles to this
line. He then finds that 4B and BC subtend angles of 15°
and 25° at his eye. Find the breadth of the ravine, given

L cos 25°=9-9572757, L cos 40°=9-8842540,
L cos 75°=9-4129962,
log 37279=4-5714643, log 3728=3-5714759.

223. Prove that
(1—cos 6){sec 8-+cosec 6(1-}sec 0) }>=2 sec? #(1 4 sin 8).

224. If in a triangle C=60°, prove that

1 1 3

a--c¢ + bic al-b}-c

225. Prove that
2 co-s%= 1\/2—%\/2-{-‘9". ... V242 cos A;

the symbol indicating the extraction of the square root
being repeated n times.

Special Problems : TRIGONOMETRY @ vellarkanmcom



_2)-

e m tan (a—@) __ntan 6
226 cos? @ cos? (a—@)’
1 n-—im
the =3 a—tan™1 [ ——
n g 5 {a tan (n+mtan a)}
227. The sides of 2 triangle are such that
a b ¢

1 +m?n? = m®+n? = (I—=m%) (1 _{_ng);
prove that 4=2 tan-1 ?EH, B=2 tan-1 mn, and the area of

mnbc
mEnt

228. A flagstaff # m high placed on the top of a tower
! m high subtends the same angle 8 at two points ¢ m
apart in a horizontal line through the foot of the tower. If
¢ be the angle subtended by the line a at the top of the
flagstaff, shew that

h=a sin B cosec 6, and 2/=a cosec # (cos f—sin B).

the triangle=

229, Prove that

1 6 1 6 1 0
Etan-i +Etan.4=4—:cut_¥—cot 8.

230. A regular polygon is inscribed in a circle such that
each side is ?l;th of the radius; shew that the angle at the

2m?
2m2—1"

231. At what distance will 2 cm subtend an angle of
one second ?

232, If tan-1y=4 tan-lx, find y as an algebraical func-
tion of x.

centre subtended by each side is equal to sec-1

Hence prove that tan 22° 30’ is a root of the equation
x4 —6a2 - 1=0,
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240
233. If cos 2a= 589"

ANSWET.

234. If 6, 4 be the greatest and least angles of a triangle,
the sides of which are in Arithmetical Progression, shew that

4(1—cos 6) (1—cos ¢)=cos 6+cos ¢.

235. Solve the equations:

(1) sin 70=sin 46—sin 0;

(2) tan x—4/3 cot x+-1 =4/3.
236. In any triangle prove that

(1) sin 34 sin (B—C)+sin 3B sin (C—4)

~+sin 3C sin (A—B)=0;

(2) @®sin (B—C)+8%sin (C—4)+¢*sin (4—B)=0-

237. ABC is a triangle and a point P is taken on 4B so
that AP : BP—=m : n. If the angle CPB is 8, shew that
(m-+n) cot #=n cot A—m cot B.

find tan « and explain the double

238. If o, B are unequal values of 0 satisfying the equation
a tan 8-4-b sec =1,
find @ and b in terms of a and B, and prove that
. . _ 2b(1—a)
sin a-}-cos a--sin B-4-cos B= qTta
239, If u,=sin® 8-+cos" 0, prove that
Ug—Us Us—ilq
ny  ug
240. A building on a square base 4BCD has the sides of
the base AB and CD, parallel to the banks of a river. An
observer standing on the bank of the river furthest from the
building in the same straight line as DA finds that the side

AB subtends at his eye an angle of 45°, and after walking a
m along the bank he finds that DA subtends the angle

whose sine is é Prove that the length of each side of the

. . aa/2
base 1n metres 18 J‘L

2
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241, Prove the identities:

(1) (cosec A—sin4) (sec A—cos A) = (tan A+ cot A)-1;
tan cot @ 1
®) TFanr o7 T Trcom g2 — 3 5in 26

242, Ifsin 468 cos 8= -I-—{—sm %ﬁcus , find one value of 6.

243. Prove that
tan-1_2mn_ 2mn +ta 2pq tan-1 2MN

m: — pz—ngz —ran Mi__ N®
where M=mp—ng, N=np+mq.
244. In any triangle, prove that
tan 5 tan 5 tan E 1

e T =t e = A

245. If ry, ry, 73 be the radii of the three escribed circles,

and
(-2 -2)-2
Ta T3
shew that the triangle must be right-angled.

246. The sides of a triangle are 237 and 158, and the con-
tained angle is 58° 40° 3-9”, Find by the aid of Tables the

value of the base, without previously determining the other
angles.

247, If tan (A4-B)=3 tan 4, shew that
sin (24-4-2B)4-sin 24=2 sin 2B,
248. Prove that
4 sin (0—a) sin (m@—a) cos (0—méb)
=1--cos (20—2m8)—cos (26 —2a)—cos (2mf—2a).
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249. Perpendiculars are drawn from the angles 4, B, C of
an acute-angled triangle on the opposite sides, and pro-
duced to meet the circumscribing circle: if those produced
parts be a, 8, y respectively, shew that

b
-

250, If A and B are two angles, each positive, and less
than 90° and such that

3 sin? 44-2 sin®* B=1,
3 sin 24 —2sin 2B =0,
prove that A-+4-2B=90°.

g n +$:2 (tan A+tan B+tan C).

251. Prove that
(1) cot-! (tan 2x) t-cot~l (—tan 3x)=x;

(2) tan-1 L= —tan-1 o ==sin-1 i

14 14y VItV #
252. In any triangle prove that
a sec 0=b--c,
where (b+¢) sin §=2Vbc cos %

Compass observations are taken from a station to two
points distant respectively 1250 m and 1575 m. The
bearing of one point is 7° 13’ West of North, and that of the
other is 42° 15" East of North., Find the distance between
the points by the aid of Tables.

253, Prove the identities:
(1) cos B cos (2¢—pB) =cos? a—sin? (a—§);
(2) (x tan a-t+y cot a) (x cot a-t-y tan a)
_ =(x+9)2+4xy cot® 2a.
9254, If 28=A+B+C, shew that
cos? S+cos? (§—A)4cos? (§—B)+cos? (§—C)
=242 cos 4 cos B cos C.
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255. If sin-la-}-sin-1-4-sinl-f y=ar, prove that
oVI—E4BVI=B+yV1—52=2afy.

236. In a triangle =36, B=73° 15/, C=45° 30’; find R
and r by the aid of Tables.

257. If p be the radius of the circle inscribed in the pedal
triangle, prove that

p=R(1 —cos? A—cos? B—cos® ().

258. 4, B, C are the tops of posts at equal intervals by

the side of a road; ¢ and ¢ are the tangents of the angles

which 4B and BC subtend at any point P; T is the tangent

of the angle which the road makes with PB: shew that
2 1 1

T ¢

259. In any triangle prove that
(cos B4-cos C) (1+2cos 4)  b+c
1 4-cos 4—2 cos® 4  a

260. With the notation of Art. 219, prove that

Al =~ BI CI
V1AM T AL A
261. Prove that

. 1 . 1 . 3 T
-1 1 -1 SN e R
sin 3 -T51n 31/11 —+SIin ‘\/11 3

262. Find the relation between «a, B, and vy in order that
cot a cot 8 cot y—cot a—cot B—cot y
should vanish,
263. If A4+ B-+C=mw, prove that

tan A " tan B tan ¢
tan Btan ¢ ' tanCtan 4 ' tan A tan B

=tan 4-4tan B4-tan C—2 (cot A+cot B+-cot C).
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264. A man travelling due North along a straight road
observes that at a certain kilometre post two objects lie
due N.E. and S.W. respectively, and that when he reaches
the next kilometre post their directions have become S.5.E.
and S.S.W. respectively. Find the distance between the
two objects, and prove that the sum of their shortest dist-
ances from the road is exactly a kilometre.

265. Prove that
tan 20°4tan 40°-}-4/3 tan 20° tan 40°=4/3.
266. Solve the equation
cot® 846 cosec 20—8 cosec® 20==0.
267. If A--B-++C=180°, prove that
1—2 sin B sin C cos A-+cos? 4=cos? B4-cos® C,
and if 4+ B1-C=0, prove that
112 sin B sin C cos A+cos®* A=cos?® B+4cos? C.

268. If in a triangle cot A, cot B, cot C are in A.p., shew
that a2, b2, ¢* are also In A.p.

269. If a, B, y are the angles of triangle, prove that
cos (%E 4 -;,;—2:_;) — cos (%l’ -+ a—~2ﬁ?) +- cos (%9 +B— 2):)
| 5a—28—y  58—2y—a  Sy—2a—p
73 cos 3 cos % .
270, If the sum of the pairs of radii of the escribed circles

of a triangle taken in order round the triangle be denoted

by sy, 59, 53, and the corresponding differences by dy, dy, ds,
prove that

dydody+dy 555+ dps35y + g5y 59 =0,

—4 cos

271. If cos A= %, shew that
A . 54

32 sin —sin — =11.

2 2
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272, Prove that all angles which satisfy the equation
tan® 642 tan 6=1,

are included in the formula (82—1) Eig where n is zero

or any integer.

273- PI'GVE
(1) cos (2 tan-1 ;-): sin (4- tan-1 %),
3 sin 2a tan a
-1 — i
(2) tan 543 cos 2a Htan 1( 4 ) o

274. If in any triangle

A 1 b ¢
““5§=M/;+5*

shew that the square described with one side of the triangle

as diagonal is equal to the rectangle contained by the other
two sides.

275. Find B and C, having given 4=>50°, 6=119, q=97.
log 1-19= -0755470, L sin 70°=9-9729858,
log 9-7= -9867717, Lsin 70° 1'=9-9730318,
L sin 50°=9-8842540,
276. Circles areinscribed in the triangles D, E,Fy, DoEyF,

D3EgF;, where D, E,, F, are the points of contact of the

circle escribed to the side BC. Shew that if r,, 73, 7. be the
radii of these circles

1 1 1 A B H
a.;g.;ﬁzl—taﬂ;’. l—'taﬂ¥ . ]—tan;.

277. Reduce to its simplest form
x cos @ cos B
tan-1l | ———— | —cot-1 .

l—xsin @ x¥—sin @

278. If cos A+cos B=4 sin? gin any triangle, shew that
the sides are in a.p.
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279. Express

4 cos a cos B cos y cos 8-+4sin asin Bsin y sin §
as the sum of four cosines,

280. If I be the in-centre of a tringle and p;, pg, pg are
the circum-radii of the triangles BIC, CI4, AIB, prove that
p1peps—2rR>,

281. A monument ABCDE stands on levelground. Ata
point P on the ground the portions 4B, AC, 4D subtend
angles a, B, y respectively. Supposing that AB8=2, AC=16,
AD=18, and a-+p+y=180° find AP.

282. If a and B be two angles both satisfying the equation

a cos 20-+b sin 280=¢,
prove that
a?-+ac+b?
cos® a-}-cos? B:W'
283. If C=22%°, a=+/2, b=V24+4/2,
solve the triangle.
284. If A4+-B4-C=180°, prove that
sin® 4-4-sin® B-4-sin® C
A B 34 3B 3C
=23 cos — cos — cos 5 -~ COS —— COS —— COS ——.

2 2 2 2 2

285. In the ambiguous case in which g, b, 4 are given, if
one angle of one triangle be twice the corresponding angle
of the other triangle, shew that

avy/3=20sin 4, or 4b® sin® A=a*(a+38).

286. If the roots of »* —px®—r==0 are tan a, tan B, tan y,
find the value of sec® a sec? § sec? y.

287, If a+B+y=m, and

tan g (B4+y+—a) tan 1 (y-+a—f) tang (a-+B—y) =1,
prove that 1 +cos a-tcos B-+cos y=0.
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288. Prove that the side of a regular heptagon inscribed

in a circle of radius unity is given by one of the roots of the
equation

xS —Tat 1452 —7=0,
and give the geometrical signification of the other roots.

289. If in a triangle the angle B is 45°, prove that
(14+-cot 4) (1+cot C)=2.

290. If twice the square on the diameter of a circle is
equal to the sum of the squares on the sides of the inscribed
triangle ABC, prove that

sin? A+-sin? B-}-sin? C=2,
and that the triangle is right-angled.

291. If cos A=tan B, cos B=tan C, cos C=tan 4,
prove that sin A=sin B=sin C=2 sin 18°.

292. In any triangle shew that g, b, ¢ are the roots of the
equation
53 —2s5x% 4 (2 +5% -4 Rr)x—4Rrs=0,

293. Shew that sin 'i% is a root of the equation

848 —4x2 —4x - 1=0.

294. The stones from a circular field (radius r) are col-
lected into n heaps at regular intervals along the hedge.
Prove that the distance a labourer will have to travel with
a wheelbarrow, which just holds one heap, in bringing
them together to one of the heaps (supposing him to start
m

from this heap) is 4r cot 5,

2935. Shew that

- 2w s3u'r "l‘ﬁ'c 5“:‘:056—” S?'rr__ 17_
CUSECDSTECD EEOSI_S 051—5 ISCG E—-—- E
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296. If x, y, z are the perpendiculars drawn to the sides
from any point within a triangle, shew that 2?+4+j)* 42215 a
minimum when

E_E_E__ 2

a b ¢ albric?

297. If r,, rp, 7., 74 be the radii of the circles which touc_h
each side and the adjacent two sides produced of a quadri-
lateral, prove that

298. If the diameters A4", BB', CC’ of the circum-circle
cut the sides BC, CA, AB i P, O, R respectively, prove that

L1131, 1 2
AP " BQ 'CR R
1 1 1
“‘IfP + Bi’Q —[_ CFR
299, Ifa,B, yare angles, unequal and less than 2+, which

1
=55 (44sec 4 sec B sec G).

satisfy the cquaticm 6‘ + —— +¢=0, prove that

sin @ '
sin (a-1f) -sin (B-+)-Lsin y-+a) 0.
300. Shew that

2 S
2T g = c2
(sec 7 +sec 5 L sec ?)

3
X (cosecﬂ —l—cnsec”g— +-cosec? .?)+ 192.
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