UNIVERSAL
LIBRARY

OU_170476

AdVvddl T
1VSHIAINN






’ N BUREAU
; OTQ{f\\E&-ﬁeTLEOPIIVERSITY.

No laéd..........

A MENSURATION
FOR

INDIAN SCHOOLS AND COLLEGES

PART I



WORKS BY A. E. PIERPOINT, BSc. *

The Elements of Geometry in Theory and Practice.

Based on the Report of the Committee appointed by the Mathematical Asso- g

ciation, 1902

Part I —Comprising the subject matter of Euchid, Book I , 134, with an Ex-

1mental Section and Additional Theorems and Problems  Crown 8vo.
ex4e
. EXPERIMENTAL SFCTION of the above, issued separately under the title
“Firet 8tops In Geometry,” to meet the requirements of
the Allahabad $chool Code. s as,
Surriement To ParT I Covering the European Schools’ Middle
Course, Punjab. (Nof e/ sn the Matriculation Ediiion )
13 As.

Part I7 —Comprising the subject matter of Euchd; Book I , 35-48, Book III ,
2 34, and Book l(’ , 1=9 and 28, with an Ex n and Addi-
tional Theorems and Problems. Crown 8vo Re.r1,

Parts I and Il (1n one volume) Crown8vo Rer8

Part 111 —Compnrising the subject matter of Euchd, Book 11, and Book III,
ﬁ 37, with an Experimental Section and Additional Theorems and Pro-

ems Crown 8vo, 10as

Part 1V —Compnsing the subject-matter of Euchd, Book VI, 1-19, and

B, C, D, with an Expenimental Section and a Section on Maxima
and Minima Crown 8vo 8as

INDIAN MATRICULATION EDITION

Parts 1, 11,111, and IV (35 one volume) Compnsing the subject-matter
of Euchd, Books I, II, II1, IV (19 and 15), and VI (119 and A, B,
C, D), with Lxperme til Sections and Additional Theorems and

Problems. Crown 8vo. Re 3
THE INDIAN MIDDLE 8CHOOL EDITION

Comprising the subj ot Euclid, Book I Crown 8vo. Rex 4
Mensuration for Indian Schools and Colleges.
Containing numerous 111 sve Examples and k and E

Questions selected from the Papers of all the chief examining bodies

Designed to meet the requirements of University Entrance, Engincering

College, European Schools, etc, Examinations.

Part I —The Mensuration of Plane Figures. With Numerous Diagrams
With Answers, Rerxyy

Parts Il and IlT —The Mensuration of Solid Figures. With Numerous
Di With A Reay

Mensuration Formulae. With Diagrams 4 as.
Middle School Mensuration. 12 as

LONGMANS, GREEN AND CO.

HORNRBY ROAD, BOMBAY
6 OLD COURT HOUSE STREET, CALCUTTA
167 MOUNT ROAD, MADRAS °
LONDON, NEW YORK, AND TORONTO




A MENSURATION

FOR

INDIAN SCHOOLS AND COLLEGES

CONTAINING

NUMEROUS ILLUSTRATIVE EXAMPLES AND
EXERCISES AND EXAMINATION QUESTIONS
DESIGNED TO MEET THE REQUIREMENTS OF UNIVERSITY,
ENGINEERING COLLEGE, EUROPEAN SCHOOLS, ETC.
EXAMINATIONS
PART L
THE MENSURATION OF PLANE FIGURES

BY

A E. PIERPOINT, B.Sc.

AUTHOR OF ‘‘THE ELEMENTS OF GEOMETRY IN THEORY AND PRACTICE,” A MIADLR
SCHOOL MENSURATION, * ETC

SOMETIME EXAMINER IN MATHEMATICS TO THE ALLAHABAD AND PUNJAB UNIVERSITIES
WITH ANSWERS

ke f(»"/'

TWELFTH IMPRESSION, FIFTH EDITION

LONGMANS, GREEN AND CO.
HORNBY ROAD BOMBAY
6 OLD COURT HOUSE STREET, CALCUTTA
167 MOUNT ROAD, MADRAS
LONDON, NEW YORK AND TORONTO
1935
All rights weierved,,



Furst Edition, printed, 1900, Reprinted, 1G0T 4
Second Edition, 1???, Third Edition, 1905, Fourth Edition, 1906
Sixth Impression, it 170", 12
Seventh [npression V1 | 1914
Fighth Impression, I h | ¢ » 1017
Ninth Impression, 1 11, 1

1,18
Tenth Impression, * [N 1 1)19
Eleventh Impressio 1 , 1923
Twelfth Impression, 11/, | ¢ ) 1925

Made in Great Britain



PREFACE

IN preparing the following pages on Mensuration, I have
been guided by the needs of Indian students As a result,
the book will be found to differ essentially from most
existing text-books on the subject Indian units have
been introduced, numerous questions derived from previous
Indian examination papers have been embodied, while the
arrangement and scope of the subject have been carefully
adapted to the courses of study prescribed by the various
Indian examining bodies I have found it possible to
simplify the subject by arranging the material of each
chapter on a uniform plan

There 1s nothing more fatal to a beginner than the
careless interpretation of a rule If he i1s merely told to
multiply half the height of a triangle by the base in order
to find its area, he can hardly be expected to fully under-
stand the »atwonale of the operation, while his difficulties
are increased if these two measurements are expressed
in terms of different umits. To avoid this risk, I have
made the statement of each rule so full and explicit as to
leage no room for doubt, while, for memory purposes, I
have added an abbreviated version. Only an elementary
knowledge, of Geometry and Algebra has been assumed
in the proofs of formulz.

Each chapter contains a series of Illustrative Examples



vi Preface

worked in full, and concludes with two sets of examples
for solution by the student. In the first set the examples
are original and graduated ; in the second they are taken
from previous examination papers.

The student 1s advised to omit the examination
questions at the ends of chapters when reading through
the book for the first time.

A. E. PIERPOINT.
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ELEMENTARY MENSURATION

Part I

CHAPTER 1 |,
INTRODUCTORY—TABLES

1. MENSURATION 1s the science which investigates the lengths of
lines, the areas of surfaces, and the volumes of solids,

2. In order to measure 2 magnitude of any kind, 1t must be
compared with and expressed n terms of some fixed magmtude
of 1its own kind, which 1s chosen arbitranly, and 1s called a un
For example, the foo¢ umit may be used in the measurement of
length, the pound unit in the measurement of weight.

3. It 1s convenient to have a set of units for the measurement
of each kind of magmtude For example, if we are measurnng an
area which 1s very extensive, we shall find the aare umt or the
Square mile unit more suitable than the sguare inck umt or the
Square foof unit,

4, We shall often find 1t convenient to speak of corresponding
units of length, area, and volume, If we take any umt of length
and on 1t describe a square, then the area of this square will be
that unit of area that corsesponds to the given umt of length, And
if a cube be constructed on this square as base, then the vohime
of this cube will be that umit of volume that corresponds to the
given unit of length.

» _ Thus the cubic foot and the square foot correspond to the
fihear foot.

6. The umts of length and area most commonly used In
mensuration are given n the following tables —

Linear Measure (Enghsh)
12 inches make 1 foot.
3 feet make 1 yard.
5% yards make 1 rod, pole, or perch.
go poles make 1 furlong.
8 furlongs, or 1760 yards, make 1 mile,
3 miles make 1 league.
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Square Measure (Enghsh),
144 square inches make 1 square foot. e
9 square feet make 1 square yard
301 square yards make 1 square rod, pole, or perch.
40 square poles make 1 rood.
4 roods, or 4840 square yards, make 1 acre.
640 acres make 1 square mile
In the measurement of land, the umt most frequently used 1s

a chain 22 yards long, qonsisting of 100 links, which 1s called
Gunter's Chasn.

Thus we have, as an addrtion to the above tables—
100 hinks, or 22 yards, make 1 chan,
and
10,000 square links make 1 squiire chain,
10 square chains make 1 acre

Linear Measure (Bntish Indian)
8 girahs make 1 hath
2 haths ,, 1 guz.
2% guz 5 I latha.
20 lathas or gathas, or 55 English yards, make 1 ras: or jarib

Square Measure (Bntish Indian).

20 biswans! make 1 biswa.

20 biswas, or 1 square rasi, make 1 bigha

Hence 1 bigha = (55 X 55) Enghsh square yards
= 3025 Enghsh square yards
= § of an acre,

However, the bigha varies considerably i area in different
dustricts
ILLUSTRATIVE EXAMPLES

8. Example 1 —How many yards are equivalent to a length of
3 mu 6 fur 20 po ?
g m: 6 fur 20po

30 fur.
40

1220 po.

5%

6100
610

6710 yds.
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Example 2 —Reduce 325608 1n to miles
12)325608 1n
3)27134 ft on
9044 yds. 2 ft
2

11)18088 half-yds
40)1644 po 4 half-yds

8)41 fur 4 po

"5 m I fur
Hence-- hd
325608 m = 5m 1fur 4 po 2yds 2 ft

Example 3 —How many square feet are there in 3ac 2ro 14

sq po Iosq yds ?
3ac 2ro 14po Ioyds.
4

14 ro
40

57459 po
30}

17230
1434

17373% sq yds
9

1563614 sq ft

Example 4 —Reduce 483260 sq ft to acres.
9)483260 sq ft
53695 sq yds 5sq ft
4

21{11)214.780
I1)19525-“5} -
4T 775—0 5 quarter sq yds = 1} sq. yd.
4)44 ro 15 sq. po
II ac
.~ 483260sq ft = 11ac 15sq po 1}sq yd 5sq ft

Examples—I1. A,

1? Reduce 3 fur 15 po 4 yds. to yards

8., Reduce 2 m: 7 fur 4§ yds. to feet

8. Express 5 m 6 fur 19 po 3 yds. as feet.

4. How mny chains are there 1n 6 ma ?

& Reduce 3ac 2ro to square poles

6 Reduce 4 ac 310 14sq po to square yards.
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Square Measure (English).
144 square inches make 1 square foot
9 square feet make 1 square yard
30} square yards make 1 square rod, pole, or perch
40 square poles make 1 rood
4 roods, or 4840 square yards, make 1 acre
640 acres make 1 square mile
In the measurement of land, the umt most frequently used 1s
a chain 22 yards long, onsisting of 100 links, which 1s called
Gunter's Chan
Thus we have, as an addition to the above tables—
100 links, or 22 yards, make 1 chan,
and
10,000 square links make 1 square chan
10 square chains make 1 acre

Linear Measure (British Indian)

8 girahs make 1 hath
2 haths ,, 1 guz
2% guz ,, I latha
20 lathas or gathas, or 55 English yards, make 1 rasi or jarib

Square Measure (British Indian)

2o biswansi make 1 biswa

20 biswas, or 1 squaie rasi, make 1 bigha

Hence 1 bigha = (55 X 55) Englsh square yards
= 3025 English square yards
= gz of an acre

However, the bigha varnes considerably in area in different
districts

ILLUSTRATIVE EXAMPLES

8 Example 1 —How many yards are equivalent to a length of
3m 6 fur 20 po ?
3mi 6fur 20po
8

30 fur
40
1220 po

5%

6100
610

6710 yds.
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Example 2 —Reduce 325608 in to miles
° 12)325608 1n
3)27134 ft o1n
9044 yds 2 ft
2

11)18088 half-yds

40)1644 po 4 half-yds
"8)41 fur 4 po
5 mi Ifur
Hence-— *
325608 1n = smi 1 fur 4 po 2yds 2 ft

Erample 3 —How many square feet are there in 3ac 2ro 14
5q po 1osq yds ?
3ac 2ro 1}po Ioyds
4

14 ro
40

574 5q Po
30}

17230
143%

17373% sq yds
9
1563614 sq ft
Example 4 —Reduce 483260 sq ft to acres
9)483260 sq ft
53695 sq yds §sq ft
4

2[{11)24@9
11)19525—5 - .
. 40)_1215__0}5 quarter sq yds = 1} sq yd
4)44 10 15 5¢ PO
11 ac
483260 sq ft = 11ac 15sq po 1}sq yd §sq ft

Examples—I. A
1* Reduce 3 fur 15po 4yds to yards
2 Reduce 2 m1 7 fur 4§ yds to feet
8 Express sm 6 fur 19 po 3 yds as feet
How mAny chains are there in 6 m1 /
5 Reduce 3ac 2ro to square poles
6 Reduce 4 ac 3ro 14sq po tosquare yards
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Express 9 ac as square hinks

How many miles, furlongs, etc , are there in 98734 ft ?

Reduce 738629 sq lks to acres

Reduce 894671 sq ft to acres, roods, etc

What 15 the measure of 3 fur 20 po when a line measuring 5 yds

1 ft 61n 1s taken as the unit?

12

What 1s the measure of 3jac when an area measuning 8 sq yds 1s

taken as the unit ?

13
1

What 15 the unit of length when 1 distance of 2 m1 measures 220?

4 What 15 the unit of area when a field of 5 ac measures 40°

Examples—I B

Reduce 2 lathas 2 guz to girahs

Fxpress 400 girahs as lathas

How many haths are there in 17 § rasis ?
Reduce 385 English y wds to girahs

Find the number of biswans: 11 17 bighas
Reduce §321 biswans to bighas, biswas, etc
How many biswansi ate there 1 an acie?
Reduce 2 ¢ 3ro 30sq po to biswas



CHAPTER 1I

ON RECTANGLES

7 A rectangle 1s a four-sided figure 2

having all 1ts angles right angles
The length and breadth of a
rectangle are called 1ts dwmensions

Thus A8 and BC are the dimensions

of the rectangle ABCD

When the dimenstions of a rectangle} A

}

are equal to one another, the figure 1s called

a square (see fig )

The perimeter (or periphery) of a figure

1s the sum of 1ts boundaries

PROPOSITION 1

8 70 find the area of a 1cclangle, having

gren its dimensions

Let ABCD be the plan of a
rectangular room, such that A8
represents a length of 8 yds, and
BC alength of 5 yds It 1s 1equired
to find the area of the room

Divide 4B mnto eight equal parts,
and BC mto five equal parts, so that
each of these parts will represent
a yard

Through the ponts of division n
AB draw straight lines parallel to

o~

A

B

BC, and through the pomnts of division n BC draw straight lines
parallel to 48 The rectangle 15 now divided into five rows,
each row containing eight squares, and each square representing

a square yard

Note that the number of rows 1s the same as the number of
yards in BC, and the number of squares 1n each row 1s the same

as the number of yards m 48

the rectangle contains 8 X 5 = 40 squares, and each

square represents a square yard

the rectangular room measures 40 sq yds
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From this special case we may arrive at the general con-
clusion—

If one of the dimensions of a rectangle measure a of any
unit of length, and 1if the other dimension measure & of 24¢ same
umt of length, then the area of the rectangle will measure @ X &
of the cor7cesponding unit of area

Hence rule—

The number of any linear umt wn the length of a rectangle mul-
tiplied by the number of the Same linear umt in the breadth gives the
number of the corresponding square unit 1n the area

Or briefly—
area of rectangle = length x breadth
A=axb ()
area
length of rectangle = breadth
a=% (1)
area
and breadth of rectangle = length
b= A (m)
a
PARTICULAR CASE

9 Square
Here the dimensions are equal to one
another  That 15—
length = breadth = side
oNow,area of anyrectangle = lgth X brdth § 8

———————— @ -—--=--2

area of square = side X side
= (side)?
A=2a&
side of square = 4/3rea
oy S ——, a
[} a= VA
Hence rule—

The square 100t of the number of any square umt in the area of
a square grves the number of the corvesponding lhinear unit in a side

Or briefly—

side of square = ,/area
a = ,/A

10 The student must be careful to always bear in mind the
correct interpretation of these abbreviated statements When
we say that— °

area
breadth = length of rectangle
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we appear to be asserting that an area when divided by a breadth
gives a length  This, of course, 1s absurd What we are really
asserting 1s that, by dividing the number of any square unit n the
. area of a rectangle by the number of the corresponding Inear unit
in tne breadth, we obtain the number of the corresponding hnear
unit n the length The same caution must be observed when
interpreting most of the formule in mensuration

ILLUSTRATIVE EXAMPLES

11 Example 1 —Find the area of a rcctangle whose length 1s
7 ft 51 and breadth 2 ft 9 1n

vy

T T s
Area of rect = (@ x ) sq 1n §8
where @ = (7 x 12 + §) = 89,
and 6 = (2 X 12 + 9) = 33,
area of rect = 89 X 33sq n

2037 sq n
2sq yds 2sq ft 57sq

I

Lkxample 2 —Find the area of 1 square
field whose side measures 2 fur 26 po

Area of square = a? sq po §9
where @ = (2 X 40 + 26) = 106,

area of field = (106)% sq po
= 11236 sq po
= 70ac oro 36sq po

Example 3 —Find the rent of arectangu- S —
'ar field whose length 1s 10 ch 25 lks, and 2f ¢p A v
whose breadth 1s 7 ch 45 lks, at Rs 30
per acre

Area of field = (@ x b)sq ch  §8
where @ = 1025,

and 6 =745,

a.za of field = (1025 x 745) sq ch
= 76 3625 sq ch
= 763625 ac

rent = Rs 30 x 7 63625 - 10chs 25ls =~

= Rs 2290875 N .
= Rs 229 1 anna 4 8 pies ) w;,},f) )

(‘2’;(

T "7chs 45
- fhs 45s
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Example 4 —Find the breadth of a rectangle whose area 1s 4% ac,

and whose length 1s 12 ch K t
Breadth of rect =—-ch §8
:',7(‘ L} —— #4za where A = 4} x 10 = 45,
A and ¢ = 12,
-t ~12chs - - breadth of rect = 4§ ch
; =375 ch
’ = 3 ch 75 lks

E‘xample 5 —Find the perimeter of a square
whose area measures 53 29 sq 1n

One side of the square = ,/A §9
where A = 5329,

$3 29 s91n. one side of the square = 4/53 29 1n
TR WA =73m
< and the perimeter = one side x 4
1 the perimeter = (7 3 X 4) In
=2921n

Ezxample 6 —The cost of panting a rectangular wall 1s Rs§
15 annas, at 2 annas 6 pies per square yard If the wall 1s 38 ft
long, find 1ts height
area of wall = (Rs 5 15 annas — 2 annas 6 pies) sq yds
= (95 — 24) sq yds

= 38 sq yds
Now, height of wall= % ft §8
/9 Tt =38 - - - whereA=38x09,
N " and a = 38,

_38x9
. height of wall = 38 ft
=g ft

Lxample 7 —A room 1s 21 ft long, 16 ft wide, and 11 ft huigh  In
1t there 1s 4 door 7 ft by 3 ft, and two windows 8 ft by 4 ft Find
the cost of papering the walls with paper 2 ft wide, at 2} annas a
yard -
area of two side walls = 2 x 21 x 11sq ft §8
area of two end walls =2 x 16 x 11 sq ft

area of door =7 x 3sq ft
area of two windows = 2 x 8 x 4sq ft
233e§25‘1alw ?{ﬁapg;gf} = 4 walls — one door — two windows

¢
cé;éféglv‘:ﬁ%a;:pl;i } =(2X2IXII+2XI6X 1 —7X3~2X8X4)sq ft
= 729 sq ft
Now, paper 1s sold in rectangular strips , .

- _ required area of paper
required length of papei width of paper § 8.

o o o
00 00 00
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=132 ft
= 3643 ft
cost of paper at 24 annasa | _
yard, or § anna a foot } : ;6 :folf :::Z: o pres

Example 8 —The area of a rectangular courtyard 1s 2400 sq
yds, and 1ts sides are in the ratio of 3 to 2 find the cost of
fencmg 1t at the rate of 4 annas a foot ,

Let x yds = length of courtyard

Then 335 yds = b;eadth

area of courtyard = E:—:-z—sq yds §8
= 2400 sq yds
= 3600
x = 60

Thus length of courtyard = 60 yds
and breadth of courtyard = 40 yds
Hence—
perimeter of courtyard = 200 yds
cost of fencing = 200 X I2 annas

= Rs 150 v
/
Example 9 —Find the cost of paving a rectangular enclosure,

840 ft long and 630 ft broad, with stones each 4 ft 8 in by 4 ft
61n, at Rs 4 a hundred

—e-e ---630----- -—

y
Yommmmee 840~~~
A IJ ] < ®
(},u f i *D
4 5 ~ ¢
Area of enclosure = 840 x 630 s? ft §8
area of each stone = 4% x 43 t §8
number of stones required = M
4% x 43
840 x 630 x 4
hence ost at Rs 4 a hundred = Rs A% 2t x 100

= Rs 1008
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Ezxample 10 —There 1s a garden 100 ft long and 8o ft broaa, and
a gravel walk 1s to be made of an equal width all round 1t, so ag to
take up one-fifth of the garden what
must be the breadth of the walk?

Let x fect = breadth of walk

Then area of
7yt = (100 — 2x) % (80—
< rect ABCI)} 27) sq ft §8

but area of garden = 100 x 80sq ft §8

AT 8

N

I

----__Tag R

¢ area of walk = {100 x 80— (100—
2 (4 22) x (80 — 22)}
--------- 7007 - ft

sq
) = (3602 — 4x7) sq ft
But area of walk = one-fifth area of garden
3601 — 412 = 1600

r¢ — gox = — 400
2t — 9o x 4 (45)* = 2025 — 400
= 1625
x =45 = T 40311
xr = 468

hence breadth of walk = 4 68 ft nearly

Examples—II A

Find the areas n square feet of rectangles having the following dimensions —
1 Length 13 ft , breadth 11 ft

2 Length 27 ft, breadth 19 ft

8 Length 73 ft, breadth 23 ft

Find the areas in square feet and square inches of rectangles having the
following dimensions —

4 Length2ft 9n, breadth 1 ft 7 1n

6 Length 3 ft 9 1n, breadth 2} ft

6 Length 5t 81in, breadth 2 ft 101n

Find the areas 1n square yards, square feet, and square inches ot rectangles
having the following dimensions —
7 Length 2 yds 2 ft 9in, breadth 1 yd 61n
8 Length 43ds 1ft 4, brcadth2yds 2ft 31m
9 Length 5 yds 101n, breadth 3 yds 1 ft 71n

Find the areas 1n acres of rectangles having the following dimensions —
10 Length 26 ch, breadth 18 ch

11 Length 12 ch 16 lks, breadth 9 ch

12 Length 13 ch 43 lks, breadth 1o ch 18 lks 0

Find the areas in acres, roods, poles, of rectangles having the following
dimensions —

18 Length 7 ¢ch 15 1ks, breadth 3 ch

14 Length 10ch 22 lks, breadth 6 ch 14 lks

15 Length 8 ch 40 lks, breadth 7 ch 9o lks
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Find the length m each of the rectangles having the following measure-
mengs —

18 Arca 3sq vds, breadth 1 yd 1 ft

17 Area 1 ro, breadth 10 yds

18 Area 1 ac, breadth 40 yds

19 Area 74 ac, breadth 5 ch

20 Area59sq yds 1sq ft 2sq mn, brexdth6yds 1ft 71

Find the breadth in each of the rectangles having the following measure
ments —

21 Area 24 ac, length 16 ch

22 Area 2 1c, length 110 yds

23 Area 6 35 ac, length 10c0 lks

24 Area 288 ac 3ro 21 po, length 5 fur 17 po

Find the areas 1n square yards and square feet of squares having the following
measurements —

25 Side 9 yds 1 ft

26 Sidc 7 yds 2 ft

27 Side 12 yds 2 ft

28 Side 16 yds 1 ft

Find the areas 1n acres of squares having the following measurements —
29 Side 15 ch

80 Side 13 ch 29 lks

31 Side 6 ch 84 lks

32 Side 11 ch 94 lks

Find the side of each of the squares having the following areas —
83 Arca 324 5q ft (give the result in feet)
84 Area 1 225 ac (give the result in chauns)
85 Area 54 756 ac (give the result in chans)
86 Area 4 ac 2 sq ch 5104 sq lks (give the result mn chains and
links)
87 Find the cost of paving a rectangular courtyard 36 yds long and
28 yds wide, at the rate of Rs 1 12 annas per square yard
Find the cost of carpeting a room 18 ft long and 14 ft 9 1n wide at
the rate of Rs 2 per square yard
39 What 1s the area 1n square yards and square feet of the walls of a rect-
angular room 25 ft long, 17 ft wide, and 11 ft high?
40 What length of carpet 18 in wide 15 required to cover a floor whose
area 15 42 sq yds ?
41 The width of a rectangle 1s one third 1ts length find 1ts are1af 1ts
fength 15 32 ch
I'he perimeter of a square 15 5 yds 1t 8 1n  find 1ts area 1n square
yards, square feet, and square inches
43, The area of a square 1s 1 0§625 ac  find 1ts perimeter 1n chains
44. Find the cost of putting a fence round a square whose area 15 160 sq
yds 4 sq ft, at the rate of Rs 2 8 annas pcr foot
45 If the cost of tiling a floor 1s Rs 246, at the rate of 12 annas per square
foot, and 1f the length of the floor 15 8 yds , find 1ts breadth
The rent of a rectangular picce of ground 1s Rs 500, at the rate of
Rs 12 8 annas per acre  find 1ts dimensions 1n chains, 1if 1ts length 1s four times
its breadth s
47 If the cost of a fence round a square enclosure 15 Rs 208, at the rate
of Rs 3 4 annas per yard, find the area 1n square yards
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48 ITow many yards of paper 30 in wide are required for 1 wall 18 ft
9 1n long and 16 ft 6 1n lgh?

49 Find the cost of carpeting a room 26 ft long by 21 ft broad wnth
carpet I ft 6 1n wide at Rs 3 8 annas a yard

60 A courtyard 15 12 yds 2t long and 10 yds 1 ft wide find the cost
of paving 1t with bricks 9 in long and 4 1n wade, 1f the bricks cost 8 annas a
dozen

Examples—II B

I'ind the areas 1n bighas of rectangles having the following dimensions —

61 Length 7 rasi, breadth 5eas

652 Length 3 8 rasi, breadth 2 4 a1

63 Length 121 yds , breadth 50 yds

Find the length of each of the rectangles having the following measure
ments —

654 Area 3 bighas, breadth 10 lathas

65 Area 5 bighas 10 biswas, breadth 2 ras

66 Area 4 bighas 4 biswas 10 biswansi, breadth 8o yds

Examination Questions—II

A Allakabad Unversity Malreculation

1 A room, whose length 1s 30 ft and breadth twice its height, takes

l44gds of paper 2 ft wide for 1ts four walls find the area of the floor
A rectangular field of 5ac, 200 yds long, 1s planted with trees n

rows perpendicular to the length, one yard from row to row, and one yard from
tree to tree 1n the same row  If a width of a yard all round the field remain
unplanted, find the number of trees

3 Find the cost of lining a rectangular cistern 12 ft 9 1n long, 8ft 31n
broad, and 6 ft 6 in deep, with sheet lead weighing 8 lbs per square foot,
and which cost £1 85 per cwt

B Punjab Unmwversity Mrddle School
4 Find how many students can sit 1n a room measuring 20 yds by 28 ft ,
supposing each student to 1equire a space of 4 ft by 30 1n

C  Caleutta Unsversity  Matriculation
5 A room s 34 ft long, 18} ft wide, and 12 ft hugh find the expense of
papering the walls at 1s 64 per square yard

D Euwropean Schools Iinal United Provinces

8 Find in square fcet the total area of the walls, floor, and cething of a
room 22} ft long, 16} ft wide, and 131 ft high

7 Aplankis 18 m wide find what length must be cut off that the area
mAy be 2 square yard

E  Roorkee Enginer  Entrance

8 Find the expense of carpeting a room 26 ft long and 18 ft broad, with
carpet 27 in wide at 4¢ 84 per yard .

9 A square field contains 31 ac oro 1025sq po find the length of a
side

10 The length and breadth of a rectangular enclosure are 47 yds 2 ft
4 mm and 22 yds 2 ft 11in what should be the breadth of another rect-
?ngular" enclosure 1if 1ts length 15 63 yds 1 ¢t § in, and 1its area § of the
ormer
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11 A rectangular grass plot, the sides of which are as 2 3, cost £14 8

for{iuﬁng, at the rate of 44 per square yard find the lengths of 1ts sides
2 The area of the two side walls of 2 rcct g lir room 15 806 sq ft, the

area of the two end walls §46 sq ft  find thc e ons of the room

18 Find the cost of hining a rectangular cistern with lead at Rs 1 2 annas for
each square foot of surface, the inside dimensions of the cistern being s follows,
the length 3 ft 21n, the breadth 2 ft 1011, and the depth 2 ft 6 1n

14. Two square fields jointly contain 6 ac, and the side of one 1s three
fourths as long as that of the other how many acres 1n each ®

15 There 15 a garden 140 ft long and 120 ft broad, and a gravel walk 15
to be made of an equal width all round 1t, so as to take up just one fourth of
the garden what must be the breadth of the®walk ?

F  Roorkee Upper Subordinate FEntrance

18 A country in the form of a rectangle, 600 miles long by 200 miles
broad, supports a population of 20,000,000 find the average number of acres
required to support one person

17 The breadth of a rectangular room 15 two thirds 1ts length, and 1t costs
£39 8 82 to cover the floor with carpct 27 mn wide at §s 3¢ a yard To
paper the walls costs £2 35 44 with paper 21 1n wide, at 25 44 per piece of
12 yds find the height of the room

18 In the centre of 2 room, which1s 19 ft 1f 1n square, a square carpet
15 placed, the rest of the floor being covered by a parquet border of uniform
width, which 1s charged for at the ratc of 7§d per square foot  If the carpet 15
charged for at 10}d per squarc foot, and the whole cost of carpet and parquet 1s
£14 135 3%, find the width of the parquet border
19 There are two rectangular rooms of the same height, one 15 19 ft by
14 ft , the other 17 ft by 15 ft 1o cover the walls with paper 27 ins wide
at 35 94 per piece of 12 yds costs £3 125 23¢  find the height of the rooms
Two square rooms, one 2 tt longer e¢ach way than the other, are of
cqual height, and cost respectively £3 14s 94 and £3 8s 34 to paper the
walls at 6§ per square yard find the haght
21 How many planks of 14 1n 1n thickness can be cut out of a picce of
tunber 21 1 thick, allowing } in for each saw cut ?
22 The area of a square 15 22 2 find the side of a square of half the size
28 How many planks, 10 ft long and 8 in broad, will be required for
the floor of 1 room whose length 1s 30 yds and breadth 12 yds ?
24 IHow long will 1t take to walk round a square field containing 13 ac
1089 yds , at the rate of 2} miles an hour ?
25 The cost of a square field, at £2 145 64 per acre, amountsto £27 §5
find the cost of putting a paling round the field at 97 per yard
26 What 1s the difference between the superficial contents of a floor, 28 ft
-long and 20 broad, and that of two others only half 1ts dimensions ?

G Roorkee Engmeer Final

27 The perimeter of one square 15 748 1n, and that of another 1s 336 1n
find the perimeter of a square which 15 equal 1n area to the other two

28 'I])he length of a room 1s double the breadth , the cost of colouring the
ceiling, at 4§d per square yard, 15 £2 125 14, and the cost of painting the four
wa'ls, at 25 44 per square yard, 15 £35 find the height of the room

29 What length of matting, } of a yard wide, will be required for a room
15 ft 81n long by 11 ft 3 1n wide, and what will be the cost at 6 annas
per yard ?

0 The area of a rectangular courtyard 1s 2000 sq yds , and 1ts sides are 1n

the ratio of 1 25 to 1 A pavement of uniform width runs along the four sides
of the courtyard, and occupies half its area  find the width of the pavement
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81 Find how many yards of paper will be required for the walls of a room
which 1s 24 ft long, 19 ft 6 1n broad, and 14 ft high, the paper being jeyd
wide

82 A box, without a Iid, and made of wood I 1n thick, requires paint-
g 1nside and out, 1ts exterior length, breadth, and depth are 3, 2, and 1} ft
respectively  how many superhcial feet of pamnt will be required for each
coat ?

H  Roorkee Uppcr Subordinate  Monthly

383 Find how many trees there are 1n a wood, 1 m1 long and a quarter
of a mile wide, supposing, on an avcrage, four trees grow on each square chain

34 In a rectangular garden, €20 ft long and 9o ft broad, a walk passing
round 1t, with 1ts outer edge 10 ft from the wall, occupics a fourth part of the
garden what 1s the width of the walk ?

36 How much paper, {4 of 1 yard broad, will be required to paper a room
which 15 22 ft by 20 ft, and 13 ft high?

8 A square held of gran, contaiming 10 ac, 1s to be cut by a rcaper
working round and round  The cut of the reaper s 5ft  how many rounds
must the rcaper take to cut three-fourths of the field ?

87 The length of a rulway 15 474 m1, and the average breadth of land
required for 1ts formation 57 yds what will be the amount of purchase of the
land at £50 per acre ’

38 A rectangular enclosure s 120 ft long and 70 broad , a walk of uniform
width 15 madc round the outside of 1t equal in aren to the enclosure find the
width of the walk

I Roorkee Upper Subordinate  Final

89 A room measures 28 {t by 16 ft In the centre 15 a Turkey carpet
24 ft by 12 ft how much o1l cloth would be required to cover the remainder
of the floor, supposing the o1l cloth to be 20 in wide ?

40 Find what length of wall paper, 27 in wide, will be required for a
room 20 ft long, 16 ft broad, and 104 ft high In 1t are two windows 6 ft
by 4 ft, a door 7 ft by 4 ft, and a fireplace 4 ft by 3ft 6 1n

41 Find how many planks, 12 ft 6 in Jong by 9} in wide, will be
requircd to floor a room 40 ft by 20 ft

J  Additronal Examination Questions —I7  (For Answers, see p 167 )

42 If 11,000 copies of the Zumes be 1ssued daily, each copy consisting of
two sheets, and each sheet bemng 4 ft bv 3 ft, how many acres will one
edition cover? (Punjab Umversity  First Ixammation in Civil Engineering )

48 A gardcn 15 160 ft long and 120 ft broad, there 1s a tank 1n the
garden, leaving a space of equal width round 1t, and occupying haif the area of
the garden  find the length and breadth of the tank  (Roorkee Upper Sub
ordinate Monthly )

The area of a rectangular field 1s 15 1cres, and 1ts length 1s half as
much again as 1its breadth  How long will 1t take a man to walk four times
round 1t at the rate of 3 miles an hour ? (European Schools Fmal U P)

46 A room 18 ft long, 15 ft wide, and 12 ft high, contains two doors
7 ft by 4 ft , and (4 ft from the ground) two windows 4 ft by 3 ft , a dado
2} ft hugh runs round thc room  find the cost of papering the walls at 1 nna
per square foot  (European Schools Fimal U P)

48 A building has 63 windows, 40 of them contamn 12 panes each
20" X 16", the others contain 9 panes each 16 1n square find t_he cost of
glazing the whole 1t Rs 2 per square foot (Roorkee Engineerg Final )



CHAPTER 1II1
ON DUODEC:MALS

12 WaeN the dimensions of a rectangle are given as compound
quantities (that 1s, expressed 1 terms of two or more units), we
have found 1t necessary to express them both as simple quantities
in terms of the same unit, in order to find the area of the
rectangle

This reduction may be avoided by the use of dwodecimals & .

13 Consider the rectangled) 0
ABCD

Let 1ts length 45 be taken
to represent 3 ft 7 in, and its
breadth BC 2 ft 3 1n

On the same scale, from A4
along AB, divide off three
lengths each corresponding to
one foot, and seven lengths each
corresponding to one inch, and
from C alongg CFA divide off two B\') A ﬁ
lengths each corresponding to one foot and three lengths each
corresponding to one inch

Through the points of division draw straight lines parallel to
BC and AP respectively We now see that the areca of the
rectangle 1s made up of several pieces of threc different sizes

The largest pieces repiesent squares measuring one foot each
way (z ¢ square feet), and of these there are 3 X 2

The smallest pieces represent squares measuring one inch
each way (z ¢ square inches), and of these there are 7 X 3

The remaining pieces represent rectangles measuring one foot
by one inch, which we shall call sugerficcal primes, and of these
there are (7 X 2 + 3 X 3)

Thus the rectangle 4 8CD represents an area equal to the
sum of—

(1) 3 X 2 square feet = 6 square feet
(2) (7 X 2 + 3 X 3)superficial primes = 23 superficial primes
(3) 7 X 3 square inches = 21 square inches
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and because a superficial prime 1s a rectangle measurning one foot
by one inch, 1t 1s evident that ?
12 square inches = 1 superficial prime,
12 superficial primes = 1 square foot

It will be found that the above result may be obtained by the

following scheme of work, in which we multiply each term n one
dimension of the rectangle by each term in the other dimension

3 ft 71
2 ft 3m'
3 X 2sq ft 7 X 2 superficial primes
3X3 » » 7 X 38qn
6 sq ft 23 superficial primes 21 sq n
and because 12 sq 1n = 1 superficial prime

and 12 superficial primes = 1 sq ft
this result may be written—
8 sq ft o superficial primes ¢ sq 1n

In this scheme of work 1t 1s seen that 7 inches, when multiphied
by 2 feet, are assumed to give 7 X 2 superficial primes, and that
3 feet, when multiplied by 3 inches, are assumed to give 3 X 3
superficial primes

We are really assuming the law that, by multiplying the
number of feet 1n one of the dimensions of a rectangle by the
number of zz¢/es 1n the other dimension, we obtain the number of
superficial primes 1n the area

S This we will proceed to prove. ~
¢ Consider the rect-
D C angle ABCD

Let AB represent a
length of 3 ft, and let
AT B BC represent a length
of 4 1n - )
Divide 4B mto three equal parts, so that each part will
represent a foot

Divide BC mto four equal parts, so that each pait will
represent an inch

Through the points of division draw straight lines parallel to
BC and A4 B respectively ‘

We have thus divided the rectangle into several equal parts,
each part representing a superficial prime

And their number 1s 3 X 4, that 1s, (number of fret in 4B)
% (number of inches n BC)

Hence we arrive at the general result—




On Duodecimals

Linear feet X linear inches = superficial primes
The scheme of work in the above example may be shortened

thus

roprimes Add 9 sq mn

8 o ¢ putdown o primes and cairy 1 sq ft

8sq ft

7 Working—17 1n X 2 ft give 14 primes
3 2 primes and carry 1 sq ft

-

17

put down

3ft X 2 ft give 6 sq ft
71 X 31 give
7 2 21 sq m  put down 9 sq in and carry ¥ prime

10 9 3ft X 3m giwe g primes and 1 to carry put down

and 1 tocairy put down 7 sq ft

10 and 2 make 12 primes

1 and 7 make

The plan of work here depends upon that property of a

rectangle whose length mea-

sures (¢ + &) umts, and whose
breadth measures (¢ + &) units,
viz that its area 1s the sum

of four rectangles mcasunng
axXd axe¢ bxXd bXc
square units respectively

d

We have found that, when
dealing with a rectangle—

feet n length X feet in breadth

feet ’ X 1nches ’

inches ,, X nches "
or—

axd bxd
axc bxc
a [

square feet 1n area
superficial primes 1n area
square mnches in area

aft X oft = (ab) sq ft
a ft X 0 1n = (ab) superficial primes
am X b = (ab) sq

where ¢ and & are the numbers which tell the measures of the

dimensions of the rectangle

Let us now introduce the twelfth part of an inch as an

additional unit of length

Then a rectangle measunng 1% 1n by 3% mn will measure

1

1+ sq 1n In area
and a rectangle measuring 1 1n by 45 . will measure
5 sq 1n 1n area
and a rectangle measuring 1 ft by 4 n will measure
Isq In 1n area

And we can prove as above that—

§8
§8
§8

a(fsm) X b5 m) = ablviz sq )
am X b{5mn) = abifzsq m)

aft X b(gzm)=absq n
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where @ and & are the numbers which tell the measures of the
dimensions of the rectangle °

We have hitherto spoken of a plane rectangle measuring 1 ft
by 1 1n as a superficial prime  We shall now extend the applica-
tion of the term przme to the twelfth part of any standard umt
And so we shall speak of the twelfth part of a linear foot (that 1s,
an inch) as a linear prime, and of the twelfth part of a cubic foot
as a cubic or solid prime

Furthermore, the twelfth part of a prime, whether 1t be linear,
superficial, or sohd, we shall call a second

And this duodecimal subdivision may be carried on to any
extent

Thus we have—

1 standard umit = 12 primes (written 12),
1 prime = 12 seconds (written 12")
1 second = 12 thirds (wrtten 12"),
1 third = r2 fourths (wntten 12"),
and so on

We may now express the above results as follows —
When dealing with a 1ectangle—

aft X bjft

a ft X b hnear primes

aft Xb ,, seconds

a lnear prumes X b, primes

a s Xb o, seonds

a ,, Seconds Xb ,, scconds

or—

ab sg f#

ab superficial primes
ab ” seconds
ab ’” "
ab ’ thrds
ab »  Jourths

man

aft X bft
aft x b
aft x Db
a’ X b’ = (ab)"
a‘I X 'bll (ab)!ll
a’ X b" = (ab)"”
where the index shows the orde7 of the unit
We may here notice a relation which exists between the
orders of the factors and the order of their product, and from the
above results we may deduce the following rule —
The order of the product 1s the sum of the orders of its factors
L4

ab sq ft
(ab)
(a«b)"

i

ILLUSTRATIVE EXAMPLES
14 Ezample 1 —Express 15 ft 84 1n 1n duodecimals,

15ft 841n =(15+%)ft
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= (15 + &% + &
(xs+$ﬁz+f§q>ft

Example 2 —Express 29sq ft 76sq 1n 1n duodecimals
29sq ft 76sq n = 29 {78 sq ft

(29 + 771‘: + psq it

(29 + 4% + 137) sq ft

29 sq ft 6 4

[T [

Eaample 3 —Express 105 cub ft 837% cub 1n 1n duodecimals

>5 cub ft 8373 cub 1 = 105837]t cub ft

_ 720 _1_1_7%

= ( 105 + - 1728 + 1728 ) cub ft

= Elog i‘sz + 117043 + 1n§++ T; lg C“'l; ?

= (10 s cub ft

= 1035 cub Tt 5T b ”T A

Eaample y —Find by duodecimals the area of a rectangle which

easures 7 ft 9n by 5 ft 101n

Area of rectangle = 7ft 9in X 5t 101n §8
ft n
7 9
5 IO
38 9
6 5 6
45 2 6 Ry
o

the aren of rectangle = 45 sq ft 2 superficial primes 6 sq n

Erample 5 —Find by duodecimals the area of a rectangle which
easures 6 ft 7 1 4 twelfths of an inch by 3ft 8 in 7 twelfths of an
ch
rea of rectangle = 6 ft 71n 4 twelfths x 3ft 81in 7 twclfths §8

=6ft 7 primes 4 seconds x 3 ft 8 primes 7 seconds
=6ft 74" x3ft 87"
6 ft 7/ 4u
3ft 8§ 7"
19 10 o
4 4 10" 8"
3 10" 3111 41v
‘.4 6/ 8” I II/I 4IV

area of rectangle = 24 sq ft 6 superfprumes 8 sq 1n (or supert
seconds) 11 superf thirds 4 superf fourths

2 :/(:))/é

11
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Examples —III

Express the following lengths, areas, and volumes mn duodecimals — *
3ft 71n

13 ft 8L1n

9 ft 6}1n

10 ft 7% 1n

8ft 9 n

6sq ft 2459 n

10sq ft §25q 1n

8sq ft 103sq m

13 cub ft 326 cub n «
10 12 cub ft 731 cub 1n
11 16 cub ft 963 cub 1n
12 18 cub ft 1362} cub 1n

Find, by duodecimals, the areas of the rectangles having he following
dimenstons —

13 3ft 7m , 2ft

14 4ft , 3ft 61n

16 7ft 9mn , 5ft 41n

16 8ft 2mn , 3ft 101N

17 6ft 8in , 7ft 4m

18 71n 9 twelfths, 6 1n

19 8in 8 twelfths, 7 mn 3 twelfths

20 6ft 7 1n 10 twelfths, 5t 81n

21 10ft 6 in 8 twelfths, 7 ft §1in 4 twelfths

22 9 ft 101n 7 twelfths, 4 ft 6 1n 8 twelfths

ORI A WO



CHAPTER 1V
ON RIGHT-ANGLED YRIANGLES

156 A right-angled triangle 1s a three-sided rectilineal figure which
has a right angle The side of a . , d triangle which 1s
opposite to the right angle 1s called the /43 pofenuse

The sides of a nghtangled
triangle which contain the right angle c
are called the dase and perpendicular
respectively

Thus, 1n the nght-angled A4 BC,
AC 1s the hypotenuse, 45 1s the
base, and BC 1s the perpendicular

The base and perpendicular of a
night-angled triangle are often spoken
of as “the sides which contain the
right angle ”

PROPOSITION 1II

16 70 find the lypotenuse of a C
riJht-angled triangle, having gwen s
base and perpendicular

Let A BC be a nght-angled tnangle
Let 1ts base 48 and 1ts perpendicular
BC measure b and p of the same linear
ynit respectively It 1s required to
find the hypotenuse 1n terms of &
and p

Now, since—
square on AC = square on 4B + square on BC Euc I 47

and square on 4B measures 5% sq umts §9
also square on BC measures % sq units §o9

square on 4C = (4% + p?) sq units
AC = J3* + p? linear units §9

Hence rlile—
Add the square of the number of any linear umt in the base of a
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right-angled triangle to the square of the number of the same linear
unmit wn the perpendicular, then the square root of the sum will grve
the number of the same linear unit in the lkypotenuse
Or briefly—
hypot of right-angled triangle = /(base)? + (perpen )*
h = 4/b?+ p* 1)

Again, because—
(hypot )? = (base)? 4 (perpen )?
(base)? == (hypot )* — (perpen )2
{(perpen )? = (hypot )2 — (base)?
{ base = 4/ (hypot )? — (perpen )?

perpen = / (hypot): — (base)*
jo= yh¢—p? ()
lp = V/h? = b? (m)
Note —It will often be found convenient to use the expression

N (A =5) (h+2) mstead of 4//44=22 and the expression /(2 =6) (4+6)
instead of /42— 47, especially when large numbers are involved

PARTICULAR CASES.

17 1 Isosceles right-angled
triangle -
Here base = perpendicular

? “Now, hypotenuse of any 2l » _ (! triangle

'&B =4 a)ws—e}q (I)éipén—)z $ 16
hypotenuse of 1sosceles 1'.at . e triangle
= W2 % (base)? or /3 X (perpen )’
% = & 26 or ¥ 2p*
=baJ20rpy/2 ()
Therefore, by reversion—
base or perpendicular of 1s0s- | _ hypot

celes nght-angled tnangle | =~ /2
- ()
V2
b= 7 , (1)

Note —The diagonal of a square 1s the hypotenuse of an 1sosceles
right-angled triangle

J 2 Equlateral-triangle
Here the three sides are equal
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Let each side measure @ of any linear umt That 15, 458
= BC = CA = a linear units o
ABThen, if CD be perpendicular to Y

AD = ;1 linear units
Now, CD* = AC* — AD* § 16
CD’ = ( at ‘f) S
. = 3 quare units

3 2
= " square units

- &
2
™

-

S CD = (ﬂ:—‘g linear units

This important result may be stated thus

The height of an equilateral triangle = side % V'3

2

ILLUSTRATIVE EXAMPLES

18 FEaample 1 —The base and perpendicular of a night-angled
triangle measure 3 ft and 2ft 3 In
respectively find the hypotenuse

Hypotenuse = /8 + 22 1n  §16
where 6 = 3 X 12 = 36,

i

andp = (2 x 12 + 3) = 27, =
hypotenuse = 4/(36)% + (27)% in ‘?‘
= 4/2025 Iin .
= 45 1n \

=31t 91n B e Y e————

Example 2—A plot of ground in the shape of a right-angled
triangle measures 15 ch 70 lks along 1ts hypotenuse, and 12 ch 56 lks
»long one of its other boundaries find the length of its remaining
boundary

g} = VI =B lhs  §16
where 2 = 1570,

and 4 = 1256,

"emaining boundary
 (1570)2 = (1256)2 lks
/(1570 —1256)(1570+1256) lks
= /887,34 lks

=9ch 42ks TTTTTTTTN 2 chs S6lks ~~~—
\

W
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Example 3 —The side of a square measures 2 ft 9n  find the
length of its diagonal

The diagonal of a square 1s the hypo-
tenuse of an 1sosceles right-angled triangle,
whose base and perpendicular are sides of
the square §17

S
9
S T

diagonal of square = 44/21n § 17
4 if & = the humber of inches in the side of
the square = (2 X 12 + 9) = 33
diagonal of square = 33 X /2 1n
/ = 33X 141421 n
e )/ SRR = 46 66 n

Example 4 —The diagonal of a square measures § ch 20lks .
find the length of a side

N Side of square = ~;; ch §17
N ' where 2 =52,
) 52
. side of square = 72 ch
)
© 52 % 42
= -
Zn J2 X /2 ch
_s2x iy,
J =26 x 4/2ch
- 3 6769 ch
=3 ch 6769 ks

Example 5 —The base of a night-angled tnangle 1s 48 1n, and
the difference between the hypotenuse and the perpendicular 1s 36 1n
find the hypotenuse and perpendicular

Let x1n = the hypotenuse

Then (¥ — 36) in = the perpendicular
But perpendicular = 4/42% — 4¢ 1n § 16
where 2 = 2,
= 48_1
perpendicular = 422 = (48)2 n
¥ = 30 = /2t — (48)
2% = 722 + (30) = 2 — (48)?
72x = 2304 + 1296
= 3600
X = 50
hypotenuse = 50 1n, and perpendicular = 14 1n

'

Evample 6 —A ladder 1s placed so as to reach a window 63 ft
high The ladder 1s then turned over to the opposite side of the
street, and 1s found to reach a point 56 ft high If the ladder 1s 65 ft
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N
(7,3

long, find the width of the street -
“et the line A8 denote the width of
the street, and let the pomnt C indicate D
the foot of the ladder Ihen we shall
have the following measurements —
CE = CD = 65 ft
BE = 63 ft
AD = 56 ft B
hence AC = 4/(65)*—(56)21t § 16
= 33 ft

m

t
.
]
'
|
1
t
1
1
)
)
- S

»

and CB = ,/(65)2— (63)*ft §16
= 16 ft
But width of street = AC + CB
width of street = (33 + 16) ft
Example 7 —The cost of fencing an enclosure, in the form of an
equilateral triangle, at 3 annas a foot, amounts to Rs 56 4 annas
find the distance from an angular point to the madle point of the

T gg e

@

opposite side A
Rs 56 4 annas
Perimeter of triangle = —————
3 annas
= 290t
= 300 ft
each side of triangle = 100 ft
But if 4B, a side of the equilateral A
ABC, measure 100 ft , then 4D, the perpen-
dicular from A4 on BC, that 1s, the distance
from any angular point to the muddle point
of the opposite side, will me isure— B D - [+
’—m—‘iiftzsoxwp ft §17

2

=866 ft

Example 8 —The perimeter of a right-angled triangle measures
234 1n, and the hypotenuse measures 97 in  find the other two sides

Let ABC be the nght-angled tiiangle ‘
Then AC will measure 97 1n /A

Let A8 and AC measure ¥ 1n and ¥ n
respectively
Now, (x4 ) + (v = y)* = 2(2* + y%)
=2 % (97) § 16
But x +y = 234 - 97 = 137
x =y =42 x (o7 - (137}
= /18818 — 18769
= /49
=7
Jut xr+y =137
=72

and y = 65
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Thus the other two sides of the triangle measure 72 in and 65 1n
respectively

Example 9 —Two roads diverge from a point at an angle of 150°
to each other Two persons, one on each road, start from the point
at the rate of 3 and 34 m1 an hour respectively, and travel for 4
hours along their respective roads  What will be the direct distance
between them at the end of the fourth hour?

If AB ind AC denote the distances traversed by the two persons
respectively, then CB will denote the direct distance between them at
the end of the fourth hour

Since £ CAB = 150°

£ DAB = 30°

and £ DBA = 60°
ap =483 s 17

But A5 measures 3 X 4 m1 = 12 mi1
AD measures 6,/3 m1
CD =CA+ AD = (14 + 64/3) m1
Again—
BD = i‘ AD §17
=6 m o

and, CH = ,/CD*+ DB § 16

CB = /(14 + 64/3)2 + (6)2 mu

= /340 T 168 /3 m1

4/630 9845 mi
25 11 m1

(1}

Example 10 —In a nght-angled triangle the perpendicular 1s 6 1n
shorter than 11 of the base, and the hypotenuse 1s 3 in shorter than
4 of the base find the base

Let the base measure » 1n

Then the perpendicular will measure (322 — 6) 1n, and the hypote
nuse will measure (4o — 3) 1n

But (hypotenuse)? = (base)? + (perpendicular)? § 10
(3% -3¢ = 2+ (3x = 6
Solving this equation, we find—
X = 36
Hence the base measures 36 1n
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Examples—IV A

F?nd the hypotenuse of cach of the following right-angled triangles, whose
sides contaming the nght angle are respectively—
1l 30m,72m
2 75 yds , 100 yds
3 176 yds , 15yd> 1 ft
4 9gyds 2t 2m, 3 yds 1 ft (gve the result in yards, feet, and
nches)

) S 11 5fur 12 po , 4 fur 5po (give the result in miles, furlongs, and
poles)
8 7ch 141ks , 9gch 52 lks (give the résult 1n chains and links)
7 16 ch 50lks , 22 ch (give the result in chains and links)

8 2740 1ks, 2877 lks (give the result 1n chains)

Find the remamning side of each of the following nght-angled tiangles, ot

which the hypotenuse and onc side are respectively—
9 162 1ks , 136 lks

10 65mn, 56m

11 2ft 11n, 2ft

12 9gmi 2fur , 8 1 6 fur

13 7ch 8 1ks , 3ch 96 lks

14 8m 6fur 36 po , 3m 1 fur 36 po

156 One side of a nght-angled triangle 15 126 yds , the difference between
the hypotenuse and the other side 15 42 yds  find the hypotenuse and the
other side

16 The side of a square 1s I ft 61n  find the distance of the central
point of the square from each corner

17 A ladder, 15 ft long, 1s standing upnight against a wall how far must
the lower end of the ladder be drawn away from thc wall so that the upper end
may be lowered 3 ft ?

8 The sum of the hypotenusc and one side of a nght angled triangle 15

153 1n, and the other side 15 51 1n find the hypotenuse

19 The dimensions of 1 rectangle are 2 ft and 3 ft 91n respectively  find
the diagonal

20 Find the diagonal of a square whose side measures 13 1n

21 Each of the sides of an 1sosceles triangle measures 4 ft 2 1n, and the
base measures 6 ft 8 1n  find the perpendicular from the vertex upon the base

22 Find the height of a window .bove the ground if 1t 15 just reached by
1 ladder 9 ft 21n long, the foot of the ladder being 5ft 6 in from the side of
the house -

23 The hypotenuse of a 11, t _ «d trinngle 1s § ch , and 1ts perpendicu-
las s twice 1ts base  find 1ts perpendicular correct to two places of decimals

24 Find the cost, to the nearest anna, of putting a fence round an en-
closure in the shape of a rnight-angled wsosceles triangle, whose hypotenuse
measures 100 yds , at Rs 3 a yard

25 If a man can traverse a square from corner to corner 1n 4 nun , walking
3 m1 an hour, find to the nearest foot the perimeter of the square

26 A ladder 1s placed so as to reach a window 36 ft high  The ladder 1s
ther.surned over to the opposite side of the street, and 15 found to reach a pomt
24 ft lagh  If the ladder 1s 40 ft long, find the width of the street

27 A town, A4, 1s 132 m1 due north of another town, B, and 204 m1
due west of a third town, € how far 1s B from C?

28. A piece’of rope, 46 ft 51n long, reaches from the top of a flagstaff to
a pont on the ground 13 ft 9 1 from the foot of the flagstaff find the height
of the flagstaff T

i .:} >Ra
Yo *
¥ -

\/
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[ g
20 A mgoat lies 1n front of a tower 100 ft high find the width of the moat
if a hine, 118 ft long, will reach from the top of the tower to the opjosite
bank
80 The hypotenuse of a rnight-angled tnangle 1s 18 ch  find the lengths
of the two sides, one of which 15 three-fourths the other

Examples—IV B

Find the hypotenuse of each of the following nght-angled triangles, whose
sides containing the right angle arc respectively—

31 24 rast, 7 ris1

32 13 lathas, 84 lathas

33 85 girahs, 132 girahs

384. 60 haths, 221 haths

35 76 guz, 337 guz

36 145 ras1, 408 rasi

Find the remaining side of each of the following nght-angled tiiangles, of
which the hypotenuse 1nd one side are respectively—

37 41 lathas, 40 lathas

38 53 ras1, 45 ras

89 109 girahs, 91 girahs

40 137 haths, 88 haths

41 205 guz, 187 guz .
42 409 ras1, 391 rasi

Examination Questions—IV
A Allakadad Unversity Matriculation

1 Ina nght angled tnangle the difference of the sides 1s 21 ft, and the
hypotenuse 1s 39 ft find both the sides

2 A ladder, 24 ft long, stands upright against 1 wall how far must the
bottom of the ladder be pulled out so as to lower the top 3 ft ?

8 A tower, which stands 1n a hopaental plane, subtends a certun angle at
a point 160 ft from the foot of the tower On advancing 100 ft towards 1t,
the tower 15 found to subtend an angle twice as great as before What 1s the
height of the tower ®

B Punjab Unwersity Matsiculation

4. Two roads diverge from a point at an angle of 120° to eachother  I'wo
persons, one on each road, start from the point at the rate of 4 ard 5 miles per
hour respectively  What will be the direct distance between the persons after
they shall have travelled for 6 hours on their respective roads?

6 Given the perimeter of a nght-angled 1sosceles tnangle = 4/2 + I, find
the hypotenuse

8 Given the sum or difierence of the hypotenuse and one side, and also
the remaining side, find the hypotenuse

7 ABC s a nght-angled tnangle, nght angled at 2, D 1s a pomnt in 45,
BD = BC = 33ft = {(4D + AC) find A5

C  Punjab Unwersity Middle Schoot

8. Find to five decunal places the diagonal of a square of which the side 1s
one mile Find 1 acres the area of the square :

® The hypotenuse of a nght angled tniangle 1s 123 ft, and one side 1s
9 yds. hind the other side
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10 The side of a square 15 6 yds  find the radius of the circle described
toung the square

D Calcwtta University Matriculation

11 A man on one side of a brook finds that he can just rest a ladder 20 ft
long against the branch of  tree vertically over the other bank, the branch 1s
12 ft above the ground how wide 1s the brook ?

E  Euwropean Schools  Final Umted Provinces

12 Prove that any triangle that has sides in the ritio 3 4 § must be
uoled

13 | he breadth of the bottom of a ditch 15'to be 16 ft , and the depth g ft ,

and the inchinauons of the sides to the top 30° and 45° what must be the

breadth of the excavation at the top ?

F  Madras Iichnical Elementary

14 The span of a roof 15 21 ft, and the rse 7 ft find the slope length of
each side

1
'
L

G Madias Tichnical Intermediate

16 The radius of a circle1s 1 ft find the arca of a square inscribed in
the circle

H  Roorkee Enginee)  Entrance

18 A square field contains 31 ac oro 10 255q po find the length of 1ts
diagonal

17 From a point within a rectangle, lines measuring 16 and 20 1n are
drawn to opposite angles , 2 third line measuring 12 1n 1s also drawn to one of
the other angles find the length of the line drawn from the pomt to the
remuning angle

I Roorkee Upper Subordinate Entiance

18 One «ide of 2 night-angled triangle 15 588 ft , the sum of the hypote-
nuse and other side 1s 882 ft  find the hypotenuse and other side

19 In the mddle of a pond 10 ft by 10 ft grew a reed which raised 1its
head 1 ft above the surface of the water A person standing on the brink, at
a middle point of one of the sides, could just draw the top ot the reed to the
edge of the bank  How deep was the water *

20 One side of a night angled triangle 15 3925 ft , the difference between
the hypotenuse and the other side 1s 625 ft  find the hypotenuse and the
other side

J  Roorkee Upper Subordinate  Monthly

21 A ladder, 25 ft long, 15 placed against a wall with its foot 7 ft from the
wall how far should the foot be drawn out so that the top of the ladder may
come down by half the distance that the foot 15 drawn out ?

22 The diagonal of a square court 15 300 ft  find 1ts area 1n square yards

23 Find the area of a square whose perimeter 15 3000 ft

%3 What 1s the length of the diagonal of the greatest square that can be
cut out of a right-angled tnangle, each of whose legs 1s 40 ft ?

26 What would be the cost of thatchinga hipped roof of the following
dimensions at Rs 10 per 100 superficial feet, lemn and breadth of eaves
108 ft and 36 ft respectively, and slope of roof 45°? 4/2=1 41421
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CHRAPTER V
ON ANY TRIANGLES

\ 19 A #:angle 1s a figure bounded
by three straight lines

The side of a triangle on which

it may be supposed to stand 1s

called 1its base The rkeght of a

triangle 1s the perpendicular drawn

to the base from the opposite
angular pomnt

Thus, in the A ABC, BC may

Y D C be regarded as the base, and 4D
7 " as the height

A

PROPOSITION III
20 70 find the area of a triangle, having given it base and

A - haght
E F Let ABC be a triangle
| Let its base BC and 1its
' height 40 measure 4 and /%
er of the same linear unit respec-
/ tively It 1s requred to find
(3 the area of the triangle 1n terms
B bt G,of & and / ¢
D> L Construct a rectangle ZC
on the same base BC, and of the same height 4.0
Now, since—
area of A ABC = ¥ area of rectangle £C Euc I 41
area of AABC =14 x BC X CF §vo
=4 X BC X AD
=% X b X / square units

L ]
Hence rule—

Multiply the number of any hnear umt in the base of a triangle
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J’J, 2 Isosceles right-angled friangle
Y

¢

v

\
Q‘f\ angle are equal to one another
3}
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by the number of the same linear wmt in the heght, then half the
product will ge the number of the corresponding square umt in the
area

Or briefly—
The area of a triangle = { base X height
A =1bh ()
2 X area
the height of a triangle = _base
=248 n
=5 ()
2 X area
and th =
n e base of a triangle height
=24 111
b= ()
PARTICULAR CASES. -
21 1 Right-angled triangle B
Let ABC be a right-angled triangle |
having a night angle at C i
Then, if 4C be regarded as the N
base of the triangle, BC will evidently @
be 1ts height E
Now, area of | _ | i
any tnangle } = % base x height § 20 L g = U

area of tnangle ABC=1%x AC X BC
area of any right-angled triangle = § X (product of sides con-
tamning the right angle)

N \h = Yab square units
N
Here the sides contaiming the nght

That s, e =4
Hence—
Area of any 1sosceles right-angled triangle
=4 X (square of one of the sides con-
~ taining the right angle)
= %4° square units

\ §\VV3 Equlateral triangle.
Q/’p,}/ Let ABC be an equilateral triangle

Let each side of the tnangle measure @ of any umit of length
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c Then we know by § 14 that the
height of the trnangle will meagure
0*2/3 of the same umt of length

Now, area Of} = } base X height § zo

any triangle
area of equilateral triangle 48C

=%¥Xax d—;/—‘g square units

_ V3
4

—-_-_-avz’----_-_

B 2@? square units

ILLUSTRATIVE EXAMPLES

22, Example 1 —The base of a triangle 1s 4 yds 2 ft, and 1its
height 1s 5 ft 9 ;In  find 1ts area

square yards, etc

5 Area of triangle = 362 sq ft § 20
& where 6 = (4 X 3 + 2) = 14,
i and 2 = 5%,

T TT4ids 2ft -- -- s areaoftnangle =4 X 14 x 5§ sq ft

= 4 sq

= 4sq yds 4sq ft 36sq 1n
' Example 2 —The area of a triangle 1s 3 ac, and 1ts height 1s 3 ch
75 lks . find its base

Base of triangle = 2 7 4 ch § 720
where 4 = 3 X 10 = 30,
and 2 =375,
- X 30
b ft le = ==~ ch

E ase o1 triangle 6:2)75 C
,§’ =-—ch

375

=16 ch

Example 3—In a nght-angled triangle the area 1s 1 ro 20sq po,
and one of the sides containing the
nght-angle 1s 66 yds  find the
other side

Area of nght-\| _ Y
angled tnagngle} = $absq yds §ar
where & = 66,

2 xarea 24 4
¢= T4 TG
Ir 20 Sq po where 4 = gloi?so + 20) x 30}
- ¢
the other side = 235—6-2%1&% yds
T goyds = 55 yds.
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Example 4 —Find the side of an equilateral triangle whose area
measures 3 ac
Area of eqmlateral} W 3a2 sq ch § 21

triangle
4 X area _ 44

Vi W3

2

a

wheie 4 =3 X 10,

the side of the | _ X 3X 10
equilateral mangle} - \/ 4 3/:," ch 3 acres

~
=38 32 ch

Example 5 —From a point within
an equilateral triangle perpendiculars
are drawn to the three sides, and are
6, 7, and 8 ft respectively find the
area of the triangle

Let each side of the triangle mea-

sure « feet

Then—
Area of \ _
trlangle} =} 2a6+1ay

+3 @ 8)sqft §20
21a
= "—'sq ft
%3
But area of equllateral trianglce of side a ft = - 4 sq ft § 21
aty/3 _21a
4 2z

2
a=2 =143

Hence area of titangle = *-"¥22

Example 6 —Find theside of the greatest
square that can be cut out of a right-angled
triangle whose sides measure 28, 45, 53 ft
respectively, in such a way that an angular
point of the square lies on the hypotenuse
of the triangle

Let each side of the square measure x ft

Now, if A BC be the triangle, and DFCE

the square,

<

E

" AE will measure (45 — 1) ft E

BF ’ (28 — x) ft !

Hence A 4£D , ” % (45 — 2)x

sq ft §20 |

and A BFD ,, ’ 3 (28 - 2)r |
“sq ft §20 CTo-=- 98- F'""-----B

C
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Thus we have—
3 Ws—-—r+3 B-r+22=1 28 45 3
73% = 28 x 45
x = 17}%%

Hence side of square measures 1733 ft

PROPOSITION 1V

28. 70 find the area of a triangle, having grven its three sides

Let ABC be a triangle

From 4 draw 4D perpendicular
to BC

Let BC, CA, AB, AD, BD
measure &, &, ¢, %, p of the same
linear umit respectively It 1s re-
qured to find the area of the

L ¢ triangle 1n terms of &, 4, ¢
8 d D Now, since—
area of any triangle = } X base X height § 20

area of A ABC =% X BC X AD
=4 X a X /sq units

It 1s now necessary to express Z 1n terms of @, 4, and ¢
To do this we shall find 1t convenient first to determine g

Now, AD?* = AB* - BD? § 16
that 1s, 4% = % — p?
Also AD2 = AC* - CD? § 16,

thatis, 22 =02 — (@ —p)* ( CD = BC — BD).
—p=0 = (a = p)?
=" — a* + zap — p?
2ap = ¢ 4 a® — b

—[_)_'_az_[,z

2=
Again, Akt =t = pt . _ e
. /lz___[.’_(f:_'!'_‘_z__— )

_ (£ &+ a —bz)( + & -i—a2 - 152)
— (2 + al — 2¢a) % (2 + (,2 + 2ca) — &*
2a 2a .
—(c=a)3? (c+¢ a)‘ — b
2a
(11+t:—a)(b-—t-{-a)(c-l—a—'b)(c-{-a-!—&)
4a*
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SNOW put s = T 2+ ¢
sothats—a:q—t["}'[—a:])i:_‘?
fopmatlbe_, ot
;_5247"7,2’_"“_[:‘_’.‘,‘;2‘“5
and /,zzb:';: el ”tz:_f' fi‘;:? ‘_’i’f_t‘x%

#=(s = a)s = s = b)s x *
= VG =a)(s = b)(s — o)

¥ p
area of Y romy Y
trfaelzg?e .f =L1ha sq units = 4/ s(s—a)(s —&)(s—c) sq umts

Hence rule—

Subtract each side of a triangle separately from the semi-perimeter,
multiply together the numbers of the same hnear unit 1n each of the
three remainders thus obtaned and in the semu-perimeter , then the
square root of tus continucd product will grve the number of
the corvesponding square unit in the area

Or briefly—
Area of triangle

_ \/g sum oé’ sides N (sum of sudes _ first s1de)

2

( 9-“““’——%—31—‘195 — second sm’le)

% ( surrg_qgsl[i_qs — thard sude) §

A~ Js(s — a)(s — b)(s — ¢)

Note —When the expression s(s — a)(s — &)(s — ¢) 1s 1 perfect
square, 1t 1s possible to write down 1ts square root from inspection,
by resolving 1t into factors

Thus—
V3384 = 27)(54 — 36) 54 — 45) = A/54 X 27 X 18X 9 o
=/9X3X2X9X3X9%FKI
=Q90XQgX3X2 .
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PARTICULAR CASES
24 1 Equlateral triangle “

Here the three sides are equal
Thatis,e =6 =¢
=32

2
Hence area of equilateral triangle

Vi e

sq umts

‘ a a a a
/ \\/= ¢ ¢ 2 2 sqQ units
7 \ 2 2 2 2

"""" D@ snsm e «/3

=—24% sq units

Thus result has been prev1ous]y obtamned 1n § 21
2 Isosceles triangle
Here two sides are equal
That 1s, @ = &
_ ¢+ 2a

2
Hence area of 1sosceles triangle

_ \/¢+ 2q 1’:1;,,%{’ —a (724’;0_ )(H_ * ')

Sq umts
c+2¢ ¢ ¢ 2a-—c¢
= —— -  Z——"sq units
2 2 2 2

= 2J4a2 — % sq units
3. Right-angled triangle
Here ¢ = 4/a®> + 0%, if ¢ 1s the measure of the hypote-
nuse §1
_atb+ Vet
2
_Na b +b—a
e =

_ Vet ta=b

2
a+ b= Jat+ b
......... @ - - s = -

2

-
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area of nght-angled triangle o
Y RN Y BV e

2 2

Ve + (=0 x vai+6t = (b= a) } sq units

2

2
\/ {mb zz;zg
= —— —— ¢ 8q units
4 4 ’
ab

17
=, sq units

This result has been previously obtained n § 21

ILLUSTRATIVE EXAMPLES
2b FExample 1 —Find the area of a triangle whose sides ate 51, 37,
and 20 yds respectively
Area of triangle = 4/s(s — a)(s = b)(s — ¢)sq yds  §23
where a = 51,6 = 37, ¢ = 20, -
+ 20 ‘
K ::———*SI +A327—7 F— 54

ands —a@=54—5I =3
§—b=154—37 =17 - e - =81 - - -
§ —c¢= 54— 20 =34 _
arca of triangle = 4/54 3 17 34 sq yds
= 4/22 x 3¢ x 3¢ X 17¢sq yds
=2x3x3X17sq yds
= 306 sq yds
Example 2 —F1nd each side of an 1sosceles triangle whose area
measures 003 sq ch, and whose base measures 40 lks

Area of 1sosceles triangle = Z‘J4a2 — %sq lks § 24
But area of triangle = 003 sq ch = 300 sq lks, and ¢ = 40,

19/ 4a%— (40)2= 300
A/4a? = 1600 =30
4a? =9oo+- 1600

=2500 e
20=50 93 Sg cks
a=2j5
Hence each side measures --------"-=="-409 ks -~ """ B

25 s
Example 3 —A lawn 1s 1n the form of an isosceles triangle The
cost of turfing 1t came to Rs 600 at 6 annas per square foot If the
base be 72 ft long, find the length of each of the sides

Area of 1sosceles triangle = f—; A 4a? - c?sq ft § 24
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where @ = the number of feet 1n each side,
andc¢ = 72,

area of 1sosceles triangle = %2 \/4a% — (72)¢ sq ft

total cost of turfing ) f
cost of turfing a square foot sq ft

Now area of lawn = (
600 x 16

= ————-6—-‘—— sq ft
= 1600 sq ft
: 2 /TSGR = 1600
,3/4112—5184:1& :38_0
4a* — 3184 = 8ige00
4(11 = 840000 4. 5184
— 1059904
2a = 'iQEﬁ@ﬂI
= 1020 31+
a = 5719 +
______________ A ——— Hence each side of the lawn

measures 57 19+ ft

FEvample 4 —The sides of a triangle are 136, 125,99 1n respec-
tively find the distancc of the longest side from the opposite vertex

Area of triangle = /s(s = 2)(s = 8)(s — ¢) sq 1n § 23

an where @ = 136,
. 6 =125,
=99,
s=136+125+99
=18 B
and s —2 =18 — 136 = 44
___________ e s—0=18—-125=755

s§—c=18-99 =281
MI8 X 44 x 55 x 815sq n
4/3528 36 sq 1n
594 sq m .
= area of triangle § 20

area of triangle

o

Now, 3 x required dis- }
tance X longest side
aren of tniangle
longest side
4
1 x ”» ” = %’g—gln

» » = '569“34 mn

= 832 1n

Example 5 —The three sides of a triangle are 4}, 43, and 4% in
respectively  If the first side 1s given as 3§ in 1nstead of 4} in by

»~ # x required distance
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mistake, what will be the extent of the error :n computing the area of
the tgiangle ?

True area = 4/s(s —a)(s = 8)(s — ¢) sq 1 § 23
where @ = 4 25,
b6 =45,
c=475,
s=425 1451475
2
13
= ’
=675
ands —a =675 — 425 =25
§—=6=675—45 =225
$—c=675—-475=2
true area = 4/675 X 25 X 225 X 28q In
o~ = 4/759375s4
s = 8714+ sq

0’ ]
7S~ Computed area

(s —a)s = &)(s — ¢)sq m
where @ = 3 25,

6 =4s,
€ =475,
s=325+45+475
2
12
=—4~5=625
and s —a@ =625 — 325 =3
$~b6=0625—45=175
§—c=625 —475=15

.* computed area

v
4/49 21875 sq 1n
7 oI5+ sq 1n
true area — computed area
{(8714+) — (70154)} sq
169+ sq mn
Ezxample 6 —The sides of a triangle are in the proportion of the
s numbers 9, 10, 11, and the perimeter 1s 300 ch  find 1ts area correct
to the nearest square chain

Area of triangle = 4/s(s — a)(s — 6)(s — ¢&)sq ch  § 23

9%
o+ 10 + 11 < 3%

€error

mwnmw g nnn

where ¢ =

™

3

¢

S
T T
*

X
w
8
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/150 X 60 X 50 X 409 ch

= 4/100% x 52 x 32 x 22 x 25q ch ¢
=100 X § X 3 X 24/25q ch

area of triangle

Il
E
X
—
=
S
w
[f=]
2]
=
=1
o
&
=3
<

= 4242 sq ch nearly

Lxample 7 —What 1s the side of that equilateral triangle whose
area costs as much to pave at 10 annas a square foot as 1t would cost
to fence the three sides at Re 12 a yard ?

Let cach side measure x ft

J3

Then the area of the triangle will measure =~ sq ft § 21

IO x JL
4 )\/3 annas

cost of paving at 10 annas a sq ft =
Again, perimeter of triangle = 31 ft
cost of fencing at
Rs12 a yard or; = 4 X 32 Rs
Rs 4 a foot
= 16X 4 X 3x annas
But cost of paving = cost of fencing
10 x x%,/3
x*3 g -- UYL = 16 X 4 X 3r
- 9./t 4
128 /3

or x

il

5
128 X 173205+

5
4434+

i

Example 8 —The sides of a
triangle are 21 ft, 20 ft, and
13 ft respectively find the areas
of the tniangles into which 1t
1s divided by the perpendicular
upon the longest side from the
opposite angular point

Let 453C be a triangle ha.vmg
AB =21 ft, AC =20 ft, and

‘B BC=13ft
Then—
Area of triangle = 4/27 X 6 x 7 X 14 sq ft § 23
= 126 sq ft ¢
Again, if p ft denote the measure ot CO—
area of triangle = 4 X § x 21sq ft § 20
3 xp x 21 =126 ¢

? = 12
Again, let 4.D measure a ft

e
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Then a = 4/(20)% — (122 §16
=16
¢ Hence area of A ACD = 4 x 16 x 12sq ft § 20
= g6 sq ft

and area of A BCD = A ABC - A\ ACD

Examples—V A
Find the areas of the following triangles, maving—

1 Base 23 ft, height 16 ft (give the result 1n square feet)
2 Base 3 yds 2 ft, height 4 yds 1 ft (give the result in square yards and
square feet)
8 Base 4yds 1ft 91n,height 3yds 2ft 71 (give the result in square
yards, square feet, and square inches)
4. Base 13 ch 75 lks, height 9 ch 30 lks (give the result in acres)
Find the heights of the following triangles, having—
5 Area 72sq ft, base 16 ft (give the result in feet)
68 Area 52sq yds 18 sq 1, basc 8 yds 21t 3 n (gwve the result m
yards, feet, and inches)
7 Area 34 ac, base 8 ch 30 lks (give the result in chains and links)
8 Area 22 8 ac, base 936 lks (give the result in chains)
Find the areas of the following nght angled trnangles, having—
9 Hypotenuse 85 1n , side 68 1 (g1ve the result in square feet and square
nches)
10 Hypotenuse 4 yds I ft 61 ,side 2 yds I ft 41n (give the result mn
square yards)
11 ~Hypotenuse 7 ch 25 lks, side 6 ch 44 lks (give the result in acres)
12 Hypotenuse 4 yds Ift I1in,side 2 yds Ift I (give the result m
square yards, square feet, and square inches)

Find the areas of the following equlateral tniangles, having—

18 Side 17 ft (give the result n square feet)

14. Side 3'yds 2 ft 91n (give the result in square vards, squire feet, and
square inches)

156 Side 6 ch 40 lks (give the result in square chains)

Find the arens of the following triangles, whose sides are—
168 25, 17, 12 ft
17 132, 125, 37 lks
® 18 195, 354, 533 10
19 425, 267, 1258 ft
0 1001, 1540, 1617 lho
Y21 4,74 102¢ch
22 Find the equal sides of an 1sosceles triangle whose base measures 281,
and whose area measures 672 sq 1n
@3 If the sides of a triangle are 35, 44, and 75 ch, find the perpendicular
distance of 1ts longest side from the opposite corner
The penimeter of an equilateral tnangle 15 159 lks find 1ts area
95 Find the rent per acre of a trnangular field, which 1s let for Rs 402
month, if 1ts si®es measure 9 5, 22 8, 24 7 ch respectively
86 The area of an equilateral tnangle 15 24 sq ft = find the length of a

s1de correct to the nearest inch c 2
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Q7 The sides of a triangular piece of ground measure 455, 455, 784 yds
respectively find the number of trees which can be planted 1n 1t, 1f each tree
occupies 4'5q yds '

8 The sides of a triangle are n the proportion of the numbers 4, 5, 6,
and the perimeter 1s 195 ft  find 1its area correct to the hundredth part of

a sqénre foot
© The perimeter of an equlateral triangle measures as many yards as the

area of the equilateral triangle measures square yards find the length of a side

80 A plot of ground 1s 1n the form of an 1sosceles triangle If 1t cost
Rs 1000 at the rate of Rs 2 8 annas per square yard, and if each of the equal
stdes measure 40 yds , find the length of the base

81 lhe diagonal of a sqfare 1s three times the side of an equilateral
triangle find the ratio of the area of the square to the area of the triangle

Examples—V B

Find the areas of the following triangles, having—

32 Base 15 rasi, height 13 ras1 (give the result in bighas)

83 Base § rasi 8 lathas, height 4 rasi1 14 lathas (give the result in bighas
and biswas)

84 Base 4 ras1 12 lathas, height 5 ras1 16 lathas (give the result in bighas,
biswas, and biswansi)

385 Find the base of a nght-angled tnangle whose area measures 2 bighas,
and whose perpendicular measures 25 lathas

86 Find the height of a tnangle whose area measures I biswa, and whose
base measures § lathas

87 Find the base of a triangle whose height measures 2 rasi 4 lathas, and
whose area measures 5 bighas 8 biswas (give the result 1n lathas)

88 Find the area in bighas of an equilateral triangle whose sidc measures
3 raa

89 Find the area 1n biswas and biswans: of a triangle whose sides measure
14, 48, and 50 lathas respectively

Examination Questions—V.
A Allahabad Unwersity Matriculation

1 The sides of a triangle are 25, 39, 56 ft respectively find the perpen-
dicular from the opposite angle on the side of 56 ft

2. (2) What 1s meant by ““area’ ?

(6) The area of an acute-angled triangle 1s 336 sq ft, and the sides are

26 ft and 30 ft  find the base

8. The three sides 458, AC, BC of the triangle 4B8C are 6%, 75,and 77 ft
respectively  find the length of the perpendicular from 4 on BC ‘

The area of an equilateral triangle 1s 25 sq 1 find 1ts perimeter

6 Find the least possible length of fencing that can include a triangular
area of 10sq fl

68 A man observes the elcvation of the top of a tower to be 60° He then
walks a distance of 300 ft, takes a turn of a nght angle, and, after walking
400 ft more, finds he 1s on the other side of the tower, opposite to his original
posiion  The elevation of the tower 1s now found to be 30° find the height
of the tower

B Punjab Unrversity Matriculation

7 The sides of a tniangle are 13, 14, ard 15 ft  find the perpendicular
from the opposite angle on the side of 14 ft
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8 The sides of a triangle are 7, 24, and 25 ft respbctively find the area
9 Give the rule for finding the area of a tnangle in terms of s sides  The
51dé8 of a triangle are 2}, 3, 3§ ft  find 1n inches the area of the triangle

C  FPunjab Unwversity Middle School

10 Two sides of a trniangle are 85 and 154 ft respectively, and the pen
meter 15 324 ft  find the area of the triangle
11 The side of an equilateral triangle 1s 7 ft  find the arex

D Caleutta Unwersity  Matriculation

12 The sides of 1 triangle are 18, 20, and 22 respectively calculate 1ts
area to three places of decimals L4

13 The sides BC, CA, AB of the tnangle 4BC are 13, 12, and § re-
spectively, and D 1s the middle pont of BC find the aren of the triangle 4BC,
and the length of the line 4D

14 The area of a tniangular field 1s 2 ac 3 ch , the line drawn from the
vertex of the same perpendicular to the base measures 13 po or per  what 18

the length of the base line in chains and links ?
E  European Schools Final United Provinces

156 A house 42 ft wide has a roof with uncqual slopes, the lengths of
which are 26 and 40 ft  find the height of the ndge above the eaves
18 71he sides of 2 tniangle are 143, 407, and 440 yds respectively find the
rent of the field at £2 35 per acre
17 Find the area of a triangle the sides of which are 29, 493, and 507 yds
respectively
Y Madras Technical Elementary

18 71he side of an equilateral triangle 1s 10 ft  find the area in square feet
19 An equlateral triangle measures 362 5q ft find the length of one
ade

G Madras Teckhnical Inter mediate

20 Determine the area of a triangular plot of ground whose sides are
Sft, 1oft, 12 ft
21 An equilateral tnangle measures 1 ac  find the length of a <side n
feey
H  Roorkee Engincer Entrance

22 Find the arer of a trniangular field whosc sides are 1200, 1800, and
2400 lks (answer to be given in acres, roods, and perches)

3 An acre and a half of land, in the form of a nght-angled triangle, 1s
¢ivided nto two parts by a line which bisects the nght angle, and which
measures 824 yds  find the two areas

24 Find the area in acres, roods, and perches of a field whose sides are
848, 9oo, and 988 lks
256 What 15 the side of that equilateral triangle whose arca cost as much

paving at 87 a ft as ralling the threc sides did at a guinea a yard ? 2
26 Given two sides of an obtuse angled triangle which are 20 and 40 por, £

fiml the third <ide, that the triangle may contain just one acre of land

27 The sides of a tnangle are 51, 52, 53 ft ~ find the perpendicular from
the opposite angle on the <ide of 52 ft, and find the areas of the two triangles
nto which the onginal trniangle 1s divided

28 A reotangular field 15 1200 yds long and 115 yds broad find the
length of a fence running from one corner to the opposite side that will cut
off 3 ac of ground
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29 The sides of a {riangle are 1n the ratio of 13, 14, 15, and the perimeter
15 8§ 6ds find the perpendiculars from the angular points upon the sides
T'he sides of a triangular field are 191, 245, and 310 ft  find the ares
n acres

1 Roorkee Upper Subordinate Entrance

31 The three sides of 1 trniangle are 800, 500, and 1237 ks By some
mistake the third side was also put down as 500 nstead of 1237 what error
would that mistake occasion 1n the computed area ?

33 Find the area in acres, roods, and perches of a tnangle whose sides
measure 405, 378, and 351 ft

88 Whats the side of an efuilateral triangle which has as many square
yards 1n 1ts area as lineal yards 1n 1ts periphery ?

34 lhe sides of a tniangle are 4789, 3742, and 2987 ft  find the area mn

ards
Y 856 From a point within an equilateral triangle perpendiculars are drawn to
the three sides, and are 8, 10, and 12 ft respectively find the side and the
area of the triangle
A garden containing I ac 1s 1n the form of a nght-angled 1sosceles
tnangle A walk passing round 1t at 6 ft from the boundary wall occupies
one-fourth of the whole garden  find the width of the walk

87 The base of a triangular field 1s 1210 yds , and the height 1s 496 yds ,
the field 1s let for £248 a year find at what price per acre the field 1s let

8 The sides of a triangle are 1n the proportion of the numbers 13, 14, 13,
and the perimeter 1s 50 yds  find the area

89 The side of a square 15 100 ft , a point 1s taken inside the square
which 1s distant 6o ft and 8o ft respectively from the two ends of a side  hnd
the areas of the four triangles formed by jomning the point to the four corners of
the square

The sides of a triangle are 1137, 1259, and 1344 ft  find the area in
acres, roods, and perches

41 What 1s the area of a triangle whose sides are 165, 220, and 275 ft ?
I"ind the answer 1n acres, 100ds, and perches

1 Roorkee Engrineer Final

42 Fimnd the side of an equilateral triangle whose area 1s §5ac (give the
answer 1n feet)

43 The perimeter of an 1sosceles tnangle 1s 306 ft , and each of the equal
sides 15 § of the base find the area

44 A tnangular field, whose sides measure 375, 300, and 225 yds, 1s sold
for £8500 find the price per acre

45 The area of an equilateral triangle 1s 1943 737 sq ft  find 1ts side

48 The sides of a triangle, of which the perimeter measures 462 ft , are 1n
the ratio of 6, 7, and 8 find 1ts area

47 A tnangular field 15 let for £5 115 63, at the rate of £12 an acre
One side 1s 738 lks  find the perpendicular on this side from the opposite
angle

g48 Find the cost of pamnting the gable end of a house at 1s 94 per square

yard, the breadth being 27 ft, the distance of the eaves from the ground 33¢t ,
and the perpendicular height of the roof 12 ft

K Roorkee Upper Subordinate Monthly

49 The sides of a tnangular field are 350, 440, and 750 yd$ , the field 1s
fet for £26 55 a year find at what price per acie the field 1s let
50 The sides of a triangle are 35, 39, and 56 ft respectively find the
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L
areas of the two triangles into which 1t 1s divided by the perpendicular from
the epposite angle on the largest side
55 The paving of a trangular court came to £100, 1t Is 3¢ pur square
foot 1f one of the sides be 24 yds long, find the length of the other two
equal sides
62 The sides of a triangle are 15, 14, and 13 ft  find the area 1n square
links
63 One side of a tnangular court 15 98 ft, and the perpendicular on 1t
from the opposite angle 1s 63 ft required the cxpense of paving it at
Rs ég annas per square yard
The sides of a triangle are 1200, 1450, nd 1650 ft  find the nea n
square yards
B6 The sides of a triangle are 1115, 1750, and 1765 ft  find the area 1n
acres, roods, and perches
658 The sides of 2 tnangle are in the proportion of 13, 14, and 15, and
the perimeter 1s 70 yds  find the area
7 What must be the side of an equilateral triangle so that 1its area may be
equal to that of a square of which the diagonal 1 120 ft ?
68 A trnangular field, 363 yds long and 240 yds i the perpendicular,
produces an mncome of £36 a year at how much an acre 151t let ?
59 A field, whose three sides are equal, cost Rs §5 6 annas 9 pies turfing
at the rate of 5 annas per 100 square feet find the length of one of 1ts sides

L Roorkee Upper Subordinate Final

60 In a place where land costs £40 an acre, a triangular ficld was bought
for £300, of which one side measured 302 yds 1 ft 6 1n  what was the
height of this triangle 1n yards ?

M Sandhwui st

81 Find the area of an 1sosceles triangle whose base 1s 16 ft long, and
sides each 17 ft long
2 Find (correct to the thousandth part of an inch) the length of one of
the cqual sides of an 1sosceles triangle on 1 base of 14 1, having an area of
02 459 1M
N  Miltia Luerary

83 If the length of each side of an equilateral triangle were increased by
1 ft, the area would be increased by 4/3 sq ft find the length of each
side

O  Additiona’ Examination Questons —1V  (For Answers, see p 167 )

64 A person standing at 1 point 4 due south of a tower observes the
alutude of the tower to be 60° He then walks to a point B due west of 4,
and observes the altitude to be 45°, and again at a pomnt C 1n 45 produced
he observes the altitude to be 30° show that & 15 midway between A4 and C
(Calcutta Unmiversity I E Examination )

856 The sides of a triangle are 25, 101, 114 find the two parts into which
the longest side 15 divided by the perpendiculir from the opposite anglc
(Eeropean Schools Final U P)

88 The sides of a triangle are 17, 15, and 8 i rcspectively find the
length of the straight line joining the middle pomnt of 17 to the opposite angle
(Allahabad University Matniculation )

87 Find m acres the area of a triangle whose sides are 1§1,/6, 1014/ 24,
7254/4 yds respectively  (Punjab University Matriculation )

68 The medians of a triangle are 105, 156, 219 ft respectively find the
area of the triangle (European Schools Final U P)



CHAPTER VI
ON PARAILELOGRAMS

26 A paralledogram s a four-sided rectilineal figure having 1ts
opposite sides parallel
D E C The dragonals (or diameters) of a
parallelogram are the straight lines
joining opposite angular points
The side of a parallelogram
on which 1t may be supposed to
stand 1s called 1its dase
A F B  The keght of a parallelogram 1s
the perpendicular distance between
its base and the side opposite to the
base
Thus, in the parallelogram A4Z5CD,
AC and BD are the two diagonals AZ5
may be regarded as the base, £/ as the
height
When the parallelogram 1s equilateral
it 1s called a »kombus (see fig)  °

PROPOSITION V

27 7o find the area of a parallelogram, having grven s base
and haght

D c Let ABCD be a parallelogram

Let 1its base 45 and 1its height
EF measure b and % of the sate
\ linear unit respectively

bm It 1s required to find the area of
oo the parallelogram in terms of #and /
B Join AE and EB

b

- Ol s m

A
Now, since—
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Area of parallelogram 4BCD=2xarea of NAEB Euc I 41
s aga Ca ABCD=12 X % ABXEF § 20
= b/ sq units
Hence rule—

The number of any hnear umt wn the base of a paralllogram
multiphed by the number of the same linear unit in the haght gives
the number of the corvesponding square unt in the area

Or briefly—

The area of a parallelogfam = base X height

A = bh (1)
B _ area
the base of a parallelogram = height
A
_4a 1
b=3 ()
and the height of a parallelogram = ;522'
A
=4 1
h=7{ ()
W PARTICULAR CASE
28 Rectangle
Let ABCD be a rectangle D c
Then, if 4B be regarded as its
base, A C will evidently be 1ts height
Now, area of any parallelogram
= base X height § 27
area of rectangle ABCD =AB x BC
= length X breadth A 8

A=axb
Thus result has previously been obtained 1in § 8

ILLUSTRATIVE EXAMPLES

29 Example 1 —The base of a parallelogram 1s § ft, and 1its
height1s 2 ft 51n  find 1ts area in square inches

Area of paral- }=b}z sq m §27

s lelogram ,
where & = 5 X 12 = 60 b
and A=2 x 12+ 5 =29 N
. area of paial-\| _ ' e
lelogram } =60x295q M L 5 == -

= 1740 sq 1n
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Example 2 —The area of a parallelogram 1s 1932 ac  If its
base 1s 5 ch 60 lks , what 1s 1ts height ? «

Height of } _A

parallelogram | = 7 ch  §27
where 4 = 1932 X 10 = 193
1932 a and 6 = 56
height of 19 32
pirallelogram } T 56 ch
45 ch

" S5chs 60 lks---- -

PROPOSITION VI

30 70 find the area of a parallelogram, having qrven a draconal
and the perpendicular distance of this diagonal from either of the
outlying wves tices

Note —In any parallelogram, 1t may be pioved by geometry that
_the perpendiculais diawn from one pair of opposite vertices to the
" diagonal joining the other pair are equal

Let ABCD be a parallelogram

Let 1ts diagonal 4C measure
d of any lnear umt Let DE,
the perpendicular from D on AC,
measure p of the same linear unit

It 1s required to find the area
of the parallelogram in terms of

D A Jand p
Now, since—
Area of parallelogram ABCD =2 xareaof AADC Euc I 34
area ’ ABCD=2 x LAC x DE § 20
= dp sq units

Hence rule—

The number of any linear unit in the diqgonal of a parallelogram
multiplied by the number of the same linear unit in the perpendicular
distance of this diagonal from either of the outlying angular ponts
wves the number of the corvesponding square umt in the area

Or briefly—

Area of parallelogram d1ag6nal X perpendicular dis-

\ / tance of this diagonal from
PRI - eitherofthe outlying verticés
(L » A= d ('i)
area
diagonal = perpendicular distafice
a = A n)

p
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_ area
a.rgd perpen distance = diagonal
P = % (1)

PARTICULAR CASE

31 Rhombus

Let ABCD be a rhombus D C

It can be proved by geometry
that 1ts diagonals 4 C and 5D bisect
one another at right angles

That 15—

DF =3 DB=p

and if 4;, 7, express the measures of
AC and DA 1in terms of the same
linear unit—

= —;—DB = =
And area of rhombus = AC X DE § 30
=d, X LE square units
2

Hence rule—
Area of rhombus = % x product of 1ts diagonals

.A. = gdld;
ILLUSTRATIVE EXAMPLES

82 Example 1 —The area of a tract of country in the form of a
ogram 1s 200 ac, and the length of one of its diagonals 15 %

parallel
mile find the distance of this diagonal from either of the outlying
corners
L
* A
Required distance == yds § 30

where 4 = 200 X 4840,

and / = 880,

__ 200 X 4840
required distance = 8 yds

1100 yds
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Example 2 —THe diagonals of a rhombus are 56 lks and 33 lks
respectively find the length of a sidg
D .C In the rhombus 4 BCD let AC measure
56 ks, and BD 33 lks
Now because the diagonals of a
rhombus bisect one another at night
angles, § 31
n the A AEB—
L ALERB s a nght angle
AL =3} AC =28 lks
BE =#% BD =165 lks
Hence—

AB = /(28)% + (16 5)¢ Iks §16
= 325 lks

Example 3 —The side of a rhombus 4BCD 1s 18 ch, ind one of
its diagonals B0 1s g ch  find the other diagonal, and the area of the
rhombus

. AEDB 1s a nght-angled triingle, § 31
AE = / AB-=BE? § 16
. = /s —(2)ch
D 1296 — 81
. = =0 T ol h
2 c \/ Ta
E _ 4/}’.2!2 ch
A 78 Chams— B = 3486
AC = 34 856 ch
Again—
Area of rhombus = #4,d, sq ch § 31
where 4, = 9,

and &, = 34 856
area = 156 85 sq ch

Example 4 —The perimeter of a rhombus 1s 146 in, and one of
its diagonals 1s 55 1n find the othér
D C diagonal
Let ABCD be a rhombus 1in which
AC measures 55 1n , and let its perimeter
measure 146 1n
Then A8 measures 36 5 1n ¢
and AE » 2751
BE =% BD = \AB'~AL* §16
= ~/(36 572 = (27 5§ n
AT 7%6n- - -B =24
+ Hence other diagonal = 48 in
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Example 5 —A parallelogram, the lengths o} whose sides are
12 fte and 8 ft, has one diagonal
1o ft long find the length of the D c

other diagonal y
In the parallelogram ABCD, S/.ff _
let AB =12 ft, AD =28 ft,-BD o 2
=10 ft Y
From D and C draw DFE and .
CF perpendiculars on 48 and 4B N
produced respectively A oo E-/2-----=- B F
Now— *
DB?=DA*+ AB* -2 AB AL Euc II 13
Also—
ACP =BC*+ AB*+2 AB Br Luc IT 12

Therefore, 1dding, we get—
DB+ ACt =2 AD?+ 24AB% (since AE = BF)
Hence, if 4C mcasure x ft —

22 =12x (8)+4 2 x (12)% — (10)?
= 128 + 288 — 100
= 316

x = 4/316
= 17776

Hence other diagonal measures 17 776 ft nearly

PROPOSITION VII

38 70 find the area of a parallelogram, having grven a diagonal
and two adyacent sides
Let ABCD be a parallelogram e i b . .C
Let 1ts diagonal 4C measure & P
of any linear umt Let its two ad-
jacent sides 40, DC measure @ and
4 of the same linear unit respectively
+  Then a and 4 will also denote the
measures of BCand 48 Euc I 34 ' B
It 1s required to find the area of
the parallelogram in terms of a, 4, and &
Now, since—
Area of parallelogram ABCD=z2xarea of AADC FEuc I 34

aYea of parallelogram A BCD =2 X 4/ s(s—a)(s—0)(s —d) séq units
23

Hence rule— .
The arca wf a parallelogram is equal to tunce the area of a

triangle having for its sides a diagonal of the parallelogram and any
two of its adyacent sides



52 Elementary Mensuration

ILLUSTRATIVE EXAMPLE ¢

84 Example —Find the area of a parallelogram of which a

diagonal measures 65 in, and of which two adjacent sides measure
701n and 75 i respectively

Area of parallelogram = 2/5(s — a@)(s — &)(s — d) sq m  § 33
; where @ = 70,
=75
d=6s5,
5 = &t7}+ 65 = 105§
and s — @ = 10§ — 70 = 33
e/ §— 6 =105 —75 =30
" /’Io

. é

. _s-d=105-65= 40
area of parallelogram = 2 x ,/105 x 35 X 30 X 40 sq 1n
=2x 452 x 72 x 32 ¥ 10* x 2¢s5q
=2 X 2100sq In
= 4200 sq 1n

1

Examples—VI A

Find the areas of the following parallelograms —
1 Base 24 ft, height 13 ft
2 Base 5 yds 2 ft, height 9 yds 1 ft

8 Base 15 46 ch, height 12 72 ¢h

Find the bases of the following parallelograms —
4 Area 256 sq ft, height 32 ft

6 Area23sq yds 8sq ft, height 14 yds 1 ft
6 Area 1 ac, height 3 8 ch

Find the areas of the following parallelograms —

7 One diagonal 5 ft 8 1n , perpendicular aistance of this diagonal from
/ (1" arther of the outlying vestices, 2 ft 3 m
Vi
J 1

8, One diagonal 15 ch 36 lks , perpendicular distance of this diagonal
from either of the outlying vertices, 7 ch 54 lks (express the result in acres)

8 The area of a parallelogram measures 15 sq yds, ind one of 1ts diagonals
measures 7 yds 1 ft 61n find the distance of this diagonal from the outlying
vertices

.

10 Find the perimeter of a rhombus whose diagonals measurc 3 ft 6 1n
and 2 ft 9 1n respectively

11 Find the cost, at 4 annas 6 pies a square yard, of turfing a plot of
ground 1n the form of a parallelogram whose base measures 62 ft , and height 6 ft
-{. 12 Find the area of a rhombus whose perimeter 1s 248 in, and one of
whose diagonals 1s 1041 7
18 The side of a rhombus 1s 65 ch , and one of its diagonals 15 112 ch
find the length of the other diagonal .
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° Examples—VI B

Find the areas of the following parallelograms —

14 Base 20 rasi, height 16 ras1

15 Base 10 ras:1 6 lathas, height 32 lathas

16 Base 8 3 rasi, height 6 8 rasi

17 Yind the base of a parallelogram whose area measures 2 bighas, 1nd
whose height measures 3 rasi 6 lathas

18 Find the area of a parallelogram, one of whose diagonals meswmes
21251 8 lathas, and the perpendicular distance of this diagonal from one ot the
outlying vertices measures 10 lathas

9 Find the area of a rhombus whose diagonals measure 15 lathas and

13 lathas respectively

Examination Questions—VI

A Allahabad University Matrculation

1 'lhe dirgonals of a thombus are 6 ft and 8 ft find the sile and the
height

B Calcutta Unwversity  Matriculation

2 The diagonals of & rhombus are 72 and 96  find 1ts area and the lengths
of 1ts sides

C  Madras Zechmical  Elementary

3 Each wide of a thombus 15 330 ft , and one diagonal 15> 500 ft  find the
arc 1 of thc rhombus 1n acres and cents

4 Find the area of a rhombus 1n squarc feet, the diagonals bung 160 ft
and 100 ft

B The area of = mat 1n the form of 1 rhombus 15 8 sq yds , and the pert
meter 15 36 ft  find 1ts perpendiculn breadth

D Ewusopean Schools Fmal — Unted Provinees

6 The sem diagonals of a rhombus are 8 and 16 in respectively find
the area of the rhombus, and also the length of its side

E  Roorkee Enginecer Entance

* 7 "lhe area of a rhombus 1s 120,000 ft, and the side 400 find the
diagbnals

T Roorkee Upper Subordinate Entrance

8 The diagonals of a rhombus are respectively 40 and 60 yds find 1ts
area, perimeter, and height

9® The dirgonals of a rhombus are 88 and 234 ft respectivcly find the
area wfind also the length of a side and the height of the rhombus

G Roorkee Engincer Final

10 The side of a rhombus 1s 36 ft , and one of 1ts diagonals 15 18 ft  find
the other diagona? and the area of the figure

11 The side of a rthombus 1> 20, and its longer diagonal 1s 34 64 find the
area and the other diagonal
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'

H * Rooskee Upper Subordinate Monthly

12 The area of a rhombus 1s 354,144 sq ft , and one diagonal 1s 642 ft
find the other diagonal, find also the length of a side, and the height of the
rhombus

18 The diagonals of a rhombus are 60 ft and 45 ft respectiely find its
area, find also the length of a sidc and the height of the rhombus

The side of a rhombus 15 20 ft , and 1ts shorter diagonal 15 three fourths
the longer one  find 1ts area

I Additwonal Examenation Questons — V7 (For Answers, see p 168 )

156 The diagonals of a rhqgnbus are 4 ft and 1 ft 2 1n. find the sides and
the area  (Allahabad University Matriculation )

18 A field 1s in the form of 1 rhombus whose diagonals are 2870 links
and 1850 links find to the nearest penny the rent at £4 10s 64 an acre
(Calcutta University F E Examination )

17 The diagonals of a rhombus are 80 and 60 ft respectively find the
area, length of side, and height of the rhombus  (Roorkee Upper Subordinate
Fntrance )



CHAPTER VII

ON ANY QUADRILA TERALS

35 A guadrilateral 1s any figure
bounded by four straight lines
When two of the sides of a
quadrilateral are parallel to one
another, the figure 1s called a

tr apezoid (see fig )
The perpendiculars drawn from two opposite angular points
of a quadrilateral to the diagonal

joining the remaining angular J 1/

points are called the gffsefs from /I\
that diagonal to thosé angular

. \l/

i,mul/,/,’

Thus 1n the quadnlateral
ABCD, DF and BE are the
offsets from the diagonal 4C to
the angular points 2 and B

PROPOSITION VIIIL

36 70 find the area of a quadrilateral, having grven a diagonal
and ils offscts to the outlying angular points
Let ABCD be a quadn-
lateral
Let 1ts diagonal 4 C measure
d of any limear unmit Let DF
sand ABE, the offsets from this
diagonal to D and B, measure
p1 and g, of the same linear unit
respectively
It 1s required to find the
area of the quadrlateral n
ternms of 2, ,, and 2,
Now, since— D
Aiea of quadnlateral ABCD = area of A ADC+areaof A ABC
ABCD =} DF AC+% BE AC {20
=(p d+% p. d)sq unts
= 4d(p, + £;) sq units

" » "
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Hence rule— *

Multiply the number of any hnear unit in the dragonaleof a
guadrilateral by the sum of the numbers of the same linear wmt in
the offsets from thus diagonal to the outlying angular ponts, then
half the product will grve the number of the corresponding square unit
11 the area

Or briefly—

Avea of a quadrilateral = } diagonal x (sum of
¢ 1ts offsets)
A=1 d@ +p) (1)
2 X area
a diagonal of a quadrilateral = sum of 1ts offsets
_2XxA (u)
P+ P
Vote —1f the diagonal falls outs:de the figure, the rule evidently becomes
Area of quadnlateral = ¥ diagonal x (difference of 1its offsets)

PARTICULAR CASES

s 87 1 Parallelogram
A Here the offsets from a diagonal
(‘P to the outlying angular powmts are
equal to one another § 30
Thatis, py=p,=p

Now, area of any quadnlateral = ‘?d(pl + #,) sq units § 36
area of parallelogram = 5 2(p -+ p) sq units
= dp sq units

This result has been previously obtamed 1n § 30

2 A quadrilateral whose diagonals cut one another
at right angles

D c Let ABCD be a quadnlateral whose

diagonals 4C and BLD cut one another
at night angles :

Let &, 4, be the measures of the
diagonals 4AC and BD, both expressed
in terms of the same umt The sum
of the offsets from one diagonal, 4C,
evidently makes up the other diagonal,
BD .

B That 1s, p, + g, = &,
Now, area of any quadrilateral = 1d(p, + #,) sq umits  § 36.
area of quadnlateral 4 BCD = é d,\d, sq unitg
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ILLUSTRATIVE EXAMPLES

as’ Ezample 1 —In a quadnlateral 4BCD, the diagonal AC
measures 2 ft 9 n, and the off-
sets from this diagonal to 5 and
D measurc 1ft 7m and 1110
respectively  find the area of the
quadrilateral

Aren of _
quadn]atcral}_% lﬁ(ﬁ ! +*§%6sq
where d=2 x 12 + 9 = 33,

and p;=1 x 12 + 7 = 19,

and p,= 11,
area of | _
qu'ldn]atem]}_5 1::)13(19 + 11)sq
=% 33 30sq m
=495 sq 1

=3sq ft 63sq n
Example 2 —In a quadrlateral ABCD,the sides 4B, BC, CD,
DDA measure 20, 13, 17, 10 lks respectively, and the diagonal AC 21
lks  find the area of the quadrilateral

Area of quadrilateral = area of A ABC + area of A ACD

V27x14x7%6 5q 1ks +4/24X14X7 X3 sq
lks § 23

126 sq lks + 84 sq lks
210 sq lks

i

PROPOSITION IX
39 70 find the area of a trapesord, having grven the parallel
sides and the perpendicular distance between them
Let ABCD be a trapezoid
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Let 1ts parallel sides 48 and DC measure @ and & of the
same linear unit respectively Let DZE, the perpendicular dis-

D 3 tance between them,

e - C measure %~ of the same

linear umt

It 1s required to find
the area of the trape-
zoid 1 terms of a, 4,
and /%

Join AC

Now, since—

Area of trapezoid = area of A ACD + area of A ABC
”» ’ =% .DCXDE-*—% AB x DE § zo0
= (% ok + %akh) sq units
=4 (a+ 6)4sq umts

S i

Hence rule—

Multiply the sum of the numbers of any lhnear umt in the
parallel sides of a trapezord by the number of the same Lnear umt in
the perpendicular distance between them , then half the product will

Swve the number of the corvesponding square umt in the area
Or briefly—

The area of a trapezoid = 1 sum of parallel sides
x distance between them

A = }(a 4+ b)h (1)
,  the distance between the } _ 2 X area
),/ parallel sides of a trapezoid | — gum of parallel sides
J/ s n=_2A ()
a+b

If a ning b:e cut across at any point 1n 1ts outer circumference

el ——

and then straightened out, 1ts surface may be seen to be that of a
trapezord, whose parallel sides are the mnner and outer circum-
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ferences of the ring respectively, and whose distance between the
parallal sides 1s equal to the width of the ring

ILLUSTRATIVE EXAMPLES

40 FExample 1 —The parallel sides of a trapezoid are 357 yds
and 4 62 yds respectively, and the

distance between them 1s 2 93 yds == — — e
find the area of the {rapezaid. i # 62yds " - 25 Ja/
Area of \ _ H -~
trapezmd}"ﬁ(a-l'é)h sq yds §39 ]
wherc @ = 3 57, ':' /
b =462, i
=293, N
wrea of| _ . !
trapesond | = L S T e

=1199835 sq yds
Lxample 2—The parallel sides ot a trapezoid are 24 and 5z ft,
and the other sides are 26 and 3o ft
find the area D_
Let ABCD be the trapezoid, so i/
that DC = 24 ft, AP =52 1t, DA =
26 ft, CB = 30 ft
Through C draw C/A parallel to
DA, and CF perpendicular to A5 E F
Then EB=AB-AL=(52—24)t A =527 -
= 28 ft
Now, area of A £BC = Js(s — a)(s — 6)(s — ¢) sq ft §23
where @ = 26,
b = 28,
¢ =30,

_24 -_.‘(%

—p

s=42 ® ¢

area of A\ EBC = /42 ¥ 16 X 14 x 125q ft

. = 336 sq ft
s Also CF = 221 ft § 20
where A4 = 336,
and 6 = 28,
CF = 8¢ ft
= 24 ft
¢ area of trapezoid = §(a + 6)% sq ft
where a = 24,
b =352,
h=24, ,

area of trapezoid = 3(24 + 52) x 24 sq ft
= 912 sq ft
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Ezxample 3 —Find the area of a plane circular ring whose outer
and nner circumferences measure 50 26544 in and 43 98226 1n “espec-
tively, the width of the ring being one inch

43 98226 "
g —
S0 265¢4-~
Area of ring = area of trapezoxd § 39
=13(a + 6k sq n §39
where @ = 50 26544,
b = 43 98226,
k=1, s

area of ing = 1(50 26544 + 43 98226) sq 1n
>~ = J_i X 9424770 sq 1n
= 47 12385 sq 1n
41 The area of a quadrilateral inscribed mn a circle may be
expressed 1n terms of the four sides, thus

Area of quadnlateral = /(s — @)(s — &)(s — ¢)(s — ) sq units

where @, b, ¢, d are the measures of the sides, all expressed 1n
terms of the same unit, and—

J_gil;_j—_/—{-d
2

The proof of this formula depends upon the fact that the
opposite angles of any quadrlateral inscribed n a circle are
together equal to two right angles Euc IIT 22

ILLUSTRATIVE EXAMPLE
42 Example —The sides of a quadnlateral inscribed 1n 2 circle
are 75, 55, 60, and 40 1n  find 1ts area

élf;dff b= V= @G s=a)
sq 1n

§ 41
where ¢ = 73,
4 =55,
¢ = 60,
d= 40,
2
= 115
AR — area of \ _ e
» quadrilateral } = /40x60x 55 %75
sq n_
= 360,/110sq 1n

3146 sq 1n nearly
21 85 sq ft nearly

i
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Examples—VII A
Find the areas of the quadnlaterals whose dimensions are as follows —
1 Diagonal 213 ft, offsets 97 and 103 ft
2 Diagonal 5 yds 2 ft, offsets 1 yd 2 ft and 2 yds 1 ft
8 Diagonal 9 ch 12 lks , offsets 4 ch 23 ks and 5 ch 56 lks
4 Diagonal 12 ch 22 lks, offsets 7 ch 13 lks and 8 ch 24 lks

Find the areas of the trapezoids whose dimensions are as follows —
& Parallel sides 57 and 83 ft , perpendicular distance 16 ft
8 Parallel sides 4 yds 1 ft and 3 yds 2 ft, perpendicular distarfce 2 ft
7 Parallel sides 4 ch 18 lks and 7 ch, pe pendicular distance 78 lks
8 Parallel sides 9 ch 14 3 lks and 74 5 lks, perpendicular distance 2 ch.

Find the perpendicular distance between the parallel sides of the trapezoids

having the following measurements —
9 Area 340 sq yds, parallel sides 30 ft and 18 ft

10 Area 62 ac 3 ro, parallel sides 30 ch and 20 ch

11 A field 1s1n the form of a trapezoid , 1ts parallel sides are 9 ch 50 lks
and 8 ch 50 lks , the perpendicular distance betwecn them 15 11 ch 2§ lks
find the rent at Rs 23 per acre

12 Find the cost of paving a courtyard in the form of a trapezoid whose
parallel sides measure 20 yds 2 ft and 17 yds 1 ft respectively, and the
perpendicular distance between them 10 yds , at 7 annas per square foot

13 Find the cost of a four sided piece of ground, if one of 1ts diagonals
measure 7 ch 36 lks, and if the offscts from this diagonal to the opposite
angular pomnts measure 4 ch 23 lks and 6 ch 19 lks respectively, at Rs 300

er acre

P 14 Find the rent of a four sided field whose diagonal 15 16 ch 35 lks,
and whose offsets are § ch 20 lks and 7 ch, at Rs 40 per acre

16 The rent of a four-sided field 15 Rs 693 A diagonal of this field
measures 6 ch 60 lks, and 1its offsets to the opposite angles measure § ch
10lks and 3 ch 30 lks respectively find the rent per acre

18 A room 1s in the form of a trapezoid, whose parallel sides measure
35 ft 71 and 24 ft 5in respectively The perpendicular distance between
these sides 15 18 ft  What length of matting # yd wide will be required to
cover the floor ?

17 Find the area of 2 quadnlateral whose diagonals are 5 yds 1 ft g n
and 6 yds 2 ft 6 1n respectively, and are at nght angles to one another

18 The difference between the two parallel sides of a trapezoid 1s 8 ft , the
perpendicular distance between them 1s 24 ft, and the area of the trapezoid 1s
312153 ft  find the two parallel sides

Find the area of a quadrlateral inscribed 1n a circle whose sides measure ., J

36, /7, 75, and 40 lks respectively

Examples—VII B

Find the areas of the quadnlatcrals whose dimensions are as follows —
20 IDagonal 18 rasi, offsets 15 ras1 and 21 rast
21(‘ Diagonal 3 ras1 8 lathas, offsets 2 rasi and § ras1 6 lathas

Find the areas of the trapezoids whose dimensions are as follows —

22 Parallel sides 23 ras1 and 37 rasi, perpendicular distance 36 ras
28 Parallel sides 6 rasi 14 lathas, 4 ras1 12 lathas, perpendicular distance
3 rasi 4 lathas ’

Find the perpendicular distances between the parallel sides of the trapezoids
having the following measurements —

)
j/)

.

V
2 1/“/«)/

|)//1])
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24 Area 3 bighas 10 biswas, parallel sides I rasi 15 lathas and I ras:
lathas

5 25 Area 5 bighas 15 biswas, parallel sides 2 rast 10 lathas ana 1 rasi
15 lathas

BExamination Questions—VII

A Allakabad University Matriculation
1 The sides of a quadnlateral mnscribed m a circle, taken 1n order, are 25,
39, 60, and 52 ft find the area of the quadrilateral
92 The oppostte sides of a quadnlateral are parallel, and the distance
between them 15 7 ch 5olks @ 1f the area 15 6 75 ac, and the length of one
of the parallel sides 1s 10 ch 30 ks, find the length of the other

B Puniab Unwersity Matriculation
8 Prove the rule for finding the area of a trapczoid

C  Puanjab University Maddle School

4 ABCD 1s a quadnlateral Each of the angles 45C mnd DAC 15 a
nght angle, the followmg lengths are in feet A5 = 112, CD = 175,
DA = 105 Iind the area

6 The sides of a quadrlateral, taken 1n order, are 5, 12, 14, 1nd 15 ft
respectively, and the angle contained by the first two 15 a nght anglc  find the
area

8 In a quadnlateral 4BCD, AC =13 ft, BD =12 ft , AC cuts BD at
right angles find the area

D Zuropean Schools Final United P)ovinces
7 The sides of a quadnilateral are 75, 75, 100, 100 ft respectively, and 1t
can be mscribed 1 a circle  find 1ts area

8 Ina trapezoid the parallel sides are 14 and 20 yds respectively, and the
perpendicular distance between them 1s 12 yds  find the area of the trapezord

E  Madras Technmical Elmentary

9® Find the area of a trapezoid whose parallel sides are 1000 ft and
1500 ft , and the distance between them 100 ft

F  Roorkee Lugineer Entrance

10 A field 1s 1n shape a trapezoid, whose parallel sides are 6 ch 75 1ks ,
and 9 ch 25 lks 1if the area be 2 ac 3 ro 8 per, find the shortest way
across the field 1n yards P

11 A field mn the form of a quadnlateral, 45CD, whose sides taken in
order are respectively equal to 192, 5§76, 288, and 480 ft, has the diagonal 4C
equal to 672 ft  find the area 1n acres, roods, poles, etc

12, One diagonal of a quadrilateral which falls without the figure 1s equal
to 30 yds, and the difference of the perpendiculars upon 1t from the remaining
angles of the quadnlateral 1s 14 yds  find 1ts area

G Roorke. Upper Subordinate Entrance '

13. Find 1n acres the area of a quadnlateral whose diameter 15 19 3 ch,
and the perpendiculars on which, from the opposite angles, are 13 5 ch and
18 75 ch respectively 1 chain = 66 ft

14. Find the area 1n acres of a field ABCD AD =t220 yds, BC =
265 yds, AC = 378 yds, and the perpendiculars from D and B meet the
diagonal mn £ and #, so that 4£ = 100 and CF = 70 yds
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156 AC s the diameter of a circle and a diagonal of the mscribed quadn
lateral 4BCD , given AB = 30, BC = 40, CD = 10, find 4D and the area
of the dhadnlateral

18 How many square yards are there 1n a trapezoid, the parallel sides of
which are 157 6 metres and 94 metres, and the perpendicular distance between. +
them 72 metres? I metre = 39 37 1n -

17 The area of a trapezoid 15 475 sq ft, the perpendicular distance
between the two parallel sides 1s 19 ft hnd the two parallel sides, therr
difference being 4 ft

8 Calculate the area of a trapezoid, the sides of which, taken in order,
are 13, 11, 15, and 25, and the second parallel to the fourth

Y Rooriee Engineer  Monthly

19 1llow many square yards of paving are there in a quadrangular court
whose diagonal 15 54 ft, and the perpendiculars on 1t, from the opposite
corners, 25 and 1731 ft respcctively

20 A trapezoid, with parallel sides of lengths as 3 41s cut from a rect-
angle 12’ X 2’,s0 as to have an area of one-third of the latter find the lengths
of the parallel sides

1 Roorkee Engineer Final

21 The parallel sides of a trapezoid are 55 and 77 ft , and the other sides
are 25 and 31 ft find the area

22 Two of the four hedges of a field are parallel, and 1000 yds and
936 yds respectively A man standing midway between these parallel hedges
observed that a horse he was lunging, with 25 yds of rope, mn crossing the
shortest line from his station to either parallel hedge, bisected 1t required area
of field 1n 1cres

23 A quudnlateral ABCD  Find area 1n acres and decimals of an acre
AB = 300 yds , BC = 350 yds , CD = 700 yds, D4 = 650 yds , AC =
400 yds

Y Roorkee Upper Subordinate Monthly

24 The sides of a quadnlateral, taken in order, are 8, 8, 7, 5 ft re-
spectively, and the angle contained by the first two sides 1s 60° find the area
26 The parallel sides of a trapezoid are 14 and 30 ft respectively, and the
other two sides are 12 and 19 ft  find the area
28 One dingonal of a quadnlateral which les outside the figure 1s 70 ft ,
and the difference of the perpendiculars vpon 1t 15 16 ft  find the area
27 A railway platform has two of 1ts opposite sides parallel, and 1ts other
two sides equal , the parallel sides are 100 and 120 ft respectively, and the
equal sides are 15 ft each find its area
In a trapezium ABCD, AB = 345, BC = 156, CD = 323, DA
= 192, the diagonal 4C = 438 find the area
29 Required the depth of a ditch, the transyerse.sestion of which 1s a
trapezoid, area 146 25, breadth at top = 20, side slopes 3 to 1 afid 2 to 1
The area of a trapezoid 1s 3§ ac, the sum 5?2
297 yas  find the perpendicular distance between them
1 The foursides of a quadrilateral inscribed 1n a circle are 8o, 60, 50, and
86 ft  required the area
32 One of the parallel sides of a trapezoid 1s 1 ft longer than the other,
the breadth 1s 1 ft , and the area 216 sq 1n  required each of the parallels
How many square yards are contamed in a quadnlateral, one of its
diagonals being 60 yds and the perpendiculars upon 1t 12 6 and 11 4 yds ?

[N

the two parallel sides 1s Jb



n

64 Elementary Mensuration

K Roorkee Upper Subordinate Final

84 Find the area of a trapezoid whose parallel sides are 72 and 387 ft , the
other sides being 20 and 26§ ft

85 A ditch 1s 30 ft wide at top and 18 ft at bottom The earth cx-
cavated from 1t 1s formed 1nto a bank 28 ft wide at top and 38 ft at bottom,
and 10 ft ligh what 1s the depth of the ditch ?

L Sandhurst

88 The area of a trapezoidal field 1s 4% ac, the perpendicular distance
between the parallel sides 1s 120 yds , and onc of the parallel sides 1s 10 ch
find the other

M Additwnal Examination Questions —VII (For Answers, see p 168 )

‘%) 87 ABCDsa quadrilateral, nght angled at B and D, alvo 48 = 36

chains, BC = 77 chamns, CD = 68 chamns find thearea (European Schools
Fimal UP)
88 Find an expression for the area of a trapezoid with parallel sides of
lengths @ and &, and the other sides ¢ and 4 (Roorkee Engineer Entrance )
89 Find the area of a quadnlateral ABCD, given A8 =30 m, BC =
17m, CD=25 n, D4 =28 m, BD =126 1n (Allahabad Unwversity
Matriculation )

One diagonal of a quadnlateral which fills without the figure 15 equal
to 30 yds , and the difference of the perpendiculars upon 1t from the remuning
angles of the quadnlateral 15 40 yds  find the wrea  (Roorkee Upper Sub-
ordinate Entrance )

The sides of a quadnlateral are 204, 369, 325, 116 yds, and the
second sile 1s parallel to the fourth prove that the angle contained by the
first two sides 1s a night angle, and find the area of the quadnlateral (Euro-
pean Schools Fmal U P)
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\\
ON REGULAR POLYGONS

- ,!v"'h" M
P

43 A polygon 1s a figure bounded by four or more straight lines
A polygon 1s said to be re¢gu/as when all 1ts sides and angles

are equal ) ey , .
A four-sided polygon 1s called a guadrilateral -~ ‘ > 4
A five-sided ” ” a pentagon,—- ~ 7 £
A six-sided . " a hexagon — 7t S \(/ > - u
A seven-sided , " a heptagon ° . et gl g
An eght-sided ,, ” an octagon LT d(j ¢ 5 -kt
A nine-sided ” »” a nonagon.— o "
A ten-sided ” ’ a decagon _ _ __ e LT
An eleven-sided ,, ” an undecagon - ,' v -
A twelve-sided ,, " a dodecagon .. oot
A fifteen-sided ,, a guindecagon " ¥

It 1s obvious that the central point of a regular polygon 1s
also the centre of both the circle which 1s circumscnbed
about the polygon and of the .
circle which 1s mscribed 1 the
polygon

It 1s also evident that the
perpendicular from the central

«—=pomt of a regular polygon
upen a side 1s the radius of
the nscribed circle, and that)/
the straight line joming the
cential pomnt to an angular
pomt of the polygon 1s the

pradigs of the <ncumscribed
= ,“9’ cucle

o For example, O 1s the centre

of both the circle 4.8C, which
1s circumscribéd about the poly-
gon, and of the circle Q£ which 1s mscribed 1n the polygon.

D a B e
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Also, OP 1s the radius of the circle PQR, and OA4 1s the radius
of the circle ABC <

PROPOSITION X

44 7o find the area of a regular polygon of n sides, having
grven the length of a side and the radius of the inscribed curcle
Let ABCDEF be a regular
E D « polygon
7 From 1its central point O draw
OG perpendicular to 45
Then OG will be the radws of
F C the inscnbed circle § 43
Let OG measure » of any linear
umit  Let A8 measure @ of the
same linear unit
Sl It 1s required to find the area of
A TaB the polygon 1n terms of 7, @, and »
Jon 04, OB, OC, OD, OF, OF
Thus the polygon 1s divided up nto as many equal triangles
as the figure has sides

e S

Area of polygon = area of A 4 OB x number of sides of polygon
=1X0GXABX , 5  » §20

7
=7 X ar sq units

Hence rule—

The product of the number of any hinear unit in one side of a
regular polygon by the number of the same lhincar umt n the raduus
of the wnscribed circl, multiptied by half the number of the sides, gives

the number of the corresponding square unit in the area
Or briefly-—

number of sides

Area of a regular polygon = 5 X side
x radius of 1mscribed circle
n
A = § X ar (l)
Hence— ¢
The si1de of a regular polygon
2 X area

= number of sides % radius of inscrbed circle
a = gé (1)
nr z
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oN
~nd perimeter of polygon = na = -

P=-- (“1)

PARTICULAR CASES

45 1 Hexagon ’
Here 1t may be seen that 4 OB 1s%n equilateral tnangle

oG =48 i, V3 § 17
that 1s, » = ﬁﬁ/_§
Now, area of ” 0
any regular } Z X arsq umts  § 44
polygon 2
g ag 2(1 4/ A a B
V3 2- Y 95q units ) N

2 Octagon
Here 1t may be seen that—

OG = OH + HG

a
=%+18
But Z2B 1s the side of a square whose diagonal 1s BC = a
= .2 § 17.
LB = V2
a, a
0G =3+ V2
I I
=a(5+ WE )
_ 14 42 s
= “( z ) ]
Now, areaof] S
any regular }==X a7 sq units § 44 T c
polygon 2 Vo W
area of }_SXax”(r-{—Jz) "o (Y
reg octagon®{ ~ 2z 2 e :B
sq units J/ 2
=24%1+ 4/ 2) sq umts [y

[
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ILLUSTRATIVE EXAMPLES

46. Examp/e 1 —Find the area of a regular hexagon wnose siae
measures 9 1n

Area of regular } = M
2

hexagon sq m Y45

where e =9,

area of regular}: 3 x 81 X 4/3 sq m

thexagon 2
_ 243X 173205
- 2
= 21044 sq 1n

sq 1n

Example 2 —Find the area of a regular octagon whose side
measures 2 yds 2 ft

A f 1
) sy sa 6 b

where e = (2 X 3 + 2)

’

area of octagon=12 x 8%1+4/2) sq ft
=128(1+ 4/2) sq ft
=128 X 241421 sq ft
=309 ol sq ft
=34sq yds 301 sq ft

Example 3 —There 1s a square room which 1t 1s proposed to

where ¢ = 12,

)
9 - -
- 2yds 2fe -
F .
) D Gb .
......... 2F - eeeeea

>

enlarge by throwing out a hexagonal
front on one of 1its sides, so that three
stdes of the hexagon may form a bay
front what area of new flooring will be
required, the side of the square being
24 ft ?

In the figure (which represents a

{ "plan of the floor), join G, the midqle

point of the side DC of the square
ABCD, to F

Then 1t 1s evident that FGC 1s an
equilateral triangle

FC=GC=% DC=12ft

Hence area of new flooring ‘will
equal area of half a regular hexagon
whose side measures 12 ft

=1. 3a“/3sqft § 45

-
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Hence—
area of new flooring = 3% 144 X 4/3 sq ft
-
= 187 061 sq ft -~ e

PROPOSITION X1

47. 70 find the area of @ regular polygon of n sides, having
guven the length of a side and the 1adius of the cogumseriped . cle S
Let ABCDE be a regular -
polygon * D
Jomm O, its central point, T
to B
Then OB will be the radus
of the circumscribed circle E o)
Let OB measure R of any
Iinear unit Let 48 measure a
of the same linear unit
It 1s required to find the
area of the polygon 1n terms of
n, a, and R

ABDraw OG perpendicular to A ey B
Now  OG 1s the radws of the mscribed circle § 43
area of polygon =7—21 X a X 0G § 44
But OG = 0B’ — G&* \ 16

NZEO)

a 2
. area of polygon = %‘—z\/ RE— (g) sq units
and #za = pepmeter of polygon ,b(QF

_ perimeter ,_ (@ ) 2
. area of polygon = 5 R ( ”

na a\?
or — R— (; ) sq units

Hence rule—

From the square of the number of any linear unit 1n the radius
of Yhe coreumscribed curcle subtract the square of half the number of
the same hnear umt 1n a side of the polygon , then the squaie root of
the remainder, multiplied by half the number of the same lhinear unit
wn the perimeter, grves the number of the corresponding square untt in
the area

Or briefly—
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Area of regular ioolygon

7 2
= ;— perimeter, / (radius of circumd circle)’ — (E}é}f)

N )

PARTICULAR CASES
, 48 1 Hexagon
) oHere OB =R = AB = a, and area
N of any reg polygon = ”g\/kz_(%)“ sq
umts  § 47
area of regu-| _ 60\/a3 — is units
lar hexagon | 2 4 !
= 37V3
A a-""B = sq units
‘L his result has been previously obtamned in § 45
2 Dodecagon

Cc Let AB be a side of a regular

dodecagon, and BD a side of a

(7 regular hexagon, nscribed 1n the
- circle ABCD

Through O, the centre of the
circle, draw COLZ perpendicular to

o DB s
Then COL produced will pass
through 4
Jon OB and CB
L Then OZB 1s the radwus of the
circumscribed circle § 43
A That1s, OB = R = 2 LB
Now, because the triangles 48C and 4B L are similar, .
CA AB = AB AL Euc VI 4
. te 2R a=a AL
But 41 = 4AB* — BI* Euc I 44
at - £ ) ’
= A .

2R a=a \/az—ﬁ
4

2

2 0
. zk\/a —£-=a2 .
4
. K?
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na a2
Noy, area of any reg polygon = \/R"’— (—> sq units § 47

»  » dodecagon = :—\/ 2(2 + «/3) -- sq units
=64’/ T + \/35q umts

ILLUSTRATIVE EXAMPLES

49 Example 1 —Find the area of a
regular dodecagon, whose side measures
101N

Area of regular\ _. o ;7773
dodecagon }'6‘1 Vita/3sqm §48
where ¢ = 10,
area = 6004/] + 4/3sq 1

= 6004175 + 1 7320508 sq 1n

= 6004/ 3 4820508 sq 1n

= 600 x I 8660 sq 1n nearly 70

= 1119 sq 1n nearly

Example 2 —Find the side of a regular hexagonal enclosure which
measures one acre
3a2~/

Area of 1egular hexagon = 2=-¥7 sq yds § 45
3 ‘/3 sq yds = 1 acre = 4840 sq yds
2 2 % 4840
T 33
a= /2480
3W3

hexagon 34/3%4/3

_\/9680x,\/3 ds :

_\/9680 ><91 73208 yds nrly

= \/ 16; yds nearly

I29
3

side of reg }___\/m:; yds

yds nearly
= 43 yds nearly

Eaample ¢ —Compare the areas of a regular octagon and a regular
dodecagon of equal perimeter
Let the perimeter of each measure # in



72 Elementary Mensuration

€
x
Lhen each side of the octagon measures g n, and each side ?t' the

x
dodecagon measures m

But area of octagon = 2a%(1 + 4/2) sq 1n § 45

ool R

where 2 = 3,

and area of dodecagon = 6424/ +4/3 sq 1n § 48
L)

x
where a = —
12’

2221+ 4/2) 622/ 7T+ 4/3
area of octagon area of dodecagon = ~~—(~~64“/ I:M.
1+42 Ji+A3
32 24
: =3(1+4/2) 4V/i+W3

PROPOSITION XII

50 70 find the arca of a 1¢gular polygon of n sides, haring crven
(1) the length of a side, or (2) the 1adwus of the inscribed civele, or
(3) e 1adeus of the circumscribed crrdle

D Let ABCDE be a regular

polygon

Join 1ts central point O to 1its
angular pomnts 4, B, C, D, E
Draw OG perpendicular to A8

Then OA 1s the radius of the
circumscribed circle, and OG 1s
the radius of the inscribed circle

Let 4B measure a of any
linear umt Let OG measure »
of the same linear umt Let 04 =
measure & of the same I
A 3 A mea t ame linerr
It 15 required to find the area of the polygon 1n terms of—
( I; n and aq,

(2) 7 and »,
(3) zand R «
Now, area of polygon = g e xX 0G § 44
and OG = AG cot AOG «
a 180°
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o

area of polygon = - >< aXx - cot sq units
80°
=axZ 2 ” cot - , 54 units (A)
Again, area of polygon = 7;’ AB X r § 44
and 4B =2 OG tan 40G
_ 180°

n 180°
area of polygon = 5 27 tan = — 7sq units
O

= 7% X ntan E%Of sq units (B)
Lastly, area of polygon = A A40B X »n
and AAOB =% 04 OB smn 0B .
= 2 g 36
=% R?®smn ”
, 360°
area of polygon = 4 R‘smn =, Xnsq units
o
= AR*x g sin SETO sq units ©)

Hence rule—

The number of any square umt 1 a regular polygon of n sides is
obtained by multiplying—

(A) the square of the number of the corresponding hinear unit in
180°

a side by 2 oo

(B) the square o} the mmzbzr of the corresponding linear unit in
the radius of the inscribed aircle by n tan Ln?f ,

(C) the square of the number of the mrregpona’zng hnear unit 1n
the radius of the ctrcumsceribed civele by — s 3—?)9

Or briefly—

(1) Area of polygon of n suies = (s1de)* X i 2 eot ot 1800
=a’ X i cot 1800
(2) " " » = (radius of 1nscrbd cirele)?
X n tan
=r’X n tan —— 1800 |
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(3) Area of polygon of n sides = (radms of circumd circle)’

X 5 8m S0 ¢
2 n
2y B 360°
23 A =R X gEm-—
“ " The following table gives the values correct to_four places
of decimals of the multlphers Z cot —80— 7 tan 1807 ,Z sin 360°
4 n n 2 7

for some polygons of freqdent occurrence —

o
Name of polygon :i cot 1%0— 7 tan '—8::3 ';' s %
Pentagon | 17204 36327 2 3776
Hexagon . 25980 3 4641 2 5980
! Heptagon I3 6339 3 3710 2 7364
Octagon ' 4 8284 3 3137 2 8284
Nonagon i 61818 3 2757 2 8925
Decagon ' 76942 | 32492 | 29389
Undecagon 9 3656 3 2299 2 9735
Dodecagon 11 1961 3 2153 3 0000
|

ILLUSTRATIVE EXAMPLES

61 Eaample 1 —Find the area of
a regular heptagon whose side measures
5 ch 30 lks
A f: 180°
Lij)(t)argzgn} ax Z- cot —— sq ch §s50
where a=753,
n 180
andzcotT = 36339, § 50
area= (5 3)* X 36339 sq ch
102 0762 sq ch nearly
roac 2 sq ch 762 sq lks nearly

Example 2 —A regular undecagon 1S
mmsciibed 1n a circle whose radius 1s 2 ft
61n find the area of the undecagon

600
Area of reg }=R2x % sin32 sqm §50
undecagon 2 n ‘

where & = (2 x 12 + 6) = 30,
and ’—; sin -—’—:l = 29735, § 50

3
[ )

.. alea = (30)% X 2 9735 sq n
= 2676 1 sq in nearly

18 sq ft 84 1 sq n nearly




On Regular Polygons 75

Lxample 3 —A regular pentagon 1s circumscribed about a circle
whos¢ radms 1s 1 ft 8 in  find the
area of the pentagon

Area of | _ 1_892
pentagon}—rzx” tan - ~—sq m § 50
where » = 1 x 12 + 8 = 20,
180°
and 7 tan - =3 6327, § 50
area of

}:(20)2 X 36327 sq n

=1453 sq 1n nearly
=10sq ft 13 sq 1 neaily

pentagon

Examples—VIII A

1 Find the area of a regular pentagon whose side measures § ch 55 lks,
and the radius of the mscribed circle 1s 3 ch 82 lhs ¢

2 Find the area of a regular hexagon whose side measures 8 1n

8 Find the area of a regular hexagon whose side measures 3 ch 2§ lks
(g1ve the result 1n acres)

4 Find the area of a regular hexagon inscribed 1n a circle whose radius 15
15 ft

6 Find the area of a regular hexagon described about a circle whose
ruus 1s 74/3 10

68 Find the area of a regular nonagon whose side measures 10 lks

7 Find the area of a regular pentagon whose side measures 6 yds

8 Find the cost of carpeting an octagonal floor whose side measures 16 ft ,
at Rs 2 per square yard (/2 = I 41421)

It costs Rs goo to fence a dodecagonal enclosure at Rs § a yard find

1ts area

Examples—VIII B
10 Find the area of a regular hexagon whose side measures half a rasi
(g1ve the result 1n biswas)
Find the area of a regular octagon whose side measures 2 rasi (give the
1esult 1n bighas)
What must be the side of a regular hexagon n order that it m1y just
enclose I bigha ? (give the result 1n rasi)

Examination Questions— VIII

A Pumpab Unmwersity Matriculation
1 An ornamental grass-plot 1s 1n the shape of a regular hexagon, cach side
100 ft , within the plot and along 1its sides a footpath 1s made, 4 ft wide all
round find the area of the grass-plot left within
- B Caleutta Unwverssty Matriculation
2 Calculate to three decimal places the area of a regulir hexagon, each of
whose sides 15 equal to 10 ft
8 TFind the area of a regular octagonal field each of whose sides jnea-ures
5 ch (give the ®sult 1n acres, roods, etc )
C  Roorkee Enginecr Entrance
4 There 1s a square room which 1t 1s proposed to enlarge by throwing out
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an octagonal front on‘one of 1ts sides, so that three sides of the octagon may
form a bay front, what area of new flooring will be required, the side ¢f the
square being 20 ft ?
& Aregular decagon 1s inscribed 1n a circle, the radius of which 1s 10 1n

find the area of the polygon

Compare the areas of an equilateral triangle, a square, and a regular
hexagon of equal perimeter .

The area of a regular octagon 1s 51 sq yds find the length of 1ts side

8 The ridius of the arcumscribed circle of a pentagon 1s 3000 ¢ s
w
where # = 3 1416 find the length of the side, and the area of the pentagon

D Roorkee Engincer Final

9 TFind the side of a regular octagon inscribed 1n a square, the rea of
which 15 6 4+ 44/2 sq ft

10 Find the area of a regular heptagon whose side 1s 45 ft

11 If a regular hexagon, a square, and an equilateral triangle be inscribed
n a arcle of 12 ft diameter, show that the square described upon the side of
the tnarigle 1s equal to the sum of the squares described upon one side of each
of the other two figures

12 The side of a regular pentagon inscribed 1n a circle 1s 1 ft find the
rachus of the circle

18 Deduce a formula for the area of a regular polygon in terms of the
number and length of 1its sides, and from this find the area of a regular
heptagon, the length of each side bemng 2 ft

E  Roorkee Upper Subordinate Monthly

14 The radwus of a circle 1s 1 ft  tind the area of a regular polygon of
aght sides inscribed 1n the circle

156 Find the area of a regular octagon inscribed in a square, the side of
which 15 104/2

16 A regular dodecagon 15 mnscribed 1n a circle, of which the radis 1s
3 m  find the area of the polygon 1n feet

17 Find the side of a regular octagon whose area 1s I ro , and of a regular
dodecagon whose area 15 1000 yds
~~18 Find the area of a regular hexagon whose perimeter 1s 3000 ft

19 Find the area of a hexagon, cach side being 30 ft

20 Find the area of a regular octagon whose side 1s 20 ft

21 The radius of a circle 15 1 ft  find the area of a regular dodecagon
inscribed 1n the circle

22 The front of a room 24 ft wide 1s to be projected n the form of three
sides of an octagon construct the projechon How much will it increase
the total length of the room n the central line, and how much will 1t add to
the area ?

23 The area of a regular octagon 1s 1086 4 ft find the length of
one side

24 TFind the areasof a square and a regular hexagon, the perimeter of each
being 300 ft

¢
¥ Aoditional Examination Questrons — VIII  (For Answers, see p 168 )

26 Find the area of a polygon of twenty five sides inscribed 1n a circle
of radius 1o ft  Sin 14° 24’ = 0249 (Roorkee Engineer Entrance )

28 The radius of a circle 1s 12 ft Find the length of the side of a
polygon of sixteen sides mnscribed n 1t Calculations to be made to three
places of decimals (Punjab University First Examination in Civil Engi-
neering )
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RREG e
ON IRREGULAR RECTILINEAL FIGURES

52 Consider the wrregular rectilineal figure ABCDEFG (Fig 1)
If we can divide 1t up into E
such parts that the area of :
each part may be ascertamned
separately, then we shall be
able to find the area of the
whole figure by adding together
the areas of the parts The,
division nto such parts may
. be done by means of dase-lirles
S "/} (or chain lines) and gfsess
53 A base-line 1s a straight
hne drawn from one angular
pont to another, and offsets ~ B .
are perpendiculars drawn from b FiG 1 i
the other angular points to a base-line ¥
One base-line will often suffice, but 1t 1s sometimes convement
to draw two or more base-lines
The figure ABCDEFG E L
(I1g 1) may be conveniently 29
divided nto parts by drawing F
. the base-line 4.0, and the off- 7
sets BN, CH, EK, FL, GM
36’3 These parts are either triangles -/
/7Y,
A

N

s

or trapezoids, and their areas
may be ascertained 1f we know
the lengths of—

® () the offsets ,

(2) the segments of the base-
line made by the offsets

54 Aggyn, consider the 8-
wregular  rectiineal  figure T J’I’

ABCDEFG (Fig 2)
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This may be®conveniently divided mnto parts by means of
the base-lines A£ and BZE, and the offsets GZ, FM, DK, (CH,
BN

556 Sometimes 1t 1s found convenient to draw base-lines which
7., may wholly or partially hie
C  owtside the figure

For example, consider
the 1rregular rectilineal
tigure ABCDEF (Fig 3)

If we draw the base-
lines #C and FB, the area
of the figure may be re-
garded as the sum of the
areas of the A FBC, the
AN ABF, and the A FEG,
B /Zssthearea of the A GDC
L AN - When the perpendicular
~p Fio 3 from an angular pomt upon

a base-line lies outside the

figure, 1t 1s called an et
Thus we speak of the inser from the base-line FC to the
angular pomnt D

y
"v’
W1

66 Again, consider the
£ uregular  rectilineal  figure
ABCDEF (Fig 4)
If we draw the base-lines
AC, CE, EA, then the area
of the figure may be regarded
as equal to the area of the
A ACE, less the sum of the
areas of the triangles 4BC,
UCDE, and EAF
YA This method practically
C amounts to—
Fia 4 “’A.ﬁ: (1) Finding the area bf
. the figme bounded by the

N

[—

base-lines

(2) Adding the areas of those figures which lie outside the
figure bounded by the base-lines

(3) Subtracting the areas of those figures which he :nside the
figure bounded by the base-lines
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]
ILLUSTRATIVE EXAMPLES

867 Example 1 —ABCDE 1s a five-sided rectilineal figure , B,
Ct, Ee are perpendiculars from B, C, £ on 4D respectivelv

It 1s given that 4D = 16 {t

Ee=42ft
Bb=61ft
Ab =461t
Ac = 12 ft
Cc = 6 ft

Find the area
Because bc = Ac — Ab
be= (12 — 46)ft =741t
and because ¢cD = AD — Ac
¢D = (16 — 12)ft = 4 ft

Area of figure ABCDE = area of N AED + area w1 ,y avv
+ area of A\ CDc + area of trapezoid BCcbd

% area of f;gure ABCDE

AreaofAAED:ixADer § 20
=4 % 16 X 42sq ft
= 336sq ft
area of AN ABV =% x Ab x Bb § 20
=% X 46 x61sq ft
= 1403 sq ft
area of ACDc =3 x ¢D x Cc § 20.
=1x4x6sqft
=12sq ft
area of trapezondBch:ixbcx(Bb+C‘c) § 39
o =4 x74x%x1215sq ft
= 4477 sq ft

)
)
[
> O\

04’4 sq ft
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€
Example 2 —Find 1n acres the area of the figure ABCDEF,
having given—
FD 2400 lks
FB 2050 ,,
BD 1900 ,,
Bb 1350
Aaboo
Cc 300
Eesg50
Area of figure ABCDEF = area
of A\ FBD + area of A\ FAB +
area of A\ BCD + area of A\ FDE

NV Al =3 x FD x B § 20

of A FBD

=3 x2400x% 1350 sq lks
. =1,620,000 sq lks
areaofAFAB:%xFBan § 20

X 2050 X 600 sq lks
15,000 sq lks
area of A\ BCD = 4 x BD x Cc § 20
=ix 1900 x 300 sq lks

= 285,000 sq lks

x FD x Ee § 20

i X 2400 X 550 sq lks
660,000 sq lks
(1,620,000 + 615,000 + 285,000 + 660,000) sq lks
= 3,180,000 sq lks
= 318 ac

area of A\ FDE

wuwnun

area of figure

Ezxample 3 —F1ind 1n square yards, square feet, and square inches
the area of the rectilineal figure
ABCDEF, having given—

AC = 160 1n

CE = 142 ,
EA = 139 ,

Bb =24

Dd =14

Ff= 20 <
Ee =114 ,,

Area of figure ABCDEF =
areaof A ACE +area of A ABC
— area of A CDE — area of
NEAF

¢
Now, area }:&ACer . §20

of A ACE
=4x160x 11458q In
=9I2Q sq In
area of AABC =% x AC x Bo . § 20,
=4 x 160 X 24 sq 1n.
= 1920 sq 1n

/o
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X 142 X 145q 1N

areaofACDE:ix CE x Dd

=994 sq In
areaof A EAF = i x EA x Ff

X 139 X 20sq 1n

= 1390 sq In

83

§ 20

§ 20

area of figure = (9120 + 1920 — 994 — 1390) sq 1n
= (11,040 — 2384) sq 1n

= 8656 sq n

.

= 6sq yds 6sq,ft 16sq n

Lxample 4 —ABCD 1s a quadnlateral in which 48 = 51 ft, BC
= 52 ft, CD = go ft, the perpendicular AZ from 4 on DC1s 28 ft,
and 1t divides DC 1nto two equal parts find the area of 4B2CD

Area of ABCD = area of A\ ACD +area 8- --

- S2l.. .

--C

of ANABC

Now, area | _

OfA’ACD}_} AL CD § 20
1 x 28 X gosq ft
1260 sq ft

and area [
= - —-&)(s—¢) sq ft
of A/IBC} As(s=a)s—0)(s—c) §23

v
\

where @ = 51,
6 =52

¢ = A(a5) + (28 =53 § 16
s =78

’Aaf;%gf} =,/78 X 27 x 26 x 25 sq ft

\
\

\
\

\

= A28 x 132 x 32 x 5% x 3%sq ft

= 1170 5q ft
area of ABCD = (1260 + 1170) sq ft
= 2430 sq ft

“o

Eaample s —ABCDE 1s a five-sided figure, and the angles at B,

C, and D are night angles If AB = 15
ft, BC=130 ft, CD = 22 ft, and DE =
6eft , find the area of the figure and the
length of £A4

Through A4 draw AF parallel to BC,
and through £ draw EG parallel to DF

Now, area
2 =area of ABCF + area of
wi5EDE ) DEGF + area of AGE
=AB x BC+ DE x EG+
IXEGAG §§8, 21
,=15x30sq ft +6 75sq ft

+3 X 7 X 24sq ft

= (450 + 42 + 84) sq ft

=576 sq ft

D

L R et 7

AT
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.
Again—

VEG:+ GA*? 516
V(7P + (29) ft
25 ft

EA4

I}

’ Examples—1X A

1 Find the area in acres of the quadnlateral 4BCD, having given AC =
6000 lks , and the perpendiculars from B and D on 4C 4800 lks and 1800 lks

2 ABCDF 1sa five sided figure, in which 4D measures 12 ft , 4C 11 ft
6 1n , the perpendiculars from C and £ on AD 6 ft and 2 ft 6 1n respectively,
and the perpendicular from B on AC 2t g find the area

8 Find the area 1n square nches of a five sided figure ABCDE, 1 which
AC measures 16 1n, 4D 14} 1n, the perpendicular from B oh 4C 6 n, the
perpendicular from D on 4C 8 1n , and the perpendicular from Z on 4D 43 n

4 1In the five sided figure ABCDE the angle at 4 15 a nightangle, CE
measures 24 {t, 48 65 ft , AE 4 4 ft, the perpendicular from B on CE
4 8 ft, the perpendicular from 2 on CF 2 3 ft find the area

6 In the five sided figure 4 BCDE the angle at 4 1s a right angle, and
DE 1s parallel to A5, also A8 measures 1600 lks , BD 1060 lks , DF 900
ks , £4 770 ks , and the perpendicular from C on BD 430 ks  find the area

Examples—IX B

8 How many bighas are there 1n the quadrlateral 4 8CD, if AC mecasures
§ 6 rasy, and 1f the perpendiculars from B and D on 4C measure 3 4and 38
rasl respectively ?

7 Find the arca m bighas and biswas of a five sided figure 43CDE, n
which 4.D measures 4 8 rasi, 4C 3 8 rasi, the perpendiculars from C and £ on
AD 14 and 1 9 ras: respectively, and the perpendicular from 5 on 4C 2 ras1

8 In the five sided figure 4 2CDL the angles at 4 and D are nght angles,
and 4B =174 ras, CO =6 rast, DE = 3 ras;, £A = 46 ras;, and the
perpendicular from Con £8 =2 4ras1 find the area of the figure in bighas

Examination Questions—IX,

A Alahabad Umversity Matricnlation

1 Make a rough sketch, and find the area of a field 48CD from the fol-
lowing measures taken 1n links, and find the length of the perpendicular from
Aon CD —

B, the perpendicular from B on 4C, = 400 .
N, i ys Don AC, = 300
AM = 300 AN = 400 AC = 625

2 In a quadnlateral figure ABCD, AB=BC=CD =60 yds , AD =
80 yds , and the angle D43 1s a nght angle find the area of the figure

8 The sides of a five-sided figure AZCDE are AB = 25 ft, BC = 29 §-,
CD=39ft, DE=42ft,and £4 =27 ft , also 4C = 36 ft , and CE = 45
ft  find its area

B Punpab Unwversity Matriculation

4 A4PBCD 1s a quadnlateral, in which 45 = 13 ft, BC= 14 ft, CD =
24 ft, the perpendicular from 4 on DC1s g ft , and 1t divides DC into two

equal parts  find the area of ABCD [ ¢ ’~
7
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C  Roorkee Engineer Entiance ®

5 94 BCDE 1s a five sided figure, and the angles at 2, C, and D are nght
angles if 4B=20ft, BC=18ft, CD =32 ft, and DL = 13 ft, find the
area cf the figure, and the length of 4 &

6. The sides of a pentagon taken in order are 100, 130, 197, 133, and 94
ft , and the two diagonals measured from the intersection of the first and last
sides are 209 and 193 ft  find the area of the figure

D Sandhurst

7 In the pentagonal held 4 BCDE, the length of 4C 15 50 yds*, and the
perpendiculars from B, D, and £ upon AC age 10, 20, and 15 yds, the dis-
tances from A of the feet of the perpendiculars from 2 and £ being 40 and 10
yds find the area

E  Mirtia Literary

8 The lengths of the sides (in yards) of a six-sided field ABCDEF are s
follows AB =31, BC=130, CD =38, DE =41, L/ =130, FA =22
Given that the angles at 4 and D are rnght angles, and that B# 1s parallel to
CE, find the area of the field in square yards .

¥ Additonal Examnation Question — IX  (For Answers, see p 168 )

9 What 15 the content of the eight sided figure A BCDEFGH, the diagonal
AZ bemng taken as a base, and the perpendiculars drawn from the angular
pomts to AZ being Bb, Ce, Dd, etc , and when the lengths of the perpen-
diculars above the diagonal are Bb = 294, (¢ = 142 5, Dd = 224, and those
below the diagonal are 7/ = 121, Gg = 105 5, 2% = 142, and the intercepted
breadths are 4% = 44 5, 26 = 124 25, bg = 8o, gr = 41, cd = 120 §, df = 50,
f£ =525? (Punjab Umversity Matriculation )
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ON THE FIELD BOOK
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58 THE area of a field can be ascertained by means of base-lines
and offsets, when 1ts boundary may be regarded as a rectilineal
figure oo jd 7

59 Distances along the base-lines and offsets are measured
with afd instrument which 1s called Gunter's chain  This chan 1s
22 yds long, and consists of 100 links

60 The surveyor enters the record of these measurements 1n
his Freld-book

Each page of the field-book 1s divided into three columns.
The central column contains the measurements made along the
base lines, the side columns contain the measurements made
along the offsets 6 ’

The ends of a base-hne are called gfations, 7

# ", 81 The suryeyor begins his entries at the bottom of the
central column, and writes upwards

The first entry tells the direction of the first base-line The
second entry tells the distance along this base-line from the first
station to the first offset The third entry tells the length of this
offset, and appears 1n the right- or left hand column, according as
the offset springs to the rnight or left of the base-ine The fourth
entry tells the distance along the base-line from the first station to
the second offset The fifth entry tells the length of this offset
And so on until he rgliches the end of the first base-line, which s
called the “ secBnig} gation ”

If a single base-line has been used 1n surveying the field, no
further measurements will be required  If two or more base-lines
have been used, the surveyor will proceed along the second base-
line from the second station to the third station in the same way
as he proceeded along the first base-line from the first station to
the second station, and similarly with the remaimng base-lines,
until he returns to the first station

The stations are often indicated 1n the field®book thus.

®©d4,0B, 0C, ,orthus (), (), G),
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The direction of a base-line may be indicated 1 different
wayss For example—

“From O 4 go N to O B” ndicates that the base-line goes
from the first station to the second station 1n a northerly direction

“ From @ go SW to @” indicates that the base-line goes
from the first station to the second station in a south-westerly
direction

“ From @ range E 30°S to @ ” indicates that the base-line

goes from the second station to the third station 1n a direction
which makes an angle of 30° with the easterly direction, reckoned
towards the south (see fig )

N

“From (® B turn left” indicates that on reaching the second
station the surveyor turns to the left (not necessanly at nght
angles), in order to proceed from the first to the second base-line

When the figure o appears mn a side column, it indicates
that the corresponding pomt on the boundary of the field 1s at no
distance from the base-line, in other words, that at this point the
base-line meets the boundary

62. As an illustration, consider the following WL@
from a field-book

Links Beginning at the bottom of
- | the central column and reading

' © B upwards, we learn—
) 350 (1) That the base-line starts
180 75 C at A, and runs due east
D 6o 8o (2) That if we measure off

From ® 4 | range E 8o lks from A4 along this base-
line, and then 6o lks to our left
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1n a direction at ?1ght angles to the base-line, we shall arrive at
the point D, which 1s an angular pont of the boundary °
(3) That if we measure off 180 lks from 4 along the base-
line, and then 75 lks to our right 1 a dnection at right angles to
the base-line, we shall arrive at the pomt C, which 1s another
angular point of the boundary
(4) That if we measure off 350 lks from 4 along the base-
tine, we shall arrive at the point 5, which 1s the second station
Y0 6 . Thus the opposite plan
may be taken to represent the
field indicated by these notes,
g Wwhere 4.2 represents 8o lks

4 L3R T A Q ” 130 ”

‘? ’ T o -‘;‘g ” 350 9
Poky A ’ g 1 00

* 1 3 QC' ” 75 »

5
Again, consider the following notes, taken from a field-book,
and the plan of the field to which they refer —

.

Links

'8

To O 4
330
240

From O C

cy O

310 2 D
From .4 ' range N

Three base-lines are here indicated, and their directions gr.nd
lengths are given Hence they can be drawn first

The offsets from each base-line can then be drawn as n
§ 62, .

To find the area of the figure, use the method explained 1n
§ 56
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}&x’uﬁl on Questions—X ,
\ The begines 13 advpsed 26 work out these questions 1 the following order
7,8 Q, 12, 1, 2, 3, 6, 5, 9, 10, 11
L A Allakabad Unversity Matriculation
. 1 Make 2 sketch of a field from the accompanying notes, and work out 1t

area
Links
O 4
o 500
H 20 320
G 30 140
o
OocC
Turn to | the night
eoC

400 o
180 20 F

o o
From O B goNE
©®© B

o 300
E 12 200
D 10 90

o o
From O 4| goN'W

o

2 Plan 2 field from the following notes, and find 1ts area 1n acres, roods,
and poles —

Links
o4
o 409
K 20 60
30 o H
20 106G
ocC o
Turn to | the left
ocC
169 o
30 20 F
(o¥:} o
Turn to | the left
[OF:)
510 o
160 30 E
50 10 D
o o
From O 4! go cast
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8 Plan a field from the following notes, and find 1its area n acres, roods,
and poles — ®

Links

380 25 G
Turn to | the nght

F17% 220
Turn to | the nght

8oo
E 100 650
D 200 400

* B Punjab Universsty Matriculation
4 Sketch plan, and calculate the area of a field ABEZGFDC from the fol-

lowing notes —
I Yards

To® G
204

To &£ 64 198
122 10to £

To D 64 117
To C 14 88
63 70 to B

From O 4
C  Calutta Unwersity Matriculation
& Draw a rough sketch of the field 45C, and calculate its area

“ Links

©a
850
630

*®Q

500 o
éso 10

c
Turn to | the left
ocC
o 680
300
(O¥:3
_Turn to | the left

510 o
' 460 20

15
Beginat | O 4andgoSW




On the Field-book
‘ D European Schools

Final

89
Unaited Pr ogences

8 Draw a plan of the field from the following notes, and find 1ts area

To £ 120

Links

To® D

750
630

From O 4

160 to C

the nght

»

250 to C
g0 west

7 From the accompanying notes (measurements in links) draw a plan of

the field, and find its area

To £ 100
To F 160

To O D
600
400
360
250
200

From O 4

120to C

140 to 3

8 From the following notes 1n a field book, draw a plan of the field, and
find 1ts area, the measurements being 1n hinks

50

60

o

ToQ B
300
240
160
100

8o

o
From Q 4

|
o
50
o

50
40

B Tind the plan and area of a field from the accompanying field notes

D 6o

N o

L 30
K 50

Links
*Q %
450

oC
40 B
o

| the left

o
300
40 P

the left
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10 Makea rou.gh sketch of the field 48C, and calculate 1ts arex from the
accompanying field-book , the chan lines are all within the field

31 From the following notes

40

Links

2500 4
200

o
oOc

390 O €
200
100

o
[oF:)

5600 5

100
o

N 52°W

Q4

draw a plan

Links

04
818
120

60

40
ocC
Turn to
ocC

338
60

i

OB
Turn to

OB
1020
320
100

o
From O 4

of the field, and find 1ts area —

20
o
o

the left

o
40

o
the left

o
60

20

o

go east

12, Draw a plan, and find the area of a field from the following notes —

To F 470

To D 320
To C 70

Links

ToO G
1020
990
610
585
440

soto E

350t0 B

315
©4

From



CHAPTER XI

ON SIMILAR FIGURES THEIR LENGTHS
>

63 FIGURES are said to be simiar when they are of the same
shape, though they need not be of the same size Thus the
A ABC 1s similar to the A DEF

F
C

A B D E

All squares are simlar to one another, and so are all

circles

The plan of a field 1s similar to the field itself  Any object 1s
similar to 1tself when magnified

If a smaller triangle be cut off from a larger triangle by a
straight hne parallel to a side, the smaller triangle 1s similar to
the larger tniangle

64. Similar rectilineal figures are equiangular, and therr
corresponding sides are proportionals Thus, in the similar
rectilineal figures ABCDE and FGCHKL—

AB CD=FG HK

D
. c
E "
L
w
A 8 F G

L
65. If any two lines, straight or curved, be drawn 1n a figure,
and 1f the two corresponding lines be drawn n a similar figure,
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rectilineal or cftvilinear, these four lines will be proportionals ¢
Thus 1n the two circles ABCD and EFGH— .

Arc ABC arc EFG = AD EH
C

g
ARRS DE

F
o‘
5 H
A
Also—

Circumference 4DCAB diameter AD = circumference EHGEF
diameter £H

[ ]
PROPOSITION XIII

66 Having grven one of the sides of a rectrlineal figure, find the
remarmng sides, when all the sides of a stmilar rectilineal figure are
guven

Let ABCDE and FGHKL be two similar rectilineal figures

Let the side 42 of the figure 4ABCDE measure @ of any

K—a 8

linear umt  Let the corresponding side #G and the other sides
GH, HK, KL, LF of the figure FGHKL measure 2, g, 7, 5, % of
any linear unit respectively

It 1s required to find the remaining sides of the figure ABCDE
m terms of @, p, ¢, 7, 5 ¢

Since BC corresponds to GH, and AB corresponds to FG—

BC AB = GH FG § 64
that 15—
BC a=g¢q p
Similarly, we see that— .
CD a=vr p
DE a=s5s p
EAd a=t p



On Similay Figures thewr Lengths 93

Hence rule— '

Ary side of a rectilineal figure 15 found by taking its ratio to a
known side of the figure, and equating it to the ratio of the corre-
sponding sides of a similar figure

Or bniefly—

Any side of first figure known side of first figure =
ratio of corresponding sides of second figure
Any side of first figure a=q p !
where p corresponds to @ '

Note —The same linear umit must be used 1n expressing the
measures of all the sides of the same figure

ILLUSTRATIVE EXAMPLES
87 Lxample 1 —The sides of a triangle measure 11, 15, and 23
ft respectively The side
of 11 ft corresponds to a
side of 7 yds in a sumilar
triangle find the remaining
sides of this triangle

One remaining) _
side a yds }—q 2566

where a = 7,

g =15, T Tyds T A
¢ =11,
one remaining side 7 yds = 15 II
one remaining side = 7 yds X 13
= 4 yds
= 97y yds
The other remaining side 7 yds = 23 11
the other remaining side = 7 yds x ¢}
= 3 yds
= 1477 yds

Evample 2—In + \ ABC, AB = 14 lks, BC = 23 lks, CA =
17 lks From a point D n the side 4B
a straight line 1s drawn parallel to ZCso €
as Po meet 4C in £ If AD = 10 lks,
find 4,

The tnangles 4ADE and ABC are
similar § 63

AE AD = AC AB  §64

Y, YO

But 4D = 10 lks i
AC = 17 lks N
AB = 14 ks ~
. AF 10lks = 171lks 14 lks H
HE = 10lks x 11 i
= A0 Iks i
= 12} lks A WinksT P 8
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_®To find the breadth of an impassable river .
Esample 3= To find the At g pomnt 4 on %e near

D pank of the rnwver, which 1s
directly opposite an object £ on
the far bank, draw a stiaight

A 8 line 4B at nght angles to AL
3

c Produce A8 to C, so that
BC = AB
At C draw CD at nght
angles to AC
Produce EB to meet CD n

D
Then triangles 4 BZ, BCD are equal 1 all respects Fuc I 26
CD = AE

But CD can be measured without crossing the river
Thus 4 £ can be found without crossing the rniver

&xample 4 —The sides of a right-angled triangle measure 28, 43,
and 53 in respectively find the length of the perpendiculai from the
right angle upon the hypotenuse

Let ABC be the triangle, and let CD be the perpendicular from
the night angle upon the hypotenuse

Now, the triangles ABC, BCD, and ACD are all similar to one
another , Euc VI 8

CD CA =BC AB § 64
But CA4 = 28 1n

BC =451
AB = 531n
*CD 28mm =45m 331
cp=28x45
53
= 234}

Examples—XI. A.

1 The base and height of a trniangle are 13 1n and 15 1 respectively
find the height of a similar tnangle whose base 1s 9 in

2 The base and height of a triangle are 2 ft 3 mm and 3 ft 9
respectively find the height of a similar triangle whose base 1s 1 yd -

If a man of 5ft 101n cast a shadow of 3 ft 2 1, what length of
shadow will a man of § ft 6 m cast at the same time and place?

4 If the sides of a rnght-angled tmangle measure 35, 37, and 12 ft
respectively, find the length of the perpendicular from the right angle upon
the hypotenuse

5 If the sides of a nght-angled triangle measure 9 yds 2 ft 2 i gy yds
I ft, and 10 yds 10 1n respectively, find the length of the perpendicular from
the nght angle upon the hypotenuse

6 Anplanof afield st ft 8 in broad find the width of the field if the
plan 1s drawn to a scale of 4 ft to the mile

Two towns on a map appear I §7 in apart find tfeir actual distance
fiom one another if the map 1s drawn to a scale of 170 miles to the inch

8 The length of a country appears to be 3 7 in onamap drawn to a scale
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8f 250 m1 to the inch what length would 1t appear on a.dother map drawn
to a scale of 285 m1 to the inch?
® The length of a lake 15 4 m1, and on a map 1t appears as 0 75 1n  find

1ts width 1f 1t appears on the same map as 0 6 1n

10 Find the height of a church spire which throws a shadow of 133§ ft,
if an upnght stick 4 ft 6 1n throws a shadow of 3 ft 4 i at the sume time
and place

11 From a pomnt D, 1 the side 458 of a tniangle 4BC, a straight line 1s
drawn parallel to the base BC so as to meet the side AC 1 £ find the length
of DEf AB = 14 ks, BC = 10 lks , and 4D = g lks

12 A man, with luis eye to the ground, places himself so that he can see
the top of an upnght stick 1 a line with the top Jf a tower find the height of
the tower 1If the stick measures 5 ft , and 1f it 1s placed at a distance of g ft from
the man, and 135 yds from the tower

Examples—XI B

18 The base and height of a triangle are 27 and 19 ras1 respectively find
the base of a sumilar tnangle whose height 1s 15 lathas

14 The base and height of a triangle are 3 rast 12 lathas, § ras: 9 fithas
1espectively find the height of a ssmilar triangle whose base 15 7 rasi

156 If the sides of a right-angled triangle are 48, §5, and 73 lathas, find
the length of the perpendicular from the right angle upon the hypotenuse

18 The perimeter and height of a triangle are 5 rasi, and I rasi 12 lathas
respectively find the perimeter of a similar triangle whose height measures
2 ras1 6 lathas

Examination Questions—XI

A Allakabad Usniversity Matriculation

1 Give a practical method, by means of geometry, for ascertaining the
distance of an 1naccessible object 4 from a given position £  Illustrate your
meaning by a diagram

B Punjab Unwversity AMatriculation

2 The area of a trapezoid 1s 30sq ft, and the two parallel sides are 12
and 8 ft re<pectively find the perpendicular distance of the longer of the two
parallels from the point where the two unparallels mect when produced

C  Punpab Unwversity Middle School

& The hypotenuse of a nght-angled triangle 15 123 ft , and one side 15
9 yds  find the length of the perpendicular from the nght angle on the
hypotenuse

D European Schools Final United Provinces

AL and CD are two poles fixed vertically in the ground 4B =100t ,
and =50t A4 1sjomed to D, and B to C, by strings, which cross at £
find the height of £ above 2D

6. The radws of a circle 1s 201 From a pomnt at a distance of 25 m
from the centre two tangents are drawn to the circle find the distance of the
pomnt from the chosd joining the points of contact

6. The base of a tniangle = @, and the height = 2 find the side of a square
inscnbed 1 the triangle,
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v E  Roorkee Engincer Entrance

7 A person, wishing to find the height of a church steeple, observes that a
lamp-post, 14 ft high, 1s 48 ft 9 1n distant from 1its base, and that from a
pownt on the ground 11 ft 31n beyond the lamp-post, in the line joimng their
bases, the summts of the steeple and lamp-post are 1n the same straight line
what 1s the height of the steeple?

1he section of a canal 1s 32 ft wide at the top, 14 ft wide at the bottom,
and 8 ft deep If the surface of the water be 26 ft wide, what 1s 1ts depth?
Describe method of finding approximately—

(1) The breadth of a river

(2) The distance between two points, one of which 1s inaccessible and

remote

F Rooikee Upper Subordinate Entrance

10 The parallel sides of a trapezoid are respectively 16 and 20 ft , and the
perpendicular distance between them 1s 5 ft , the other two sides are produced
to meet find the perpendicular distance of the point of intersection from the
longer of the two parallel sides

11 The parallel sides of a trapezoid are respectively 8 ft and 14 ft , two
straight lines are drawn across the figure parallel to them, so that the four are
equidistant  find the lengths of the straight lines

G Roorkee Engineer Final

12 The two legs of a nght-angled triangle are 12 and 16, required the
sides of the inscribed rectangle whose area 1s equal to half the area of the
triangle

18 The hypotenuse of a right angled triangle s divided into two segments,
measuring 30 and 20 ft respectively, by a perpendicular from the opposite
angle find the sides of the triangle, also the area in square feet

14 In any tnangle one side a (opposite the greater angle if the triangle be
obtuse or nght-angled) and the perpendicular ¢ to 1t from the opposite angle,
are given  Find, 1n terms of @ and ¢, the area of the square of which one side
lies on a, and the opposite angular points on the other sides of the triangle

H  Roorkee Upper Subordinate Monthly

15 ‘1he side slopes of a ditch are 5 to 2 and 7 to 2 respectively, and the
breadth at the top 22 ft  find the arca of a section, supposing the sides to meet
at the bottom

1  Additional Fxamination Questions —XI  (For Answers, see p 168 )

16 The breadth of the shect of water 1n a tank with sloping sides 1s
80 cubits when the water 1s 6 cubits deep, ind 85 cubits when the water 1s 10
cubits deep what 15 the breadth when the water 1s 12 cubuts deep?  (Punjab
University Matniculation )

17 A pin half an inch long at a certain distance, and a rod 73} ft lonF at
100 yds distance, subtend the same angle at what distance 1s the pin fiom
the point of observation? (Roorkee Upper Subordinate Entrance )

v



! CHAPTER XII -
oy 1) 4/.} ey
ON CIRCLES Tflg[,ﬁ’) C]RCU“IZ‘LE]\’ENCES AND AREAS

68 A ardeisa L bounded
by one line which is called the ci7cum;
ference, and 1s such that all straight
lines drawn from a certain point within
the figure to the circumfejence are
equal to one another 7
I'his pont 1s called the a)we of the
crcle
« ¥ A sadius of a circle 1s a straight line
¥ /drawn from the centre to the circum- ry
rference
Y~ A diameter of a circle 1s a straight
Iine drawn through the centre and ter-
mmated both ways by the cucum-
ference
Thus 1n the circle ABC, BD 15 a
radwus, and AC a diameter
../, {\ Concentric circles are such as have
)}’ " the same centre (see fig )

(9]

PROPOSITION XIV

69 70 find the arcumferince of a circk, having giien ils
diameler

Let ABC be a circle

Let its diameter 4.8 measure & of

ot
EKY ' “any lipear unit
J It 1s required to find the cincum-
ference of the circle ABC mn terms pfeeee -...d ... ..lg
of d

Since all circles are similar figures  § 63
circumference of a circle bears a
constant ratio to 1ts diameter . § 65
"_ The value of this ratio 1s wcom-
J I mensurgble , that 1s, 1t cannot be exactly expressed 1n figures, but
it can be expressed with any degree of accuracy that may be
required.
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This ratio 1s denoted by the Greek letter = (p7)

The value of =, correct to five places of decimals, 1s 3 ¥4159
For practical purposes = 1s often taken equal to %2

Thus 1 all circles—

cnrcumference

“diameter
circumference of circle ABC
AB K Y 4 v
circumference of circle ABC =7 x AB A ()’J”

= 7 X & hgear upits

Hence rule—

The number of any hnar wmt wn the diameter of a cudle

multiphed by w gives the number of the same hnear umit in the
arcumference

QOr briefly—
Circumference of a circle = = X diameter
C==xxd @)
hence d = ?r ()

ILLUSTRATIVE EXAMPLES

70 ZLxample 1 —Find the circumference
of a circle whose diameter measures 2 yds

1ft g (m=32)
Circumference of circle = xd1n § 69

— where d =7 x 124+ 9 =
Zyds % Jun and w = 52, 9=93
cncumference] __
of circle } =4 X 93m
= 292% 1n

= 8 yds oft 4% n

hots oo Lxample 2 —Find the radius of a circle
whose circumference measures 100 ch

(= 4)

\ Diameter of circle = g ch §69
w

pmmmm—al

\
i where C = 100,
' and = = 32,

e

diameter of circle = 5 x 100 ch
and radius of circle = 5 ulameter
. raduws, of circle = o5 x 5o ch
~~~~~ - = 151 ch



On Circles  thewr Circumferences and Aireas 99

°
Example 3 —How many revolutions will a wheel make 1n travel-
ling half a mile if its diameter measute 28 n ? (v = %)

Circumference of wheel = #d1in § 69

where @ = 28,
and = = 4/,
circumference of wheel =42 x 28 1n
=88 1n
number of revolutlons} half a mile

i travelling half a milef =7 881 e
88o>< 3x121m
88 1n
=360

Example 4 —Assuming that the radius of the earth 1s 4000 mi,
find how long it would take a man to travel round the equator nt an
average rate of 10 m1 an hour (= = 2¢)

Length of equator = =@ m1 § 69
where & = 2 X 4000,
and » = 1./5 ,
length of \ _ ,,
cquator } = 4 x 8000 m
1equired time = 22 ¥ 8000,
7 X 10
22 X 8000

T 7% 10 x 24 days

= 104 days 18 hrs 171 min

Example 5 —In turning a two-wheeled carriage once round a ring,

1t was observed that the outer wheel
made 1§ revolutions for every single
revolution of the inner one, the whecls
being 4 ft 6 n apart required the
circumference of the circle described
by the outer wheel, the diameter of each
wheel measuring 3 ft

Circumference of outer circley _
circumference of inner mrcle} =1f 1
=7 4
Now, if the radius of the inne1 circle
m®&sure 7 ft, the radius of the outer
circle will measure 7+ 4h)ft

2w(r +43) 2mr =7 4 § 69.
or 4(r + 43) = 77
orr=26
* radwus of outer curcle = (6 + 41) ft

10} ft
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Hence—

circumference of circle described by outer wheel = 2 x = x 1
2 X %2 x 2
66 ft

\g(‘:‘" Example 6 —The well of a ding staircase 1s 6 ft in diamete,
. 1ts height to the top landing 1s 35 ft, and the handrayl makes 3} revo-
)

l/:/’ lutions  find the length (v = 42

-

i

g

A ( B A

< ‘
b c C

Consider a rectangle A BCD such that 48 measures = x 6 ft and
BC measures (35 — 3}) ft = 10ft

If this be bent so as to form a hollow cylinder, the diagonal AC
will be seen to make a complete revolution round the cylinder

Hence, if this cylinder be taken to represent a section of the stair-
case, the line 4AC will correspond 1n length and position to the
handrail

Now, according to the question, the handrail makes 31 revolutions

the total length of the handrail will equal length of 4C x 3}

= A/ AB*+ BC? x 31 § 16
= ,/367% + 100 X 3}ft
el ML a7
= 3?_&75(12) + 100 X 33 ft
= 14/22324 ft
=1 x 149412 ft
= 74706 ft

Lxample 7 —The bands of a clock are 6 1n and 4 1n respectlvel;

find the difference between the distances
traversed by their extrenwties from 11 am
_von March 3rd to gam on May 5th (» = &%)

.
2 ? Interval from March 3rd | _ .
(11am) to May sth(9gam )}_62 days 22 #is
= 1510 hrs

Now, i 12 hrs the hour-hand makes
one complete revolution, thgrefore during
the given interval, hour-hand makes 1§32
complete revolutions, and minute hand makes
1510 complete revolutions
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total distance traversed by they _ L
extremity of the hour-hand } =27 X 4 x }{}%mn
and By the extremity of the mmnute-hand = 27 X 6 x 1510 1n
required difference = 27 x 1510(6 — 1, In
2% 22 X 1510 X 17

7 %3
53784 76 m

Example § —1t takes a man half a minute less to cross a circular
field by following the diameter than by following the circumference,
walking 4 m1 an hour find the circumference of the field (v = =)

Let the circumference measure 1 yds

Then the diameter will measure ;—: yds $ 69
= Z—i yds
Now, the man walks 4 x 1760 yds 1n 60 min N
z X
D) ” ” ; i I—;—l}‘m min
7% _60%x7% m
9 ”» ) 22 ” 4 x 1760 x 22
But these two times difter by half a mnute
6o xx ___6‘97x 7x +
4 x 1760 X 2 4 X 1760 x 22 3
3 _ 21 0
4% 176 4 x 88 x 22 ' 4
33 ¥ = 21x + 3872
12v = 3872
X = 3224

the circumference of the field measures 322% yds

Evample 9 —A perfectly flexible rope of 22 1n 1n diameter 's coiled
closely upon the deck of a ship,
and there are » complete coils
prove that the length of the rope
=z m an(2n + 1) 1n

If the figure be taken to 1epre-
sent the coil of the rope, then the
dotted line may be taken to indi-
cate the length of the 10pe

But this 1s seen to consist of a

s&ies of semicircles, viz —

(1) a semicircle on 22 1n as diam

[2) 4a1n ,
(3) :: "; 6a n :,
(4) " s 82 1n .

and so on.
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Hence— ¢
Length of rope = ma1n + n2am + m3¢m 4 + w22 am «§69
=ma(1 +2+ 3+ + 27)mn

= mq ?g(zn + 1)

‘Q‘)&«Iﬁ/\ =m an(2zz + 1) 1n

PROPOSITION XV

Tl 7o find the area of a circle, having grven its 1adius
Let ABD be a circle

Let 1ts radius CA measure » of any
linear umt

It 1s required to find the area of the
circle ABD 1n terms of 7

Let AB be one of the sides of a
regular polygon of # sides mscribed 1n the
cucle ABD

From C, the centie of the cucle, draw
CE perpendicular to 45

Jomm CB
AB x CE §
Area of polygon =2 X ———— 4“4
_ X AB % CE
= Y(perimeter of polygon) x radius of inscribed
circle

But as the number of the sides of the polygon 1s indefinitely
mcreased, the area of the polygon will be ultimately the area of
the circle 48D, and the perimeter of the polygon will be the
circumference of the circle 48D, and the radius of the inscribed
circle will be the radius of the circle 48D .

Hence—

Area of circle ABD = }(arcum of circle ABD)
X (radws of circle 48D)
But circumference of circle 48D = 2w linear units § 69
..area of circle ABD =% 2wr X rs5q umts t-
= 7% sq units

Hence rule—

The square of the number of any hnear umt wn the radwus of a
circle multiphed by w guves the number of the corresponding square

wunit in the area T
¥ = ’A)
L2
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Or bnefly— *

dArea of circle = w(radlus)‘
A= ()

Hence r = ,\/ A (1)
72 If R and #» denote the radu of '
the outer and 1inner circles respectively
which bound a plane crcular ring, 1t 1S
evident that—
Area of ning = (7 R* — m*) sq units
=x(R* — 7%) sq units
= m(R — »)(R + ) sq umts

ILLUSTRATIVE EXAMPLES

738 Example 1 —Find the area of a circle
whose radius measures 6 ft 31n (r = %)

Area of circle = m2sq 1n § 71
where » = 6 x 12 + 3 = 75,
and = = 2,{?‘ N

area of circle = 22 x (75)¢sq n
1237680 5q 1n

17678% sq 1n

122 sq ft 110% sq 1n

o

FExample 2 —Find, to the nearest inch, the radius of a circle whose
area measures I ac (1r = 32)

Radius of circle = \/? yds § 71

where A = 4840

and = = =,

radius of circle = \/4840 X7 yds
= ,/1540 yds
= 39242 yds

39 yds o ft 91in nearlv

Example 3 —A path, 14 ft wide, surrounds a circular lawn whose
diameter 1s 120 yds find the area of the

path  (r = %%)

Rudius of nner circle=6o x 3 ft = 180 ft
radius of outer circle=(180+14)ft =194 ft

area of} = m(194 — 180)(194 + 180) sq ft

§72
=% x 14 x 374 5q ft
= 16,456 sq ft
= 1828 sq yds 4 sq ft
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Example 4 —The inner diameter of a circular building 1s 54 ft,
and the base of the wall occupies a space of 352 sq ft figd the
thickness of the wall (x = 2¢)

Let x ft = the outer radius of the
building

Then the space occupied by the
base of the wall

= 22{12—(27)?} sq ft §72
32{22=(27)%} = 352
12 = ,35_'-"5_:_(_7 + (@27)

= 841
r =29
! LVR Hence the thickness of the wall

= 2ft
[

Eaample 5 —The area of a circle 1s 154 sq n find the length of
the side of the mnscribed square (v = %2

Radius of circle = \/A mn §71.
m

where 4 = 154,
™=,

radius of circle = \/1542: 7 n
=7 1n

Now, ABC 1s an 1sosceles right-ingled
triangle 1n which AC = 7 1n

AB =74/21m § 17
=7 X 1414 n
=989 n

Lvample 6 —The areas of two concentric circles are 154 sq 1n
and 308 sq 1n respectively find the breadth of the rng (= 32)

Radius of larger circle = \/ é m §7a
where 4 = 308,

T=4f,
154 Sq fr. ——
, = /398x7
radius of larger circle _\/ 22 A0
= JI14 x 7 1n
= 7~/g‘m

Radius of smaller circle =,\/‘g m §71
where 4 = 154,
F )

” =
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—_—0
= /154 X 7
radius of smaller circle = \/ T pm
=71m
breadth of ring = (7,/2 — 7) m = 289 m

Example 7 —I1f three men buy « grindstong one yard in diameter,
how many inches of the diameter is s
each man entitled to grind down? G

If AGAB represent a section of the
grindstone, then 458 will be a diameter

Area of circle AGB =#r2sq m § 71

where » = 3¢ =18,
area of circle 4GB = n(18)?sq 1n ta €
area of portion ground| _ 2 .
down by each man %_ }(18)?sq 1n
area of circle £L F = ¥»(18)2sq 1n
ze }r EF?=3}x(18)2sq n

EF= ,/4321n
= 20784 n
Again, area of mner rning = }«x(CD? — EF?%) = 1x(18)2sq mn  §72
JCD? — 432) = ¥(18)2sq 1n
CD? = 864 sq 1n

CD = ,/864 n
= 29393 mn
and CE + FD = CD — EF
CE 4 FD = (29393 — 20784 )

= 8609 1n nearly
Agam--
AC+ DB = AB - CD
=(36-29393  )mn
= 6 606 1In nearly
Hence the men are entitled to grind down 6 606 mn, 8609 .
i, 20784 in of the diameter respectively

Lxample 8 —Four equal circles are described about the four
corners of a square so that each touches
two of the others find the area of the
space enclosed between the circum-
ferences of the circles, each side of
the square measuring 58 ft (v = 32)

Since each side of the} _
square } =58f
athe radius of each of} =29 ft

the circles
a quadrant of each}

of the circles =tx7a(29)?

sq ft §71
Now, the area of the enclosed space
S = area of square — 4 x areaofa
quadrant of any one of the circles

=5/
/o;'i)
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(58)2sq ft —x x (29)%sq ft
3364sq ft — 2643 + sq ft
7 2 sq ft nearly

I

Examples—XII

CIRCUMFERENCES
(r=%)
Find the circumferences of the circles having the following diameters —
1 21m
2 18yds 2 ft

3 17yds 2ft 8in
4 23ch 52 lks
Find the diameters of the circles having the following circumferences —

5 88 in
8 14yds 2ft
7 68yds 1ft 41
81464 ch 42 lks
9 The wheel of a logometive has a diameter of 30 in how far must 1t
travel to make 2100 revolutions ?
10 Find the cost of fencing a circular grass-plot of radius 56 ft , at the rate
of 12 annas a yard
11 What 1s the length of the side of a squa:; whose perimeter 1s equal to
the circumference of a circie 42 1n 1n diameter ?
12 At what rate must 2 bicycle travel in order that its dniving wheel, of
28 1n diameter, may make 540 revolutions every § min ?
18 Find the thickness of a circular rning, if the mner and outer circum-
ferences measure 4 1n and § 1n respectively
If we assume that the earth describes a circle round the sun, and that
the earth 1s distant 95,000,000 m1 from the sun, find the distance traversed by
the earth 1n half a year
156 T1he diameter of one wheel of a bicycle 1s 2 in greater than the
diameter of the other wheel, and the first wheel 1s found to make 48 revolu-
tions less than the other wheel 1 covering a distance of one mile find the
diameter of each wheel
18 The hands of a clock are 4 n and 3 1n respectively find the differ-
ence between the distances traversed by their extremities in 2 days 6 hours
17 The gauge of a circular railway 1s 5 ft 6 1n, and the outer wheels are
each found to make 10,000 revolutions while each of the inner wheels are
making 9998 revolutions find the radius of the circle described by the inper
wheels

AREAS

(r=3%)

Find the areas of the circles having the following radu —

21 9gyds 1ft
22 2yds 1ft 7m
23 4ch 20 lks
24 2 po 43yds
256 3ch 7lks
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Find the radn of the circles having the following areas —

28 15459 yds

27 462sq In

28 10sq ft 1005q m

29 o154sq ch

80 The rent of a circular field 1s Rs 4620, at the rate of Rs 150 per acre
how many chains are there in the diameter ?

31 A carcular piece of metal, whose radius measures I ft 9 n, costs
Rs 77 how much 1s this per squarc inch?

82 Find the cost of turfing a circular lawy whose diameter measures 49 ft ,

at 12 annas per square yard
33 TFind the rent of a circular field whose diamcter measures 840 yds , at

Rs 15 an acre
84 The radius of a circle 1s 18 ft  find the radius of another circle whose

area 1s one-third of the area of this circle

85 Find the area of a aircle whose circumference measures one mile

36 Iind to the nearest anna the cost of surrounding a arcular grass plot
with a path of a umform width of 4 ft , at the rate of 6 annas per square yard,
if the diameter of the grass plot 1s 42 ft .

87 1lhe radu of the inner and outer circles of a rnng are 24 and 25 ft

respectively  find 1ts area
88 The radius of the cuter circle of a nng1s 21 i1 find the radius of the

mner circle if the area of the ring measure 26 sq 1n
39 Find the circumference of a circle whose area measures one aci¢
40 Find the radus of a circle whose area 15 the <ame as that of a rcctangle
we 1y 132 ft by 64 ft
41 11 the side of a square whose area 15 the same as that of a circle of

radius 7 ft
42 The side of a square1s 42 1 hnd the area of the space between the

square and the inscribed circle

43 TFind the length of rope by which a horse must be tethered in order
that he may be allowed to graze over 2200 sq yards

44 lhe arcumference of a circle 1s equal to the perimeter of an equilateral

triangle compare their areas
The area of a circle 1s equal to the area of a square compare their

perimeters

Examination Questions—XII
(Take m = 3, unless otherwise stated )
A Allakabad Unsversity Matriculation

1 Assuming the circumference of a circle to be 3} times the diameter, find
the circumference of the circle whose area 1s 1386 sq ft

2 A arcular grass-plot 40 ft 1n radius 1s surrounded by a ring of gravel
fifid ;he width of the gravel so that the area of the grass and gravel may be
equa

B Pumjab Unwersity Matriculation

8 Find thg area of the ring, the outer and inner radu of which are 3 yds
and § ft respectively, by a method other than that of subtracting the area of
one circle from that of the other

Find 1n yards correct to three places of decimals, the radius of a circle

which encloses an acre
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6 Find the expense of paving a circular court 80 ft n diameter, at
3s 4d per square foot, leavingn the centre a space for a fountan 1n the ~hape
of a hexagon, each side of which1s 1yd (v =3 1416)

8 The area of a rectangular field 1s three fifths of an acre, and 1ts length
1s double 1ts breadth determine the lengths of 1ts sides approximately

If a pony 1~ tethered to the middle pomnt of one of the longer sides,
find the length of the tether in yards, correct to two places of decimals, 1n order
that he may graze over half the field (v = 3 1416)

C  Pumpab University Middle School

T The arca of a circle 1s 3¢5 ac  find 1ts circumference

8 lhe radn of twocnclesare 6 and 8 ft respectively find the radius of a
circle whose area 1s equal to the sum of the areas of the two circles

Assuming that the circumference of a circle 1s 3 1416 times the diameter,

determine, as fir as four decimal places, the radius of the circle of which the
arcuinference 15 2 fur and 60 yds

10 The radius of the outer circle of a ning 1s 342 ft , and the radius of the
mner circle 1s half of that find the area of the nng

11 The area of a cucle1s 50sq yds  find the radius

12 A road runs round a circular grass plot, the outer circumference 1s
500 yds , and the inner circumference 1s 300 yds  find the area of the road

D Caleutta Unwversity Matriculation

18 ‘lhe circumference of a circle 15 100 ft  find the length of the side of
the inscnbed square The ratio of the circumference to the diameter s 3 14159 1
(Answer to be correct to two decimal places )

14 A two-wheeled carnage, whose axle tree 1s 4 ft long, 1s driven round
a circle , the outer wheel makes one and a half revolutions for every single
revolution of the inner one, the wheels are each 3 ft lmgh what is the cir-
cumference of the circle described by the outer wheel ?

A man, by walking diametnically across a circular grass-plot, finds
that 1t has taken him 45 sec less than if he had kept to the path round the
outside 1f he walks 8o yds a minute, what 1s the diameter of the grass-plot ?

E  ZLuropean Schools Final Uniled Provinces

16 The 1adws of a circle 1s 44/2 ft find the difference 1n area between
the square 1nscribed 1n the circle and the circle inscribed 1n the square

17 A regular hexagon 1s inscribed 1 a circle of radius 1 ft  compare the
areas of the hexagon and the circle

¥ Madras Technical Intermedsate

18 The difference between the circumference and diameter of a circle 1s
60 ft find the 1adius

G Roorkee Engeineer Entrance

19 A arcular grass-plot 15 surrounded by a ring of gravcl 4 feet wide 1f
the radius of the circle, including the ring, be a feet, find the relation between
a and 6 so that the areas of grass and gravel may be equal

20 A garden 1n the shape of a trapezoid, whose parallel sides are 1000 and
900 yds , and the length 800 yds , has an elliptical pond 1n 1ts centre, whose
diameters are 300 and 400 yds respectively how many square poles are
available for cultivation? (/Nofe —Area of ellipse = = ad, where @ and 4 are
the semi-diameters ) (w = 3 1416 )

21 A crcular grass-plot, whose diameter 1s 40 yds, contains a gravel
walk 1 yd wide, running round 1t one yard from the edge find what 1t will
cost to turf the grass-plot at 44 per s&uare yard.
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e 22 A wire cable 1s formed of six wires twisted romd a central one, the
L /J diameter of each being one-eighth of an inch, the central wire 1s straight, and
4 the (;)H}ers l:xllake one turn in 8 in  find the length of wire required to make a

v yard of cable
> 7 28 A perfectly flexible rope of 2§ 1n  diameter 1s coiled closely upon the
deck of a ship, and there are 24 complete cotls what 1s the length of the rope ?

24 The circumferences of two concentric circles are 62832 and
37 6992 ft  find the area between the circles (v = 3 1416 )

26 What will be the expense of paving a carrcular court of 30 ft diameter,
at 25 3d per square foot, leaving 1n the centre a hexagonal space of 3} {t side’

Two men, A and B, purchise a grindstone 1 yd 1n diameter foi
Rs 15, of which the first pays Rs 8, and the other Rs 7 now, supposing
the axle-hole to be 1 ft 1n diameter, how many inches of the radius may A
gnnd down before sending 1t to B?

27 Prove the following statement The arca of the space between two
concentric circles 1s equal to the area of a arcle which has for its diuneter a
chord of the outer circle which touches the inner circle

28 In turning a chaise once round a ring, 1t was observed that the outer
wheel made 13% revolutions while the nner made 11, the wheels bemng 4 ft
10} 1n acunder required the diameter of the wheels, and of the circle made
by the mner wheel ¢

29 The end of a room 1s 27 ft wide and 8 ft high, and has a circular
window g ft diameter, centre 8 ft from floor, m 1t find the length of paper,
18 1n broad, that 1t will take to cover 1t

80 Supposing the earth were sphencal, and that its circumference measured
25,000 miles, the distance from Saharunpore to Agra being about 200 m1, find
how high vertically a man must ascend at one of these plices mn order to see
the other (w = 3 1416 )

H  Roorkee Upper Subordinate Ewntrance

81 A crcular grass plot, whose diameter 1s 70 yds, contains 1 gravcl
walk § yds wide round 1t, 15 yds from the edge find what 1t will cost to turf "
the grass-plot at Rs 2 a square yard

2 Two men, A and B, purchase a grindstone 30 in 1n diameter for
Rs 12, of which A pays Rs7, and B Rs 5 now, supposing the mnermost
101 of the diameter as useless, how many inches of the radius may A grind
down before sending the grindstone to B?

83 A road runs round a circular shrubbery, the outer circumference 1s
500 ft , and the inner circumference 1s 420 ft  find the area of the road

84 What 1s the 1rea of the largest circle that can b mnscribed m a square
whose area 1s §,499,025 sq ft ? Give also the length of 1ts urcumference

86 Find the area of 1 grwdl path, 4 ft wide, round a circular plot‘c
whose diameter 1s 55 yds £

88 The well of a winding sturcase 1s § ft 1n diameter, 1its height to the
;op landing 1s 45 ft, and the handrail makes 3% revolutions required 1ts
ength \
g37 In cutting four equal aircles, the largest possible, out of a piece of
grdboard 101 square, how many square inches must neccssanly be wasted ?

=13 1416 )

Bg The inner diameter of a circular building 1s 68 ft 10 1, and the
thickness of the wall 1s 221n  find how many square feet of ground the base |
of the wall occupies (w = 3 1416) '

89 If a grcle has the same penmeter as a triangle, the circle has the
greater area  venify this statement 1n the case where the sides of a triangle are
9, 1o, and 17 ft :

t
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* 40 A crcular pend 1s to be dug what must be the length of the cord
with which the circumference 1s to be described, so that it shall just occupy
i half an acre?

1 Roorkee Engineer Final

41 The radius of the mner boundary of a ring 1s 14 1n , the area of the
ring 1s 100 sq 1 find the radius of the outer boundary

42. In dnving a gig round a circular lawn, 1t was observed that the wheel
which was kept close to the grass made only two turns, while the other wheel,
which was on the gravel, made three calculate the area of the lawn, the wheels
being 5 ft apart on the axle Answer to be given in square feet (r =
314159) !

43 A tramnruns 1n a circle whose radiusis 2 m1 if the gauges 5t 61n,
and the circuit 1s made 1n 40 min , how many miles an hour do the outer wheels
move faster than the inner ones?

44 The well of a winding staircase 1s 7 ft 1n diameter, 1ts height to the
top landing 1s 36 ft , and the handrail makes three revolutions required 1its
length

J  Roorkee Upper Subordinate Monthly

45 X road runs round a circular plot of ground, the outer circumference
of the road 1s 44 yds longer than the mner find the breadth of the road

48 A horse 1s tethered by a chain fastened to a ring which shides on a rod
bent 1nto the form of a triangle find the area outside the triangle over which
he can graze, the sides of the triangle being 30, 40, and 50 ft respectively, and
the length of the chain 1§ yds

47 If a regular hexagon be mnscribed 1n a circle, of which the circumfer-
ence s 1o ft  find the area of the space enclosed between them

K Sandhirst

48 Find 1n feet, to three places of decimals, the radius of a circle the area
of which 1s equal to the area of a regular hexagon, the side of whichis 2 ft
(r =3 1416)

49 105 halfpennies lying on a flat surface, with their edges 1n contact, arc
Just contained by a frame 1n the form of an equilateral triangle the diameter
of a halfpenny heing 1 1n, show that the side of the triangle 1s (13 + 4/3) 10,
and calculate 1ts area approximately

60 Assuming that 7 = 3 1416, find the radius and the perimeter of a
circle, the area of which 1s 5 309304 sq ft

L. Additional Examination Questions —XII (For Answers, see p 168,)

61 Two equal circles of diameter 9 1n touch one another, and from the
pomnt of contact as centre a third circle of radius 9 1 1s drawn  find the
radius and the area of the circle inscribed 1 erther of the two spaces enclosed
by the three given circles  (Roorkee Upper Subordinate Entrance )

52 The times taken by a cychist going at a steady rate respectively round
the outer and 1nner edges of a circular track are as 23 to 22, and the width of
the track 1s 15 ft  find the diameter of the circle forming the nner edge of the
track (Roorkee Engineer Entrance )

63 In a arcle of umt radius a regular hexagon 1s inscnbed, and n the
hexagon another circle find correct to four decimal places the area of the
ring enclosed between the two circles = = 3 14159 (Punjab Umversity
Matriculation )

Find to four figures the ratio of the perimeters of a circle and a regular
hexagon of the same area 7 = 3 14159 (Roorkee Engineer Entrance )



CHAPTER XIII
ON CIRCLES THEIR CHORDS AND ARCS

74 A chord of a circle 1s a straight line joining two pomnts on
the circumference
An arc of a circle 1s a part of the

circumference .
The straight line jomnmng the ex- /’]\
tremities of an arc 1s called the ckord of A C

the arc
The perpendicular from the middle

pomnt of an arc upon the chord of the

arc 1s called the Zewght of the arc D
Thus 1n the arcle ABCDE, ED 1s

achord, ABC 1s an arc, AC 1s the

chord of the arc A.BC, BF 1s the height

of the arc 4BC E

PROPOSITION XVI

T5 70 find the chord of an arc of a arcle, having given the
hewht of the arc and the diameter of the arcle

Let ABC be an arc of the ciurcle
ABCD

Let BE, the height of the arc, and
BD, the diameter of the circle, measure
% and 2 of the same linear unt respec-
tively

It 1s required to find the chord of
the arc n terms of /4 and &
The area of the rectangle contained by

* BE and ED = the area of the rect-
angle contained by 4 £ and £C

Euc IIT 35
But the arga of the rectangle contamed by BE and ED
measures /%(d — %) of the corresponding square unit . §8

rectangle AZ . EC = A{d — %) square units
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Thatis— ¢
square on AE = /(d — 4) square units (since 4E = FC)
AE = ¥ I(d = %) hnear units §o

AC=2NMd =)

Hence 1ule—

Multsply the number of any linear unit in the height of an arc by
the differ ence between this number and the number of the same hincar
unit in the diameter of thescircle, then twice the square root of the
product grves the number of the same hnear unit in the chord of the arc

Or briefly —
Chord of an arc = 24/ height x (diameter — height)

2a = 24/h(d — h) ()
Henced = h + %: ()
and h = q‘—i—‘/-('.g — 48’ (m)

ILLUSTRATIVE EXAMPLES

76 Example 1 —Find the chord of an
arc whose height 1s 24 i, 1in a circle of
radius 15 1n

Chord of arc = 24/4(d — 2 1m  § 75

N where £ = 24,
£ and ¢ = 30,
: ' chord of arc = 24/24 » 61n
= 24/144 1n
= 24 1n
N Lxample 2—The height of an arc 1s
STEE 7 m, and 1ts chord 1s 42 1n  find the dia-

meter of the circle
2
Diameter of circle = (/z + % ) m §7s

where 4 = 7,
and @ = 21, -

21
diameter of circle = ( 7 + 2 ; <= ) mn

_/ = 70 1n

Evample 3—In a circle of diameter 25 1n, the chord of an arc 1s
20 find its height
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+ TR .
Hgight of arc = a;ZA/—tZ ~44 § 75 T\
,ﬁ@mhere a = 23, 7o
and 2 = 10, ~ '
+ —
U\[}thelght of arc = 8EV(5 220)(25+20)1n 3
PR
v 228 '
=25 3-%3«/_"225 in .
= ?——i———ls in ° :

2 o
=201n or§in

These two answers obviously refer to the two arcs into which the
cncumference of the circle 1s divided by the chord )

PROPOSITION XVII .
17 o find the chord of half an arc of a crcle, having grven

the height of the arc and the diameter of B ¥
the ctrele

Let ABC be an arc of the circle {) /Ah
ABCD ‘ c

Let BE, the height of the arc, and
BD, the diameter of the circle, measure
/4 and & of the same linear umt respec-
tively

It 1s required to find the chord of
half the arc 1n terms of 4 and &

Jon A8 and 4D

the tnangles 4 BE, ABD are stmilar
Euc III 3rand VI 8
DB AB = AB BE § 64
area of square on 4B = area of rectangle contained by DB
and BE Euc VI 17

But the rectangle contained by DB and BZ measures @4 of
the corresponding square unit §8

area of square on 4.8 = d/ square units
AB = A/ dk linear units ~ § 9

D>

Hence rule—

Multiply the number of any linear unit 1n the height of an are by
the number ofsthe same linear unit in the diameter of the arde, then
the square root of the product guves the number of the same linear
umit 1n the chord of half the are.
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Or briefly— °
Chord of half an arc = 4/ diameter of circle X heiBht

of are
b= dh (1)
bz
Henced = Y ()
— b m )
and h._ i (

ILLUSTRATIVE EXAMPLES

. 78 Example 1 —The height of an aic
M 1s 3% ft, and the diameter of the crcle 1s 14

ft ~ find the chord of halfthe arc ‘s,

Chord of half the arc = /dAft §77
where & = 14,

and 2 = 31,
chord of half the arc = /14 x L ft
/49 ft
=7 ft

Example 2 —The height of an arc 1s 5 1n, and the chord of half

3

the arc 1s 1 ft 31n  find the diameter ot

o the circle
2
Diameter of circle = % n § 77
where 6 = 15,
and 2 =3,
diameter of circle = 5%5 n
= 45 1n
= 3ft 9In

Example 3 —F1nd the height of an arc of a circle, when the chord

40

1
25

of half the arc 1s 3 ch 57 lks, and the

diameter of the circle 1s 7 ch
2
Height of arc = % ch § 77
.

where 6 = 357,
andd =7,

.. height of arc = ﬂ;_}_S_Z ch

< - 7chs-- 7

=o035I X 357 ch

= 18207 ch

)
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Evample 4 —In a circle of radius 65
ft, twg parallel chords are drawn on the
same side of the centre, measuring 126 ft
and 112 ft respectively find the distance
between them
GE = distance between parallel chords

= FE - FG

= N FD?*-ED*— \/JFB*—~GB? §16,
= [/ (65) = (56)*— 4/(65)* = (63)%] ft
=(33 —16) ft

=17 ft

Erample 5 —Assuming that the radius of the earth is 4000 m1, find
approximmately how many feet above the
carth’s surface a person must ascend 1n
order to just see an object on the earth’s
surface distant 12 mu from him

A person stationed at B must ascend to
A 1 order that he may just see an object
placed at D

AD* = AG x AB  Euc III 36
=(AB + BG) x AB

Now, 4D may be taken equal to the
arc BD =12 m1, and if %2 denote the

number of feet 1n 45, L will denote the
5280

number of miles
Thus we have —
/3

2)2 = 000 T
(12) ( 5280 +8 ) x
- ( _Zz) ? 4 8000 X %
“\ 5280 5280

But / 1s small compared with 5280, therefore L, 1s a small frac-

5280
tion , therefore (5_2;%?) )2 1s a still smaller fraction, and may be
neglected
Hence—
(12)? = 80(;28); % approximately
ork = 1458:0.—52—80 approximately
= 95 04 approximately
Thys- -

required height = 9504 ft
Note —1t 1s®nly when / 1s small compared with 5280 that we can

neglect the fraction 28
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PROPOSITION XVIII

79 7o find the length of an arc of a arcle, having grven the
radius of the arcle and the angle sublended by the arc at the centre
S Z-. O Let A8 be an arc of the cncle
N g8~ 4BCD
T Let OA, the radws of the circle
¢ «ABCD, measure » of any linear umt
Jomn OB
Let A4 OB, the angle subtended by
the arc at the centre, measure o°.
It 1s required to find the length of
the arc 1n terms of 7 and a
Draw OC at nght angles to 04
In any circle arcs are proportional
D ? to the angles which they subtend at the
centre Euc VI 33

n the circle 4A5CD
arc AB arc ABC = ([ AOB ([ AOC
But £ 40C = go°
arc ABC 1s the fourth part of the circumference
fi f
circumference of circle =/ AOB oo°

4
That 1s, arc A5 3? =a° go° § 69

O
arc AB = 360° X 2w linear units

arc AB

Hence rule—
The length of an arc 1s obtmned by multiplying the corcumference

of the crcle by 328 y where a° 15 the central angle of the ar .

Or briefly—
central angle of arc

Length of)xc = 360° X circumference
“9 of circle
- a
I 1= 3-‘6—0‘ X 27T (l’
Hence a = 360 X 21; (n)
andr—-!'—igx}: (1)
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ILLUSTRATIVE EXAMPLES

80 Example 1 —The radius of a circle 1s 100 1n  find the length
of an arc which subtends an angle of 32° at
the centre (w = 3%¢#)

Length of arc = — X 2m7 10 § 7 8
g 360 9 §
where 7 = 100, ,
a = 32, '
m™ = N .
_ 32, 2X22X100
length of arc = 360 X 7 n
= 38. Q1n
= 5583 m
Example 2 —The radius of a circle 1s 22"

1ft 31 find the angle subtended at the
centre by an arcof 2k in  (m = 3#)

Central angle = 360° x 5;,17 §79

where / = 21,

7 = 15,
™= 2’1‘ )
central angle = 360°><—-I~I—>< 7
5X2X22XI§
= 47 deg
= 8° 24’

Eaample 3—The length of an arc of a circle 1s 11 ch, and 1t sub-
tends an angle of 3° 20" at the centre
find the radius  (w = %7 )

Radius of circle = }%0 X éch §79

where / = 11,
)
)

T |lichs

a =3

r::‘?},
radlusof} _ 180X 7 X II X3 I
circle ST z2x10 M

= 189 ch

PROPOSITION XIX

81 v find the length of an arc of a crde, having given the
chord of the arc and the chord of half the arc

Rule— *

From eight times the chord of half the asc subtract the chord of
the arc, then one-third the remamnder wnll give the length of the are.
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Or briefly—
8 x chord of semi-arc — chord of urc
Arc of circle = 3 =

1= 8b - 2a

The proof of this formula involves a knowledge of the higher
mathematics, and 1s for this reason omitted

This formula only gives a close approximation to the tiuc
length of the arc  The éror dimimshes as the cential angle of
the arc diminishes When, therefore, the arc has a large central
angle, 1t 1s advisable to find the length of half the arc by means of
this formula, and then double the result

ILLUSTRATIVE EXAMPLES

82, Example 1 —The chord of an aic 1s 2 ft 9 1n, and the chord
of half the arcis 1 ft 6 in  find the length

76 | N\ of the arc

Length of arc = 86 — 22, $ 81
where 2a¢ = 33,
and 4 = 18,
length of arc = 144~ 33,
3
=131

=371 =3ft 1m

Example 2—Find the length of an arc whose chord measures
96 1n, 1n a circle of radws 60 1n
Let ABCD be the given circle

B Then we know that—
OA = 601n
C AE =48 1n

OF = 4/(60)2 — (48)°1in  §16

= /12 x 108 1n
=36 1n

BE = (60 — 36) 1n
=241

AB = /(48 + (24)21n  § 16
= 53 665 n .

D Now, length of arc 4BC = ———

where & = 53 665
and @ = 48, .

*. length of arc 4BC = 429 32 3
= III IO mn
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In working out examples on the chords of circlel, it will be found
advisqple to draw a figure 1n each case and investigate 1t separately,
1ather than trust to remembering the formulae

Examples—XIII
Chords of a Circle
(r=%)

1 The height of an arc 1s 8 ft, and the diateter of the circle 40 ft  find
the chord of the arc

2 The height of an arc1s9 1n, and the chord of the arc 1s 2 ft 6 in
find the diameter of the circle

8 The chord of an arc1s 7 ch 50 lks, and the diameter of the wrcle 1s
12 ch 50lks find the height of the arc

4 The height of an arc 1s 1 ft 9 1n, and the diameter of the circle 1s
2yds 1t find the chord of half the arc

5 'The height of an arc 1s 7 ch, and the chord of half the arc 15912 ch
601ks find the diameter of the circle

8 The chord of an arc 1s 4 yds 2 ft, and the height of the arc1s 1t 11n
find the chord of half the arc

7 The height of an arc 15 3 6 ch , and the chord of half the arc1s 8 5 ch
find the chord of the arc

8 The chord of an arc 1s 4 ch 40 lks, and the chord of half the arc 1s
2 ¢h 21 lks find the height of the arc

9 Prove that—

v

b

d = c—
N

where a denotes half the chord of an arc, 6 the chord of half the arc, and 4 the
chameter of the circle

10 The chord of an arc 1s 9 1n, and the chord of half the arc 1s 74 mn
find the diameter of the circle

11 lhe height of an arc 1s 2 ft 31n, and the chord of half the arc 1s
5ft 31 find the distance of the chord of the arc from the centre of the
circle.

s

Arcs of a Circle
: (r=7%)
12 The radius of a circle s 1t 41 find the length of an arc which
subtends an angle of 30° at the centre
8 The radius of a arcle 1s 7 ft 71n  find the length of an arc which
subtends an angle of 45° at the centre
The radiws of a circle 1s 2 ft 111 find the length of an arc which é ‘

sulgtends an angle of 7° 12’ at the centre —
15 The radius of 2 circle1s 6 1n find the angle subtended at the centre

by an arc of 11 1n
16 TIhe radws of a circle 1s 45 ks find the angle subtended at the centre

by an arc of 33 lks

17 The radas of a circle 1s 10 ft  find the angle subtended at the centre
by an arc of 4 ft 7 1n

18 The length of an arc of a circle 1s 77 ks, and 1t subtends an angle of
2° 15’ at the centre find the radius
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19 The length®of an arc of a circle 1s 2 yds 2 ft 3 1n, and 1t subtends an®

angle of 7° 30’ at the centre find the radius
1hechord of an arc 1s I ft 7 1n , and the chord of half the arc 11110

find approximately the length of the arc

2]? The chord of an arc1s 6 ch 24 lks, and the chord of half the arc 15
4 ch 321ks find approximately the length of the arc

23 The chord of an arc 1s 48 1n, and the radius of the circle1s 30 1n
find the length of the arc

28 The chord of an arc1s 2 ft 8 1n, and the height of the arc 1s I ft
find approximately the length of the arc

L]
Examination Questions—XIII

(Take » = 33, unless otherwise stated )

A Allakabad Unwversily Matriculation

1 The difference between the areas of two squares 1nscribed and circum-
scribed about a circle 1s 338 sq ft  find the radius of the circle

. B Fuwpab Unversity Middle School

2 'lhe chord of an arc 1s § ft , and the diameter of the circle 1s 7t find
the height of the arc 1 nches to four decimal places

8 lhe chord of an arc 1s 8 yds , and the chord of half the arc 1s 13 ft
find the diameter of the circle

4 The chord of an arc 1s 10 ft , and the height of the arc1s 2 yds  find
the diameter of the circle, and the chord of half the arc

C  Caleutta Unwersity Matsriculation
& The chord of an arc 1s 100 ft , and the angle subtended by 1t on the cn-
cumference 1s 150°  find the radius of the circle, the height of the arc and the
chord of half the arc

D fwopean Schools  Fimal Unit:d Provinces

8 lhe chord of an arc 1s 36 ft , and the chord of half the arc 15 194 ft
find the diameter of the circle

E  Madras Technical Elementary

7 Find the length of an arc of a circle whose radius 1s 6 ft , the chord of
the arc being 8 ft

¥ Madras Technical Intermediate

8 Find the arc of a circle whose radius 1s 8 ft , the chord of the arc being
12 ft

G Roorkee Engineer Entrance

©® The tops of two vertical rods on the earth’s surface, each of which 1s
10 ft high, cease to be visible from each other when they are 8 m1 apaf
what 1s the earth’s radius ?

10 O 1s the middle pont of a straight ine 4.5, 10 1n long, and from O as
centre a circle 1s described with radius 71n , 21s a pont on the circumference,
such that P4 = §1n  find 25 o

11 The area of an equilateral triangle, whose base falls on the diameter,
and 1ts vertex in the middle of the arc of a semicircle, 1s cqual to 100  what 15
the diameter of the semicircle ?
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12 Gaven the chord 20 ft, and height 4 ft , of an arc 8f a circle, find the
diameteg and length of arc

H  Roorkee Upper Subordinate Entrance

13 425 and AC are the chords of a circle at night angles to one another,
their lengths are 30 ft and 40 ft respectively find the height of the arc 4¢,
and the diameter of the crcle

14 The chord of half an arc1s 2 ft 6 i, and the diameter of the circle 15
4 ft 21 find the chord of the arc p

16 The rads of a arcle 1s 7 ft  find the perpendicular from the centre
on a chord 8 ft long )

16 A segment of a circular ring 1s 2} ft thick, the chord of the mnner arc
1sequal to the radius find the mean length of the segment Thelength of the
1adus 15 10 ft

17 The chord of an arc1s 49 ft , and the chord of half the arc 1 25 ft *
find the diameter of the circle

18 Find the length of the minute hand of a clock, the extremity of which
moves over an arc 5 1n 1n length mn 3} min

19 71he height of an arc was found by mcasurement to be 7 ft 94 m,
and the chord of half the arc 15ft 7 1n  with what radius had the ar% been
described ?

I Roorkee Engincer Final

20 Two parallel chordsn a circleare 61n and 8 in long, and 1 1n aput
find the diameter

21 The chord of an arc 1s 24 ft , and the height 5 ft  find the length of
the arc

22 The diameter of a circle 1s 12 ft  find the side of the square inscribed
m it

23 Find the area of a square inscribed 1 a quadrant whose radius 15 4/ 3,
two sices of the square being coincident with the radu

T Rcoikee Upper Subordinate  Monthly

24 The span of a bridge, the form of which 15 an arc of a circle, being
96 ft , and the height 12 ft , find the radius

26 The width of a circular walk 15 4 ft , and the length of the line which
1s a chord of the outer circumference and a tangent to the mner circumference,
15 20 ft  find the area of the walk (v = 3 14159 )

KX Additional Examenation Questions —XIII (For Answers, see p 163 )

28 Calculate the distance of the Forizon from the eye of an observer stind
g on the Kutab Minar, the height of eye from the ground being 240 ft , and
the size of the earth 8000 miles through  (Punjab Univer<ity Matiiculation )

27 Four arcles are each 1 1n 1 diameter  They are placed so that two
of them touch two of the others, and the remaming two touch three of the
others find the area of the rhombus whose angles are at their centres
(Sugeenor Accounts 4th Grade )

A B 1s a diameter of a circle, BC1s a chord subtending an angle of
30%at 4, €D 1s diawn perpendicular to 48 If AC=104/31n, find 48
and 42 (Roorkce Upper Subordinate Entrance )

29 A Iighthouse 1s to be constructed at a distance of 42 miles from a port
how high should st be 1n order that the light may be just visible from the port,
taking the average height of a man as 6 ft ? (Roorkee Upper Subordinate
Monthly )



CHAPTER XIV
ON CIRCLES 1HEIR SECTORS AND SEGMENTS

83 A sector of a crcle 1s a figure bounded
by two radu and the arc intercepted between
them (see fig.).
The angle contained by the two radu 1s the
angle of the sector
A segment of a circle 1s a figure

/\ bounded by a chord and the part of
the circumference 1t cuts off (see fig )
A zone of a circle 1s a figure bounded
/__\ by two parallel chords and their inter-
¢ cepted arcs (see fig )

PROPOSITION XX,

84 7 jind the area of a sector of a arcle, having grven the
radius of the arcle and the angle of the
sector

Let OAB be a sector of the circle
ABCD

Let OA, the radwus of the circle
ABCD, measure » of any linear umt
Let AOB, the angle of the sector,
measure a°

It 1s required to find the area of the
sector 1n terms of » and a

Draw OC at right angles to 04

In any circle the areas of sectors are proportional to their
angles Euc VI 33

mn the cucle ABCD, area of | _ .
sector O4B area of sector OAC } = <4408 £40C
But £ A0OC = 9¢o°
sector 4 OC 1s the fourth part of the circle 4B8C D

. area of sector OAB 22 of cnr:le ABCD =L AOB o~°

2
That 1s, area of sector 048 7":_ sq units = & go° § 71

area of sector OAB = —5— X 77" sq
360

units
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Hence rule— >
Tl area of a sector 15 oblaned by multiplying the arca of the

circle by :‘—;;, where a° 15 the angle of the sector
I3

Or briefly—
Area of sector = fa,»r}_gle:‘}g%gector X area of circle
A=g05 ™ (1)
Hence o = 360 7% ' (n)
and r = ?j?—:g —.-% (m)

ILLUSTRATIVE EXAMPLES
85 Lxample 1 —In a circle of radws 1 ft 21n find the arga of
a scctor whose angle measures 75° (7 = +%)

Area of sector = §65 wr? sq n § 84

w'here a =765,
. Q

= J5o X % x (14)*sq m
= 128} sq 1n

Lxample 2 —The area of a sector 1s 77 sq lks , the radiws 1s
21 lks  find the angle of the sector (r = 4¢)

The angle of the sector = 360° x -A;—‘ § 84
where 4 = 77,
T = y
ry =21,

é

o 77 X7
angle of sector = 360° X ———= " —

= 20°

ﬁxa;;zple 3 —The area of a sector 1s 44 sq n , the angle of the
sector 1s 40° find the radius of the sector (v = 42 )

oRadius of sector = ,\/36—0x 4 m §384

where a = 40,

=32, <
1adius of s¢ctor = \/ 360 44 X 7

= sz6 n
= I1 225 1n nearly

43\
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Example 4 —Three equal circles are so placed that the circum-
ference of each touches the other
two If the diameter of each circle
measure one foot, find the area of
Ehe unogcupled space between them
T = 3f
If the centres 4, B, C of the
circles be jomed as in the hgure, 1t
1s evident that 48C 1s ar equilateral
triangle of side = 1 ft
area of equi- V3
lateral AAqBC} = saft Sar
Now, unoccu- N
pied spice $ }: area of AABC
— 3 x area of
sector ADE
and area of sector ADE =} x = x {})¢sq

ft §71
(since £ BAC = 60°)
the unoccupied space .S = 4T3 sq ft — % <% x }sq ft
=1364/35q In — 56571428 sq n
= (62 353 — 56 571) sq 1n nearly
= 5782 sq 1n nearly

PROPOSITION XXI
86 7v find the area of a sector of a arck, having given the
length of wts arc and the radius of the circle
Let OAB be a sector of the cucle
ABCD
Let AB, the arc of the sector,
measure / of any linear umit Let OB
the radius of the circle 48C D, measure
C # of the same Linear unit
It 1s required to find the ar2a of the
“~IB  sector in terms of /and »
Draw OC at nght angles to 04
In any circle the areas or sectors are
A proportional to their arcs Euc VI 33

in the circle 4BCD, area of | _ -
sector O4 B area of sector CAC } =arc A5 arc ABC
- But £ A0C = go°
Z_\.&” secter OAC 1s the fourth part of the circle 4B8C D
and arc ABC 1s the fourth part of the circumference 4 5CDH
area of circle ABCD

4
= arc AB 9.!!.9%(@593993459154@ A5CD

. area of sector OAB
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That 15—
Aren of sector OAB 75; =/ ?Z{ §§ 71, 69

area of sector OAB =/x "’ x 4 sq units
4 7 2m

= 1/r sq units

Hence rule—

Multiply the number of any lhnear unit 1n the arc of a sector by
the number of the same hinear umt n the radius , then half the pro-
duct will grve the number of the corvosponding sguare unit in the area

Or briefly—

Ares of sector = } x arc X radius /
A=1r .. - W o
Hence 1 = 2;} (n)
andr = Q'lA (ur)

ILLUSTRATIVE EXAMPLES

87 Erample 1 —Fnd the area of a sector whose radius measures
2ft 8in,and arc 1 yd 2 ft

Area of scctor = §/» sq ft § 86

where » = 2%,
and / = 35,

area of sector = 1
= 6% sq ft

Ea2ample 2 —Find the length of the aic of a sector whose ares
measures 10 sq yds 6 sq ft, and whose radius measures 8 yds

Length of arc = 27‘4 ft §8

where 4
and 7

96,
24,

I}

& s

length of arc = 2x 96 ft -
24
=8 ft

Lxample 3—The area of a sector measures 48 sq ch.,
andsthe length of its arc 6o lks  find the radius

Raduws of sector = 24 ch § 86.

o

§

Py

3

60U,

/

* raduws of sector = =>4 8
06

= 16 ch

ch
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Example 4 —A field 1s 1n the form of an 1sosceles triangle, and
measures 250 yds along each of its equal sides, and 300 yds ~long its
‘ / base what must be the length

A } of a tether fixed at 1ts apex and
to a horse’s nose to enable him
- to graze exactly one-fifth of 1t?

Let the A ABC represent
the field

If AD represent the length
of tether required, the scctor
ADEF will represent the area

1. grazed
/ Draw A H perpendicular to
BT .300{}”.1.9 — —-C BC JomDF DL
Let A measure 2 vds

It will be necessary to find (1) DF, (2) DX, both mn tetms of 1,
so that we can express the length of the arc DA F mn teams of 1, and
ther’}the area of the sector A D/ 1n terms of 4

o find DF By similar triangles—

DF BC=AD AB § 64
Dr=3%% yds
250
= §g—ryds
To find DE By similar triangles—
AG AD=AH AB §64
But AH = 4/(250)% — (150)* yds § 64
= 4/400 x 100 yds
= 200 yds
2002
41
=" yds
5 y
GE = AE - AG = (x-j'sf)yds
= fyds
Now, DE? = DG* + GE? §16
s ——
2r=n/(5) 4 (5) v
Y 5 5
= ’:...5.,’9 yds
hence length ot arc DEF = (8 x DE — DF) § 81
=3} 8x Zy10 _ 6 yds
and area ot sector ADEF =} x AD x arc DEF § 86

8x4/10 62
=1x —N - d
1 rx%( g 5)5(1)5
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But area of sector ADEF =} x area of A ABC'

o =1 x£-4/4a‘—c~’ sq yds § 24
whele ¢ = 300,
a = 250,
this area = i 3—3—“ 4/ (500)2 = ;z,oo)z sq yds
= X 400 sq yds
= 6000 sq yds
txrxi 8z J10 §‘—1)_.6;300
xZS 5
i (44/10 = 3) =
y? = 99000
44/10—3
_ 90000(44/10 + 3}
160 - 9

__ 90000 X 15ﬁ6490 _
- 151
= 1498419 pearly
= 9327 nearly
x = g6 nearly

hence required length of tether = g6 yds nearly

PROPOSITION XXII

88 70 find the area of a segment of a ardle
It may be seen from the figure that any chord, 4C, divides a
circle ABCD nto two segments— —
(1) The segment 4ACAB, which 1s less B
than a semicircle, and which we shall call |
the »winer scgment S A cd®
(2) The segment ACD, which 1s
greater than a semicircle, and which we
shall call the masor segment  _
. It 1s also evident that— ,4?
(1) Area of minor segment ACZB .
= area of sector O4 BC —area of AOAC v’j o
(2) Aréa of majorsegment ACD Pl
= area of sector O4.DC+area of AOAC D, -
?ence rule—

0 find the area of a segment of a arcle, find the area of the
sector whick has the same arc, and then subtract or add the area of
the triangle formed by the radu and chord, according as the segment
15 less or greater than a semictrele

Or briefly—

Area of segment = area of sector I area of triangle

[3ed
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ILLUSTRATIVE EXAMPLES.

89 Example 1 —The radius of“a circle
1s 8 ft, and the angle of the sector 1s 60°
find the area of the segment (w = %*)

Area of seg-
= area of sector OABC —
ment ACH } area of A OAC  § 88

Now, area of a
sector 0ABC}=3”63 x wr¥sq ft §84
‘v
where a = 60,

and» =8,

* area of sector 04 BC = x 32 ¥ 82sq ft
= 4f0& sq ft

= 33523 sq ft nearly

and area of A OAC = ii—?’az sq ft § 21

where a = 8,
a.ea of A OAC = 27 712 sq ft nearly

hence, area of segment = (33 523 ~ 27 712) sq ft nearly
= 5811 sq ft nearly

" Example 2 -—1n a circle of radius 17 1n a segment 1s cut off by a
P chord whose length 1s 30 1n  find the area of the segment

Segment ACB = sector OABC — /A OAC § 88
Now, A 0A4AC =4 x AC x OD sq § 20

where AC = 30,
and OD = JOAZ — AD? = /172 — 152 = 8 § 16
ANAOAC=13%x30x 8sq
= 1208q 1n
and sector OABC = % x arc x radiwus § 86
=4 x/rsq n
RN where » = 17,
B andl=8b_~a § 81

3
\ % \ o« _8X1749 =3 g
Aflts - c

3
= 36 64 nearly ,

D
77 > sector OABC = % x 3664 x 17 sc 1n
'0) nearly
= 311 44 5q 1n nearly
Hence—
segment 4CB = (311 44—120) sq n

nearly
= 191 44 sq 1n nearly
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L]
Example 3 —Find the area of a segment whose chord measures
30 1n, and whose height measures ¢ 1n >
02 = 2/r §7
also 62 = a2 + /¢ §1

2hr = @ + k¢
@+ _ (157 + (9)?
Yy = = = 17
2/ 2X9

that 15—
radiwus of circle = 17 1n
Proceeding now as 1n previous ex-
ample, we find that area of segment
equals 191 44 sq 1n nearly
Example 4 —The span of a circular arch of go® 15 120 ft  find the
area of the segment
Segment ACB =sector OABC—-AOAC§88
Now £AOC = go°
0D = AD = 60 ft
and OA = AD,/2 = 60,/2 ft §17
Again, sector O4BC = } of circle

2
area of sector 04 BC = %: sq ft §71
where » = 604/2,
and area of AOAC = Yhsq ft §20

where & = 120,
and 2 = 60,

602 x 2

are&ofsegment:(“nﬁx - 1Ix Izox6o)5q ft

4
(5657} — 3600) sq ft
= 2057% sq ft
Example 5 —Find the side of a square inscribed in a segment of a
cucle the chord of which 1s 12 1n and the height 4 1in
Let each side of the square measure 2 1n
Then 1n the figure we have—

N

EF =21 '
. AB =12m i
CF=41m
Now, DF x FC = AI:“ Eue IIT 35 d
. DF = (—Q n

=091In
¢ DE=DF+FE=(@+ v)m
also CE = (4 — 2) m
But CE x ED :6.25‘2 Euc I1I 35
X

@=-9+v="7
o

a2

36 = g =1l = T

144 — 201 — 4x% = 12

I

x? + 4x 114
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By solving this equation we find —
x = 3727 nearly
Hence each side of the square measures
3727 1n nearly

PROPOSITION XXIII

90 70 find the area of a segment of a arde, having grwen the
chord and heght of the arc

Rule—

Add together one-fourth of the square of the number of any lhinear
unit wn the chord of the arc, and two-fifths of the square of the
number of the same lhnear umit in the hewght, then multiply the
square 100t of the sum by four-thirds of the number of the same
linear unit in the height, and the product wnll grve the number of
the corvesponding square umit in the area of the segment

Or briefly— o
_4 \/ 1 ., 2 ,
Area of segment = 3 height, (‘—1 chord® 4+ 5 height )

a=gn/ (3o +50)

The proof of this formula 1s omitted, since 1t depends upon
the higher mathematics

The area of the segment as given by this formula 1s somewhat
greater than 1t should be, but the error 1s very small, especially
when the central.angle of the arc 1s small

Note —For an alternative method, see § 89, Example 3

ILLUSTRATIVE EXAMPLE

91 Example 1 —Two equal circles intersect in such a way that the
crcumference of each passes through the centre of the other 1if the
F radius of each circle measure 1 ft, find the

area of the space common to both circles

Area of space com-

= 2
mon to both cn-cles} = 2 X area of segment

AcB
=25 /T F I sq
ft § 9o
where 22 = number of feet in BJ),
and ¢ = ” ’ AC, ¢

Now, BD = }BE =} ft
2

A Cc

Uso AD? = AB* - BD- §16

(&Y =v-or=3
Sc=4/3
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Hence— B
®Required area=2x § x § X /{3(4/3)2+4(})?} sq ft
= 44/@ + ) sq .

= 4/(1f) sq ft
= & x 0922 sq ft nearly
= 122 sq ft nearly

Example 2 —If two parallel chords of

a zone on the same side of the centre of the FPL R R
arcle are 120 ft. and 104 ft , and their o ® S
distances from the centre 25 ft and 39 ft B s 207 - [ s D
find the area of the zone A e \E
Area of zone ABDE = area of segment H ::w“» H

ACL — area of segment 5CD H [ !
Now, area of P T \ !
segm,ent ACE} = .}I}M/(ic‘+ 24%) sq ft §90 \‘ ,,'
where ¢ = 120, \‘\ e
and 4(50+ /%) = 60 ¥ 60, that1s, 2 = 40 AR

area of seg-

ment ACL } = 1% 40% 4/ (60)2+ 2(40)?sq ft
= 34727 sq ft neaily
Iso area of segment BCD = 444/ (}ct+34%) sq ft § 90
where ¢ = 104, and £(78+ %) = 52 x 52, that s, 2 = 26
area of segment BCD = 4 x 26 x JG}')’A F3(26)? sq ft
= 1890 6 sq ft nearly
Henceareaof cone4d BDE = (34727 — 1890 6) sq ft nearly
= 1582 1 sq ft nearly

Examples—XIV,

On Sectors

(m=%)
1 In a circle of radius 16 1, find the area of a sector whose angle -
measures 60° G )
2 In a cutle of radius 3 ft 4 1n, find the area of a s,gcto\rwhose angle ?,

Jneasures 45°
In a arcle of radius 14 yds, find the area of a sector whose angle
measures 6° 40
In a circle of radius 13 ch 50 lks, find the area of a sector whose
angle measures 13° 7’ 30"
& The area of a sector 1s 40 sq ft , the radws s 15ft find the angle
of the sector
8 ¢lhe area of a sector 1s 80sq ft , the radius 15 16 ft  find the angle
of the se¢or
7 The area of a sector 1s 8 sq ft , the angle of the sector 1s 45° find
the radius of the sector
8 The area of a sector 1s 36 sq 1 , the angle of the sector1s 70° find
the radius of the sectar S_Qﬂ«
9 Find the area of a sector whose radius measures 15 1n , and arc 28 in — -
10 Find the area of a sector whose radius measures 3 yds 2 ft, and arc

4yds 1 ft.
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~ ]

11 Find the length of the arc of a seclor whose area measures 15sq ft,

and radius 6 ft v
Find the length of the arc of a sector whose area measures 3 sq ft

v2sq mn, and rads 4 yds 2 ft

18 The area of a sector measures 24 sq 1n , and the length of its arc 8 in
find 1ts radius

14 The area of a sector measures 2 sq ft 108sq m, and the length of
itsarc 5 ft 6 m  find 1ts radius

16 The area of a sector 1s 75 sq 1 , the area of the circle 1s 125 sq 1
find the angle of the sector

18 The chord of a sector 1s 6 1n , the radius s 51n  find the area

17 The area of a sectoris 240 sq ft, and the area of the circle 15
960 sq ft find the length of the arc x = 3 14159

13 In a circle whose area measures I ac , find the area of a sector whose
angle measures 75°

On Segments
(r=1%)

‘19 The radius of a circle 1s 10 1n , and the angle of the sector 15 9o° find
the area of the segment
30 Find the area of a segment of a circle of radius 2 ft 6 1n , 1f the chord
of the segment subtends an angle of 12c° at the centre of the circle
21 Find the area of a segment of a circle whose chord measures 53 ft , and
subtends an angle of 60° at the centre
22 The chord of a segment 1s 8 ch 40 lks, and 1t subtends an angle of
90° at the centre of the circle find the area of the segment
28 In a caircle of radius 13 ch, find the area of a segment whose chord
15 equl to the radius of the circle
4 In a circle of rads 10 1, find the area of the zone between two
parallel chords drawn on the syme side of the centre and subtending angles of
90° and 60° at the centre respectively
26 In a arcle of radius g ft , find the area of the zone between two parallel
chords drawn on opposite sides of the centre and subtending angles of 9o° and
120° respectively
26 Find the area of a segment whose chord measures 8 yds , and whose
height measures 2 yds  (Use § 90 )
The span of a crcular arch of 60° 1s 140 ft  find the area of the
segment .
28 Find the area of the major segment cut off by a chord of I ch from
1 circle whose radius 1s 1 ch 30 lks ,

Examination Questions—XIV
(Take = = 33, unless otherwise stated )

A Allakabad Umversity Matrsculation

1 Three circles, each of radius 1 ft , touch each other find the arer of the
C_\.:I_W_lﬂ_l&ﬁ_{_ﬁ@lre included between them w = 3 14159

B. Punjab Unwerstty Matriculation

2 A arcular disc of cardboard 1 ft 1n diameter 1s divided into six equal
sectors, by pencil lines through the centre In each sector there 1s described
a aircle touching the two bounding radn of the sector, and also the arc joining
their ends at its middle point  If the circles are cut out from the six sectors,
find the area of cardboard remaining
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[ ]

8 Theareaofan equilateral tnangle s 17,320 §sq ft  About each angular
pointgas centre, a arcle 1s described with radius equal to half the length of a
side of the trangle Find the area of the space included between the three
crcles (m= 3 14159)

C  Caleuwtta Unversity  Matriculation

4 Find the aren of a sector of a circle with radius 35 ft , the angle of the
sector being 15°

6 A chord of a circle subtends an angle of 60° at the centre 1f the length

of the chord be 100, find the areas of the two segments nto which the chord
cuvides the circle o ®

D European Schools Final  United Provinces

8 A field 1n the form of an equilateral triangle contains half an acre
what must be the length of a tether fixed at one of 1ts angles and to 2 horse’s
nose, to enable him to graze exactly half of 1t ?

E  Madras Technical  Elementary

7 ‘1he length of the arc of a circle 1s 14 ft , and the radwus 1s 10 ff  find
the area of the sector

8 Find the area of a sector when the radius 1s 50 ft , and the length of
arc 16 ft

® Find the area of a segment of a cicle whose radius 1s 6 ft , the chord
of whose arc 15 8 ft

¥ Roorkee Engineer Entrance

10 If two circles be described on the bounding radn of a quadrant of a
arcle whose radius 1s 10 ft , as diameters, find the area of the figure common to
both circles == 3 14159

11 Find the area of the space which 1s common to four equal circles which
intersect each other, their centres being at the angular points of a sqyare, and
their radn equal to a side of the square

12 The radius of a circle 15 75, a zone of that circle has one of 1ts parallel
chords coinciding with the diameter, and the other equal to the radius what 15
the area of the zone? = = 3 14159

13 Find the area of the zone of a circle contamned between two parallel
chords whose lengths are 96 and 60 1 , and their distance apart 26 in

14 The area of a segment of a circle which 1s less than a semicircle 15
1 sq 1n, the length of the arc of the segment 1s 24 1n , and the perpendicular
let fall from one end of the arc on to the diameter passing through the other

«nd 1s 4 in  what 1s the radius of the arcle ? - — T —

156 A gentleman has a lawn 1n the shape of a circle, this he divides into
quadrants, and 1n each he cuts out a circular walk 10 ft 1 breadth, the outer
edge of which touches the arc of the quadrant and 1ts two radn  If the radwus
of the large circle be 100 ft , find the whole area of ground covered with grass

18 Find the area of the zone of a circle whose diameter 1s 20, the parallel
chords being 12 and 16, and both on same side of diameter

@17 Find the side of a square described 1n a segment of a circle, the chord
'of which 1s 20, and height 5 1n

18 If the centre of a circle whose diameter 15 20 15 1 the circumference
of another circle whose diameter 1s 40, what are the areas of the three included
spaces ?

P 19 The diatneter of a circle 1s 25, and two parallel chords 1n 1t, on the
same side of the centre, are 20 and 15 find the area of the zone contaned by
them

20 The two parallel chords of a zone on opposite sides of the centre are

R C(

e

Je
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4 v
18 and 24, and their distances from the centre 12 and 9 find the area of the

e ¢

21 The lengths of the hour and minute hands of a clock aie 10 and 13 1n
respectively find the difference of area of the sectors described by the hands
between 11 hrs 48 min and 12 hrs 14 min

22 Find the area of the largest square that can be cut out of the segment
of a circle whose chord 1s 16, and nise 4

28 Given the chord 20 ft and height 4 ft of an arc of a circle, find the
aiea of the segment

24 Give formulz for finding the area of a tnangle, a regular polygon, and
a sector of a circle I

G Roorke: Upper Subordsnate Entrance
26 Three equal circles intersect cach other so that the circumference of
each passes through the centres of the other two find the area of the figure
common to the three circles
28 The chord of a sector 1s 6 1n, the radius1s 9 1n  find the area of the
sector
27 A field has the shape of an 1sosceles triangle whose base 1s 500 yds,
and side 800 yds  what length of rope shall I require to tether a horse at the
apex of the triangle, so that he may graze over 1000 sq yds ?
8. Two boys, amusing themselves at a game called snatch apple 1n a room
30 ft high, find that by standing 12 ft from each other, the apple, which 1s
uspended from the ceiling by a string, and 1s 1n a nght line between them,
will just touch each of their mouths find the area of the sector formed by the
apple and the string, the height of each boy’s mouth from the floor being 3 ft
28 The radius of a cucle 1s 4/2 1n , two parallel straight hnes are drawn
mnt, each aninch from the centre find the arca of the part of the circle
between the straight lines
80 The circumference of a circle1s 11 {ft  find the length of the radius,
and the area of the segment cut off by a chord equal to the radius
81 ¥Find the area of a sector, and of the segment of a circle whose chord 15
24, and height 6
32 The diameter of a rupee 1s 1} in  1f three of these coins be placed on
a table so that the rim of each touches two others, 1t 15 required to find the area
of the unoccupied space between them
83 T1he radws of a arcle 1s 25 ft , two parallel chords are drawn, each
equal to the radius find the area of the zone between the chords w=3 14159
84 The radus of a crcle 1s 12 ft , two parallel chords are drawn on the
same side of the centre, one subtending an angle of 60° at the centf¢, and the
other an angle of go® find the area of the zone between the chords
86 Find the area of a segment of a circle whose radius 1s 12, and chord 16
f36? What 1s the area of the sector of a circle whose arc of 24° measures
10 1t
H  Roorkee Engincer Final

37 Two equal circles of 1 1n radius are distant 2 1n from each other, and
a2 cord passes tightly round them, crossing between them find the length of
the c« rd and the area enclosed by it (w = 3 14159 ) .

A arcle whose diameter 1s 10 ft passes through the extremities of a’
diameter of another, and bisects a radius at right angles find the area of the
part common to both (r = 3 14159 )

8 The radws of a circle 15 15 ft , two parallel chords gre drawn on the
same side of the centre, one subtending an angle of 60° at the centre, and the
other an angle of 120° find the area of the zone enclosed between the chords



CHAPTER, XV

ON CIRCLES INSCRIBED AND CIRCUMSCRIBED 70
IRIANGLELES

PROPOSITION XXIV

szﬂ Zt' 0 ﬁna’[ the radius of the inscribed acle, having grven the sides
of the triangle .
Let O be the centre of the CZ—\
arcle PQR inscribed in the A4 BC Al

Then, if P, Q, R be the points
of contact between this circle and
the triangle, O2, 0OQ, and OR will
be radu of the inscribed circle, and
they will be perpendicular to BC,
CA, AB respectively Euc IV 4

Let OR, the 1adws of the circle
PQ K, measure » of any linear unit "
Let BC, CA, AB measure a, b, ¢ of AT <%,
the same linear unit respectively

It 1s required to find 7 1n terms of @, 4, and ¢ 7,

Jomn 04, OB, OC

Now—
‘Xei}})fc = area of A BOC + areaof A COA + areaof A AOB

=4 OP BC+4% 0Q CA+% OR 4R y 2o
= (yra + 376 + ¥1¢) sq units

= raﬁ—_{:: e sq units
= 75 sq units § 23
rlmear} _area of AABC
umts | = s linear units
_A
=1
Hence rule—

The number of any square umt i the area of @ triangle drided
by the number of the corresponding hinear umt n its semi-perimetcr,
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grves the number of the same hnear unit 1n the radius of the ins¢ribed
arcle
Or briefly—

_ area of triangle
Radius of 1nseribed circle = semi-perimeter of triangle

r= "=

PARTICULAR CASE
93 Equlateral triangle,
If @ linear umts denote each side of an equilateral triangle—
2
Then area of triangle = ¢ ;/3

sq units § 21

and semi-perimeter | _ 3@ linear umits
of triangle 2

Now, radius

of circlem- { _ area of triangle
scribed 1n | T senu-perimeter of triangle
any triangle
. radws of circle in- 5
scribed 1n equilat =43 « 2 linear units
triangle of side « 4 3a

linear units

a
23
Note —Since the height of an equilateral triangle of side @ 1s ”T\/:"

(see § 17), which may be written 55—3 X 3, we see that the middle

point of an equilateral triangle 1s situated at a distance from an

angular point equal to § of height of triangle .

ILLUSTRATIVE EXAMPLES

94 Evample 1 —The sides of a triangle measure 35, 44, 75 ft
respectively find the radius of the inscribed circle

Radius of inscribed circle = % ft § 92
where A = 4/s(s = 35)(s — 44)(s — 75) §23¢
and s = 3&4;4:—-—'115 =77,
that 1s, /A = A/z7 X 42 X 33 X 2, '
- 4rz:d’ms of mscribed circle = zﬁﬁ ft

Laample 2 —Find the circumference of the circle inscribed in an
equilateral triangle whose side measures 9 yds = = 4%
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Radius of inscribed circle = 73 d. § 93
where ¢ = 9,
radius of mnscribed circle = 279/3 yds
= 3—“@ yds
circumference of circle = °1rr yds § 69
where 7 = 3 V3
2 Y

and = = 27-’1 »
2% 3 % 3J3 yds
16 33 yds

PROPOSITION XXV

95 7o find the radius of the crcumscribed circle, having gven
the sides of the triangle
Let O be the centre of the circle . T

AEBC circumscribed about the Jf;L

circumference of circle

Il

Then OC will be a radwus of the
circumscribed circle

Let OC, the radius of the circle
A EBC, measure R of any linear unit
Let BC, CA, AB measure a, b, ¢ of
the same hnear unit respectively

It 1s required to find & 1n terms
of a, b, and ¢ \

Produce CO to meet the circum- 7
ference of the circle 4£8C in £

Jon AE C(/E ot

Drawe CD perpendicular to A5

Then, since triangles ACE, DCB are similar (Euc III 21
wnd IIT 31)—

BC CD=EC C4 § 64
thatiis,¢ CD = 2R &
Butd CD AB = area of A ABC § 20
thatis, ¥ CD c= A
or CD = "{3
é=2R b
¢
abe
orR =—
4
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Hence rule—* '
The continued product of the numbers of the same hnear uyit in

cach of the thiee sides of a triangle, when dvvided by four tmes the

number of the corresponding square unit in the asea, grves the number
of the same hinewr wnit wn the 7adwus of the arcumseribed circle
Or briefly—
Radius of circum- } _ product of sides of triangle
scribed circle - 4 x area of triangle

PARTICULAR CASE

96 Equlateral triangle
If @ linear umts denote each side of an equilateral triangle—

2

. Then area of triangle = “ ;/3 sq units § 21
Now,radius of
circle circum- | product of sides §

y scribed about { ~ 4 X area of tnang 95
any triangle
radus of circle a3
circumscribed = —————— linear units
v about an equilat 4% av3
triangle of side « 4
T

= 7‘; mear units
3

ILLUSTRATIVE EXAMPLES

97 Example 1 —The sides of a triangle measure 21, 72, 75 1n
respectively find the radius of the circumscribed circle

Radius of circumscribed circle = Z—ii m ‘' §95
wherc @ = 21,6 = 72, c = 75,
and A = 4/s(s — 21)(s = 72)(s = 75) S23
=484 x63x12x9
=756,
radius of circumscribed circle = 21 X 72 X 75 .
4 x 756 L,
=373 m

Ezrample 2 —Find the area of the circle circumscribed about an
equlateral triangle whose side measures 6 yds = = 42

Radius of circumscribed circle = :/a_z. yds § 96

where @ = 6
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radius of circumscribed circle = % yds
2

3 yds
area of circumscribed circle = m2 sq yds §71
where » = 24/3,
and © = 4%,
area of circumscribed circle = 32 x (24/3)% sq yds

22 X 12

== sq yds
* ®=37%sq yds

Examples —XV

1 Find the radn of the mscribed and circumscribed circles to a triangle
whose sides measure 24, 30, and 18 ft respectively

2 Find the radn of the mscribed and aircumscribed crcles to a triangle
whose sides measure 36, 29, and 25 1n respectively

8 Find the area of the circle (1) inscribed 1n, (2) circumscribed about, an
equilateral triangle whose s1de measures 1 ft 3in 7 =232

4 Fimnd the crcumference of the arcle (1) inscribed 1n, (2) circumscribed
about, an equilateral trinngle whose side measures 2 yds 2 ft gmn 7 =%

Examination Questions—XV
(Take = = %}, unless otherwise stated )
A Allakabad University Matriculation

1 Prove the formuln for determining the radwus of a circle mscribed n

a triangle whose sides are given
‘L he radius of a circle mnscribed 1n an equlateral triangle 1s 10t find the

area of the triangle
2 Iind the diameter of the circle round a triangle whose sides are 123,

122, and 49
B Punjab Unwersity Matriculation
3 The three sides of a triangle being given, find the radius of the circle

described about the triangle

Apply your result to the triangle whose sides are 20, 48, and 52 ft

4 I‘ée sides of a triangle are 2%, 3, and 33 ft  find 1 inches the radu of
the nscribed and circumscribed circles

C  Punpab Universtty  School Middle

5 Twosides of atnangle are 85 and 154 ft respectively, and the perimeter
15 324 ft find the diameter of the circle described round the triangle

8 The sides of a tniangle are 100, 156, and 160 yds respectivcly  find the
diameter of the circumscrnibing circle

7 The sides of a tnangle are 6, 7, and g ft respectively what 1s the
dgmeter of the circle described round the triangle?

D Ewropean Schools Fenal  Usnited Provinces

8 Gaven a circle of 1adius 1 ft, find to three places of decimals the side
of an equilateral triangle inscribed 1n 1t

9 Find tke diameter of the circle circumscribing a trniangle, the sides
of which are 68, 285, and 293 ft respectively

10 Calculate the side of an equilageral triangle inscribed 1n 1 circle whose

rudiws s R
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‘E  Madras Technscal Elementary

11 Find the length of the side of an equilateral tnangle mscribed 1n a
circle 8 1n diameter

v ¥ Roorkee Engincer Entrance
-y~ Y 12 “Iwo sides of a triangle containing an obtysg angle are equal to 10 and
14 1n respectively, and the perpendicular on the third side from the vertex s
equal to 7 1n  find the diameter of the circumscribing circle
The three sides of a triangle nscribed 1 a circle are 120, 160, and
180 ft respectively find the difference between the area of the circle and the
area of the triangle
14 Find the area, 1n squarectains, of the circle inscribed 1n a tnangle, of
which the sides are 372, 350, and 320 yds respectively

G Roorkee Upper Subordinate  Monthly
15 The sides of a tnangle are respectively 26, 28, and 301n  required the
diameter of the circumscnibing circle
H  Roorkee Upper Subordinate Entrance
16 ,Find the side of an equilateral tnangle scribed 1 a circle whose
radius 1S 10 1n
1 Additional Examination Question —XV

17 Show by computation that a side of the equilateral triangle together
with a side of the square, both 1nscribed 1n the same circle, are equal to half the
circumference of that circle, nearly  (Punjab University Matriculation )



CHAPTER XVI
ON SIMPSON'S RU&L

98 Consiprr the figure bounded by the curve aa’g, the straight

line 4G, and the two straight AN Vb X 2 5

lines Az and Gy at nght angles — .

to 4G e i
Let AG be divided mto

any number of equal parts 4.5,

\7"»‘
BC, CD Jv )")’,,"
At the pomnts of division h
draw Bb, Cc perpendicu-
lars to A G, to meet the curve
m b, ¢ d
The perpendiculars 4a, Bb, \A B, %‘ 2 Z j ‘.)k
Ce are called the ordinates of the curve
The length of A8 1s called the common distance between the ), ',J’
ordinates //"’
PROPOSITION XXVI .
I‘ / 99 T find approximately the area of a figure of which one of -7
the bounding lhnes 1s a curve, having given the lengths of an odd
number of ordinates and thewr common distance
Let the lengths of the ordinates measure 2, p,, P and
their commen distance & of the same linear unit v J Ve

In the ﬁgure, jomn ad, b: &

Y] L Z /,

Y 2
\..:'10(\1:/
LRl AT
-~
NR A
J AL B € O E F G H K> v

Through & draw a tangent to the curve, meetmg the ordinates
Aa and (e produced 1n @' and ¢/



142 ¢ Elementary Mensuration

We shall tall the portions mto which the figure 1s divided by
the ordinates preces

Area of first piece 4abB > area of trapezod a8
>3 AB (Aa + Bb) § 39
> 3d(#, + p,) sq umts
2 X area of first piece > 4(p, + p,) sq units

S.milarly—

2 X area of second piece > (g, + p,) sq umts
* 2 X (area of first piece + area of second piece)
1e 2 X area of AacC > d(p, + p5 + 2£:) sq units

Again, area of first and second pieces—

ze area of AacC < area of trapezold o'C
< AB(Ad + C7)
< AB X 2Bb
< d X 2p,sq units

Thus we have obtained two results, one of which 1s somewhat
too small to be taken for the area of AacC, and the other 1s
somewhat too large

By combining these two results, the errors will, to a large
extent, balance one another Hence, for all practical purposes,
we may write—

3 X area of AacC = d(p + ps + 42,) sq umts
We now proceed to the third and fourth pieces, which together
make up the figure Cee &
We need only substitute the letter g, for g, p, for p,, g, for g,
1in the expression which we have obtained for the area of 4acC
Thus we have—

3 X area of CwE = d(py + p5 + 42,) sq units
Similarly, we find—

3 X area of E¢gG = d(ps + p, + 4 /s) 5q units
and 3 X ,, GgkK = d(p; + py + 4s) sq units

Hence—
Total area = g{ﬁl + 20+ 2(2s F s+ 21) + 4P+ 2i+ 2o +¢ﬁ")}
sq units ‘
Hence rule—

|

Add together the first and last ordinates, twice the sum of the

remaiming odd ordinates, and four times the sum of the even
ordinates, multiply the result by one-third the common distance

L)
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Or t:neﬂy—-
Area o= commonadista.nce{ first ordinate + last ordinate
+ 2 x sum of remaining odd ordinates
+ 4 X sum of even ordinates}
{p: + Powyr + 2(ps + Ps + + Pon 1)

+ 4(p‘2 + pd + + pZn)}
where 272 + 1 = number of ordinates

A=

Wi

[t 1s evident that by using a greater number of ordinates we
shall obtain, by this rule, a more accurate result Moreover, the
accuracy depends upon the regularity of the curve

100 If the area be bounded by a curve and a straight line,

U A B £ D E F G. :
-2 H > & -7 N P
as 1n the figure, the same rule apphes In this case the first and

last ordmnates vamsh, so that the formula becomes—

A = :;{{2(]5J +2) + 422+ 24+ 25))

101 The same rule also holds good when the area 1s bounded
by a closed curve, as 1n the figure.

L
) € f
> J >
In this case the total lengths &%, ', are taken as the
ordinates.



/.

1
~

-

N

144 ¢ Elementary Mensuration

102 When a figure, such as ABCD, 1s bounded by gr

uregular closed curve, 1t will be foynd advisable to describe 2

re&ngg}/ﬁgure coinciding s

C nearly as possible with the curvwe

0 By Sumpson’s rule we can then

determine the areas of those

portions of the curvilinear figure

which lie outside the rectilineal

figure, and also the areas of

. those portions of the rectilineal

figure which le outside the

curvilinear figure By adding

A the former areas to, and sub-

tracting the latter aieas from, the ar@ of the rectilineal figure, we
obtain the area of the curvilinear figure &—/S/C p

ILLUSTRATIVE EXAMPLES

108 Example 1 —The ordinates of a curve measure §, 6, 8, 7, 4,
3, 2 ft respectivelv, and their common distance 1s 1 ft  find the area
of the figure

Ama=%m+ﬁr+ﬂm+ﬁd+4@yfﬂ+ﬁ0hqﬁ § 99

‘;here I’1=5, ﬁ2:67 p3:8’ﬁ4=7,ﬁ5=4, ﬁ6=37 ﬁ7:2, and
a=1,
Hs+2+28+4)+46+7+3))sq ft
{7 + 24 + 64} sq ft
= 31% sq ft

Example 2 —The ordinates of a curve areo, 1 25,2,25,275,35
235, 1, 0 ft respectively, and the common distance 1s ¢ ft find the
area

Area = 1pu+ pot 2 Dot + AP A BAPI S S99

where p, = 0,0, = 125, ps = 2,9, = 28, 5, =278, 5, =35, 0, = o
ﬁg=l,29=0,;ndd=0"75, V2 S, Ds 75,0 35,07 =25,

Area = 0 J8{2(2 + 275 + 25) + 4(125 + 25 + 35 + 1)} sq ft
= 025{14 5 + 33} sq ft
= 11875 sq ft

Examples—XVI ¢

Find the areas of the following curvilinear figures by Simpson’s Rule -~ ‘
Ordinates, 4, 7, 8, 10, 7, 6, 3 ft , common distance, I ft

Ordinates 1, 3, 5, 6, 7, 9, 8, 4, 2 ft , common distance, 1 ft
Ordinates, 9, 13, 17, 20, 22, 14, 8 ft , common distagce, 2 ft
Ordinates, o, 1 5, 2 25, 3, 2 75, I 25, 0 ft , common distance, I ft
Ordinates, 7, 10, 12, 14, 22, 22, 18, 15, 9 ft , common distance, 1 ft 61n

. Area

i

(- 1 S
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68 Ordinates, 1 428, 1 536, 1 690, I 746, 1 768, 1 78§, 1 804 ft , common

distance 0 75 ft
i Ordinates, 0, 1 54, 1 86, 2, 2 6, 2 98,.3 4, 4, 2 8 ft , common distance,

11t

8 Ordinates, 4 638, 4 872, 4 986, 5004, 5 264, 5 186, 4 888, 4 684,
4 228 ft , common distance, I ft

© Ordinates, 1 3268, 14394, I 5868, 1 6264, 1 7644, 1 6896, I 5482,
1 4466, 1 4088 ft , common distance, 1 ft

10 Ordimnates, 0 04, 0 3688, 04, 057, 0482, 03348, 0266, 0 18,0 ft ,
common distance, 0 05 ft

11 Ordinates, o, 1$, 2}, 34, 24, 1}, o ft , common distance, } ft

128 Ordinates, o, 14, 18, 20, 22, 28, 39 26, 24, 20, 16, 14, 12 ft , base
line, 18 ft

Examination Questions—XVI
A Madras Technical Elementary
1 Apply Simpson’s Rule to find 1n square feet the area of a field having
the following dimensions ordnates, o, 20, 32, 36, 32, 20, o ft , the common
distance being 20 ft
2 Apply Sumpson’s Rule to find the area of a plot of land having the
following dimensions ordinates, 2, 7, 18, 38, 70 ft , common distanfe, 33 ft
B Madras Technical Intermediate
8 Apply Simpson’s Rule to find the area 1n square feet of a figure having
the following ordinates 2, 7, 9, 15, 21, 30, 12 ft , common distance, 33 ft
C  Rooriee Engineer Entrance

4 Find the area of a quadrant by Simpson’s Rule by dividing 1t 1nto 10
spaces of equal breadth  Lastly, show the error in the result (v = 3 1416 )

D Rooilee Enginecer Monthly

5 One side of a field, 4.5, 1s 8o ft long, two other sides, AC and BD, at
nght angles to 1t, are respectively 16 and 6o ft , the fourth sule 1s curved, and
the ordinates to 1t from 423 (at ntervals of 10 ft from A) are 18, 24, 36, 21,
28, 40, and 50 what 1s the area of the field

6 Thirteen equidistant ordinates are measured to a curve at 100 ft intervals
on a chan line find the area between the end ordinates the curve, and the
chain line The ordinates are 50, 60, 80, 90, 30, 50, 60, 80, 70,90, 100, 120,
130

E  Roorkee Engineer Final

7 The length of 1 line 1s 584 ft, and at equal distances along 1t the follow-
ing offsets were taken to an irregularly curved fence, viz 93, 84, 72, 68, 43, 54,
37, 29, and 23 ft  find the area ncluded between the extreme offscts, the fence,

and the chan hine
8 Apply Smmpson’s Rule to find the area of a section, the heights of
which above the railway level, at intervals of 30 ft , are 2, 10, 15, 20, 30, 25,

17 5, 10, 3 ft
9 Describe what 1s meant by ‘Smmpson’s Rule ”  Under what circum-

etances 1s 1t applicable ?
F  Roorkee Upper Subordinate Monthly
10 Find by Simpson’s Rule the area of a curvilinear figure whose ordx
nates are 9, 11, 13, 12, 10, 3, I5 I7, I4, I2, 7 ft , base = 73 ft
U G Roorkee Upper Subordsnate Final
11 By Smmpson’s Rule find the area of a figure having the following
dimensions  ordinates, 5, I5, 37» 77, and 141 , common distance, 2 ft
j[ r



CHAPTER XVII
ON SIMILAR FYGURES THEIR ARLAS
PROPOSITION XXVII

104 Hawing grven the lengths of corvesponding lines drawn wn two
similar figures, and the area of one of these figures, to find the area of

the other figure
Let ABCD and EFGH be two similar figures
Let the corresponding l%es DB and HF measure a, and @, of

D

\ A
FJ

-~ B

the same linear unit respectlvély Let the area of the figure £FGH

measure A, of any square unit

It 1s required to find the area of the figure 4 5CD i terms of
@, a5 and A,

Now, 1t 1s proved in Euchd that the areas of similar figures are
proportional to the squares of any corresponding lines that maf
be drawn 1n them, whether the figures be rectilineal or curvilinear

- area of figure ABCD area of figure EFGH = DB HF*
That 15—
Area of figure ABCD A, = a’. a
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Hence rule—

d7e area of @ figure 1s found by taking ils rato to the known
area of a similar figure, and equating it to the rato of the squares of
known corresponding lengths

Or briefly—

Area of first figure area of second figure = ratio of the
squares of correspond-
ing lengths 1n first

. figure and second

figure.
.Al Az = aqz a'22 (l)
Hence a, a, = J/A; A, (un)

ILLUSTRATIVE EXAMPLES

106 Example 1 —In two similar triangles the bases are 7 ft and
9 ft respectively If the arca of the first 1s 21 sq ft, what 15 the area
of the second ?

Area of the second A4,sq ft = (a,)? (a,)? § 104
where A, = 21,

a =17,
a, =9,
. ? area of second = 21 X §} sq ft
= 243 5q ft
- = 348 sq ft

Zorample 2 — Lhe plan of a tield containing 2400 sq yds 1s drawn
to a scale of 1 1n to 30 ft  find the area of the plan
Area of plan A, sq yds = (a,)?° (a,)? § 104
®here 4, = 2400,
a =1,
a, =30 x 12 = 360,

]

1
.+ area of plan = 2400 x 3609 4 yds

_ 2400 X 9 X 144
~ 360 x 360
24sq In

sq m
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Example 3 —K 1n a plan every square inch of surface represents
an area of ten acres, find the scale to which 1t has been drawn

(@)m (@) = /4, J4, § 104
I
43340 X 9 X 144 X 10,

(@)m  (a,)m = /1 /4840 X 9 X 144 X 10
1 7920

where 4, =
A, =

Thus the scale 15—
I1n to 7920 1n
or m to 3 m
Example 4 —The sides of a triangle are in the proportion of the
numbers 13, 14, and 15 Its area 1s 756 sq ft .
A find the three sides
Fust side 13ft = 4/A4, A/A, §104
where 4, = 756,
and 4, = y/s(s = 1306 — 196 = 15) §23
A2l x 8 x7 x6
84 )

\ first side

&
Fl
‘I
\

it

Gl

—
IS

>

-

S

-

2
J

'

!

'

i

i

N

W

&

H

i

i

i
o
(oS
C
- x X

Hence second 1nd third sides are 42 ft and 45 ft respectively
Example 5 —A circle of go ft radius 1s divided 1nto three parts
by two concentric circles find the radn of
these circles, so that the three parts may
be of equal area

Let OC be the radius of the given circle,
and let OB and OA be the radn of the two
concentric circles respectively, by which 1t
1s divided 1nto three equal parts

Let OA4 measure 7, ft, and OB 7, ft

Thenr»2 ré=2 1 § 104
and (90)? 72=13 1 § 104
90 [

Hencer, = 73 = 304/3 = 5196

and 7, = 7,4/2=304/6=7348
Thus the 1adn are scen to mcasure 5196 ft and 7348 ft
respectively
,‘L L/
' Examples—XVII ¢

1 In two simlar triangles the bases are 8 mn and 11 1n respectively if '
the area of the first 1s 128 sq yds , what 1s the area of the second ?

2 If the area of one triangle 1s mine times the area of a similar triangle,
and 1flthe base of the first triangle measure 9 n, find the base of the second
tnangle ¢

8 A plan of a field 1s drawn to a scale of 1 1 to 8 ft  if the field
contain 640 sq yds , how many squarc inches will the plan occupy ?
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® 4 A planof a field 1s drawn to the scaleof 11n to 9 ft ¥ if the field
contain 6723 sq yds , how many square inches will the plan occupy ?
the construction of a plan, a square foot of surface represents an area
ot 13 ac  determine the scale
8 Ifn a plan every square mch of surface represent an area of 9o ac , find
the scale to which 1t has been drawn
T The sides of a triangle are 1n the proportion of the numbers 13, 14, 15,
its area 15 336 sq ft  find the three sides
8 The sides of a triangle are 1 the proportion of the numbers 3, 4, § , 1t
area1s 96 sq ft find the three sides
The sides of a rectangle are mn the proportion of the numbers 8 and 9,
and the area 1s 32 sq ft find the sides (34
0 Thesides of a rectangle are 1n the proportion of the numbers 12 and 13,
and the area1s 4 sq ft 48 sq 1 find the sides
11 A tnangle 1s divided 1nto two equal parts by a straight line parallel to
the base 1f the base measure 18 ft , find the length of the straight line
12 A tnangle1s divided into three equal parts by two straight lines parallel
to the base find the lengths of these two straight les if the base measure
mn
18 A arcle of 100 1n radius 1s divided 1nto two parts by a concentric
arcle find the radius of this concentric circle so that the two parts may Be of
equal area
14 A crcle of 5 ft radws 15 divided into three parts by two concentric
crcles  find the radn of these circles so that the three parts may be of equal
area

Examination Questions —XVII

A Allahabad Unwversity Matriculation

1 A arcle of 120 ft radius 15 divided 1nto three parts by two concentric
circles  find the radn of these circles so that the three parts may be of equal
area

B Punjab Unversity Matsiculation

2 lhe ratio of the simlar sides of two similar triangles1s 13 17 find the

ratio of their areas
C  Caleutta Unversily Matriculation

8 Whatgwill be the size of the map of a district which contains 676 sq mi ,

on a scale of 4 m1 to the inch?
D Euwropcan Schools Final  United Piovinces

4 The sides of a tnangle are 20, 13 and 21 ft , a straight line 1s drawn
fiom the middle pont of the side of 20 ft across the trniangle parallel to the
longest side  find the area of the two parts into which the triangle 1s divided

Of two concentric circles the area of the smaller 1s half that of the

lnmes find the radius of the larger circle, that of the smaller being 4 ft
* T Madras Techomcal Inteymediate

8 Innd the scale to which a plan 1s drawn, I sq 1n representing 10 ac

7 What 1s the scale to which a plan is drawn if 1 sq 1 represents I ac ?

o ¥ Madras Technical Elementary

8 The sides of a tnangle are 39, 52, and 65 ft respectively find the sides
of a similar triangle of mne times 1ts wea
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9 One sid¢ of a field measuring 28 ac and 9 cents 1s 17 ch  what 1s¢he
area of a similar held whose corresponding side measures 27 ch ?

G Roorkee Engincer Entrance

10 If from a nght-angled triangle whose base 1s 12 and perpendicular
height 16 ft, a line be drawn parallel to the perpendicular, cutting off a triangle
whose area 1s 24 sq {t , what are the sides of this triangle?

The radius of a circle 1s 20 1n , 1t 15 required to draw three concentric
circles 1n such a manner that the whole area may be divided 1into four equal
parts  find the radn

12 Out of a circular disc of metal 35 equal holes are punched , the weight
of metal thus punched out 1*te the weight of the perforated disc as 45 67
compare the diameters of the disc and of the holes, given that the area of a
circle varies as the square of the diameter

H  Roorkee Upper Subordinate Entrance

18 The radius of a circle 1s 18 in hind the radius of another circle of one
fifth the area

14 The area of a rectangular plot, whose length 1s equal to twice its
brealth, 1s 3528 yds 1f a gravel path 4 ft wide goes along one of the diagonals
of the plot, find the area of the path

156 Find the height of a triangle which shall be similar to, and contain
five times as much as, another 50 ft 1n altitude

18 Find the dimensions 1n feet of a trapezoird which shall contain roo
sq yds, similar to one whose parallel sides are 8 and 10, and perpendicular

¢ distance between them 4

17 On a map drawn to the scale of 5l the sides of a rectangular field
are065and 0 721n  find the arca of the field 1n acres, and the length of the
dlag‘lonal n yards

8 One side of a trniangle 1s 20 ft  divide the triangle 1nto five equal
parts by straight lines parallel to one of the other sides, and find the distances,
from the vertex of the points of division of the given side ’

10 A (ncle wnose area 15 314 16 5q 1n 1s to be divided 1nto four equal
poruons by concentric circles find theu diameters (r = 31416)

20 The sides of a triangle are 532, 427, and 389 ft  find the length of a
line, parallel to the longest side, that will divide the triangle 1nto two equal
parts

21 A drawing 15 copied to ascale one half as large agan as the onginal
scale 1n what ratio 1s 1ts surface augmented ?

I Roorkee Engincer  Final

22 The sides of a triangular field are 3501, 3604, 3605 ft respectivel
find the length of a linec drawn parallel to the long’est side which will ]dlwde t{;c
field into two equal parts

Y Roorkee Upp 1+ Subordinate Monthly

23 A crcular hole 1s to be cut 1n a circular plate so that the weight may
be reduced one-third find the diameter of the hole ¢

24 A board 1s 12 1n wide at one end, and 9 1n at the other end, an
its length 1s 8 ft  how far from the broad end must 1t be sawn across so as to
divide the plank 1nto two equal portions ?

96 Find the dimensions of a triangle similar to one whqse dimenstons are
50, 60, and 8o ft , but which shall contain three times the quantity
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HINTS ON SOLVING PROBLEMS2COLLECTION OF
- FORMULA: -

HINTS ON SOLVING PROBLEMS

106 I Draw a figure, whenever possible, to 1llustrate the question,
and let the figure show the .
various measurements that >
qmay be given
o  Example —The area of a 10
trapesaud 15 10 sq 1n, and
its parallel sides measure
3 51n and 5 61n respectively
find the perpendicular dis-
tance between the parallel sides
II Do not draw your figure mn
three dimensions when a section mn
two dimensions will serve the purpose
equally well
Example —A perfectly flexible
" rope of 3 in i diameter 15 coiled
closely upon the deck of a ship, and
there are three complete coils find
the length ®f the rope
III Decide upon the umt 1n
terms of which y6u want your answer to appear, and adopt it
throughout  1f both areas and lengths are involved, let your umt
of area correspond to your unit of length.
Example —How many chains are there mn the height of a
tn.':l’ngle whose area measures 24 ac , and whose base measures 1 fur ?

r Height of tnangle = 334 ch. §20
where 4 = 2% X 10 = 25
and 4 = 10,
o heght of tnangle = §§ ch L 77

=5 »
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152 Elementary Mensuration
‘
Notice that the answer 1s to appear in chains For this reasen

we reduce the 2} ac to square chains by multiplying by o0, and
, the furlong to linear chains by multiplying by 10

IV. Usecontracted multiplication of decimals and contracted
division-of decimals when only an approximate result 1s required

Example —Find the product of 2 49832684 by 12 345976

gfrect to four decimal places
- % 4983 | 2884
{ ©412 345976
249832 |6
49966 |5 '
74949 -
999 |3 - s "
1249 [
[ 22 i 4’
‘\\ 1 6 .
~N ¥ .
] - B P

¥ 30 8442 v

Notice that, in this method, we multiply by the $everal digits
of the multipher in order from left to night instead of from night
to left, as 1s usually the case Figures in the multiphicand are

crossed out as soon as they become superfluous by giving products
which do not affect the accuracy of the required answer

Example —Divide 93°62135079 by 7 5083624, the result to be
correct to two decimal places

75883 | 93621 | 1246
75083

18538
15016
3522
3003

519 e,
450 ’

.Required result 1s 12 46 L

4

We see, by inspection, that there will be w0 1ntggral figures in
the quotient
., ‘-u\.’/

s
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. »
Hence the result must contain four sigmficant figures, since it
1s to be correct to two decimal places

To allow for this we need only retain the first ffve figures of
the divisor and the same number of the dividend "

The decimal points are now omitted {

Figures 1n the diysor are crossed out as soon as they become
superfluous

V Avoid mtermediate arithmetical calculations, so that your
answer may, whenever possible, depend spon the simplification of
a comple n

Example —Find the cost of paving a rectangular enclosure
450 ft long and 390 ft broad, with stones 3 ft 9 n by 3 ft 31,
at Rs 5 8 annas a hundred

Area of en-
closure }: 450 X 390 5q ft
area of each
stone l( =33 X 3}sq ft
number of }= 450 X 390
stones reqd 33 X 3%

450 X 390 X s}
32 X 31 X 100 1

3 3 2
= Rg BIRXIWXTIXY X4 === 450" ===~

5 X Y3 X 18y X %
= Rs 792

. cost = Rs

3907

VI It s often advisable not to substitute their values for such
terms as m, /2, 4/ 3, until the end 1s reached, particularly 1f
there 1s a chance of their cancelling

Example —Compare the areas of an equilateral triangle and
a regular hexagon, the length of side 1n each being equal

Let a side of each measure @ inches

Then—
2N
Area of equilateral triangle = (L: sq 1n
2
and area of hexagon = 33 sq 1n
i , 2 9
* area of triangle area of hexagon = w-—i/;’ 3—‘?—2-“/—3
=3 6

VII The s'quaxe-root of the product of several numbers may
often be found by inspection, by resolving the numbers into
duphcate factors.

-

(O

}“)‘5 \ .

v
\

/

w

~
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Example—If a = 143, 6 = 220, ¢ = 231, find the value of
N $(s = a)(s — b)(s — ¢), where s = atb+e

2
V(s = al(s = 8)(s = 9

2297 X 154 X 77 X 66
4/£_I_»><27><-2_“><_77><77x6>(11
MIP X 777 X 2 X ¢*
=I1TX77X2X9
«q = 15246
VIII Remember that—
NIE=8 ==+
and V2 —p' = A (4 = 2) 4 + )
Example —Find the base of a rnght-angled
triangle whose hypotenuse and perpendicular measure
1157 yds and 1155 yds respectively

Base = J4* — 2 yds
= (k=) + p) yds

where 4 = 1157
and p = 1155
base = 4/ (1157 — 1155)(1157 + 1155) yds.
= 42 X 2312 yds
= 4/ 2* X 34° yds
=2 X 34yds
= 68 yds
IX Discard an answer which 1s not borne out
by the geometry of the figure, or which, for other reasons, 1s
obviously absurd
For example, it may be required to find the length of the
schord of an arc of a circle when the height of the arc and the
diameter of the circle are given An answer which makes the chord
greater than the diameter of the circle 1s evidently wrong
Or, again, 1t 1s often easy to make a rough guess at the answer
if the figure be fairly accurately drawn to scale This 1s particu-
larly easy when the required answer 1s a length A result that
appears wide of the mark may safely be dlscarded

Tt ==ttt /[85 yds Tt
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1 »

COLLECTION OF FORMULAE.

107 1 Rectangles
(1) Ad=a
(n) d= V&t + ¥

where 4 =area, a=length, /=breadth,

.
e @S
R
~»
‘¥

d = diagonal N
IR Dpp—— a _J_---___
2 Squares : N
1 S
(1) A=4a Q N
1) d=ay2 ' NS
' »
where 4 =area, a=side, d=diagonal i
i h

3 Right-angled triangles,
) 2= JE+2

(1) o=V (h=p)h+2)

(m) p= (k- 0b0)h+0b)
where / = hypotenuse , & = base ,
p = perpendicular

4 Triangles
() 4 =%
where 4 = area, = base, /= height.
) A= 4s(s = a)s — &)(s — o)

where 4 = area, a, b, and ¢ are the

three sides, s = -

v ¢, Equilateral triangles
a3
(1) 2= )

N/3 2
d = Y2 %
(11): a

where 2 = height, ¢ = side, 4 = area.
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6 Isosceles triangles,
= —J 4’ = ¢
where 4 = area, @ = side, ¢ = base

'J 'Y7 Parallelograms

() A=20k
“*  where 4=area, b=Dase, /=height
(n) 4d=4dp

where A = area, 4 = diagonal,
p = offset of dxagonal

() A =24s(s — a)(s — b)(s — )
where 4 = area, d = diagonal ,
a and 6 are two adjacent sides,

_a*b+d
=7 "
>
8 Rhombus s
A=} dd,
where A = area, &, and 4, are the two
diagonals

o Quadrilaterals
A=% d (p+2)

where 4 = area, 4 = diagopal, p, and
2, are the offsets of the diagonal

& vyl
10 Quadrilaterals inseribed in
circles -
A= (s —=a)s—b)(s —o)(s —d)

where 4 = area, a, b, c,d are the sides,
a+b+c+d

2
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.t
11 Trapezoids *"'\{e/ Y S
4 = &(zl—}-b)/l

where 4 = area, @ and & are the
parallel sides, % = the perpendicu-
lar distance between the parallel
sides

12 Regular polygons

»)

(I)A:%X(I?‘

) 4= i;a\/Rﬂ— (_%‘_).l

(m) A=a"x Z cot 180
4 u
(w) 4 =# X ntan
O
(v) A=Rx%sn 360
2 7n

where 4 = area, n = number of sides, @ = side, » = radius of
nscribed circle, £ = radius of circumscribed
P —

Al
cugcle, YN

13 Reg exagons . 27
4 = 3943
2
where 4 = area, a = side e
a
R,
v ('
14 Regular octagons
A = 2a%(1 + 4/ 2)
where 4 = area, a = side
. ’, y Tta T
w! ! N ,,,A\aal l/

N . (-
15 Regulak dodecagons
4=62yTF 3 :
where 4 = area, ¢ = side

“
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16 Similar figures
(t)e b=p ¢
where @ and & are lengths 1n one figure, corresponding to # and ¢
respec.'vely 1 the other.

(“) A4, 4,= (‘11)2 ("2)2
where A4, and 4, are the aieas of the two figures, @, and @, are
corresponding lengths, one 1n each figure

!
17 Cireles 2,2
1)C=mnd
) 4 ==
A where C = circumference, & = diameter,

A = area , » = radius

18. Ellipses
A =mad
[

.. where A = area ,
2 -_j ¢/ a = semi- 11-MAajor axis ,
)6 = semi- ni-minor axis
N

at ,', [}
19 Chords of cireles. o ’f,"
=0 e = JH2 ~ 1)
() &= Vdk

where ¢ = semi-chord of the arc, 4 = chord

of. the—semi-arc; # = height &f the arc,
. “d = diameter of the circle
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2 ,)/ >
20, Ares of circlgs 97 WF
(‘) 1— X 2mr = .
&-—2(: --a,.d A>3
o) 1= 252 =

3

where 7= length of the arc, o° = central angle of the arc,
7 = radws of the circle, ¢ = s<;m.1-_;;h9rd of the arc, & = chord of

the semi-aic e !
21 Sectors of eircles | 5¢ b7
T e 1.
/ =% /
) 4 360 X §
m)d=%kx1?& PR

where A = area, o° = angle of the %_e(ior,
/ = length of the arc of the sector, » = radius
of the circle

22 Segments of circles
(1) Segment = sector — triangle
() A=/ F )
where A4 = area, /4 = height of the
segment , ¢ = chord of the segment

23 Cirecles 1nscribed 1n
triangles
A
r=—
Y
where 7 = radwus of the mscribed
circle, A = area of the trnangle,
s = semi-perimeter of the triangle

24 Circles 1nscribed 1n equi-
.ateral triangles

= .2
24/3
where 7 =radius of the mscribed
circle, @ = side of the triangle |
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25, Circles circumscribed about
triangles *

abe
2=a
where R = radwus of the ¢ ¢ rn~cr n»

carcle, A = area of the tnangle, a, &, ¢
are the three sides of the triangle
e

26 Circles circumscribed about equi-
lateral triangles
a
R =
'\/3 4 v,
where & = radwus of the circumscribing arcle ,
a = side of tnanglc -

27 Simpson’s Rule

4
A=§{Z’1 +/’:;1+1+2(/55+P5+ +]’m—1)
+ 4(p.+ 2.+ + pu)}

where 4 = area, ¢ = common distance , 27 = number of equal

P PR———

oo o>

Tty
'
'
'
'
i
|
1

e .
5,

v N

MO AL s e =

A
Drcmates taken 10 orger )" L Pud - Py are the
s
L €
N -7
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£1o 108 6 1782} sq ft 7 6ft

ANSWERS

»e
Examples—I A
746} yds 2 15193} ft 3 30682} ft 4 480 ch
560 5q po 68 23413} sq yds 7 900,000 5q lks
18mi §tur 23 po 4yls 2} ft 9 7 38629 ac
20ac 210 6 po 55sq yds 8sq ft 11 140 12 2117}

16 yds 14 605 sq yds

Examples—I B "
112 girahs 16 10 lathas 17 1750 haths 18 5600 girahs
6800 biswansr 20 13 bighas 6 biswas I biswans: 21 640 biswans:
94 biswas

Examples—II A

143 sq ft 2 5134 ft 3 1679 q ft

45q ft 51sq 1n 5 94q ft 54sq 1 6 16sq ft 8sq
3s5q yds 3sq ft 9osq 8 12s5q yds 2sq ft
18sq yds 5s5q ft 82<g m 10 46 8 ¢ 11 10944 ac

13 67174 ac 18 2ac oro 232sq po

6ac 110 40128sq po 16 61c 2ro 21 76sq po 18 23ds 9in

121 yds 18 121 yds 19 15ch

9 yds 2 1n 21 15ch 22 88 yds

6 ch 35 lks 24 5 fur 13 po 26 87.q yds 1sq ft
58sq yds 7sq ft 27 160sq yds 4sq ft 28 266sq yds 7sq ft
22 § ac 80 17 66241 ac 81 467856 ac

14 25636 ac 38 18 ft 34 35ch

23 4 ch 36 6 ch 521lks 37 Rs 1764

Rs59 o 89 102s5q yds 6sq ft 40 84 yds

3413 sq ch 42 1sqyd 8sqft 52sqin 43 13ch

Rs 380 46 4yds 1ft 8in 46 10ch , 40ch
256 sq yds 48 41} yds 49 Rs 4248

Rs 196 5 annas 4 pies
Examples—II B

35 bighas 52 9 12 bighas 53 2 bighas
6 ras1 856 2 ras: 15 lathas 66 15975 yds

Examination Questions—II

0sq ft 2 23,880 trees 3 165 43d 4 168 students
540 sq 3 £37 165 4} 5 Lios e
705po e 10 royds 2ft 507 11 24yds , ~
Leagth, 31 ft , breadth, 21 ft , height, 13ft 18 Rs 4313 annas §
384ac ,216ac 16 8653 ft nearly 16 3 84ac 17

G
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25. Circles circumscribed about
triangles
_ e
VN
where R = radus of the circumscribing

circle, A = area of the trniangle, «a, &, ¢
are the three sides of the triangle

26 Circles circumscribed about equi-
lateral triangles

.

a f
R="
J3 5)

where &£ = radus of the circumscribing circle ,
@ = side of triangle -

27 Simpson’s Rule

a
= g{i’l + P+ Z(fa + s + +qu-1)

+ (2. + 2. + + )}
where 4 = area, 4 = common distance, 27 = number of equal

— .

A5 .
o

J'd.‘dld/ddd:d/

L / 4
parts into which the base-line 1s divided , gy, 2, . . pu. 4, are the
ordinates taken in order.

7 y ©
W6 v

t



ANSWERS

»s
Examples—I A
1 746} yds 2 15193} ft 3 30682 ft 4 480 ch
5 560sq po 6 23413}sq yds 7 900,000 sq lhks
8 18mi §fur 23 po 4yls 2}ft 9 7 38629 ac
10 20ac 2ro 6 po 53sq yds 8sq ft 11 140 12 2117}

13 16 yds 14 605 sq yds

Examples—I B .
15 112 girahs 16 10 lathas 17 1750 haths 18 5600 girahs
19 6800 biswanst 20 13 bighas 6 biswas I biswansi 21 640 biswansi
22 94 biswas

Examples—II A

1 143 51} ft 2 513sq ft 8 1679 sq ft
4 49sq ft 51sq In 8. 9sq ft 54sq In 6 16sq ft 8sq n
7 3sq yds 3sq ft gosq m 8 12sq yds 2sq ft
9. 18sq yds §5sq ft 82sq 1n 10 46 8 ac 11 10944 ac
12 13 67174 ac 18 2ac oro 23 2sq po
14 6ac 1o 40128sq po 156 6ac 2ro 21 76sq po 18 2yds 9
17, 121 yds 18 121 yds 19 15ch
20 9yds 21 21 15ch 22 88 yds
23 6 ch 351ks 24 5 far 13 po 26 87sq yds 1sq ft
28. 58sq yds 7sq ft 27 160sq yds 4sq ft 28 266sq yds 7sq ft
29 22 5ac 80 17 66241 ac 81 467856 ac
82 14 25636 ac 83 18 ft 84 35ch
856 234 ch 86 6ch 52lks 87 Rs 1764
88 Rs59 89 r02sq yds 6sq ft 40 84 yds
41 341}sq ch 42 1s5qyd 8sqft 52sqmn 48 13ch
44 Rs 380 45 4yds 11t 8 46 10ch , 40ch
47 256 sq yds 48 41} yds 49 Rs 4243
50 Rs 196 5 annas 4 pies
Examples—II B
51 35 bighas 52. 9 12 bighas 63 2 bighas
54 6 ras: 66, 2 ras: 15 lathas 56 159{f yds

Examination Questions—II

1 540sq ft 2 23,880 trees 8 £37 165 44d 4, 168 students

b £IOSI%S 6 1782} sq ft 7. 6ft » 8 £16 35 63

9 705po e 10 10yds 2ft 5071n 11 24yds , 36yds
12 Length, 311t , breadth, 21 ft , height, 13ft 18 Rs 43 13 wnnas 6 pres
14 384ac ,216ac 15 8653 ft nearly 16 384 ac 17 oft

G
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im 19 1z ft 20 13ift 2l 13
28 486 planks 24 Igi min 2F £33
2.80 27 8201n 28 18'ft
26§ yds B Rs 9 12 annas 8 pies 80 649 yds
1804 yds 32 403sq ft 83 6400 trecs 84 8 866 ft
v At 36 33 37 £49,227 55 5@ 38 18 5017 ft
32 yds 40 98yds z2ft 41 81
Examples—III
31l 7’ 2 13ft 86" 8 9ft 6’9" 4 1o0ft 7’4"
8ft 9’1”6"” 8 6sq ft 2' 7 105q ft 44" 8 8sq ft 87"
gcub ft 2’3”2" 10 1z cub ft 5 0" 11"’ 11 16 cub ft 6’8" 3"
cub ft 9 5”6'"6" 18 7sq ft 2’ 14 14sq ft
41sq ft 4’ 16 31sq ft 3’ 8" 17 48sq ft 10" 8”
osq ft 3’ 10” 6" 19 osq ft 5’ "3" 4" 20 37sq ft 84" 8"
78sq ft 6’ 117 6" 8" 22 45sq ft o 2" 6"’ 8"
Examples—IV A
78 m 2 125 yds 8 176 yds 2 ft 4 10yds 101
I §fur 37po 6 11ch golks 7 27ch s0lks 8 3973ch
88 022 lks 10 33m 11 71 12 3m
6 ch 72 lks 14 8m1 2fur 16 210 yds , 168 yds
12 72 m 17 oft 18 85 1n 19 41t 310
18 38 m 21 2ft 6in 22 7fL 41 238 447 ch
Rs 724 4annas 26 995 yds 2 ft 26 49 4ft nearly 27 243mi nearly
44 1t 4m 29 62 6ft nearly 30 144 ch , 108ch
Examples—IV B
25 rasi 382 85 lathas 88 157 girahs 84 229 haths
365 guz 86 433 ras: 87 9 lathas 88 28 ras:
60 girahs 40 105 haths 41 84 guz 42 120 ras:
Examination Questions—IV
15 ft , 36 ft 2 11618 ft 8 8oft
46 861 m1 5 1 7 44 ft
1 41421 m1 , 640 ac 9 120 ft 10 4 2426 yds
16 ft 13 40 588 ft 14 12 6194 ft
2 sq ft 16 99 701 po. 17 164/2 10
637 ft , 245 ft 19 12 ft 20 12,6371t , 12,012 ft,
8 ft 22 5000 sq yds 28 562,500 sq ft
20,4/2 ft 25 Rs 549 I3 annas 6 2 pics
Examples—V A
184 sq ft 2 7sq yds 8}sq ft 8 8sq yds 7sq ft 91§ sq mn
6;93%5 ac b5 gft 6 rryds 2t %
81 ch 9284 lks 8 48 7179 ch 9 xz sq ft 6sq mn
4 61sq yds nearly 11 107226ac 12 4sq yds 2sq ft 138 sq w,
125 14 sq ft 14 6sq yds 5sq ft 112sq 1 nearlv
17 736 sq ch 16 gosq ft 17 23105q lks
21,294 sq 1n 19 86,700 sq ft 20 747,054 sq lks
1224 83 ch 22 501n 28 12 ch 32 ks
1216 sq lks 256 Rs 369 nearly a month 26 7 ft 5.
22,638 trees 28 1676 74 sq ft 29 6928 yds
772 yds 81 18 /3
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Examples—V B _
97t bighas 38 12bighas 13 8biswas 34 13 bighas 6 biswas 16 biswansi

64 lathas 36 8 lathas 87 984 lathas

3 897 bighas 39 16 biswas 16 biswansi
Examination Questions—V

15 ft 2 (a) Area = the amount of surface 1n any figure , (6) 28 ft

60 ft 4 227 n 5 144 ft 68 216 50 ft

12 ft 8 84sq ft 9 4865sq 1

2772 sq ft 11 21217 sq ft 12 169 705

30, 6§ 14 14ch 153 ks 18 24 ft

412 18s 17 3570sq yds 18 43 301 sq ft

289 ft 20 39 6862 sq ft 21 317 ft nearly

1Ioac Iro 33 ger nearly 23 4537} sq yds, 2722} sq yds

3ac 2ro 9 088 po 5 72 74 ft 26 sfzsg po

45ft , 630sq ft , 540sq ft 28 27747 yds , or 1200 24 yds

224 yds , 25 84 yds , 24 yds 80 o537 ac
56 3 sq lks 32 1ac 1ro 244§ po

6 928 yds 34 620,964 yds nearly

34 64 ft , 5196 sqft 86 42 yds 87 44 »
1195 sq yds 89 2400, 2600, 1800, 3200 sq ft
15ac oro 37 9I po 41 1ro 266 po 42 709 ft nearly
3468 5q ft 44 (1218 195 3}d 46 67 ft ncarly
9841 251 sq ft 47 1259 lks 48 f104s 94
42 15s 60 3058 sq ft , 3696 sq ft
57 19 ft 52 192 837 sq lks 53 Rs 407 5 annas
93,944 755sq yds 565 21ac 1ro 12 7po 56 233sq yds 3sq ft
128 9 ft 58 /4 59 202 ft nearly

240 yds 6l 120sq ft 62 1494110 63 15 ft

Examples—VI A

glz sq ft 2 52sq yds 8sq ft 8 196 6512 5q ch
ft 5 1yd 2ft 6 2631ch

12sq ft 108sq 8 11 58144 ac 9 2yds

106 82 n 11 Rs 89 2 annas 12 35115q 10 nearly

66 ch
Examples—VI B

320 bighas 15 16 highas g biswas 12 biswansi
56 bighas 8 biswas 16 biswansi 17 124 lathas
I bigha 4 biswas 19 4] biswas

Examination Questions—VI
5t , 48ft 2 3456, 60 8 2ac 47 25 cents
8000 sq ft 5 8ft 8 256sq mn , 84/5m
729 15t , 329 15ft 8 1200sq yds , 144 2 yds , 33 28 yds
10,296 sq ft , 125 ft , 82 368 ft 10 69 71 ft , 627 39 sq ft

346 427712 , 20 0016 12 1054 ft , 625 ft , 566 63 ft
1350sq ft , 37} ft , 36 ft 14 384sq ft
w

Examples—VII Ay,
3

R)
21,300 sq ft 2 102sq ft < 44 6424 sq ch, g "
9379107 sq ch 6 r1zosq ft ~ 8 245q ft e OO
4 3602 sq ch 8 9 888sq ch/ 9 42§ yds
25 1 ch 11 Rs 232 14 annas 12 Rs 748 2 annas
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13 Rs 1150 5 anuas 10 656 pies 14 Rs 398 15 annas 0 48 pies
16 Rs 25 8o yds 17 19sq yds 99sq 1
18 17ft ,9ft 19 2886 sq. lks
’ Examples—VII B
20 32, “ghas 21 12 bighas 8 biswas 4 biswanst 22 1080 bighas, -
23 18 bighas 1 biswa 12 biswans: 24 2| ras1 25 2}3 raa1

Examination Questions —VII
1 1764sq ft 2 7ch 70lks 4 12,054 sq ft b 114sq ft

6 78sq ft 7 7500sq ft 8 204sq yds 9 125,0005q ft

10 77 yds 11 2ac 2ro 8 po nearl{ 12 210sq yds

18 31 12125 ac 14 17 632 48 989 nearly , 844 94 nearly

18 10,833sq yds nearly 17 23ft , 27t 18 216 19 128! sq yds

20 33ft, 44t , or4ft,§¢ft 21 163499 sq ft 22 20ac

28 36 9334 ac 24 45033 sq ft 2 2626sq ft

28 s560sq ft 27 12298 sq ft 28 3523303 29 9

80 101} yds 81 4549 92 sq ft 82 1ft,z2ft 838 720sq yds

34 88s5isq ft 86 13fft 86 143 yds N S

Examples—VIII A

5§ sq ch 255q lks 2 16627 sq m 2
b 509 22 sq 1m 6 18 18 sq lks
61 93445q yds 8 Rs27410annas1I piesnearly 9 25191 sq yds

T

Examples—VIII B

10 12 9903 biswas 11 19 31 bighas 12 062 . ram

Exzamination Questions—VIII
1 23,636 sq ft nearly 2 259 807 sq ft 8 12ac 11 po nearl
4828 sq ft 5 293 89sq m 8 4 34/3 lJ6 7
7 325 yds nearly 8 3631t , 2270 4sq ft 9 2 ft

2
10 73586475sq ft 12 08sft nearly 18 » @ cot 187 14 53565 ft
7n

14 2,/25q ft 16, 165 68 16 #sq ft

17 158 yds , 9 45 yds 18 649,500sq ft 19 2338 26 sq ft
20 19313 sq ft 21 3sq ft 22 7 0295 ft 11929 sq ft
23 1500 ft 24 5625sq ft , 6495 sq ft

Examples—IX A

1 198ac 2 66sq ft 117sq 8 146 437559 n
4 1159 yds 725q 5 11904 ac

Examples—IX B

8 20 16 bighas 7 11 bighas 14 4 biswas
8 36 47 bighas

Eramnation Questions—IX

21875ac , 500lks 2 4058 315q yds 8 1602 sq ft
192 sq ft b 546sq ft , 131t 6 27,813 sq ft nearly
950 sq yds 8 7230sq yds nearly

o3 b
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Examnation Questions—X

1 66vosq ch 2 oac 110 1816 po 8 2ac 1ro 28 po
4 13,403 5q yds 5 17967 ac 8 205ac
7 0978 ac 8 o231 ac 9 132,102 IV
10 o662 ac 11 145ac 12 335075 ac
Exzamples—XI A
1 1o0f1n 2 5ft 8 2ft 1132 1n 4 1y ft
5 o} ft 8 733} yds 7 266 9 m 8 3245 1n nearly
9 3im 10 18oft 11 63 1ks 12 2301t
Examples—XI B
13 21 315 lathas nearly 14 10 59 ras1 nearly
15 36 16 lathas nearly 16 7 ras1 3 75 lathas
Exammation Questions —XI
2 gft 8 26 341 ft 4 3331t 5 gm
8 a‘fﬁ 7 74ft 8 8 sift 10 25 fi
11 roft , 12t 12 8,6 18 104/10ft , 104/15 1t , 2504/6 oy «u
a?b?
LY 5 1
14 Y 15 3520 sq ft
Examples—XII
Note —These results, when they dcpend upon the value of , are only
approxiumate
1 s5ift 2 583 yds 3 568 yds 4 73 ch 92z lks
5 28 6 43 yds T 21§ yds 8 147 ch 77 lks
9 5500yds 10 Rs 88 11 33m 12 9 miles an hour
18 7im 14 298,571,428 16 28in , 3om 16 1272f1mn
17 27,4943 ft 18 616 sq yds 19 346isq 20 4sq ft 40sq 1n
21 273sq yds 7sq ft 22 20sq yds 106 sq 23 55sq ch 4400sq lks
24 23sq po 11}}sq yds 26 29 sq ch 6211ysq ks 26 7 yds
27 1212m 28 2213 m 29 o2213ch 80 19 7988 ch
81 106 pies 82 Rs 157 3 annas 4 pics 83 Rs 1718%
84 10392 ft ;356 s50ifac 36 Rs24 2 annas nearly 87 154sq ft
88 208021 = 89 246 66 yds 40 5184 ft 41 12409 ft
42 378sqmn 48 26 45 yds 4 r 343 45 /7 2
Examnation Questions—XII
Note —These results, when they depend upon the value of =, are only
approximate
1 1’32ft 2 16 568 ft 8 176sq ft 4 39 242 yds.
s _,833 17s 3d 76 21 yds , 38 105 yds , 30 40 yds 7 4840 yds
8 9 79 5772 yds 10 275,700§'sq ft 11 3 988 yds
12 12 727 27sq yds 18 22 50ft 14 75 4z ft 16 105 yds
16 139 17 343 2m 14 ft
19 a-b(z+~/z) 20 22, 008 33sq po 21 A1y o5 34
22 7 028 yd= nearly 28 5082 1n 24 201 sq ft nearly
25 £7s 195 55444 88 49463 m 28 3fft , 391t
290 281 57 ft 80 5023 m 81 Rs 6600
82 450m 83 58544y sq ft 84 4,320,662} sq ft , 7370 fte
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85 236 sq yds 82§sq 86 71 06 ft 87 21 46sq 1n
38 407 o117 sq ft 89 A =136sq ft , O =103hsq ft
“a 27 74yds 41 1509310 42 314159sq ft 43 00098 m1
44 75 17 ft 45 7 yds 46 11 7643 sq ft 47 1 37sq ft nearly,
48 Si8ft 49 93 98sq 1n 13ft,8168ft
Examples—XIII
1 32ft 2 2ft 101n 8 r1rch 251lks, or 1 ch 25lks
4 3ft 6 5 22 ch 681lks 6 7ft 1 7 154 ch
8 21 lks 10 9 375 1n 11 3ft 105N, 12 84 m
18 5ft 11}1n 14 44m 16 105° 16 42°
17 26° 15’ 18 1960 lks 19 21 yds 20 1ft 111n
21 9ch 44lks 22 55551n nearly 28 3ft 6§in
Examination Questions—XIII
1 13ft 2 12 6061 1, or 71 3938 1n 8 338ft
4 1016ft , 781021t b 100ft, 13397ft , 5176ft 6 so7ft
7 8 74 ft nemly 8 1355 ft nearly 9 4223}83% m1
10 110910 11 26 321 12 29 ft , 22 06 ft nearly
13 10ft , 50 ft 14 4ft 156 5744  ft
16 15 ft nearly’ 17 12562 ft 18 14685 n
19 15t 71n 20 101 21 263 ft
2 64/2ft 28 15 24 102 ft 25 314 159 sq ft
Examples—XIV
1 1344 sq 1n 2 43 sq ft 8 115q yds 3sq ft 96sq mn
4 208828 sq ch 6 204° 8 35° 478’ T 451261t
8 767521 9 210sq 1n 10 71} sq ft 11 5 ft
12 6mn 18 61 14 11t 16 216°
16 1608 sq m 17 27 461t nearly 18 1008} sq yds
19 2857142 s 20 3 8412sq ft 21 274 sq ft
22 10 08 sq ! 28 204292sq lks 24 19 4917sq
143 522 sq ft 26 111872 sq yds 27 1779 sq ft nearly
28 524sq ch nealy
Examination Questions—XIV
1 o 1612 sq ft 2 12msq In 8 1612 55sq ft
4 160y 5;1 ft 5 9o8nearly, 30,520 nearly 6 48 062 yds
7 70sq ft 8 400sq ft 9 8 3sq ft nearly
10 14 2698 sq ft 11 o 31514? nearly (a = side of square)
12 83261 18 214125sq 1n nearly 14 11n
15 22,271 sq ft nearly (v = 3 14159) 16 28 4 nearly
17 477 m 18 1116 114 » 140 521 , 173 637
19 44 3 nearly 20 569 nearly 21 218 8sq 1n nearly
22 14 56 nearly 28 s55sq ft nearly 25 }A(r — 4/ 3)
28 27 5sq i nearly 27 56 09 yds nearly 28 167 279 sq ft nearly
29 s5}sq m 80 175ft , 0278sq ft nearly
31 208 6 nearly , 100 6 nearly 82 006 ¢q 1 nearly
83 1850sq ft neatly 84 28 sq ft nearly 86 33 5 nearly
86 119 31% sq ft 87 15 3057 m , 76528 oq |
88 36 32001 5q ft 89 117§sq ft
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Examples—XV

6ft , 15ft 2 8mn, 18 m 8 589285sq n , 235 7142sq m
5292 yds , 10 584 yds

Exemination Questions—XV

519 61 sq ft 2 12508 3 26 ft 4 9om , 22}
20033 ft 8 1663 yds 7 gor ft nearly 8 17321t

293 ft 10 Ry/3 11 6928 m 12 20

17,084 85q ft nearly 14 63 8292 sq ch 16 324 1n

17 3205 mn

Examples—XVI
43 sq ft 2 433sq ft 3 1883sq ft 4 11sq ft,
182 s5q ft 8 7 605 sq ft 7 202sq ft 8 39 3753sq ft
12 44746sq ft 10 o013584sq ft 11 6238 sq ft 12 360sq ft

Examination Questions—XVI

2880 sq ft 2 3168 sq ft 8 3102 s.q ft
o 7817 X »* Ifs = 10, error =0 37 5 2580sq ft
94,000 sq ft 7 33,093} sq ft 8 3900sq ft
924 6 sq ft 11 392sq ft
Examples—XVII

242 5q yds 2 3m 3 90sq m 4 72sq
11 =264 1n 6 1 =§m 7 26ft , 28ft , 30ft
12t , 16t , 20ft 9 6ft , 5ft 41mn 10 2ft ,2ft 21n

12 726 ft 12 46 18 mn , 65 31 mn 13 70 7105
34 641 1n , 48 988 1n

Examination Questions—XVII

69 28 ft , 97 97 ft 2 169 289 8 422559 n
31 sq ft , 94§ sq ft b 44/2ft 6 1m =1 fur.
1m = 69 5701 yds 8 r17ft , 1561t , 195 ft 9 70ac 85 6cents

6ft ,8ft, 10ft 11 104/31n , 104/21n ,10m 12 28 3
8 049 n 14 1116 9sq ft nearly 15 1118 ft
40 ft , §oft , 20 ft 17 7 46 ac , 269 4 yds
a4/5ft , ax/101t , 44/ 1510t , 44/ 201t
101 , 104/21mm , 104/3mm , 20m 20 376ft 21 m.
4,9 22 25491 ft g3 dameter,
44 58876 n 25 504/3ft , 604/3ft , 804/3 1t
Additional Examination Questions
II

64 ac 43 120ft , 8o ft 41 50 muns 45 Rs 357 as
Rs 2869 as 5 p 4 )

' v.

99,15 66 8%m 67 1ac 68 1r20sq yds,
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VI

15 2ft 110, 2sq ft 48 s? n 16. L12025 74
2400 sq ft , 50ft , 48 ft

VII
87 31405q ch -
38 4(a J(a—b+4+a’)(c+d—a+&)(a—é—c+d)(a-11+c—¢/)
39 540 sq m 40 600sq yds 41 49,470 sq yds

VIII
25 31r25sq ft 26 4682 ft

X

9 162,463 9375

XI
16 873 cubits 17 20

XI1I
51 31n , 9rsq m 52 660 ft 53 07853 54 1 10500

XIIT
26 1 1 21 V3 28

9 07 mu nearly sq 1n 201 , 151N
29 1003 ft nearly
THE END
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