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PREFACE

The special features of the series are :

1. The Departmental Syllabus (the 1929 S.S.L.C.
syllabus) is followed as the basis.

2. Instead of treating each topic separately in big
individual chapters, the subject matter is as far as possible
divided into study upits. Each unit forms the basis of
specific instruction in the fundamental prindples and their
varied applications without disturbing the general unity
of the subject of Mathematics. This makes it possible
for the teacher and the taught to have definite estimates
of the ground covered and of the progress achieved in
successive stages.

3. Useful 1ntroduction!s and experimental investi-
gations leading the learner by induction to the discovery
and enunciation of rules, principles and procedures,
are followed by a variety of problems, questions and
examples.

4. Exercises have not been classified as oral (mental)
and written, as the &apacity to do calculations mentally
differs from pupil to pupil. They have therefore been so
graded from the simplest to the relatively most complex
types as to provide a scale which can be followed mentally
as far as individual capacities of the pupils admit.

5. The treatment is a balanced blend of the logical
and the psychological, retaining the good and popular
features of the traditional methods and combining with
them the accepted procedures characteristic of the new
teaching, with graphic and practical work in all its aspects,
historical notes, variety in methods on the basis of a
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natural = correlation between arithmetic, algebra and
geometry.

6. The problems and examples arc numerous and
refer chiefly to Indian life and relevant situations in the
other sciences.

7. The typography is so well set and arranged as to
make the books easily readable and convenient to use.

Thanks are due to The Open Court Publishing Company,.
Chicago, for their permission to reproduce on page 48 of
this book the portrait of Py thagoras taken from their
Philosophical Portrait Seyies.

Suggestions for improvement and notices of corrections.
will be gratefully received.

S. B.



© DNOD L BN

S oo

© 0 L 0w oW
aRVLBLR8EYY

w

CONTENTS

PacE

Examination Papers, Series B
Circumference of a Circle (1)
Circumference of a Circle (2)

Similar Figures

Lines and Planes

Measurement of Hewhts and stmuce; (€8]
Measurement of Hgig—hta and Distances (2)
Construction of Triangles : Ambiguous Case, etc.
Percentages : Discount (1)

Percentages : Discount (2)

Percentages : Mixtures (1)

Percentages : Mixtures (2)
Percentages : Mixtures (3)

Miscellaneous Exercises

Construction of Onadnlatel‘als

Area of a Quadrilateral

Trapezium

Isosceles Trapezium

Area of a Trapezium

Simple Factorization (1)
Simple Factorization (2)
The Theorem of Pythagoras (1)

The Theorem of Pythagoras (2) ... v
The Theorem of Pythagoras (3) : Problems
‘The Theorem of Pythagoras (4) : Square _\.DOL\
The Theorem of Pythagoras (5) : Further Applications
Arcs and Chords of Circles

Chords in a Circle

Angles in Circles

Regular Hexagon

Area of a Circle (1)

Areaof a Circular Ring

Area of a Circle (2)

Area of a Sector of a Circle
Areas of Sectors : Proportionate Repzeseutdt'on

IS
<3

©
S

L G Ly L)
[ DR

w
>

PRSGTEY
g s

s ke
28 S a

o

N oo @ oy
S Ak G O

~ NN
PN



vi

CONTENTS

Pace

Statistical Graphs: Arbitrary Origin 76
Graphs : Miscellaneous Exercises w 79
Surface of a Prism 82
Surface of a Cylinder 84
Volume (1) 87
Volume (2) ... s 9L
Volume (3) . 93
Volume uombmed with Motlon el 95
Volume and Weight ... 96
Metric Volume and Capacity 97
Metric Weight . , . 98
Miscellaneous E\ermses ... 100
Volume of a Prism ... 101
Volume of a Cylinder (1) -en 103
Volume cf a Cylinder (2) . 106
Cylindrical Pipes ... 107
Right Circular Cone . 109
Surface of a Cone 111
Volume of a Cone \ 113
The Right Circular Cone : Inverse Problems... o 114
Tangents to a Circle ... . 115
Circles Touching One Another . 117
Taungeants to a Circle from an External Pomt 119
Absolute and Relative Errors 121
Percentage Error o 123
Certain Useful Cases of AppI‘O\lm’{thﬂ 124
Questions on Principles 126
xamination Papers, Series C .. 130
ecimen Papers issued by the Dep 1rtmen‘ 124
In portant Formulae W 141

Answers

. 46



1. EXAMINATION PAPERS, SERIES B
[BASED ON THE SUBJECT-MATTER OF Bookx V]

Paper I-A
1. What is the difference between cost price and outlay in’
problems relating to trade ?

2. A number of mgasurements of lengths of straight lines are
increased by the same amount. What effect has this on the
average of those measurements ?

3. State compactly, using brackets, the result of increasing a
.quantity Q by x per cent.

4. Write down the value of a number (in index notation)
ahose digits from the units place to the left are a, 6, ¢, d.

5. Factorize c(x — ¥) + 2d (x —y).
6. Find 4 from the following equations:

(i) ka®=a*°, (i) p° = i’;. (iti) £ (x—a) = (a — ).

7. Point out which of the following equalities are correct :

(i) Ya+b=n~a+b,

(it) V%% = ab,

(i) Va+0 = a0,
8. Two triargles are of equal area and stand on bases of 48
and 64 inches. If the height of the first is 3'6 in., find the altitude
-of the second.

Paper 1-B
% 9, Thesum of the interior angles of a figure bounded by 7

straight lines is 22 — 4 right angles. Find the number of sides, if
the sum of the interior angles is 16 right angles.

10. Find the difference between 3x%—35x + 2 and 2x* + 6r—1
(two answers).

11. Giventhatd (¢ — 6) = ¥, — 5 (a + 6) =, express a*—62
in terms of x and y.

12. Write down the co-ordinates of the point where the graph
of y = — 2x + 3% cuts the y-axis.
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X 13. After paying income-tax at 6 ps. in the rupee on his income,
spending # of the remainder and lending Rs.75 to a friend, a man
found he had only £ of his income left. What was his income ?

' 14." The capacities for work of two brothers are as 3:5. How
long will they take to do a job separately which they can do
together in 5§ days?

15. A mirasdar bought a field, but he had to sell it at a loss of
6 per cent. If he had sold it for Rs.810 more, be would have
realized 7% per cent profit. What did the field cost him ?

16. A moneylender auctioned away a mortgaged property
for Rs. 7840 in full satisfaction of a loan advanced by him 2 years
ago at 12 per cent C. I. What was the sum borrowed from him ?

17. A boy hires a bicycle by paying 8as. for the use of
the bicycle plus 2 as. for every mile that he'rides.

(i) Express the cost of hiring in terms of the number of miles
ridden.
(ii) Draw a graph representing the relation between the cost
and the distance.
(iii) From the graph, find how many miles he can ride for
Re.1-4-0.

Paper II-A

1. Show that a pure decimal which is a perfect square cannot
contain an odd number of digits.

2. There are a number of rice bags containing different quanti-
ties of rice. & measures of rice are taken away from each of them.
What is the effect of this on their average weight ? -

3. Distinguish between 2x® and (2x)®. Find the value of
each, when x =2. %

4. Work out the product (@ + 6) (¢ — d). Check your answer
using particular values for a, 0, ¢, d.

5. Examine the correctness of the following statements :

(i) Allsquares are rectangles. .
(ii) The diagonals of a rectangle cut each other at right
angles.

6. A pair of adjacent angles of a parallelogram are in the ratio
of 5:4. Find the angles of the parallelogram.

7. A number contains »z digits. - How many digits will its
square contain ?

b+c . ’ : :

8. Ifa= = espress the relation (i) with 6 as the subject,

(i) with c as the subject, of the algebraic sentence.
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Paper I-B

9. Two straight roads cross at right angles. A man walks
across the country in such a way that twice his distance from one
road is three times his distance from the other. Draw a diagram
to illustrate his motion.

10. A debt of £65 is paid in francs at 9% a franc, at a time
when 25 francs are worth £1. What does the creditor gain or lose ?

11. What should be added to 5#2—8x+9 in order that x—3
may be a factor of the sum ?

12. Simplify: (i) (a + 6)% + (a = 6)%; (i) (a + %)% —
(a— 6)2.

13. One of the diagonals of a quadrilateral field is 324 yards and
the distances of the other two corpers from it are 92 and 108 yards

respectively. Find the area of the field in acres, to two decimal
places. ,

14. The national debt of a country was reduced every year by
12 per cent of what it was at the beginning of that year. If at the
beginning of 1923 it was £60500000, what was it at the beginning
of 1925? ¢

15. I borrowed Rs.4000 at 5 per cent per annum and Rs.5000
at 6% per cent on the same day, I was able to clear both the debts
by paying Rs.10025 later. For how Jong was I indebted ?

16. A boatman rowed a certain distance up and down a stream
in 3 hours. He could row at 3 miles per hour in still water, and the
stream flowed at 2 miles per hour. What was the distance ?

17, Fifty-five per cent of the coolies working on an estate are

* men, thirty per cent women and the rest boys. The individual
wages for the three classes are Rs.17-8-0, Rs.11-4-0 and Rs.4-2-0
per month. Find, to the nearest integer in each case, what per-
centage of the total wagés is paid to (i) men, (ii) women, (iii) boys.

Paper 11I-A *
" 1. By what powers of 10 should you multiply 0°0765 acd
142:049 to reduce them to standard form ?

2. Write down the formula for amount at compound interest.
Indicate the quantities for which the letters in the formula stand.

~ 3. Explain with reference to suitable examples the difference
between coefiicient and index.

+4. If F= ¢C+32, express C in terms of F.
5. Simplify (i) (—36)*x (+56)%, (i) (+2a)*=(—a)®.

6. State, in a compact form using brackets, the result of
diminishing a given quantity P by » per cent.



4 ELEMENTARY MATHEMATICS

7. In what respects do a square aund a rectangle (i) agree
with each other, (ii) differ from each other ? :

8. One of the angles of a parallelogram is p degrees. What
are its other angles ?

Paper 1I-B

9. At a certain place, the height in inches of the barometer
at noon during a certain week in June was as given in the following:
table. Calculate the average pressure-reading for the week, with
the least possible work.

Height 29-92

2980 ‘ 29'75

3013 ’ 30‘10g 311 } 30745
|

Days‘ll?;li 4\516‘7

| |

10. If e = 2:7182818285, find % to 5 significant figures.

11. Two sides of a triangle aré 4'8 and 6°4 cm., and its area
is 12'S sq. cm. Construct the triangle. How many such triangles
can you draw ?

12. Divide 742 +102—9 by x—4, and write down the result

in the form aB’: Q + 7

13. Show that a® — 6% = (a + 6) (@ — 6). Use it to simplify
775 % 825—721x 679,

. 14, The populations of two adjoining villages were equal.. .
After the first had decreased by 20 per cent and the second increas-
ed by 15 per cent, the total was 19695. What was the population
of each village at first ? .

15. A taxi can be hired for an initial charge of 10 as. and an
additional chargeof 4 as. for every mile it isrun. If Rs.H is the
total charge for 2 miles, write down the formula connecting H
and 7. Draw a graph of the relation, and use it to find the dis-
tance that can be travelled for Rs.2-6-0, and the charges for 9
miles.

. 16. A playground 112 yd. long and 63 yd. broad is exchang-
ed for a square one of equal area. Find the length of a side of
the latter ground. .

Paper 1V-A
1. Bring out the difference in meaning between remainder

and difference with respect to two given numbers.

2. The area of the square on a line is £ times the area on % of
the line. Whatis £?
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3. Mention separately the terms of 3x° — 4x% + 51 — 9. Can
you set down the expression with its terms occurring in any order
without altering its value? If sc, write it down in three other
different ways.

4. The distance between two telegraph posts by the side of a
railway is 66 yd., and the time taken by a train to pass this
interval is 3 seconds. Findthe speed of the train in miles per
hour.

5. Give instances of zeroes that are significant and zeroes that
are not significant in pure decimal numbers.

2824-825 28248:25

6. Given thatm = 38, write down the values oE——7433,75

2824825
743375 "

7. Two triangles have equal altitudes, but their bases are in
the ratio of 2 : #. Compare their areas.

8. A studio charges a fixed sum of Rs.s for a sitting and
Rs.c extra for each copy of a photograph. The pupils of Form
VI of aschool arrange for a sitting, buy »# copies of the photo and
pay on the whole Rs.# to the studio. Express 7 in terms of s,
¢ and ». Hence find the value of ¢, when s = 20, » = 76, and » =
210.

Paper 1V-B

9. If the length and breadth of a room are both increased
by 10 per cent, by how much per cent is the area increased ?

10. Draw a diagram to illustrate the identity (v +a)(a=0)=
2% +ax+bx+ab. Supply the necessary particulars in it to bring
out the equality.

11. A cotton merchant bought 100 bales of cotton at Rs. 131-4-0
per bale and sold them at 6 as. per Ib. His customer failed and
paid only 12 as. per rudee. If the weight of each bale was 500 lb.,
find his gain.

12. From the formula T:27r\/[, find 7, if 7r:3.‘]4, =28,

g

i)

I 2,

-3 ,
13. Use the expansions of (a + 6)* and (a — 6)% to simplify
9882 + 10122,

14. The number of times the circumference of a circle contains
the diameter is denoted by 7. If the value of 7 = 3'1415963, to
how m any significant figures will it be true to take it for certain

355
purposes as 3}; as 13 ?

15. The cost price of an article is Rs.60. What should be
fixed as the credit price if it is to be paid at the end of 6 months,
interest being calculated at 5 per cent per annum ?
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16. The breadth of a rectangular field is 40 ft. shorter than the
length. If each side is increased by 20 ft., the area is increased
by 7600 sq. ft. Find the length and breadth of the field.

17. A contractor employs 78 men and 25 women and pays
them daily wages amounting to Rs.116-4-0. If 5§ men together
receive Re. 1 more than 7 women, what are the daily wages of each
man and woman ?

18. A man who can walk at 3} miles per hour gives a start of
51 minutes to another man who can walk at 3 miles per hour. In
what time will the first man overtake the second? Illustrate
your solution graphically.

Paper V-A .

1. The income of a manufacturing firm in a certain year was
2060000 dollars, to the nearest thousand dollars. Point out the
significant digits in the amount.

6 9
2. What number is represented by 3x%+7x+ et when 2

is made to stand for 10°? .

3. Explain the meanings of the following terms with the help
of examples : (i) factor, (ii) multiple, (iii) power.

4. Fill up the blanks within brackets with suitable expres-
sions :

-2

)» (i1) 3_'_',1 <0y

5. Draw a diagram to illustrate the identity (a—0)% =a%—2ab
+0%. Enter in it the necessary particulars to bring out the
equality.

64 From the sum of —3x°+x—7 and 22°+5x—4, subtract

—5x?+7x—1.

7. Show, by means of suitable diagrams, how you would cut a

parallelogram into two parts and refit them to form a rectangle.

() a=6-—1 (

. 1 2 .
8. Taking the formula > —tl—l = ,» express (i) # in terms of
7 ‘

%z and 7, and (ii) # in terms of v and 7.

Paper V-B

9. A bookseller bought books at 11 for 10 shillings, and sold
them at 10 for 11 shillings. What profit did he make on every
dozen books ?

10. The length of a tropical year is 365242218 days. Express
this as a compound quantity (in days, minutes and seconds) to the
nearest second.
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11. Solve the equation : g (x —5)—(4x + 3)= 2 (5—2x) +44.
12. In atriangle ABC, £A— ¢ B=10°, ¢B—£C=4°. Find
the three angles separately.

13. A can plough 4 acres of land in 18 hours, and B, 3 acres in
12 hours. If they both work together, how long will they take to
plough 17 acres ?

14. Assuming that 15 cm. = 5'9 in., draw a graph to convert
inches to centimetres and vice versa. From the graph, obtain
(i) the number of inches in 4 cm. and 10 cm.; (ii) number of
cm. in 2°8 in. and 45 in.

15. Construct a triangle ABC, given BC = 6'2 cm., CA = 5'4
em., £C = 68°. If the figure represents a field on a scale of
1 cm. = 1 furlong, find the area in acres.

16. A manufacturer makes an article and sells it to an agent at
a profit of 10 per cent. The agent sells it to a shopkeeper, securing
a profit of 21 per cent above the cost to the manufacturer. What
was the agent’s profit per cent ?

2. CIRCUMFERENCE OF A CIRCLE (1)
1. Introductory remarks

An uncut round pencil, the ordinary round ruler, the stone-
roller for rolling tennis courts are examples of solids having their
shape like that of the solid represented in figure (i) below. Itis
called a cylinder. lts two flat ends are circular. So also are the
faces of some of our coins, the rupee, half rupee and quarter anna
pieces.

i) (i)

Figure (ii) shows a method of finding the diameter of a
plane face of a cylinder. It is supported by two set-squares, all
resting on a graduated ruler. The diameter ¢6=0'62 in. approxi-
mately.
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Pigure (iii) shows a method of finding the © circumference ’ of
the cylinder (i. e. of the flat end surface) with the help of a piece
of thread. The thread is wound round once and cut. The piece
cut out has the length of the circumference.

cuT | THREAD

= 5§

(iii) . (iv)

Figure (iv) shows an alternative method. A thin piece of
paper is wrapped once round, and a pin-prick is made—to pierce
the two layers of paper. If now the bit of paper is opened out,
you get two punctures @ and 6, the distance between which is the
length of the circumference required.

The figure below suggests a method of finding the circum-
ference of a flat face of a coin or circular dise, by rolling it com-

¢ c

A B

pletely once round along a straightline. Write down a description
of how it is done.

2. Circumference of a circle

Of two circles of different radii, that which has the
longer diameter has the longer circumference. Let us now
find out whether there is a definite relationship between
the diameters and circumferences of circles.
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Experiment. Draw circles of diameters 1, 2, 3, . . . inches and
measure their circumferences. Set down your measurements in a
tabular form, as below :

o " . Circumference
Circle No. Diameter i Circumference e ATATHAEE
(1) 1inch
(2) 2 inches
(3) 3 inches
(4) 4 inches

Calculate in each case the number of times the circumference
is of the diameter, to two places of decimals. Compare the results.
What do you notice ?

If the measurements are very carefully taken, the quotients will
be found to be nearly equal to one another. To neutralize errors
of measurement, take the average of all the results. A good value
of this average will be found to be 3'14. You then have the
important relation : )

The lengih of the circumference of a circle

= 314 X the diameter.
The circumference of a circle is proportional lo the diameler.

Again 314 = 3%y = 35y = 31 nearly.
If ¢, 4 and » denote the lengths of the circumference,

diameter, and radius of a circle (units understood), then
c=3M4d=34x2r ............ (D
.

—d=-X2r ......... (2)

7 7 7 . -
This ratio ¢ : 4, namely 3-14, is very important in mathe-

matics, and is denoted by the Greek letter 7 (read pi).
Hence ¢ = md = 27r.

The correct value of 7 is a never-ending decimal fraction. A
large number of its digits will be required in calculations demand-
ing great accuracy, as in &stronomy.

Various devices are employed to remember the successive
digits. The Scientific American (21-3-1914) gives the following
pair of lines :

See I have a rhyme assisting
My feeble brain its tasks sometimes resisting.
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Here the number of letters in each successive word gives the
digits in order for the value of 7, viz. 3-141592653599.

3. Exercises (oral as far as possible)

1. Find the circumferences of circles whose diameters are :

(i) 21in., 44 ft., 147 yd. (i) 28 cm., 100 m.
(i) Sin., 20 ft., 32yd. (iv) ain., 6 ft., m miles.

2, Calculate the circumferences of circles of radii 7 in., 14 ft.,
8 yd., 125 m.

3. The length of the minute-hand of a clock is 3'5in. What
distance does the free tip travel in one day ? -

4. Theradius of the earth is 3956:4 miles. Find its circum-
ference to 3 significant figures, taking 7= 314159

5. A circular enclosure in a zoological garden has a diameter
of 280 ft. Find the cost of putting up arailing round it at Rs. 6-4-0
per yard.

6. Assuming the orbit of the earth to be circular and of radius
92 million miles, find the distance travelled by the earth round the
sun in one year.

7. A man rows across a circular pond 588 yards in diameter.
His son runs round the edge of the pond to meet him. How much
farther has he to travel than the father ?

8. The diameter of a wheel of a locomotive is 4'75 ft. How
far does it go in 120 revolutions ?
9. The length of a curve is measured by rolling a coin along

it. If the diameter of the coin is 1'6 in., and it is found to turn
141 times, what is the length of the curve ?
'

10. The diameter of a wheel is 2 ft. 4 in. How many times
will it revolve in going over a mile? Deduce from your result the
number Of times that wheels of diameters 1 ft. 2 in., 4 ft. §in.,
3% times 2 ft. 4 in., turn in going over a mile.

11. The breadth of a circular race course is 33 yards. The
inner boundary of the course is 11 furlongs. How long does a
horse take to run roundthe outer boundary, if it gallops at the rate
of 16 miles per hour ?

3. CIRCUMFERENCE OF A CIRCLE (2)

I. We shall now turn to problems and exercises in
which the circumferences of circles are known and we are
to find the diameters or radii.
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Example. At the annual sports in a school, a mile race was
run on a perfectly circular course,
the track being 8 yd. wide. Four
times round the course on the inner
edge of the track was an exact mile.
‘What was the length of the outer edge
of the track ?
The figure is a sketch of the
course. Let » yd. be the radius of
the inner bounding circle.
Then 4 times 2 x 22 x » = 1760,
whence 7 = 70.
Thus the inner, radius of the course = 70 yd.
<. the outer radius = 78 yd.
. the length of the outer edge of the track = 2 x 22 x 78yd.
=490% y

2. Exercises (o7al as far as possible)

1. Calculate the dxamaters of circles whose circumferences
are: 44in., 29 yd. 1 ft., 6°6 metres, 12 in., 35 ft., 37°2 metres.
Use 7= = (i) 3%, (ii) 3 14.

2. Calculate the radii of circles whose circumferences are:
11in., 14 yd. 2 ft., 121 cm., 28 ft., 10 chains 50 links, 100 yards.

Use 7 = (i) 3%, (ii) 3'1416.

3. Taking 7 = 314159, find the diameter, to the nearest foot,
of a circular lawn whose boundary is 1000 ft.

4. Calculate the value of

1
t to th st thou-
i F1415 correct to the nearest thou
sandth. Use your result to find the radius of a circle whose
circumference is 43-975 in.

5. The inner edge of the wall of a circular \vell measures
31 ft. 3in. Find the diameter of the well.

6. The water edge of a circular tank is 6 furlongs. Calculate
the diameter of the water surface.

7. The circumferences of two concentric circles are 99 and
77 cm. respectively. Find the breadth of the ring between the
two circumferences.

8. 1f 198 boys are arranged in a circle, what will be its radius,
allowing an average of 23 in. for each boy to stand in ?

/9. The wheel of a cart is observed to make 240 revolutions
i going over 4 furlongs. Find its radius.
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10. The circumference of the earth is 40000 kilometres Tak-
ing the ratio of the circumference of a circle to the diameter
as 33§, find the radius of the earth.

11. The length of a quarter of a meridian of the earth (from
the equator to a pole) is 10 million metres. If 1 metre = 39-3708
inches, find the diameter of the earth to the nearest mile. Take
= 3'1416.

4. SIMILAR FIGURES

I. Introduction

A photo of a man and its enlargement have the same shape.
1f a diagram is seen through a magnifying glass (microscope), an
enlarged view is obtained; the image is like the original as
regards shape. A large wall map of India and a small map of
India in an atlas look alike in outline ; they have the same shape,
although of different sizes.

Figures that have the same shape are called similar figures.

2. Conditions of similarity

The floor of a room is a rectangle 40 ft. by 30 ft. To make a
plan, if the length is represented by 4 inches, the breadth should
be 3 inches. If the length is represented by 8 inches (twice 4
inches), the breadth should be 6 inches (twice 3 inches). If the
first plan is looked at through a magnifying glass of double
power, the size of the image will be that of the second plan.

If the length of a plan is doubled, but the breadth more than
doubled, you would make the enlargement broader than it should
be, and it would becoms out of shape. Thus it is important that
the proportionality of sides be maintained.

If a wire is beat into an angle ABC, with £B = 35°, AB =
2 cm. and BC 1°'5 cm., and seen through a lens which magnifies
three times, AB will appear to be 6 cm. long, BC 4'5 cm. long,
bur £ ABC will still be 35° and not x 3 degrees.

You now have the following principle :

Two figures are similar, ir the sides of the once in order are
proportional lo the corresponding sides of the other, but the
angle between cvery pair of sides of the one is equal to'the
angle between the corresponding pair of sides of the other.

3. Exercises (oral as far as possible)

1. Draw a rectangle ABCD 4 cm. by 24 cm. Enlarge it to
double the dimensions. N
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2. Draw a rectangle 12 cm. by 8 cm. Reduce it to two-
thirds the dimensions.

3. In two plans of the same rectangular field, the lengths
are in the ratio of 3: 7. What is the ratio of (i) their breadths,
(ii) their perimeters ?

4. There are two plans of a field drawn to scale in the ratio
of 5: 2. If the perimeter of the first is 35 inches, what is the
perimeter of the second ?

5. Show that all squares are similar figures. Are all rhom-
buses similar figures? Give a reason for your answer.

6. In a plan of the floor of a room, thelength and breadth are
5:2” and 3'6” respectively. If another plan of the same floor is
prepared, (i) what should be the breadth if the length is to be
6'5”, (ii) what should be the length if the breadth is to be 3”?

7. In a photograph of a building, a window measures
2:5” by 1-3”. If the height of the window is 8 feet, what is its
breadth ?

8. An oil-painting 6 ft. by
+vhich gives a photo of breadth
the photograph ?

ft. is photographed on a scale
ches. What is the height of

4. Arcas of similar figures (squares and rectangles)

(1) The figure shows a square ABCD of A B E
side 1 cm., and another square AEFG of
side 2cm. AL =2 AB.,

. Theareaof ABCD=1sq. cm., and that
of AEFG=2x2or 43q. cm.

Thus, (i) if the side of a square
is doubled, the area is increased 4
times, and, in general,

(it) if the side of a square is n s that of
another square, its aea will be nx n or n* times the area of
the other.

(2) If a rectangle is Z inches by 6 inches, its area is /x 6 sq.
inches. If the sides are increased to #/ and #6 inches, the rect-
angle remains simzilar to itself. ‘I'he new area is #nixnbor n?l/xb
'sq. inches.

Thus, #f the sides of a rectangle are changed in the ratio
1 n, the avea is changed in the ratio 1.: n®.
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5. Exercises (oral as far as possible)

1. Two squares X and Y are such that the side of X is (i) 12,
(ii) g, (dii) ‘—; times the side of Y. Compare their areas.

2. Two similar rectangles M and N are such that their
lengths (or breadths) are in the ratio (i) 2 : 1, (ii) 5:3, (iii) #: 1,
(iv) 1:9,(v) #:9. Compare their areas.

5. LINES AND PLANES

1. The fo]lbwing important definitions and relations
about lines and planes should be carefully thought over
and remembered.

(i) If a straight line is perpendicular to a plane at any point
on it, it should be so to at least two straight lines on the plane
passing through the point in two different divections.

(i1) The distance of a point from a plane is the length of the
perpendicular from the point to the plane.

(ill) Zwo planes are said lo be parallel if they do not meet eack
other however far they may be extended all round.

(iv) A straight line is said to be pavallel to a plane, if it does
not meet the plane however far they are extended.

(v) If a straight line I meets a plane P at a point A, and B is
the foot of the perpendicular from any point of I 1o the plane P,
5};571 the angle between the line I and the plane Pis the angle between

and AB.

2. Vertical lines and planes

If a piece of thread is attached to a weight at
one end and hangs by the othier end A freely and at
rest, the downward direction of the thread points to
the centre of the earth. This is the verical divec-
tion from A or at A.

A string carrying a weight at one end is used by
masons to test whether rods, posts and edges of
wails are truly upright or vertical. It is called a
pluinb-line or plumb.

The vertical direction al any point is the
divection of the plumb-line hanging freely at
rest from that point.

Hang a plumb-line at rest and hold a piece of cardboard
touching it all along its length. Then the face of the cardboard in
contact with the plumb is a zertical plane.

Any plane containing a vertical line is a vertical plane, -
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3. Horizontal lines and planes
Planes may slope in various directions in space.

A plane through a point A perpendicular to the vertical
divection at A is called a horizontal plane through A.

Any line drawn on a horizontal plane is a horizontal
fine.

Note. 1f plumb-lines are hung from a pumber of points
A, B, C, ... near the earth’s surface,
all of them point towards the centre of
the earth. Hence the vertical lines
indicated by them converge to that
centre. Now the radius of the earth is
nearly 4000 miles. If, then, two of the
points C and D are very near each other,
the verticals through them appear
parallel, because they tend to meet at a
point 4000 miles away. Forexample, the
wires by which the electric lights in a
room hang, and the corner lines along
which tbe walls of a room meet, may for
practical purposes be regarded as parallel lines.

Again, in a circle of small radius, say 1 em., the circumference
is well curved. If the radius becomes larger and larger, the
circumference becomes less and less curved. Because of toe great
radius of the earth, the curvature of its surface is not felt over
$mall portions of it. For example, the surface of water at rest in a
tub or in a small pond may be regarded as plane for practical
‘purposes. Such a surface then may be regarded as perpendicular
to the vertical at any point on it, and hence as a korizontal plane.

4. Exercises (am? as far as possible)

1. How many vertical lines can be made to pass through any
given point? How many horizontal lines ?

2. How many vertical lines can be drawn on a wall of an
ordinary room ? How many horizontal lines ?

3. How many vertical planes may be supposed to pass
through a given point ?  How many horizontal planes ?

4. Place a cube on the horizontal top of a table. Point out
the edges and faces (i) that are vertical ; (ii) that are horizontal.

5. A wire bent in the form of a right angle is held with one
arm vertical. What is the direction of the other arm? If the
wire is rotated about the vertical arm kept fixed, what kind of
surface will the other arm describe ?
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6. Take a cuboid and hold it so that four of its edges are-
horizontal and the remaining edges inclined to the horizontal.

5. Angular distance
Suppose P, Q are the positions of any two objects, and E, that
of the eye of the observer. Join EP, I-_O
Then we say that

P (i) PQ subtends the angle
PEQ at E,

(ii) Angle PEQ is the angu-

lar distance between P

and Y as observed from
E.

the:
Lbl, 1‘50, E being the obse“\er s e)e or position

of ob~e‘\\mo_.

6. Angles of elevation and depression

Mark a point H on a pillar or a wall on a level with.
your eye E. Step back a few yards and hold a thin
straight rod with one end close to your eye E, and the
rod itself pointing to H. The rod is now horizontal.
Without changing the position of the eye end of the rod,
raise the rod to any point P werfically above H.

The angle through which the rod has been raised
or elevaled is called the angle of elevation OI the point P for
the position of observation E.

1f, on the other hand, the rod is lowered or depicssed’
to a point Q wertically below H, then the angle threugh
which this is done is called the angle of depression of Q for
the position of observation E.

Note. The words elevation and depression are often
used by themselves to denote angle of elcvation and angle
of depression respectively.

7. Clinometer

The angles of elevation and depression can easily be observed
with a simple cevice (instrument).
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Take a protractor graduated as shown in the figure below and
attach a plumb-line to its centre O. If it is held with AB
horizontal and its plane vertical, the plumb-line through O will lie
opposite the 0° mark, Fig. (a)-

1f the protractor is turned so that AB slopes as in Fig. (b),
the plumb-line is still vertical! If A’B’ is the horizontal through
0, the amount of slope of OB above the horizontal may be read by
the size of the angle between 0° line and the plumb-line.

Such an instrument is called a clinometer, which is a_contrac-
tion of inclinometer or measurer of inclinations. Get some
practice in measuring with a clinometer the angles of elevation
and depression of objects around you.

Example. A telegraph post is 20 feet high, A man § feet
stands at a distance of 15 feet from the post. What will be the
angle of elevation of the top as observed by him ?

Take a scale, say 1°inch=10 feet.
Draw a horizontal line 15 in. long to
represent the distance from the man
to the post.

At M draw MN perpendicular to
MP and 0°5 in. long to represent the
height of the man.

At P draw PT perpendicular to
MP and 2 in. long, to represent the
height of tke post.

Join NT, and draw NH, the hori- B
zontal line through N.

The angle HNT is the angle OfM -
elevation of T as seen from N (the
eye of the observer). Itis45°.
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8. Exercises

Note. Draw a rough sketch for each prohlem before proceed-
‘ing to construct the diagram accurately.

. 1. A manstands at a distance of 60 ft. from a steeple which
is known to be 120 ft. high. What will be the angle of elevation
of the top of the steeple from his eye-level ?

2. A boy 3 ft. 6 in. tall stands at a distance of 16 ft. from a
telegraph post 24 ft. high. What will be the angle of elevation of
the top of the post as observed by the boy ?

3. A man 5 feet high stands at the top of a tower 85 feet high,
and observes a milestone on the ground at a distance of 250 feet
from the foot of the tower. What will be the angle of depression
of the milestone as observed by him ?

4. A boatis known to be at a distance of 1} furlongs from the
seashore. What will be the angle of depression of the boat as
seen from the top of a lighthouse on the shore 220 feet high ? The
height of the observer may be neglécted.

5. A flagstaff 15 feet high stands on the terrace of a building
40 feet high. Find the angles of elevation of the foot and the top
of the flagstaff from a point on the ground at a distance of 45 feet
from the point on the ground directly below the flagstaff,

6. Show that the angle of elevation of a point B as seen from
another point A is equal to the angle of depression of A as seen
from B. .

7. A man 6 feet high, stands in the sun and his shadow
measures 7 feet 6 inches.  What is the attitude of the sun at that
instant ?

.
N.B. The angle of elevation of the sun is called its angular
height or altitude.

6. MEASUREMENT OF HEIGHTS AND DISTANCES (1)

1. You have already learnt that the heights of objects
above eye-level, depths below eye-level, and the angles of
elevation and depression, are intimately connected with the
position of the observer with reference to those objects.
We can make use of this intimate relationship to find the
heights and distances of such objects.
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Example !. A man, standing at a distance of 20 ft. from the
foot of a tree, finds the angle of elevation

of the top of the tree to be 60°. Find a
the height of the tree, supposing the
man’s height (height of his eye above

ground level) is 5 ft.

Let the scale of representation be 1
in. = 5 ft.

Draw a straight line AB to represent
the horizontal ground. Take ME = 17,
to show the height of the man’s eye.
Take MT = 47, to show the distance
between the man and the tree TR.
Through E draw EH parallel to AB.
This line is the horizontal through E.
At E make £ HER = 60°, and let ER
meet TR at R. Then TR gives the *
height of the tree.

73in

T 8

Example 2. From the top of a lighthouse 100 feet above
sea-level, a buoy floating on the sea has a depression of 20°..
How far is the buoy from the foot of the lighthouse ?

Choose a convenient scale. Draw AB to represent the water-

~———H surface. At A draw
a perpendicular AC
to represent the
lighthouse 100 ft.
high. At C make an
angle HCB of 20
with the horizontal
276 f¢t. 8 CH; let CB meet
Sea-Level AB at B.
Then AB gives the required distance, namely 276 ft.

D Light house

2. Exercises .

1. The top of a telegraph post is connected to a peg on the
ground by a straight wire. If the distance of the peg froyn the foot
of the post is 16 feet, and the wire makes an angle of 36° with the
horizontal, find the height of the post.

2. The angle of elevation of the top of a tower from a point
on the horizontal ground at a distance of 120 feet from the foot of
the tower is 50°. Find the height of the tower,

N 3. The line joining the tops of two vertical poles fixed on
level borizontal ground makes an angle of 20° with the horizontal.
If the distance between the posts is 60 feet, find the difference
between the heights of the poles.
s~ 4. A man 5 feet 6 inches tall, stands at a distance of 34 feet
from the foot of an upright coco-nut tree and observes the
angle of elevation of the top to be 45°. Find the height of the
tree.
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5. A flagstaff stands on the top of atower. To find the
height of the flagstaff, a scout stands at a distance of 100 feet from
the foot of the tower, and observes the angles of elevation of the
top and foot of the flagstaff to be 60° and 40° respectively. What
is the height that will be obtained by the scout using the observa-
tions ?

6. 1 observed a balloon rising vertically from a point 2500
yards in front of me. At a certain moment, its angle of elevation
was 60°; 10 minutes later, its elevation had increased to 70°. If
the balloon rose at a uniform rate, what was the rate of ascent in
feet per second ?

7. From the top of a clitf 300 feet high, a balloon was cbserved
to rise vertically from a point on the ground, level with the foot of
the cliff at a distance of 2 furlongs. The angle of elevation
at the first observation was 42°, and at the 'second observation
12 minutes later, it was 50°. Find the rate at which the balloon was
ascending.

8. From the top of a mountain the angle of elevation of the
top of a neighbouring mountain is 20°. 1f the difference in
their heights is 500 feet, find the distance between the points in
their bases vertically below their peaks.

v 9. A person on the top of a tower 80 feet high looks down on
2 milestone on a horizontal road rinning from the base of the
tower, If the angle of depression of the milestone is 60°, find its
distance from the tower.

7. MEASUREMENT OF HEIGHTS AND DISTANCES (2)

1. In the previous lesson, the heights and distances
were obtained from the construction of right-angled tri-
angles. There are objects like mounds and hills whose
heights may be calculated by using data which do not
involve distances from points verticalky below their tops,
as these cannot often be reached.

Exampie. A person wishing to find the height of the central

tower of a big building stands at

/ some distance away and finds the

angle of elevation of the top to be

30°. Then he goes 60 feet directly

towards the tower and again ficds

the angle of elevation to be 50°.

Find from a sujtable diagram the
height as obtained by him.

o Choose any convenient scale, e.g.

30 { R
N ¥ 1 cm. = 10ft. .
€ Phad Draw AT to represent the hori-
(Reduced) zontal ground., Mark AB =6 cm.

to represent 60 ft.
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At A and B make angles TAR, TBR egual to 30° and 50°
tespectively. Let AR, BR meet at R. Then R will represent the
top of the tower.

From R draw RT perpendicular to AT.

Then TR represents the tower. Its height is 79 ft.

2. Exercises

Note. For every question, draw a free sketch and enter in it
the given measurements. Then reconstruct the figure to scale.

¥1. The elevation of the top of a tower from a certain point on
a horizontal road through its foot is 30°. On walking 130 feet to-
wards the tower, the elevation increases to 45°. What is the
height of the tower ?,

V2. The angles of elevation of the top of a church steeple from
two points 30 ft. apart and in a line with the base of the steeple, are
45° and 60° respectively. Find the height of the steeple.

3. From a window in the first floor of a building 25 ft. from
the ground, the angle of elevation of an airplane was noted to be
48°, and simultaneously its elevation from another window in the
fifth floor 75 ft. from the ground was observed to be 32°. Deter-
mine the height of the airplane at the instant of observation.

4, From the deck of a ship, the elevation of the light of a
lighthouse is 45°, and from the mast-bead it is 41°. If the height
of the mast is 50 ft., find the height of the lighthouse above the
level of the deck of the ship.

5. From the top of a mast of a ship 30 ft. high, the depression
of a buoy wasobserved to be25°. From the foot of the mast it was
8°. Find the distance of the buoy from the ship.

% 6. An observation tower 50 feet in height stands on a hillock.
An observer on a level with the foot of the hillock, finds the
clevations of the top and foot of the tower to be 45° and 30°
respectively. Find the ieight of the hillock.

7. From the top of a hill the angles of depression of two
milestones due east on level ground were observed to be respec-
tively 25 and 30 degrees. What was the height of the hill’?

8. Two observers in an airplane simultaneous!y observed
the depressions of two milestones on a level ground below them
to be respectively 40 and 45 degrees. How high was the machine
flying then ?

8. CONSTRUCTION OF TRIANGLES: AMBIGUOUS CASE, ETC.

1. You have already learnt to construct triangles with
the following combinations of data : (i) one angle and the
containing sides, (ii) one side and two angles, and (ii1)
three sides.
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Two more combinations of any three elements re-
main to be considered, namely (z) any two sides and the
angle opposite to one of them, (6) the three angles.

2. To construct a triangle given two sides and the angle
opposite to one of them.

To copy 2 AABC, suppose you take the measurements AB =
25 cm., AC = 1'7 cm. and £B = 36° [Fig. (i)].

Then draw AB=2'5 cm. [Fig. (ii)]. At B makeZ ABX=36°.
It now remains to put in the side AC, To doso:

With centre A and radius 1'7 cm., draw an arc of a circle
cutting BX. You get two intersections C, C{.

Here AABC is an exact copy of the A given, Take a tracing
of the given A and place it on the copy to see if it fits.

Fig. (i) Fig. (ii)

Now you notice that if AC’ be drawn, you get a A ABC’
satisfying the data used. Suppose that, instead of being asked
to copy A ABC, you are required to construct a A given
AB = 25cm., £B = 36°, AC = 1'7 cm. You can offer ABC.or -
ABC’ as satisfying the data. You cannot definitely say which of
them is meant by the examiner. Hence there are two alternative
solutions. The coastruction of such As is eeferred to as that of the
ambiguous case.

If the data noted above are
givenas AB=3cm., £B = 45° and
AC = 1'6 em., the construction
circle fails to reach BX, and you
do not get a triangle at all.

In the figure on the left, what
is the minimum length for AC in
order that AC reaches BX at all?
How many triangles will you get
X then? Draw the figure in that

case.

How many triangles will you get'if the data are
(i) AB = 3cm., £B = 45°, AC = 3cm.
(ii) AB = 3cm., £B = 45°, AC = 4 cm. ?
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Draw figures to illustrate each case.
Note that, in the ambiguous case, one of the triangles is acute-
angled and the other obtuse-angled. :
3. Exercises
1. Construct a triangle ABC, given that

(i) ¢A = 34°, AB = 39cm., BC = 23 cm.
(ii) £A = 34°, AB = 39 cm., BC = 39 cm.
(i) £A = 34°, 3:9 cm., BC — 4'5 cm.
(2\;; ué = % AB Ii':écm.éBC = 1'5cm.
v o’ B AL = 197
(vi) £C = 44°, 2:15”, AB - 1-45”.
(vii) ZA = 55°, 167, BC = 1'4”.
(viii) ¢B = 49°, AB = 4 cm., AC = 2’5 cm.

= 4 cm., 2
(ix) £B = 128°,AB = 1'5” AC = 1'9".
Point out the cases in which there are two solutions.

2. Two sides of a triangle are 3” and 2'4”. One angle of the
triangle is 30°. How many triangles can you describe? Find the
third side in each case.

4. Construction of a triangle when its three angles are given

Consider the construction of a triangle ABC, given £ A = 60°,
LB =70° ¢C=50°

Draw one of the given angles, say
LA =60°,

Since nothing is known about the
fengths of its arms, we shall take the
point B somewhere on the arm AX of
angle A.

At B make £ AB@ = 70°, making
BC meet AC at C.

Then 2£C = 180° — (A — ¢B =
50°. Thus the third condition also is
satisfied, so that A ABC constructed %
satisfies all the three given conditions. A

Since the point B may be marked anywhere on AX, we can
get any number of triangles having its angles respectively equal to
60°, 70° and 50° (data). All these triangles are equiangular to
one another, but are of different sizes.

The reason for the indefiniteness of the construction is this.
If, in a triangle ABC, £s A and B are given, the third angle need
not be separately given as an additional datum, since its value can
at once be deduced as 180° —A—B. The value of the third angle
is not thus an independent third condition, and we have to
proceed with two independent conditions only.




9. PERCENTAGES : DISCOUNT (I)

1. In trade, catalogues are prepared giving the prices
at which various articles are sold. In shops you often
find tickets attached to the articles with their prices noted
on them. These prices are referred to as the catalogue
prices or marked prices.

The trader fixes these prices with a view to realizing the cost
price and a certain rate of profit. Since the trader may not be
able to sell the articles as soon as he buys them, he often adds to
the profit in view the interest at any desired rate on the money
invested. .

2. Reduction, disceunt

Tradesmen are often prepared to sell goods at prices which:
are less than the catalogue or marked prices. If customers buy
the goods in large quantities, some reductions are allowed. If any
article is shop-soiled or otherwise damaged, it is sold at less than
the ‘marked price. If a large stock, of things remains unsold at
the end of the year, they may be disposed of at reduced prices to
make room for fresh and new stock. Again, to induce customers.
to buy readily, or to pay down cash instead of delaying payments,
the traders may allow a certain deduction on the advertised
prices.

The reductions or deductions that are allowed for the
various reasons above described are called discounts.
Discounts are deducted from the catalogue or marked
prices. They are generally indicated as so much per cent
on such prices.
N .

Example. If a bookseller fixes his prices so as to include a
profit of 30 per cent on the cost price, and offers a reduction of
10 per cent on the published price for cash payments, find his
gain per cent. If the cost price of 34 copies is Rs, 50, what is his.
average gain per copy when all of them are sold for cash ?

(1) Let the cost price of a set of books be Rs.  100. <

Then the selling price = Rs. (100 + 30) = Rs. 130,

On this price, a discount of 10. per cent is allowed.

< the net selling price = Rs. 130 x % = Rs. 117.

.. the gain on Rs. 100 = Rs. 17.

i. e. the gain per cent = 17.

(2) The gain on 34 books costing Rs. 50

= Rs. 50 x #f; = Rs. Y.
«+ the gain per book = Rs. 37 +34 = 4 as
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3. Exercises

1. A tradesman fixed his catalogue prices at 20 per cent
higher than the cost. What is the catalogue price of an article
which cost him (i) Rs. 25, (ii) Rs. x?

2. The marked price of a Star of India trunk is Rs.25. A
discount of (i) Rs. 2-8-0, (ii) 6% per cent, is allowed for ready cash
payment. What has the purchaser to pay ?

3. The publishers of a certain book priced at Rs. 3-8-0 allow
a reduction of 12} per cent for cash payment. What is the net
sale price? Find the profit per cent to a retail bookseller who
buys on these terms, if he sells the boolk at Rs. 3-12-0.

4. Two shopkeepers marked the same make of violin at the
same price. One allowed a discount of la. 6ps. in the rupee off
the marked price, while the other allowed 12 per cent off. Who
offered the better bargain and by how much per cent ?

5. A school co-operative society got its English books at a
discount of 10 per cent, and Tamil books at a discount of 20 per
cent. A wholesale agent offered to supply the same at a uniform
discount of 15 per cent. If the English books formed a third of the
whole requirements, would the latter alternative be more advan-
tageous or not? By what per cent ?

6. A trader buys a clock for Rs.12 and labels the selling
price as Rs. 15-12-0. What percentage of discount can he allow a
purchaser, if he wants to realize a net profit of 25 per cent ?

;7. A tradesman fixed his prices at a profit of 25 per cent on
the cost prices. He allowed a discount of 17} per cent. Fiod his
actual profit per cent.

8. A stationery merchant fixes the price of paper at 20 per cent
above cost, and sells away 60 per cent of the stock. He cleared
off what remained, allowing a discount of 121 per ceuat on the adver-
tised price. Find his profit per ceat on the whole transaction.

. 9. A firm of cablnet makers marked their furniture at a
uniform rate of 33} per cent above cost of making. On 75 per cent
of the stock bought from them they allowed a discount of 10 per
cent, and on the remaining part a discount of 15 per t. What
percentage of profit did they make by the transaction ?
¥ 10. The cost of making a harmonium is 40 per ceat of the price
atwhich its sale is announced. A reduction of 15 per tisallowed
for cash payment. How much does the maker of the instrument
gain when cash is paid down for it?

« 11. If Rs.M is the marked price of an article, Rs. S the price
at which it is sold after deducting a discount of D per cent, show
that M — S = 15 of MD. Find D, if M = 64, S = 56.

12. The catalogue price of an article is Rs. C. A discount of
D per cent is allowed for cash payment, which works out as
Rs. P. Write down the relation bctween C, D, P.
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13. A soap factory advertise soaps at @ per cent above actual
cost of manufacture, but allow a discount of 6 per cent to whole-
sale purchasers. What net profit per cent do they make ?

10. PERCENTAGES : DISCOUNT (2)

I. We shall now pass on to problems on discount in
which the sale prices and cost prices are the chief things
to be calculated on the basis of known data.

Example. A motor merchant bought a car for Rs. 3200. He
wanted to make a profit of 35 per cent on his cutlay, after allowing
a discount of 10 per cent on his advertised price. At what price
did he advertise the car?

(1) The cost price of the car = Rs. 3200.

There should be a gain of 35 per cent on this, i.e. of Rs. 1120.

. the selling price = Rs. (3200 + 1120) = Rs. 4320.

This is the net selling price after allowing a discount of 10 per
cent on the advertised price.

. if the net selling price = Rs. 90, the advertised price should
be Rs. 100.

. if the net selling price = Rs. 4320, the advertised price =
Rs. 4320 x 102 = Rs. 4800.

(2) The method of the simple equation may be used.

Let Rs. 2 be the advertised price.

. . 90 9x L
The net selling price = Rs. x x 00 = Rs. o This gives a

gain of 35 per cent.

. ; 9x 100 2
.. the cost price = Rs. 10 X 135 = S. 3%

Thus 2x = 3200, .. z = 4800.
. the advertised price = Rs. 4800.

2. Exercises

1. A crockery dealer said that he had reduced the prices of
articles by 15 per cent. Find the sale price of a tea-set which was
originally selling at Rs. 85.

2. At a clearance sale it was announced that the prices of a
set of gramophone records were reduced 25 per cent. Find the
original price of a record whose reduced price was Rs. 2-4-0.

3. 1wasallowed a discount of 7% per cent for cash, and bought
a trunk at a net price of Rs.11-9-0. What would I have paid if
no discount had been allowed ?



PERCENTAGES : MIXTURES 27

4. A tradesman marks his goods at such a price that he can
deduct 10 per cent for cash, and yet make 15 per cent profit. What
is the catalogue price of an article which cost him Rs. 54 ?

5. At what per cent above the cost price should a shopkeeper
mark his goods, so that he may allow a reduction of 12} per cent
and still gain 20 per cent ?

6. A silk merchant allows his customers a discount of 10 per
cent off the marked price. Oa silk marked Rs. 5-10-0 per yard, he
makes a profit of 12} per cent on what it cost him. What was the
cost price per yard ?

7. A man marks his goods at 33} per cent above the cost
price, but allows a discount of 10 per cent on the marked price for
cash, Find the cost price of an article for which he receives
12 shillings.

8. A merchant marks his goods at 50 per cent above cost
price. If he allows 20 per cent off the bill for cash, what
percentage profit does he make? If a customer buys goods for
Rs. 240, what did they cost the merchant ?

9. A merchant marks his goods at 25 per cent above the cost
price. If, in a clearance sale, he deducts 10 per cent from the price
so marked, find his net profit per cent.

Find also the cost price to the merchant of an article which he
sells at Rs. 10-2-0.

10. At what per cent above the cost should a manufacturer
mark his goods so that after allowing a discount of 1 anna in the
rupee for cash down, he may realize a profit of 10 per cent ?

_11. A manufacturer of water-pumps fixed the sale prices at
40 per cent above cost. 60 per cent of the output in a certain
vear was sold at the prices so marked, and the remainder was
cleared at a discount of 10 per cent. If the net profits came to
Rs. 25800, find the actual cost of making the pumps.

12. A cloth merchant had to clear his goods. He sold silks at
a reduction of 374 per cent, cotton goods at a reduction of 15 per
cent, and woollen goods at a reduction of 20 per cent, on the
prices marked. He thus realized Rs. 500, Rs. 1020, Rs. 400 res-
pectively. If the marked prices were 25 per cent above the cost
prices, find his gain or loss per cent on the clearance as a whole.

11. PERCENTAGES : MIXTURES (1)

. 1. You have already done problems on mixtures in
which the principles of percentages were not involved. In
this lesson we shall take problems involving percent-
ages.
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Example. A vessel contains coco-nut oil and gingili oil mixed
in the ratio of 3:1. Another mixture of the oils contains 374
per cent coco-nut oil. If equal quantities of the mixtures are
poured into the same vessel, find the percentages of the oils in the
new mixture.

For convenience, suppose 100 palams of each mixture are
taken and put together.

In the first mixture, 75 palams are coco-nut oil and 25 palams
gingili oil.

. In the second mixture, 37} palams are coco-nut oil and 62%
palams gingili oil.

. in the final mixture of 200 palams, you have (75 + 374) o
112} palams of coco-nut oil.
51 .
This isH“"'o—)B—l-ovo or 563 per cent of the whole.
(25 + 62%) x 100 o

"
200 T 433

Similarly the quantity of gingili oil is
per cent of the whole.

2. Exercises

1. In a mixture of two oils, there are 3 seers of the first. for
every 5 seers of the second oil.. Express the parts as percentages
of the whole mixture.

2. Analysis of a sample of milk showed that it contained
12 per cent of waterand 3'5 per cent of scme unknown solid. How
much of each of these would there be in 40 gallons of such a
milk ?

3. To m seers of ghee, 7 seers of coco-nut oil are added.
What per cent of the mixture is (i) ghee, (ii) oil?

4. An alloy is prepared with x oz. oPcopper, ¥ oz. ofitin and
z oz. of zinc. Find the percentage of each metal in the alloy.

5. Two dilutions of milk were made thus: 1 ollock of water
with 5% ollocks of milk, and 2} ollocks of water with' 14 olfocks of
milk. Which of the dilutions was richer in milk and by what
‘per cent ?

6. Sovereign gold contains pure gold and copper melted
together in the ratio 22:2. Express the quantities of the two
metals as percentages.

7. A measure of a mixture of ghee and oil contains 85 per
cent of pure ghee.” If & ollock of oil is added to it, what is the
pe:;ge tage of ghee in tbe mixture:?

To a given quantity of ghee, 10 per, cent of groundaut oil
is aﬁjed What percentage of the mixture is 0il ?* Answer to the
nearest tenth. +
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+9. Two samples of a dilute acid contain 25 and 40 per cenf
of water respectively. If quantities in the ratio of 3:2 of the
two samples are mixed together, find the percentage of water in
the new mixture.

~10. From a bottle containing 20 ounces of strong nitric acid,.

two ounces are drawn off and the bottle filled with water. Find
the percentage of acid in the dilution. On another occasion, 4
ounces of the dilute acid were drawn ofl and the bottle again
filled with water. Obtain the strength of the dilute acid now.

12. PERCENTAGES : MIXTURES (2)

I. An important class of problems on mixtures relate
to the strength of solutions uséd in medicine, in the
laboratory, etc.

A mixture of alcohol and water is said to be 30 per
cent strong, if the quantity of alcohol in it is 30 per cent
of the whole.

Example. How much pure spirit should be added to a gallon of
dilute spirit 20 per cent strong to raise it to 30 per cent strength ?

One gallon of the dilute spirit contains 20 per cent of spirit,
i.e. 1 gallon of spirit and # gallon of water. .

Suppose x gallons of spirit are added to raise the strength.
The whole quantity is thea 1+ x gallons. It contains § + 2
gallons of spirit. . *

Hence 3 + x = 30 per cent of (1 + ) = 5 (1 + x) = & + f{yv.

3¢ _3 1 ,7x.-1 X

T8 T
Thus the quantity of spirit to be added is } of a gallon.

i1

Transposing, x orx =

Verification. 1% gallons of dilute spirit' contains 4 + } or
1% gallons of pure spirit. +

Also 30 per cent of 1} gallons = % x % or 1% gallons. The
results agree.

2. Exercises

1. A lump of silver alloy contains 75 per cent pure silver.
How much pure silver should be melted with it to raise the pro-
portion of silver to 90 per cent ? d

2. A lump of ore weighing 24 1b. contains 10 per cent gold

and the rest is copper. How much copper should be separated

from the lump so that the remainder may contain 25 per cent
gold ?
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3. I bhave a gallon of a 20 per cent solution of ammonia.
How much water should I add to reduce it to a 10 per cent solu-
tion ?

4. A jar contains 4 oz. of dilute sulphuric acid, 95 per cent
strong. How much water should you add to it to reduce the
‘strength by 20 per cent ?

% 5. 12 ounces of a mixsture contain wine and water in the
ratio 5:1. How many ounces of water should .be added to
-convert it into a mixture having the ratio changed to 3:17? ~

6. I bought 6 sovereigns for making a jewel and melted
them with some pure gold. The resulting alloy .was found to
contain 945 per cent of pure gold. - If sovereign gold is known to
contain 9166 per cent of pure gold, find the quantity of pure gold
added.

7. Two vessels contain mixtures of wine and water. In one
there is twice as much wine as water, and in the other three times
.as much water as wine. Find how much should be drawn off
from each vessel to fill a third vessel which can hold 15 gallons, in
order that its contents may be half wine and half water.

8. A photographer has two bottles of a diluted developer,

10 per cent and 50 per cent strong respectively. How muchshould

‘be taken from each bottle to make4 oz. of a developer 25 per cent
strong ? 1
fas et ¢

13. PERCENTAGES: MIXTURES (3)

1. The problems in this lesson refer to profit and loss
in trade as applied to mixtures and adulterations. E

Example 1. A tradesman bought wine at §s. per gallon and mixed
it with water. By selling the mixture at 4s. per gallon, he gained
121 per cent on his outlay. How much water did each gallon of
the mixture contain ?

Suppose each gallon of the mixture contained x gallons of
water. The quantity of wine in a gallon would be 1—x gallons.

Then'the C. P. of 1—x gallons of wine= (1—=x) x 5s.

The S. P. E)j 1 gallon of the mixture = the S. P. of 1—x
gallons of wine = 4s.

Since the gain = 12% per cent or } of the C. P., the S. P. is
% times the C. P.

S (1-x)x5x§ =4, whence 1-x=3%, -+ x = 3§,

Example2. In what proportion must two kinds of paddy at
Re. 1-14-0 and Re. 1-6-0 per kalam be mixed, so that the mixture
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may be sold at Re.1-14-0 per kalam, and a gain of 20 per cent may
be cleared ?

Suppose the two kinds of paddy are mixed in the ratio x : y.
. The cost prices of a kalam of the two ‘kinds are 30 as. and
&z as.

. the C.P. of x kalams of the first kind and y kalams of the:
second kind = (30x + 22y) as.

The S.P. of x + ¥ kalams of the mixture = (x + y) x 30as.

The S.P. is 20 per cent higher than the C.P.

5030 (v + y) = € (30x + 22y)

S 30x + 30y = 36x + 232

Whence 6x = 2y, which givesx:y = 3:5.

Thus the two varieties of paddy should be mixed together in
proportion to 3 and 3.

Note. Suppose that the two varieties are mized in the
ratio 1: 2. Work out the solution.

2. Exercises

1. A trader bought two sorts of ghee costing respectively
Rs. 3-4-0 and Rs. 2-14-0 per viss. Two viss of the first sort were
mixed with three of the second, and the mixture was sold at
Rs. 3-2-0 aviss. Find his gain or loss per cent.

2. The cost price of a 36-gallon cask of wine was £11-16-3.
Of this, 6% gallons were lost by leakage. The merchant added
41 gallons of water to the remaining quantity, and sold it at

7s. 6d. per gallon. What profit per cent did he make?

3. A tradesman bought 801b. of coffee seeds at 4s. 9d.
per lb., and 60 1b. of another sort at 3s. 6d. per Ib. He mised the
two sorts, and sold 50 1. of the mixture at 5s. 6¢. perlb. and the
remaining part at §s.4d. per lb. Find, correct to the nearest
tenth, the percentage of gain on the transaction.

4, A milkman bought pure milk at 3 measures p.er rupee,
added two parts of water to every five parts of milk, and sold it at
3% measures per rupee. Find his gain per cent. If instead, he
supplied pure milk at 23 measures per rupee, how far would his
gain per cent be affected ?

5. A dealer has two sorts of tea, one of which he could sell
at 1s. 8d. per 1b. and make 25 per cent on his outlay, and the other
at 2s. 64. per 1b. and make 12} per cent on his outlay. What profit
per cent will he make if he mixes them in equal quantities and
sells the misture at 1s. 11d. per 1b. ?

6. How much water should be added to 60 gallons of wine
worth 8s. per gallon to reduce the price per gallon to 6s. 6d.?
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7. A person buys milk at 1a. 6 ps. per seer, and after adding
some water to it sells the mixture at 1a. 9 ps. per seer. If a profit
of 30 per cect is made, find the amount of water used.

S. A milkman bought milk at 10 as. per measure for Rs. 20,
added some water to it and supplied the diluted milk at a marriage
at 12 as. per measure. He got Rs. 10 profit. How much water
did}g add?

/'9. . A wine merchant bought 180 gallovs of spirit at 10s. per
galled. 18 gallons of it were spilt. He added water to what
remained and sold the mixture at 11s. per gallon, thereby gaining
£3-10-0. How much water did he add ? :

10. A grocer bought 601b. of tes at 2s.6d. per Ib. He
mixed with it a coarser sort at ls.9d. per lb. 1f he sold the
mixture at 3s. per 1b., and gained 25 per cent, find the quantity of
coagser tea that he used.

11. A merchant had two kinds of wine worth Rs.5-7-0 and
Rs.4-2-0 per gallon respectively. How many gallons of each sort
must be taken to get a mixture of 16 gallons worth Rs.76-8-0?

12. In what ratio should teas at Re.1-2-0 and 14 as. per 1b. be
mised so that the mixture may cost 15 as. per lb. ?

13. In what proportion should coffee seeds costing Rs. 2-4-0
and Rs. 2-12-0 per viss be mixed so that the mixture may be worth
Rs. 2-7-0 per viss ?

14. A merchant bought two sorts of ghee at Rs.13-0-0 and
Rs. 13-8-0 per maund respectively. How many maunds of the
inferior sort should be mixed with 26 maunds of the superior sort
so that by selling the mixture at Re. 1-12-0 per viss, he might make
a profit of 5 per cent on his outlay ?

15. A merchant mixes two kinds of coffee seeds which cost
him Rs.2 and Rs. 2-12-0 per viss respectively, and sells the mixture
at Rs.3 per viss, gaining thereby 20 per cent on his outlay. Find
the ratio in which the two kinds are mixed. Also caiculate the
quantity of each kind in one viss of the mixture.

14. MISCELLANEOUS EXERCISES

1. A shopkeeper having marked his goods at 20 per cent
above the cost price, allows his customers a discount of 12} per
cent. Find the cost price of an article for which the customer
pays Rs.62-3-6.

. 2. How much per cent must a trader add to the cost price of
his goods in order that he might make a profit of 10 per cent over
his cost price, after giving a discount of 10 per cent off his marked
price ?
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3. At what per ceat above the cost must a merchant mark
his wares so that even after allowing a discount of 25 per cent for -
cash he may make a profit of 25 per cent? What should be the
catalogue price of goods costing Rs. 840 to the merchant, and what
his selling price?

4. A manpufacturer sells his goods at 60 per cent over the cost
-of manufacture to a retail dealer, allowing him 5 per cent off this
price for cash. Thedealer puts his selling price up by 40 per cent
‘over his net outlay, but allows his customers 10 per cent discount
for cash. By how much per ceat is this selling price greater than
the cost of manufacture ?

#- 5. The catalogue price of a printing machine in England was
£240. An Indian printer purchased it at a discount of 33} per
cent on that price.* He had to pay import duty at 35 per cent on
the price he had paid. For what sum should he sell it in India,
i he wanted to realize a profit of 25 per cent? Take (1=
Rs.13-8-0.

6. An ore was known to contain 20 per cent of gold, but it
-was possible to extract only 85 per ceat of the metal. How much
metal could be got from 100 toas of the ore?

7. Two piat bottles contained respectively 8 and 12 oz. of
water. 1 filled them up with pure nitric acid. Compare their
percentage strengths. What would be the strength if the contents
were put together (mixed up) ? One pint = 20 oz.}

8. A shopkeeper practises two kinds of fraud\x (1) he adul-
terates articles to the extent of 8 per ceat, (2) he uses a false
balance which shows up 37 palams as one viss. Which of the
two methods defrauds the customer to the greater exteat? If
a customer is given 1 maund of ghee by the first method, to what
oxtent is he deceived ?

9. A mining company in a certain year collected 16000 tons
.of silver ore and extracted 3500 oz. of silver. Next year, owing to
increased facilities and®improved methods, 60 per cent more ot the
ore than in the first year was collected, and each ton yielded
12 per cent more metal. How much silver was extracted in the
secqnd year ?

A0,/ A man had two kinds of sugar costing respectively 8as.
an as. perviss. In what ratio would he mix them so that by
selling the mixture at 10 as. per viss he might gain 40 per cent ?

£11. A milk pot contains 3 parts pure milk and 1 part water. How
much of the milk so diluted should be drawa off and the pot filled
with water, so thal the resulting mixture may be half milk and half
water ?

X 12. Two bottles contaia 24 ounces of water and wine respec-
tively. Oue ounce of liquid is taken from each bottle and poured
into the other. Find the percentage strength of wine in each
bottle. Find the percentage strength after the operation has been
Tepeated once again.
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13. A bottle contains 20 oz. of concentrated sulphuric.acid.
Two ounces are taken out and the bottle filled with water. Agair
two ounces are taken from the dilute acid and the bottle again
filled with water. Find the percentage strength of the finak
dilution.

14. Three equal glasses are filled with a mixture of spirit and
water. The proportion of spirit to water in them are2:3, 3:4,
4:5 respectively. The contents of the three glasses are then
poured into the same vessel. What would be the proportion of
spirit to water in it ?

15. A chemist has two bottles containing dilute nitric acid.
The liquid in the first bottle contains 25 per cent of the acid: and
that in the second 37'5 per cent. How much of each should be
taken to make a mixture containing 5 oz. of the acid and 9 oz. of
water ?

15. CONSTRUCTION OF QUADRILATERALS

1. As in the case of  triangles, you can describe
quadrilaterals when the necessary and sufficient .data are:
known. i i

Before you attempt to draw any figure accurately to
scale, try to get a mental picture of it, then draw a rough
sketch of the same and enter in it all the measurements
known. This is very important. : :

Experiment 1. Take four rods and hinge them end to end to
form a quadrilateral. Obviously, its shape and size.may be variéd
by taking hold, say, of a pair of opposite vertices and pressitg
them towards each other, or pulling them away from' each -other,
or straining them in any other way. .

1f you now join a pair of opposite corners by a diagonal rod,
the quadyilateral frame becomes 74gid, and no change of size or
shape is now possible. This shows that only one: quadrilateral
can be constructed with four sides and a diagonal of, specified
lengths. .

Experiment 2. In a quadrilateral frame, if two rods meeting
at a vertex are immovably riveted, the frame will become rigid, un-
changeable, This is equivalent to the fixing in size of the angle at
that vertex. You see then that a specific quadrilateral is indicated
by giving the sizes of the four sides and the angle at a vertex.

You thus see that by a proper choice of data any quadrilateral
in view may be copied or constructed. In each of the above cases
the data refer to fize elements. P ‘

A similar conclusion may be,reached as follows: A quadri-
lateral is divided into two triangles by a diagonal.: To ‘construet
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one of the triangles, three conditions are necessary and: sufficient.
To add on to it the other triangle two more conditions are necessary
and sufficient. - ‘Thus you require five conditions altogether.

Example 1. Coustruct a quadrl»
lateral ABCD, given AB = 27,
BC=24”, CD=28", AD = 32"
AC = 3'5".

An examrﬁatwn of the’figure
suggests the followmg procedure :

The thrae suies of the triangle
ABC. are kpown. Construct it.
Again, on!AC cqustract the triangle
ADC:with the-help of the other two

data. The quadrilateral will be D 3
complete. 2:81in. c
Example onstruct a quadrilateral ABCD, having given

AB = 27 BC:= 2:4”, CD = 28", DA =32", ancrle A = 85°.
Draw a roﬁgh sketch apd enter the given measurements
in it.
If'BD is j;Jined, you see at once that the sides AB,AD and ZA

will ehable you to draw AABD, and the sides' BC and DC will
enable'you to complete the figure.

Draw a correct figure, and write down the 'steps of the
<construction you have followed.

2. Exercises

“Construét a quadrilateral ABCD, having given : -
(@) AB =6 cme, BC =4'8cm.; CD =4 ¢cm., DA=8cm,,"
AC = 8cril. . )
(15) AB=BC =4", AD = CD = 3”, BD = 55",
‘2. 'The diagonals AC, BD of a quadrilateral ABCD are 2'8

and 2'1 inches respectively. The sides BC, CD, DA are 1'0, 1'7
25 inches ‘respectively. Describe the quadnlateral

3. Construct a quadrilateral EFGH, having given :
(a) EF =23 cm., FG =22 cm, LEFG = 118°,
! (FEH =80°, ¢(FGH - 116°. .
() EH =2”, EF =11”, FG=12", (HEF =95°,
LEFG = 112°. :
4 anét_rﬁct a quadrilateral PQRS, having given :
«(a) PQ'=18", QS =26", SR =234% (PQS=40°
£0S 0°. .
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() PQ =267, QS =27, QR=15", /PQS = 60°,
SQR = 38°.
(¢) PS = 66 cm., PQ —~ 6'8cm., PR = 8:5cm., £SPQ =
62°, £QPR = 28°.

5. Construct a quadrilateral ABCD, having given,

(a) BD = 2 7", ¢/ ADB = 50°, £ABD = 30°
¢CBD = 60°, £CDB = "40°

(6) AB = 2 77, ¢ BCA = 55°, zABc 64°,
£ ACD = 30°, £DAC =

6. The distance between Calcutta and Bombay is 1050 miles,.
between Calcutta and Delhi 840 miles, between Delhi and Madras.
1150 miles, between Delhi and Bombay 780 miles, between
Bombay and Madras 660 miles. Draw a mtap to indicate the
relative positions of the four towns. How far is Calcutta from
Madras, on this plan ?

7. A house site is in the form of a quadrilateral and the fol-
lowing measurements are taken to prepare a plan of it : AC — 180
yards, BD = 200 yards, AB = 120 yards, £¢BAC = 30°, £ABD =
45°. Draw the plag, and obtam the length of the fence that
should be put up to enclose the site. -

8. A plan of a rice field is in the form of a quadrilateral
ABCD in which AB = 4 cm., BC = 8 cm., AD = 3-5cm., AC =
10 cm., <A = 120°. Reproduce the plan. Find the distance
between the corner stones at D and C, if the scale of the plan is
1 cm. = 10 yards.

16. AREA OF A QUADRILATERAL

1. You learnt in Book V, lesson 75, how to find the

area of any quadrilateral. .

The area of a quadrilateral = } (a diagonal) x (the
sum of the distances of the olher vertices from the diagonal).

If in a quadrilateral ABCD, AC=d, DE=p,, BF=2,,
then the area of ABCD=3d (#, +#,), the corresponding
units being understood.

A number of exercises are added for additional prac-
tice.

2. Exercises
1. Construct a quadrilateral ABCD in which AB=2",
BC=35", -3”, DA=2'8", BD=4". Draw the perpendiculars
from B and D on A(, and measure their lengths Calculate the
area of the quadnlateral
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2. ‘The sides of a quadrilateral plot of grass taken in order
are 8, 8, 7, 5 feet respectively, and the angle contained by the
first two sides is 60°. Find the area of the plot.

3. ABCD is a plan of a garden with a well W in the middle.
The distances of the well from the corners A, B, C, D are res-
pectively 48. 60, 72, 54 yards. Also £AOB=90°, £¢BOC=84°,
£/COD=135°. Draw a plan of the garden, and obtain its
area.

4. Ina field ABCD of theshape of a quadrilateral, AB=BC
=CD=66 yd., AD=80yd. and ' £DAB = a right angle. Find
the area of the field.

5. ABCD is a quadrilateral field in which AB=200 yd.,
BC=400 yd., AD=175 yd., AC=500 yd., and £A=120°. Draw
a plan of the field to a convenient size, and find the areain
acres.

6. PQRS is a quadrilateral field in which the diagonals PR,
QS are at right angles. PQ, QR, RS, PR are 600, 700, 800 and
1000 links respectively. Draw aplan of the field and find its area
in acres.

7. Draw a quadrilateral ABCD, the corpers A, B, C, D
having the co-ordinates (14, 12), (12, 2), (4, 11), (1, 15). Suppose
it represents a field (represeutatwe fract‘ou 1—-1440), find the
area of the field.in acres.

#'8. ABCD is a quadrilateral plot of ground in which AB=
13 ft., BC=14 ft., CD =24 ft.; the perpendicular from A on DC!is
9ft., and leldES it into two equal parts. Find the area.

9. Make a rough sketch and find the area of the field ABCD
from the following measurements taken in links :

BM, the perpendicular from B on AC = 400.
DN the perpendicular from D on AC = 300.
AM = 300,°AN = 400, AC = 625.

17. TRAPEZIUM *
1. The Trapezium

The figure on the right is a qua-
drilateral ABCD in which the sides
AB, DC are parallel. The other two
sides are not parallel.

b c
A quadrilateral which has only one pair of opposite
sides parallel is called a trapezium.
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Take a triangle ABC, and draw DE parallel to BC cutting the
other two sides at D, E. Then the part DECB is a trapezium:

2. Coamstruction of a trapezipym

A trapezium can be constructed if the necessary and
sufficient number of data are available.

Draw a trapezium and try to get copies of it, choosing in
different ways the measurements of sides, angles and' other' ele-
ments. How many measurements are required to get an exact
copy of a given trapezium ?

You have already learnt that five independent conditions are
necessary and sufficient to construct a quadrilateral in general.
The trapezium is a particular case of a quadrilateral, having as a
condition that two of its opposite sides are parallel, It therefore
follows that four more conditions are necessary for constructing a
trapezium in view.

Example 1. Draw a trapezium EFGH, having given: EF is
9.€ 5 parallel to HG, EF=2'§in.,
F 2:5im E '/ EFG = 120°, FG=-1-6 in.,

GH = 3in.

Draw ‘a straight line
EF =25 in. At F make

£EFG=120°. .
, Make FG =16 in.
G " Through G draw GH paral-
3in. H lel to FE, making GH =

3in.
Join EH. Then EFGH is the required trapezium.

Example 2. Construct a trapezium ABCD, having given
AB=15in., BC=16in.,, CD=
2°5in., the distance between the p
parallel sides AB, DC=1'2in.

Take *a straight line AB =
1'5in.

Draw a parallel to AB ata
distance of 1'2 in. from it.

With B as centre and radius
16 in., draw an arc cutting this A
parallel at C.

Measure off CD=2'5 in., and join DA. Then ABCD is a
trapezium satisfying the given measurements.

faisin. c

Note. Since the arc with B as centre and radius 1'6 in. will
cut the parallel at two points (C, C’), two trapeziums may be
described. The figure for the alternative case is left. to the
student. .
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3. Exercises

MNote. As. in the construction of triangles and quadri-
laterals, the student is advised to begin with a rough sketch of the
required figure with the given measurements entered in ‘it, and
then to proceed to construct the correct figure to scale

1. Construct a trapezium ABCD, given that AB is pafallel
to DC, and ..

* (i) AB=5cm., AD=32cm., DC=6 cm., £ BAD=120°.
~tii) AB=2'6in., AC=2'9in.; £BAC=35°, /CAD=44°.
2. Coanstruct & trapezium PQRS, given that PQ is parallel to.
SR, and
» (i) PQ=24", PR=30", PS=17”, QR=1'5".
(i) PQ=2'9”, 0S=2'1”, SR =4, QR = 2-6".
(iii) PR=7'8 cm., SR=5'1cm., 2 QPR=35°,  QRP-59°.

* 3. Construct a trapezium PQORS, given that PQ=1'5 in.,
QR=17in., RS§=2'§ in., and the distance between the parallel
sides PQ, SR=12in.

4. Draw a trapezium PQRS in which PQ is parallel to
SR. Measure the lengths of the four sides to the neares: tenth
of an inch. Using these measurements obtain a copy of the
trapezium.

* ABCD is a trapezium in which £A=98°, s/B=112°,
AB=22in., and the distance between the parallel sides AB,
CD=141ip. Construct the figure.

If the figure reprefents a field to a scale of 1in.=100 ft., find
the cost of fencing it at 2 as. a running foot.

.

¢ 6. Two persons stand at A and B on a bank of a straight
river of uniform breadth, and observe two trees P, Q close to the
water’s edge on the opposite bank. The following measurements
are taken: AB=80 ft., ZBAP=110°, £ ABP=45°, £PAQ=60°.
Obtain the distance PQ, using the above measurements to draw a
suitable diagram,

18.  ISOSCELES TRAPEZIUM
1. Introduction

There is an interesting particular case of a trapezium
which we shall now take up. .
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A

In an jsosceles triangle ABC having
AB = AC, if a straight line DE drawd paral-
lel to BC meets AB, AC at D, E respectively,
D E then it is easily shown by measurement (or
by argument) that BD = EC. The quadri-
lateral DBCE will then be a trapezium having

its non-parallel (oblique) sides equal.

B [+

A lrapezium in whick the non-parallcl sides are equal is
called an isosceles trapezium.

Draw an isosceles trapezium ABCD. Measure its angles and
compare their sizes, What do you notice about them ? .

Repeat the experiment with a number of isosceles trapeziums
of various shapes and sizes.
Do you observe the same re-
lations ? State your inference
in general terms.

Draw the diagonals in
each case ; measure and com-
pare their lengths. What do
you observe ? Make a general
statement. D

Your inferences from these experiments can be stated thus :

() In an isosceles t1apezium, the angles at the ehds
of each of the parallel sides are equal to each other.

(i7) The oblique sides ave equally inclined lo either
of the equal sides.

Note." The above two statements refer to the same property.

(iii) The diagonals of an isosceles trapezium are
equal. e

2. Construction of an isosceles trapezium

Example. Describe an isosceles trapezium PQRS, having given:
PQ is parallel to SR, SR = § cm., SQ = 44 cm., the distance be-
tween the parallel sides = 3'2 cm.

The figure on page 41 is a rough sketch showing the given
measurements.
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Draw a straight line SR = 5 cm. Draw a parallel to SR at a
distance of 3'2 cm. from it.

With S as centre and radius
= 4'4 cm., draw an arc to cut
this parallel at Q.

Since SQ - PR, with R as
centre and radius equal to
4'4 cm. draw an arc to cut the
parallel at P.

Join QR, PS, as in the
figure. Then PORS will be the g
required trapezium.

3. Exercises .

1. Cut out from paper a few isosceles trapeziums, and
examine their symmetry. Muke a statement about the symmetry
of an isosceles trapezium. .

[An isosceles trapezium is symmetrical about the straight lin
joining the middle points of the parallel sides.]

2. Draw two straight lines AB, CD, so as to have a common
right-bisector. Join AC, BD. What kind of figure is ABDC ¢
Give reasons for your answer,

3. Describe an isosceles trapezium ABCD, given that :
(i) AB is parallel to DC, AB =35 cm., DC =335 cm.,
AD =BC =15cm.
(ii) AB = 4:2in., DC = 2'8 in. ; the distance between the
parallel sides AB, DC = 1-2 in.
(iii) AB = 2'5in., CD = 4 in., the inclination of each of the
oblique sides to DC = 60°.

4. Construct an isosceles trapezium EFGH, given that
FH = 2'2 in., HG = 2,51in., the distance between the parallel sides
EF, HG = 16 in.

5. A street drain has a cross-section in the shape of an
isosceles trapezium. The bottom is 1 foot broad, the sides slope at
30° to the vertical, and the depth of the drain is 2 feet. Find its
breadth at the top.

Hin. 6. The figure on the left gives a rough
sketch of the axial cross-section of a zinc bucket.
Draw an enlarged diagram to scale and find the
depth of the bucket.

7. A railway embankment has a cross-
¥ section in the form of an isosceles trapezium
PQRS. The following data are available:
PQ =24 ft., QR =PS =3 ft, RS =30ft,
Draw an accurate representation of the cross-
section.

15205
n,

8in,
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1. Area of a trapezium

You have already learnt how to find the area of a
quadrilateral. The trapezium is a quadrilateral, and its
area may therefore be easily found by following the
method available for any quadrilateral. Since, however,
the trapezium is a special kind of quadrilateral, we can
obtain a simple formula for its area.

Let ABCD be a trapezium,
AB being parallel to DC.

Draw the diagonal BD,
dividing the figure into two
triangles ABD, BDC. Draw
their respective altitudes DM,
C BN.

Since AB is parallel to DC, DM = BN, Let.each be
% (units understood). i s

Then, the area of the trapezium ABCD

— area of AABD + area of ABDC

=3ABx 2+ 3DC x %
=1(AB+DC) x %

Expressed in words, this formula stands thus :

The area of a trapezium = } (the sum of the parallel
sides) X (the perpendicular distance belwecn them).

If the lengths of the two parallel sxdes be a and 6 units
of length and the distance between thern is % units, t_hen

The area of the trapezium . P
=% (a + b) X hunits of area. '
2. Exercises !
/ 1. Calculate the areas
of the trapeziums con-
structed in question 1,
5, 3, 4, of lesson 17.
2. The figure on the
right indicates how a tra-
pezium can be converted
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into a rectangle of the same area. Explain how this is actually
done. Show that the formula for the area of a trapezium can
be derived by using such a conversion.

3. Cut out two trapeziums of the same shape and size. Show
how they can be pasted side by side so as to form a parall elogram.
Use this arrangement to derive the formula for the area of a
trapezium.

» 4. The parallel sides of an isosceles trapezium are respec-
tively 2 in. and 1'S in., and the distance between them is 1 inch.
Construct the trapezium. If it represents alawn on the scale 1
inch = 5 chains, find the area of the lawn in acres and cents, to the
nearest cent.

/5. The area of a lawn in the form of a trapezium is 41 acres.
The distance between the parallel sidesis 120 yards, and one of
them is 220 yards. Find the length of the other side.

- 6. How many square inches of metalare required to make a
tray having a rectangular bottom and top and of the following
description : The adjacent sides of the base measure 9 in. and 15
in., and the corresponding.sides of the top measure 10in. and 16
in. ; the width of the strip making the sides is 3 in. ?

[S.S.L.C. 1914

20. SIMPLE FACTORIZATION (1)

.. You know howto express a given number as a pro-
duct of two or more factors where possible. We shall
‘now proceed to learn how to factorize expressions,

Now, 5(a + 6) 5 Sa = 56. The coefficient 5 is distributed to.
a and 6, and is common to both 52 and 35. In the reverse process
of factorizing Sa + 35, the common coefficient (factor) 5 is taken
out and the other factors put into brackets. The fdflowing are
additional examples ; 2
T+ Wy =7 x 2 +7 x2 =7 (x = 2)
Sm— 10n=35xm—5x2n=35(m — 2u)
— 8ax — 12ay = (—4a) x (2x) + (— da) = (33)
= —da (22 + 3y)
ax — ay+ 2az = a (x — y + 22).
The following special cases are to be noted :
dr +d=dxx+dx1 =4(x=1)
a—ab=axl—axb =a(l-b)

PPrp=pxp+pxl=p(p+1)
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2. Exercises (oral as far as possible)
1. State the factor common to the terms in each of the
following sets :

(i) Sx, 5 (ix) —7a, -7
(ii) 10x, 15y (x) — 18m, — 45m
(iii) 6x, 12y, 182 (xi) 6x, — 12y, 18z
(iv) ap, ag, 2ar (xi1l) px, py, — pZ
(v) 8ab. 12ac, 16ad (xiii) 12xy, — 16xz, — 20zxw
(vi) 1242, 16ab, 20ac (xiv) 6, 62, 6°
(vii) 14a®b, 21ab® (xv) 46, — 66%, 86>
(viii) 18a%tc, 24abc, 36abc?  (xvi) 12xy,— 18x%y,— 24xy*®
2. Factorize: .
(i) Sx + Sy (x) 3xr + 3 (xix) m2 + mn
(ii) 7x + 1y (xi) 3x — 3 (xx) xy —y
(iii) 5x — Sy (xii) —3x + 3
(iv) 72 — 14y (xiii) — 32 -3
(v) — Sa+106  (xiv) 5y + 15 (xxiii)
(vi) —5¢ - 15¢ (xv) 4a — 8 (xxiv) @® — a%b
(vil) ap + ag i) 2% + & (xxv) 25a° — 10ab*
(viii) sy — 3st (x 2% —x (xxvi) 16x%y—36xy*?
(ix) — 257 + 3st (x —x% - 2x .

il
(xxvil) —18x%p2+27x%*

3. Resolve into factors :
(vii) 2® — 2x%y + 3xy*

(i) 2+ ay + x2

(ii) 6 + 26% + 36° (viii) 2022y — 30xy® + 35p°
(iil) 46 + 66% + 86° (ix) 6a%6® + a®b* — 7a*b*
(iv) 12m® — 16m> —20m: (x) — 24p°¢3 + 32p%¢* —
(v) —72a®+48a%b — 36ac 18p%¢°

(vi) 2% + 2%y + ay?
4. The area of the four walls of a room is given by 20k + 264,
Put it in a simplified (factorized) form. ‘
5. The; formula for amount at simple interest is .4 = P +
%y. Put the right-hand mempber in factors.
6. The area of the total surface of a closed cylindrical drum
is given by 2m#? + 2mw#l. Express this as a product of two factors.
3. The same principles are followed in more compli-
cated cases, where the common factors are however
explicitly available.

Example. Resolve into factors: @ (x +3) + 20 (x+y).
Here the binomial x + y iscommon to both the terms @ (x +y)

and 26 (x + ¥).
Hencea (x = ¥) = 26 (x +y) = (x + ) (a + 26)
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4. Exercises (o7al as far as possible)

1, Factorize :
(Ya(p+q) +6(p+¢g
(i) x (¢ + 0) + 2y (a
(iii) 2m (p + #) — 3n + 7)) + Ss(p + 7)
(iv) —3a(x +y +2) +8b(x+y+z)—15c(x +y + z)
(v) 1622 (2a + 36 — 4c) — 24xy (2a + 36 — 4c)
— 32)% (2a + 36 — 4c¢)
2. Resolve into factors :
(Y (@+0)p—(a+b)r+(a+b)l
(i) (x+y+2)a® + (x+y+2)6%— (x+y+2)c°
(1ii) —152%6 (a®+ 6%+ %) — 20ab® (a® + 6% +¢*)
(iv) 362%yz (1 + b +6%) — 48xy*z (1 + 6 + b7)
+ 60xyz2 (1 + b + 6%)

21. SIMPLE FACTORIZATION (2)

1. Method of convenient grouping

‘Consider the multiplication shown below. An in-
spection shows that the first

a+b two terms of the product
fﬁtd are obtained by multiplying
ac + bc a — b by ¢ and therefore form

ad —-bd ¢(a — b), and the next two
ac = bc — ad — bd  terms are obtained by mului-
plying @ — &6 by d and there-
fore form d (e — 0). Thus, if we want to factorize
\ac 4 e + ad + bdrwe proceed as follows :
ac + b + ad + bd = (ac + bc) + (ad +bd)
:[(a+b);d(a7—b) .
=(a+b)(c+d)

Exsmple. Factorize ab — 10a + 36 — 30. Here the terms are
‘to be grouped into two groups of two terms each, so as to give
.a common factor of the two groups. Thus
ab—10a+36—30 = (ab—10a) + (36—30)
—a (6-10)+3 (6—10)
—(6—10) (a=3)
Alternative grouping =
ab—10a+36—30 = (ab + 36) — (10a +30)
=b(a+3)—10 (a+3)=(6-10) (a+3)
wwhich is the same as before.
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2. Exercises (07al as far as possible)

1. Factorize :

(i) a (x+y)+x+y (iv) p+g=5 (p+q)
(i) ¢ (a+0b)+2a+20 ’ (v) a*—ab—(a—b)
(iii) ¢ (a+b)—a—b (vi) —ab+62—(b—a)
2. Resolve into factors : C
(i) ac+ad +bc+bd (xi) ab—26+3a—6
(ii) ac+ad—bc—bd (xil) 1+a+c+ac
(iii) pm+ pn—gm—gn (xiii) 2—2m+n—run
(iv) ac—ad+bc—bd (xiv) a® +a%+x+1
(v) ac—ad—bc+bd (xv) 2 +22% 4242
(vi) a®+ac+ab+be (zvi) 2°—a% +x-1
(vii) a®—ab+ac—bc (xvil) a+b+ab+62
(viil) a®+ab—ac—bc (xviii) a—b+ab—06
(ix) a®—ab—ac+bc (xix) ay—y—az+2z
(x) ab+a+b+1 (xx) pg+29—3p—6.
3. Express as the product of two factors : £, et
(i) 6ac=3bc +2ad +bd (iii) 6ac+3bc—2ad —bd
(ii) 6ac—3bc +2ad —bd (iv) 6ac—3bc—2ad+bd

22. THE THEOREM OF PYTHAGORAS (1)

1. Introduction

Inaancient Egypt, the surveyors, known as rope-stretchers, con-
structed a right-angled triangle thus : They took a string having
knots at equal intervals and tied the ends together. This endless.
loop consisted of 12 intervals and was stretched so as to form a
triangle having 3; 4, § intervals for the sides. The angle opposite:
the longest side was found to be a right angle.

The Suluva-Suiras (an Indian work of the fifth century B.c.),
says that right-angled triangles can be obtained
by stretching strings of the following lengths:
as described above, viz. (3, 4, 5), (5, 12, 13),
(8, 15,17), . . . units.

Is there any relation between the numbers
of each of these sets, responsible for the supply
of right-angled triangles ? By putting them in
various combinations it was discovered that the

| square of the largest of them was'in every case
equal to the sum of the squares of the other
two. Thus5%2= 4%+ 5%, 132=12%+5%, 172 = 152+ 8%,.and so on.
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'Now a number and its square (a, @) may be made: to re-
présent the:side and area of a geometric
-square. This suggests that if squares
be constructed on the three sides of the
triangle formed as in the above figure,
the square on the side which contains 5
intervals will be equal in area to the
-sum of the squares on the sides contain-
ing 4 and 3 intervals.

The figure.on the right confirms this.

Now draw the triangles corre-
-sponding to the sets (5,12, 13), (8, 15,
17); describe squares on their sides and
see if results sxm'Iar to the above are
-obtained.

- You now see that in certain right-angled triangles,
he square.on the hypolenuse = the sum of the squares on
the other two sides.

Is this interesting property true of any right-angled
‘tnangle P

2. 'Thé general investigation

Draw a right-angled triangle, and measure the sides accu-
rately. - Square the measures and test to see whether the greatest
-of these squares = the sum of the other two.

Repeat the experiment with a number of right-angled triangles
. of -various sizes and shapes.

. Since the measurements are only true as far as you are able to
-see, there may be sl\ght differences from exact equalities. So,
within the limits 8f error to which practical measurements are
subject, the property is true of all right-angled triangles. Thus

In any right-angled triangle, the mzz(;re on' the
Ly potenuse is equal to the sum of the squares on the other
two sides.

3. Pyihagoras (%istorical note)

The truth of this theorem for special triangles was known to
the ancient Egyptians, Hindus and Chinese. But it was Pytha-
goras who stated it in its general form and hence it is known as
the Theorem of Pythagoras.

So great was his joy at the discovery that he is said to have
:sacrificed a hundred oxen (hecatomb) to the Muses.
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Pythagoras is a most interesting personality in the history
of mathematics. He-
was a Greek and a
pupil of the famous
Thales. He went to
Egypt to study, and
after many years
returned to Southern
Italy and founded a
brotherhood known
as the Pythagoream
School, in which
mathematics was the-
chief subject stud-
ied. On account of:
the secrecy that
shrouded their
activities, the people
rose against them.
Pythagoras himself
fled and was assassi--
nated.
Pythagoras was.
a man of various
parts. He was a
musician and an
astronomer of high.
‘ rank. Hedid much
PYTHAGORAS for the science of
arithmetic also. He attributed mysterious properties to numbers.
and held that ® the order and beauty of the Universe have their-
origin in numbers’. He took great interest in those parts of
geometry and arithmetic which were intimately connected withs
one another. &

4. Exercises
1. Calculate (to two decimal places) the length of the-
hypotenuse of a right-angled triangle in which the sides con-
taining the right angle are:
(i) 2in., 3in. (iii) 3*5cm., 42 cm.
(i) Sin., 4in. (iv) 52 cm., 6.4 cm.
Verify by drawing the figures to scale.
2. Calculate (to two places of decimals) the third sides off
right-angled triangles in which
(a) hypotenuse = 5 in., one side = 3-5 in.
(6) hypotenuse = 4'3 in., one side = 2'8 in.
. (¢) hypotenuse = 8'4 cm., one side = 6'8 cm.
Verify by.drawing suitable figures.
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3. Draw an acute-angled triangle and measure the sides.
Compare the square on each side with the sum of the squares on
the other two sides. What do you notice ?

4. Draw an obtuse-angled triangle and measure the sides.
Compare the square on each side with the sum of the squares on
the other two sides. State what you observe ?

5. Explain how you can find out without drawing figures
whether a triangle is right-angled or not, if you are giveun the
lengths of the three sides.

23. THE THEOREM OF PYTHAGORAS (2)

1. There are various ways in which the squares on the
two sides of a right-angled triangle can be cut up and
arranged so as to overlap exactly the square on the
hypotenuse and zéce versa. Such demonsirations of the
theorem are usually referred to as disscction proofs.

2. Bhaskaracharya’s dissection

Let ARC be a right-angled tri-
angle, £ A =90°. Construct the
square on the hypotenuse. Draw,
inside the square, the triangle ABC
four times as indicated by 1,2, 3, 4.
An inner square is formed, whose
side = AC — AB.

Now
RCDE and

S
s /' A
can easily be
2 squares on the two sides AC and
AB.
4 S ;
1 Bhaskara after indicating this
procedure (be-
hold). H

think that the demonstration of Pythag
this.
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3. Perigal’s dissection

Construct the three squares
on the three sides of a right-
angled triangle. Through the
centre of the square on AC draw
two straight lines, one parallel
and the other perpendicular to
the hypotenuse BC. The square
gets divided into 4 congruent
guadrilaterals. Cut out the two
squares on AC and AB; the
pieces can be arranged to cover
the square on BC as shown in the
figure.

4. Exercises

1. Draw a number of right-angled triangles of various shapes
and sizes, and verify the truth of the theorem by following the
methods of dissection of Bhaskara and Perigal.

2. Draw asquare ABCD, From a a Eb B
the sides mark off AE = BF = CG =
DH. Join the points E, F, G, H to
form the figure EFGH. It is easy H
to show by measurement or otherwise a
that EFGH is a square.

Let AE =BF = CG = DH=a;
EB=FC =GD -HA=6;EF=FG

_ GH - HE = ¢. Show that the F
area of ABCD = (a + 6) and ¢® - 1
2ab, o G c

‘Hence show that'¢? =a*+6°, ©

Taking the triangle AEH, ¢® = a® + 6* means that the square
on itsthypotenuse = the sum of the squares on the other two
sides.

If you vary the sizes of ¢ and 4, ¢ will also vary, and you thus
-see that the theorem is true of all right-angled triangles.

3. Draw aright-angled triangle and the squares on the sides
on a piece of cardboard of uniform thickness. Cut out the three
squares and place them on the scales of a balance. The s@hare
on the hypotenuse in one scale-pan will balance the other two in
the other scale-pan. What is the inference ?

4. Repeat the experiment with an acute-angled triangle and
an obtuse-angled triangle, and describe the nature of the relation-
-ships.
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1. A number of interesting problems can be solved
with the help of the Pythagorean Theorem.

Example. A bamboo ladder 30 ft. long stands upright, close to:
awall, How far should its foot be drawn
away from the wall, so that the top may
come down by 6 feet ?

Let AC be the final position of the lad-
der. Then AB — (30 —6) or 24ft.Let A
z ft. be the distance BC of the foot of the
ladder from the base-of the wall.

Then in the triangle ABC, angle ABC =
= a right angle. §
S AC? = AB? + BC%i.e 302 = 242 + a®

Whence x* = 30° — 24* = 324.
sox= V32418, B T e

Hence the foot of the lJadder should be
drawn 18 ft. away from the foot of the
wall.

< Oc”
~

Ground

2. Exercises

1. Two persons start from a place and travel due north and
east respectively at 3 and 4 miles per hour.  How far will they
be apart in 1 hour ; in 2} hours ?

2. Twovessels start from a harbour and sail south and east at
the rate of 25 and 20 miles per hour. How many miles will they be
from each other at the e.ud of 3 hours ?

3. A ladder 25 feet long leans against a vertical wall, with its
top reaching up to a beight of 20 feet. How far isthe foqt of the
ladder from the wall ?

+4. A wire stay 45 feet long reaches from a point 4 feet below
the top of a flagstaff, to a point on the ground 10 feet from its
foot. Calculate the height of the flagstaff. Check by drawing.
a figure.

4 5. Two vertical posts are 10 and 17 feet high and 25 feet
apart. Find the distance between their tops. "

6. A man on one side of a brook found that he could just
rest a ladder 20 ft. long against a branch of a tree on the other
bank. 1f the branch was known to be 12 ft. above the ground,
how wide was the brook ?
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@ A ladder 16 ft. long leans against a vertical wall, with its
low&r end 6 ft. from the base of the wall. The ladder slips and -
the top descends vertically one foot. Calculate how much farther
the lower end has receded from the wall. Verify by drawing a
Afigure. '

8. A ladder is placed in such a way as to reach a window, 20
feet high on one side of a lane. If it is turned over to the opposite
side, its top reaches a window 15 feet high. If the ladder is 25
feet long, find the width of the lane.

~ 9. A cow is tethered to a peg at a distance of 32 feet from a
-straight fence with a rope 45 feet long. What length of the fence
is within her reach ? Verify by drawing a figure.

25. THE THEOREM OF PYTHAGORAS (4):
SQUARE ROOTS

I. The square roots of natural numbers can be obtain-
-ed to two places of decimals by the following geometrical
method.

Draw two straight lines AB, AC perpendicular to each other,
-each 1in. long.

t_%_ Join BC. Then BC? = AB? + AC? = 2,

]
S BC =~2. On measurmg with a foot rule,
i you see that BC = 1411
Heoce 4/2 = 1°41 nearly.
1 At C draw CD perpendicular to BC and 1o
long.
A1 B
In the r‘zht angled ABCD
BD? = BC® +CD? =2+ 1 =3
M -~ BD =./3

BD measures 1'73 in.
<o /3 = 1'73 nearly.
The construction may be continued, and the values of ./4, /5
.. . may be obtained.
The above constructions may be more compactly arranged as
in the figure on the right. A
AOX is a rightangle. OA = OB =1. Then
AD = 2. .
Mark of OC = AB. Then AC = ./3. Give
-a reason. 9 1 B CcD X
Mark off OD = AC. Then AD = 4. Give areason.
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2, The above method is tedious for finding' the' sqiiare
oot of big numbers like 50. Further, the error that might
be introduced  in the successive constructions would
.accumulate and make the final result useless.

There are interesting alternative methods, however
some of which are illustrated below.
Example 1. To find geometrically the square root of 29.

Here we try to express 29 as the sum of a number of perfect

square numbers. Thus A
29 = 25 + 4 = 5% 4 22,
Draw a right angle ABC /90
having AB =2 in., BC — 5 in. 29
Join AC.
Then AC? = AB? + BC? =
4+ 25=29.
S AC = ~/29, B 5 c
By measurement, AC = 5°38in. .. ~/29 = 538 nearly.

Example 2. Obtain geometrically the square root of 75.

Here 75 =72 + §% + 12, Draw a right-angled triangle of
sides 7 and 5 units. Then the
hypotenuse will be ~/7% + 5% or
~/74 uvnits. _Construct another
right-angled triangle, whose
sides are ~/74and 1. The hypo-
tenuse of this will give ~/75.
Draw a figureand complete the
solution.
Example 3. Find geometri-
cally the square root of 34.
Here you can express 24 as
the difference of two squares.
Thus 24 =49 — 25 = 72 — 52,
A S5in. B Construct a right-angled tri-
angle ABChaving AB=5 in.and
‘the hypotenuseBC =7 in. Then AC will give ~72 — 5% or ~/24.

3. Exercises
1. Obtain geometrically the square roots of 34, 53, 61, 73, by
-expressing each as the sum of two square numbers.

2. Find geometrically the square roots of 11, 12, 185, 20, 32,
by putting them as the difference of two squares.
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3.. Use the following relations to find the square roots. of
numbers on the left side of each equality.
() 14= 9+ 4+1 (ii) 32 = 5% + 42 — 32
(ii) 50 =25 +16 + 9 (iv) 23 = 62 — 3% — 22
4. Show how to construct squares whose areas are 10 sq. in.,
29 sq..cm., 53'sq. ft., 14 sq. yd., 32 sq. m. )
5. Show that the three sides of a right-angled triangle-can be:
represented by )
(i) 22 + m®, 1% — mi®, 20, (ii) a® + 1, a® — 1, 2a.

26. THE THEOREM OF PYTHAGORAS (5): FURTHER
APPLICATIONS *

1. Rectangle

Let /, 6, d represent the length,
breadth and diagonal of a rectangle
ABCD.

In 'the right-angled triangle
BCD, BD2=BC2 +CDz2,
= Hence, d% =172 + 62,
8 7 ¢ . d= ST

Again, /2=4d2 —6%, and 62=d2—/?

Whence /=~/dZ—§? and b=~/dZ—1[?

2. Square

Let s and 4 be the side and diagonal of a square
ABCD. Then in the right-angle

triangle BCD, BD2=BC2+CDz=. A [
Hence d2 =52 +52 =252, d
Whence d=s~/2. i
Also s= t{,) =.}d~/§. B T
" 2

3. Exercises (oral as far as possible)
1. Find the length of the diagonal of a rectangle whose
length and breadth are :
(i) 4in., 3in. (iii) 8 in., 62 in.
(i) 13in., 12 in. (iv) 4:2in., 2°8 in.
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2. Find the length of the diagonals of squares whose sides
are 2”7, 3-4 cm., 4} ft.

3. Find the length of the side of a square whose diagonal is
10 inches.

4. The sides of a rectangular field are 300 and 150 ft. res-
pectively, A farmer has to go from one corner to the opposite
corner. What distance will he save by walking direct along a
diagonal, instead of walking along the boundary ?

5. The distance along the diagonal of a square field is
100 yards. What is the length of fence required to surround
the field ?

-/(;\The area of a square field is 40 acres. Find its
dia}o{al.

7. According to the Sw/wuwa-Sutras, the diagonal of a unit-

3 1 b 1 P 5
= o TS VO, P S f:
square =1 + 3 + %1 ’- T%d x5 Find how far this agrees

with the value of ~/2.

(Convert to decimals and compare.)

S,\ A rectangular field is 325 yards by 195 yards. A man walks
from-one corner to the opposite corner at 65 yards per minute.
What time is saved by going along the diagonal instead of along
the boundary ?

4. lsosceles right-angled triangle
ABC is a righf-angled triangle in which AB = AC,
¢ A = aright angle.
Let AB=AC=4, BC=14
«(units understcod). A
Then BC? = BA? +

o0 =a% da a a
whence
b '
b=a/2, a= WE =$6./2. 8 b [+

Compare the results with the relations between the
side and diagonal of a square in section 2 above.
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5. Equilateral triangle

Let ABC be an equilateral triangle, side @ (units
understood). Draw AD perpendicular
A to BC.

Then BD = DC =‘2’.

9 In the right-angled triangle ABD,
AD2 = AB2 — BD?
3 2
82 D © —a? — ‘% - _Z

. 3 a
Hence the altitude AD = A /52 = § o/3 = 0:866¢
nearly.
Again, the area of the triangle ABC
= 4 (the base BC) x (the altitude AD)
V3

az
=%ax @5 =7 /3 units of area.

Expressed in words, the area of an equilateral triangle
= /3 times the square on half the base.

6. Exercises

1. Find the altitude and area of an jsosceles triangle whose:
base is 16 inches and the equal sides each 17 inches long.

~ 2. The perimeter of an isosceles trlangle is 306 cm., and each
of the equal sides is § of the base. Calculate the area.

3. Find the altitudes and areas of equilateral triangles whose
sides are (i) 10 em., (ii) 14'6 inches.

X 4. Find the sides of equilateral triangles whose areas are
25 sq. in., 362 sq. ft., 1943737 sq. ft., 5 acres.

/5. A municipal garden is in the form of an equilateral triangle,
and to fence it round a sum of Rs. 225 was spent at 12 as. a foot.
Find the distance from one corner of the enclosure to the opposite:
fence.

X 6. What must be the side of an equilateral triangle so that its
area may be equal to that of a square whose diagonal mea-
svres 120 fr. ?
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7. General formula_for the area of a triangle

We can now develop a general formula for the area
of a triangle when the lengths of its sides are known.

Example. Find the area of a triangle
whose sides are 13, 14 and 15 inches long.

Take any side, say BC (=14 inches), as
base and construct the AABC on it having
AB =15in., and AC = 13 in.

Draw AD perpendicular to BC. We
<can calculate the altitude AD thus :

Let AD = /%, DC = x, in inches.

“Then BD = 14 — x idches. B Dzin.C
From the AADC, 4% = 132 — 2% = 169— 22 . . . ... .. (1)
., DADB, 4% = 15% — (14— )% = 225196 + 28x — 2°
=204 = 2%, . ywwws s me (2)

From (1) and (2), 169 — x® = 29 + 28x — a2
S 28x = 140, ¥ = 5.
Using this value in (1), 42 = 169 — 25 = 144. .. & = 12,
Thus the altitude AD = 12 inches.
. the area of the AABC = 1 x 14 » 12 or 84 sq. in.
' If the sides of a triangle ABC are laken as a, b, ¢, end
2s = a + b + ¢ (unils understood), then the formula for the
area of the triangle is
A =A/s(s — a)(s—Db) (s—c)
CIfq =13, 6 = 14, ¢ = 15, then 25 = 42,
Sos=21,s—a=8,5s—06=7,5—6=6.
SWs(5—a) (s—=b) (s—c)=~21 x B x 7 x 6 = 84.

Thus the area of a triangle whose sides are 13, 14, 15 inches is
‘84 sq. inches, as before.

’

8. Exercises

1. The sides of a triangular grass plot 25, 39, and 56 feet
tegpectively are bounded by three fences. Find the distance from
the fence 56 feet long, to the opposite corner.

2. The roof of a house 21 feet broad has unequal slopes on
the two sides. If their lengths are 13 feet and 20 feet, find the
height of the ridge above the eaves which are of the same height
from the ground.

x 3. The sides of a triangular field are 102, 104, 106 yards.
A "partition is effected by putting up a fence from the corner
opposite to the side 104 yards long perpendicular to that side.
Find the areas of the two parts.
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\/4‘ Find the areas of triangles whose three sides are :
(i) 7, 24, 25 feet, in sq. yd.
(ii) 18, 20, 22 feet, in sq. ft. to 3 dec. places
(iii) 20, 493, 507 yards, in sq. yd.
(iv) 191, 245, 310 feet in acres
(v) 15, 14, 13 feet in square links
5. The three sides of a triangular field are 800, 500 and 1200
links. By some mistake the third side was put down as 500 links
instead of 1200 links. What error would the mistake occasion ir
the computed area ?
~ 6. The sides of a triangular piece of land are 1400, 1760, 3000
links. If it islet at Rs.32 per acre, find the total rent.
7. A triangular area whose sides measure 375, 300 and 225
yards is sold for £8500. Find the price per acre.

27. ARCS AND CHORDS OF CIRCLES

1. Introduction

AB is a chord of a circle, centre O. It divides the
circumference into two arcs, one
longer than, and the other shorter
than, half the circumference.

The shorter arc ACB is called
the minor arc, and the longer arc
ADB is called the major arc.

Join OA, OB. :The chord AB,
as well as the arc ACB, sublends the
(obtuse) angle AOB at the centre O.

The arc ADB' subtends the re-
flex angle AOB at the centre O.

2. Equal chords in a circle

Experiment 1. Cut out a circle and
fold it twice over, getting 4 quadrants. -
Draw the chords AB, BC, CD, DA.
Compare their lengths. Also compare
the Jengths of the minor arcs cut off by

these chords. Also compare the ‘

angles which these chords subtend at
the centre O. State what you observe.
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Experiment 2. Draw a circle, centre
O, and place in it two equal chords AB,
AC. Draw the diameter through A,

Cut out the circle and fold it along
AO. Observe where B and C fall with
respect to each other. What do you A
infer regarding (a) the lengths of the
arcs AB, AC, (6) the angles AOB,
AOC?

Repeat the experiment with chords
AB, AC unequal.

Experiment 3. Draw a circle, centre
O. Place in it two equal chords AB,
CD. Join OA, OB, OC, OD. Measure
the angles AOB, COD and compare
them. What do you notice ?

Cut out the figure and show how
you. would fold it to make AOB
* 7D coincide with COD. .

Repeat the experiments with AB,
CD unequal. Do you get similar re-
sults ?

The above experiments lead us to the following inferences :

In any circle (i) if two chords are equal, the arcs they
cut off are equal, the major arc to the major, the minor arc
to the minor ; (ii) if two. chords are equal, the angles whick
they subtend at the centre are equal.

3. Equal arcs of a circle

b - . . -
Cut out a circle and mark on its circumference two equal arcs.
This may be done by using a piece of tracing paper.

-By folding or by measurement, compare the chords which join
their ends, and the angles which they subtend at the centre of the
circle.

The following inferences can easily be drawn :

In any circle (i) if fwo arcs are equal, the chords whick
join their ends ave also equal ; (i) if two arcs are equal, the
angles which they sublend at the centre are also equal.

Nole on the use of the protractor. In measuring or constructing
angles with a semicircular protractor, we do not directly get at

the angles at the centre. In fact the degrees are not marked at
that centre. It is the equal arc-bits on the curved edge that we are



60 ELEMENTARY MATHEMATICS

using for the purpose. The reason why we-can do so is now clear,.
viz. the equal arc-bits subtend equal-angles at the centre of the
instrument.

4. Equal angles at the centre

Experiment. Draw a circle, centre O. Place in it three radii
OA, OB, OC, so that £AOB = £ BOC.
Join AB, BC. B

Cut out the figure and fold it along
OB. Observe where OA, OC fall with
respect to each other. What do you

C infer about the lengths of the arcs AB,
BC? Also about the lengths of the
chords AB, BC? *

Repeat the esperiment with the
angles AOB, BOC unequal. Do similar

A~~———8 inferences follow ?

You may now record your inferences as follows :

In any circle (i) if two angles at the centre are equal,
the arcs on whick they. stand are equal; (i) if two angles
at the centre are equal, the chords on which they stand are
also equal.

5. Exercises (07al as far as possible)

1. In a circle, centre O, two arcs AB, CD subtend angles
AOB, COD at O. What is the relation between these angles, if
(i) arc AB = twice arc CD, (ii) arc CD = 3; times arc AB, (iii) arc ~
AR:arcCD =m:n?

2. With reference to the figure in the last question, state the-
relation between arcs AB, CD, if (i) < AOB =3 times ¢ COD,
(ii) £COD = % of £AOB, (iii) £AOB: £COD =p:¢.

3. if a chord of a circle be twice as long as another chord,
will the arcs they cut off, and the angles they subtend at the centre,
bear the same relation ? Test with suitable figures.

4. What fractional parts of the circumference of a circle
subtend the following angles at the centre : (a) 90°, 60°, 45°, 30°,
36°, 72° ; () 100°, 120°, 135°, x° 2

5. Calculate the length of each arc in the Jast question, if the
radiusis (i) 7 cm., (ii) 3'5 inches. Take 7 = 32.

6. Ounedegree on the equator of the earth is 69'1 miles. What
is the equatorial circumference of the earth ?

7. What is the length of a ‘ degree of arc’ on the circum-
ference of a circle whose diameter is 2520 inches ?
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8. 1If the equator of the earth is 24856 miles Jong, how many
miles on it correspond to a degree ?

9. A s a point on the circumference of a circle, centre O. A
point Pstarts from A and moves along the circumference with
uniform speed. How does the angle AOP change ?

10. The radius of a circle is 9'4 cm. Find the length of the-
arc which subtends an angle of 22° 15" at the centre.

11. How would you use your protractor to divide a circular
disk into 12 equal sectors ? Draw a neat figure to illustrate.

12. The radius of a circle is 28 cm. What angle is subtended
at the centre by an arc 16'5 cm. long ?

28: CHORDS IN A CIRCLE

1. Recall to your mind the symmetry of a circle and.
the symmetric properties of isosceles triangles.

Suppose AB is a chord in a circle
ceatre O. Join OA, OB. Then OAB
is an isosceles triangle. 1f OM is perpendi-
cular from the vertex O to th€ base AB,
then AM=MB.

Verify by measurement, or by cutting
out the circle and folding about OM.

Draw another chord CD through M, A
and compare the parts CM, MD. Are
they equal ? Note that CD is not perpen-

. dicular to OM. F

" The following infereace is obvious :

i

In acircle, ifa z}erﬁmdz'cu/ar is drawn from the centre
lo a chord, the chord is bisecled at the foot of the per-
pendicular.

In the above figure, let OM be produced both ways to torm the
diameter EF. Then AB is a chord perpendicular to the diameter
EF. You see then that

If a chord of a circle is perpendicular to a diameter,.
it is bisected by the diameter.

2. The converse property

You know that, in an isosceles triangle, the straight line joining
the vertex to the middle point of the base is perpendicular to the
base.

Draw a circle centre O, and place in it a chord PQ. Let N be
the middle point of PQ. Join ON.
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Since OPQ is an isosceles triangle and N the middle point of
the base, ON is perpendicular to PQ.  Thus
If in a circle, the middle point of a chord is joined lo the
centre, the joining line is perpendicular to the chord.

3. The right bisector of a chord in a circle

You know that, in an isosceles triangle, the rlght bisector of
‘the base passes through the vertex.

If ABis a chord of acircle, centre O, then the triangle OAB
is isosceles, and hence

The right bisector of the chord will pass through the
centre. .
4. Exercises

1. Draw a circle and place in it a number of chords paralle]
to one another. Mark their middle points. What do you observe
about their positions ?

2. Mark two points A and B, 2'8 inches apart. Draw a
.circle of radius 1'8 inches to pass through A and B.

3. Draw a circle and place in it two chords AB, CD, which,
are not parallel. Construct their right bisectors. Where do these
bisectors intersect ?

«. 4. The centre of a circle is accidentally wiped out. Describe
-a construction for marking it.

5. Suppose you are given a figure of an arc of a circle. How.

will you complete the circle ? .

5. Distance of a chord of a circle from the centre

Let AB be a chord of a circle, centre
0. Draw OM perpendicular to AB. Then
AM =
Let» = the radius of the circle,
2¢ = the length of AB,
and d = the distance OM fro® the
B centre (units understood).

A
Then, in the right-angled triangle OAM,
OM? = OA% — AM2.
S d? = #2 — (? whence d = V7% — 2, .. (1)
Also ¢® = 72 — @2, whencec = ~/7% —d® . . . (2)

Ifin (1) #» = 5, ¢ — 3 in inches, then d = #/25 — 9 or 4 inches.
If in (2) » =5,d = 4 in inches, then ¢ = /25 — 16 or 3inches.

Thus in a given circle, if the length of a chord is given, you
«can calculate its distance from the centre, and vice versa.
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6. Exercises

. 1. Draw a circle of radius 3 inches, and a chord of length
4 inches. Calculate the distance of the chord from the centre, to
the nearest hundredth of an inch. Verify by measurement.

2, In a circle of radius 5 cm., draw a chord at a distance of
3'2 cm. from the centre. Calculate the length of the chord to the
nearest tenth of a cm. Check by measurement.

3. Two chords of a circle are equal in length. Compare their
distances from the centre.

4. Two chords of a circle are at equal distances from the
centre. Compare their lengths.

5. Draw two chords in a circle which are of unequal lengths.
Which of them is nearer the centre, the longer or the shorter ?

6. Draw two chords in a circle which are at different distances.
from the centre. Which of them is the longer : the chord nearer
to the centre, or the one further from the centre ?

29. ANGLES IN CIRCLES

1. Angle in a semicircle

_ Experiment 1. Draw two equal straight lines AB, CD blsec'
ing each other at O. If the ends be
joined in order, you get a rectangle
ACBD. Explain why.

The circle with O as centre and OA A
- as radius passes through B, C, D. \

AB is a diameter of the circle, so (o)
that ADB is a semicircle; also ADB
a right angle. Point ®out three more c B
semlclrcles aud the corresponding right
angles.

Experiment 2. Draw a semicircle on a straight line AP as
P diameter. Take any point P on the:

arc boundary and join AP. BP.

The angle APB is called an angle

in the semicircle APB. Measure it.

Repeat the experiment with a
number of semicircles of various
B Sizes. What is the size of all the
A ¢ angles in them ?
Your inference can be recorded thus :

The angle in a semicircle is a right angle.
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2. Exercises

1. To draw a perpendicular to a given straight line AB from
a given point P outside it.

Join P to any point Q in AB. On PQ draw a semicircle
cutting AB at M. Join PM. Then PM is the required perpendi-
-cular. Justify this construction.

2, Draw a triangle ABC, having its sides 7, 9, 10 cm. long.
Construct the perpendiculars from the vertices to the opposite
sides.

3. Aungles in a segment

Draw a circle and place in it a chord AB. If AB is not a
Q diameter, it divides the circle into two
unequal parts ACB, ADB. Each part

c is a scgment of the circle.

Take any point P on the arc ACB,
and join PA, PB. The angle APB is
called an angle in the segment ACB.

Matk a few more points Q, R, S,

. on the arc ACB. Measure and

a B compare the angles AQB, ARB, ASB,
etc. What do you notice ?

Repeat the experiment with seg-

D ments of circles of various sizes and
-shapes. Do you get similar results in all cases? Make a state-
ment of your inference.

Your inference may now be recorded thus :

The angles in the same segment of a civcle are equal “to

-one another. .

30. REGULAR HEXAGON

'

1. Regular polygons
A rectangle has all its angles equal, but all its sides are not
-equal to one another.
A rhombus has all its sides equal, but all its angles are not
-equal to one another.

_A square is an improvemeat on the above two figures: it has
all its sides equal to one another, and all its angles also equal to
one another. It is a regular quadrilateral.

A polygon whose sides ave equal and whose arngles are also
equal is a regular polygon.
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. An equilateral triangle is another example of a regular figure :
it has all its sides equal and (consequently) all its angles equal.

We shall now proceed to study the properties of a
regular hexagon.

2. Regular Hexagon

A hexagon has six sides, and six interior angles. The
sum of the six interior angles =720 degrees. (How ?)

If the hexagon is regular, then all its angles will be
equal. Hence

Each interior angle of a regular hexagon
= (4 of 720 or) 120 degrees

Experiment. Cut out six equi- E D
lateral triangles of the same size,
and arrange them as shown in
the figure. It is easy to see that all
the sides of the hexagon ABCDEF
so built up are equal, and that each F c
angle is fwice an angle of an equi-

lateral triangle and therefore 120°.

Hence the figure is a regular
hexagon. A 8
3. Construction of a regular hexagon

i Example. Construct a regular hesagon on a base 2 inches
-long.

Draw a straight line AB = 2 in.

At B, draw angle ABC = 120°.
Make BC = 2 in.

At C, draw angle BCD = 120°.
Make CD = 2 in.

Continue until you reach the
point F. Join AF. Measure AF.
It will be equal to 2in.
= Measure the angles EFA, FAB.

A 2 B Each will be 120°,

You have now constructed a hesagon with each side = 21in.,

and each angle = 120°. It is the regular hexagon required.

4. Exercises

1. Construct regular hexagons whose sides are (i) 1'5 in.,
{ii) 4 cm., (iii) 34 cm. long.
3
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2. Construct a regular hexagon carefully, and cut it out.
Examine the symmetry of the figure by folding it in suitable
ways. Describe the symmetry.

[A regular hexagon is symmetrical about (i) each diagonal,

(u% eafh of the lines joining the middle points of pairs of opposite:
sides. : X

. 3. How many diagonals has a regular hexagon? Draw the
diagonals. What do you notice regarding their intersections ?

4. Draw a circle of radii 2in. Place in it 6 radii OA, OB,

. . . OF, equally inclined to one another. Draw the hexagon

E o ABCDEF.  Measure its sides and

compare thém. What do you

notice ? What is the relation be-

tween the sides of the hexagon and
the radius of the circle ?

F c [The sides of a regular hexagon
inscribed in a circle are equal to
the radius of the circle:]

Measure the angles of the

hexagon and compare the results.

What do you notice? What kind

A =] of hexagon is ABCDEF ?

5. Make use of the observations of the last question to devise
a method of constructing a regular hexagon of side 2'5 in. long.

5. Area of a regular hexagon

The preceding experiments and examples show that a_
regular hexagon can be divided into 6 equal equilateral
triangles by drawing its diagonals.®

Thus, in the above figure, the area of the regular
hexagon = 6 times the area of one of these equilateral
triangles, e.g. AOAB.

If now AB=a inches,

the area of A OAB = 3—2—3(;2 sq. in.
. the area of the hexagon = 6 x "/T3a2 sq. in.
3./3

=5 a? sq. in.
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6 Exercises

1. Find the areas of regular hexagons whose sides are
{i) 2 in., (ii) 3'5 cm.

2. Calculate to three decimal places the area of a regular
hexagon, each of whose sides is 10 ft.

3. Find the area of a regular hexagon whose perimeter is
1000 yd.

31. AREA OF A CIRCLE (1)

1. Introduction .

T'he figure shows a circle enclosed in
asquare. There is also a square inscribed
1in the circle. "

The diameter of the circle is 27 inches
and this is also the side of the outer square.

Obviously the area of the circle is less
than that of the outer square (4% sq. in.) "
and greater than, that of the inner square
(27% sq. in.).

We shall now try to get a more exact expression for the area
of a circle.

. Prepare a number of circles of the same radius from paper.
* They all have the same area.

(1) Take one of the
circles and fold it
twice over to get 4
C quadrants. Cut them
out separately and
paste them on a card-
board as in the figure
on the left.

Then AB = QD = BP = DC = § circumference, so that the
boundary QDC = ABP = # the circumference. The boundaries
AQ, CP are the radii of the circle.

(2) Take another of the circles and fold it into 8 equal parts.
Cut out the parts A D
and paste them as
in the figure onthe
right. Here also
you notice that AB
=CD = the radius
of thecircle, and
the boundaries c
AD, BC are each 4 the circumference.
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Repeat the exercise with another of the circles dividing it into
16 equal parts, and note the lengths of the four boundaries as in.
the above two cases.

The experiments may be continued as far as_practicable and
conveanient. Compare the various figures obtained. The two
curved boundaries AD, BC appear to be straightening out, as it
were. The corners at A, B, C, D are becoming more and more
like right corners. Hence it appears that if the process be continued
far enough, the figure would become practically indistingnishable
from a rectangle ; the area of the circle will ultimately be equal
to the area of such a rectangle.

The length of the rectangle = } the circumference of the circle,
the breadth = the radius of the circle. Hence

The area of a circle = § the circumference X the radius.
If » be the radius of a circle, then,
Areaof acircle = 3 X 27y X r=m X 7 X ¥

= 7r? (= 3} »? approx.).

2. Alternative method .

The area of a circle may also be obtained by another
interesting method.

Take a circle and place in.it a
number of radii equally inclined to
one another. The circle is then
divided int¢ a number of equal parts.
The larger the number of radii, the
leaner each part becomes. The arc
boundary of each part is then so short
that it may be regarded practically as
a straight bit, so that each part is
practically an isosceles triangle with
its altitude practically equal to the
radius of the circle.

Hence u/timately, the area of the circle
= the sum of the areas of these triangles
© = 1 the sum of their bases x the radius of the circle

= 1 x circumference of the ® x its radius.
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3. Exercises

1. Piad the areas of circles whose radii are 7 cm., 10 in.,
28 ft., 70 metres.

2, Calculate the areas of circles whose diameters are 14 in.,
_1 ft. 9in., 56 yd., 11-2 metres.

. 3. The hour and minute hands of a clock are 3:5 and 4'9
inches long respectively. What areas are swept over by them in
12 hours ? x

'\,/ 4, A circular plate of silver is 21 inches in diameter. If it
costs Rs. 108, how mtuch is it per square inch ?

5. Find the cost of turfing a circular plot of ground, diameter
120 yards, at 4 as. per square yard.

V' 6. A cow is tethered to a peg with a rope 28 yards long at
the centre of a football ground 110 yards long and 72 yards broad.
Find the area of the ground beyond the reach of the cow.

7. A field is 42 yards by 56 yards. Half a dozen tents, each
standing on a circular base of diameter 4 yards, are pitched on it.
Find the surface of the field not under cover.

8. From a rectangular piece of silver plate 30 in. by 25in.,
circular disks 5 in. in diameter are cut out for making the bases of
tumblers. How many pieces can be cut out? How much of the
plate is wasted ?

. 9. 'For making quarter-anna token coins (1 inch diameter),
circular pieces O&the correct size are cut out from a piece of card-
board 3 ft. by 13 ft. What part of the cardboard will be wasted
after cutting out as mady pieces as possible ?

10. The cross-section of an underground drain is a rpctangle
(4 ft. by 6 ft.) with a semicircle on top of it. Find the area of
the section.

%,11. From a square sheet of metal whose side is 20 in., a dozen
circular disks of radius 4} in. are cut out. By what fraction is the
weight of the plate reduced ?

' 12. Copper can stand a pull of 15 tons per square inch.
What is the greatest pull a copper wire § inch in diameter can
stand without breaking ?

" 13. Assuming the atmospheric pressure on a square centimetre
to be 1072'73 grams, find the air pressure on the face of a circular
disk whose diameter is 2'1 cm. Take 7 = 3-14.
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1. Concentric circles; circular ring .

The figure on the left
shows two concentric circles,
centre O. The shaded part
enclosed between the two
circumferences forms a circular
ring.

Let the radii be OA = R
inches, OB = r inches.

The area of the ring
— area of the whole circle — area of the inner circle
= 7R2% — 712 sq. in. = 7 (R? — r?) sq. in.

=7 R +r1) (R—r)sq in. °

2. Exercises

1. Find the areas of the circular rings enclosed between the
concentric circles, whose radii are :

(i) 4in., 2in., (ii) 62cm., 4'8cm.

2. Find the area of the cross-section of a water pipe whose
external and internal radii are respectively 9 in. and 7 in.

3. A target is 36 in. in diameter, and the outer ring is 6 in.
wide. Find the space occupied by the ring.

4. A gravel path 5 ft. 3 in. broad surrounds a grass plot of
diameter 70 yards. Find the area of the path.

5. A circular flower-bed 44 yd. in diameter is surrounded by
a path 9 feet wide. Find the cost of metalling it at 6 as. per
sq. yd.

6. A circular park has a row of coco-nut trees planted close to
the boundary. If the space set apart for the purpose is a ring
whose external and internal diameters are 320 and 315 yd. respec:-
tively, and if each coco-nut tree is allowed an area of 144 sq. ft.,”
find the number of trees.

7. A circular mirror of diameter 1ft. 2in. has a wooden
frame 2 in. wide. If the mirror costs 2 as. per sq. in. and the
frame 7 pies per sq. in., find the total cost of the mirror.

8. Show that the area of the ring enclosed between two

concentric circles of diameters 0 and d inches. is %(D + d)(D—a)

sq. in.
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9. A circular running-track has an internal diameterd yd.,
and the width of the track is 2 yd. Show that the area of the track
isTw (d + w) sq. yd.

240, A road runs round a circular park whose ioner and outer
boundaries measure 300 and 500 yards. Find the cost of gravelling
the road at 6 as. per square yard.

33. AREA OF A CIRCLE (2)

1. The principal elements of a circle which are inti-
mately related to one another are its radius, diameter, cir-
cumference and .area. Each of these can be expressed
in terms of the others, and evaluated if the necessary data
are available.

Example 1. Find the radius of a circle, to the nearest tenth of
an inch, if its area is 10 sq. inches. Take 7 = 3-14.

1f 7 in. be the radius, then 3'14 x % = 10.

s#2 =10+ 314, 0r7 =MI0 =314 178,

Example 2. Express the circumference of a circle in terms of
its area.

With the usual notation, 77? = A,

A A
So72 =) wh = =
o = whence » /\/_”,
=271r=21r><\/A:21rx1/ﬁ=2~/17A.
™ T

2. Exercises
.
1. Calculate the radii of circles whose areas are :

(i) 44 sq. in. (iil) 33 sq. it
.
(ii) 110 sq. cm. (iv) 50 sq. yd.
2. Calculate the diameters of circles whose areas are:
(i) 20sq. in. (iii) 100 sq. cm.
(i) 35 sq. ft. (iv) 44'5sq. m.

3. The areas of two concentric circles are 616 and 1232 sq. in.
respectively. Find the breadth of the ring between them.

4. A cow is tethered by a rope to a peg and she can just
graze over 1 acre of grassland. What is the length of the rope to
the nearest foot ?

5. Acircular pond has to be dug. Find the length of rope
with which the area can be marked, if it is to occupy half an acre.
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6. The radii of two circles are 8 and 6 ft. respectively. Find
the radius of the circle whose area is equal to (i) the sum of the
areas of the two circles, (ii) the difference of the areas of the two
circles. . E .

7. A circular tank occupies 3 acres. What is its greatest
width ?

8. Express the radiusof a circle (#) in terms of its area (A).

9. Compare the radii of two circles whose areas are as 1 :4,
9:25,2:3,a%:4%, p: 9.

10. A circle has a diameter of 10 in. Find the radius of a co
centric circle whose circumference divides the given circle into two
parts of equal area.

11. A circular grass plot is 40 ft. in radids. It is surrounded
by a gravel path of equal area. Find the width of the path.

34. AREA OF A SECTOR OF A CIRCLE

1. Introduction

1. Cut out a circular piece of paper and fold it into four
equal parts. Open out the circle and flatten it down. The circle
is divided iato four equal sectors. (i) What is the angle of each
sector ? What fraction is it of the complete angle (360°) at the
centre of the circle? (ii) What fraction of the area of the circle is
the area of each sector ? Compare these two fractions.

Repeat the experiment by folding circular pieces of paper into
8,16, ..., 6, 12,... equal parts.

2. Describe a circle and draw in it two pairs of radii OA,
OB and OC, OD, so that zAOB = 2 2COD. Compare the areas
of the two sectors.

How many times will the area of sector AG® be of the area
of sector COD if (i) £AOB = 5 times £ COD (ii) # times £COD,
(iii)if ZAOB: £COD = m: n?

These experiments lead to the following inferences :

(i) The area of a sector of a circle is proportional lo the
angle of the sector.

(i) The avea of a sector _ The angle of the sector

The arca of thecircle 360°
Hence the area of a sector of a circle whose angle is x°

X L -
= 350 of the area of the circle

= 3% X wr?, if v is the radius of the circle.
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As a particular case, if the angle of the sector is 60°
and the radius of the circle = 2 inches, the area of the
22

60 2 :
sector= 350 X 7‘5<4 or 2 57 Square inches.

2. [Exercises

1. Find the areas of the sectors of circles whose angles and
P‘Qundiug radii are: (a) 30°, 7 cm., (6) 48°, 14 in., (¢) 72°, 35 ft.

2. Two diameters of a circle of radius 10 inches, cross each
other at an angle of 48°. Find the areas of the sectors formed.

3. Find the area of a Japanese folding fan which opens out
into a sector, whose angle is 120° and whose bounding radii are 10
inches long.

4. The minute hand of a clock is 6 inches long. Find the
area it sweeps out in (i) 15 minutes, (ii) 35 minutes, (iii) between
1-10 a.m. and 2-55 a.m.

©5. The diameter of a rupee is 1} inches. If three rupees are
placed on a board so that each coin touches the other two, find the
area of the uncovered space between them.

~+ 6. The side of an equilateral triangle is 22 inches. With
each vertex as centre, a circle of radius @ inches is described. Find
the area enclosed between the three circles. What fraction of the
area of the triangle is it ?

3. Exercises
N.B. In the following questions obtain the elements wher-
ever necessary by measurement from accurately drawn figures.

1. The arc of a sector of a circle is 10 cm. and the radius of
the circle is 6 cin.  Figd the area of the sector.

2. Calculate the areas of the following sectors of circles :
(a) radius of the circle 10 ft., arc of sector 14 ft.,
(6) i3 50 ft., i3 16 ft.
3. What fraction of the area of a circle is that of a sector
whose arc is equal in length to the radius of the circle ?

4. An arc of a circle of radius 21 cm. subtends an angle of
55° at the centre of the circle. Obtain the areas of the two sectors
into which the circle is divided by the radii to the end-points of
the arc.

5. A chord of a sector is 6 inches, the radius of the circle
itself is 9 inches. Find the area of the sector.

4. When the areas of sectors are known, we can com-
pute some of their elements when the necessary data
are available.
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Example. The area of a field in the form of an equilateral
triangle is half an acre. What must be the length of the rope
tying a cow to one of the corners of the field so -as to enable her
to graze over half the field ?

Let ABC be a rough sketch of the field,
with the sector AEF as the part available
for the cow to graze over. Let# yards be
the length of the rope required. :

The area of the sector AEF

=1 of half an acre=1210sq. yd. . . (1)

Again the area of the sector

= §&f of the area of a circle of radius »

yards= 4 x 32#2squyd. . .. ... (2)

‘. from (1) and (2) } x 32 7% = 1210
P m_02x2_7x_6 — 2310, .. = 48+06 (approx.).

2 the length of the rope required = 48:06 yards (approx.).

5. Exercises
1. The area of a sector of radius 20 inches is 20 square
inches. Find the angle of the sector.

2. The area of a sector is 108 sq.in., and the bounding
radii are 18 inches. Find the length of the arc of the sector.

3. The area of a plot of ground in the form of a sector of a
circle is 231 sq. yd., and the angle of the sector is 60°. Find the
radius.

4. The area of a sector is 72 sq. in., and the area of the
complete circle is 254¢ sq. in. Find the arc of the sector.

35. AREAS OF SECTORS: PROPORTIONATE REPRESENTATION

1. The areas of rectangles of the same breadth are
proportional to their lengths. This property has enabled
you to represent graphically the relative sizes of certain
magnitudes by rectangles of the same breadth and of
lengths proportional to the magnitudes. ;

In the last lesson, you learnt that the areas of sec-
tors of a given circle are proportional to the arcs on which
they stand, or to the angles at the centre of the circle
contained by their bounding radii. In this respect the
sectors resemble rectangles of constant breadths. Hence
it appears that sectors of a circle may be used to represent
relative magnitudes.
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Example. A certain salt contains sodium, nitrogen and hydro-
gen in the proportion 23 : 14 : 48. Represent tbe composition by a
circle divided into sectors of suitable sizes.

Take a circle to represent a definite quantity of the salt.
It can be divided into 3 sectors whose areas are proportionalto 23,
14 and 48. The angles of the sectors
should therefore be proportional to
the same numbers.

Since 23 + 14 + 48 = 85, these
angles are respectively 2§ of 360°,
3% Of 360°, #5 of 360°, i.e. 974°,
59-3°, 203-3° approximately.

Hence in the circle you have
taken, draw three radii containing
in succession angles 97:4°, 59°3°,
and 203-3°. The three sectors thus
obtained represent proportionately
the quantities of the three elements
in the salt.

2. Exercises

1. The land and water areas of the surface of the earth are
approximately in the ratio 1:3. Represent the relative sizes by
two sectors in a circle.

2. The numbers of Hindu, Mohammedan and Christian boys
in a school are as 5:2:3. Draw a circle and divide it into three
sectors whose areas are proportional to the three sections of boys.

3. The areas of three districts are respectively 240, 360 and
180 square miles. Obtain a sector representation of the relative
sizes of the districts.

4. The populations of British India and the Feudatory States
are respectively 244221377 and 70864995. Express these to the
nearest crore. Draw a circle and divide it into two sectors with
areas proportional to the two populations. .
5. Draw a circle of 3

Areas in inches radius, and divide it
Nau;es of millions of into six sectors whose areas
continents square miles are proportional to the areas of
the six continents given in the

. adjoining tabular statement.

Asia 17°0 (1) Indicate in your figure
Europe 38 the values of the angles of the

Africa - lég sectors, to the nearest degree.
ﬁusg;:lel?ica 80 (2) Enter neatly the
S. Americs ... 68 names of the continents in the

) corresponding sectors.

[S.S.L.C.
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e 76. The areas of the oceans of the world
are given on the left in millions of square
Names of | o\ o,  miles. Draw a circle of 2'5 .inches radius
oceans and divide it into sectors whose areas are
proportional to those of the oceans. Enter
in each the name of the ocean it represents.
Pacific ... | 68 7. The lengths of the four seasons of
Atlantic... 35 an ordinary year are : Spring 92 days 21 hr.,
Indian .| 25 Summer 93 days 14 hr., Autumn 89 days
Arctic ... 55 19 hr., and Winter 89 days, to the nearest
Others ...| 11'5  hour. Draw a circle and represent these
periods by sectors of proportionate areas.

36. STATISTICAL GRAPHS : ARBITRARY ORIGIN

1. The usefulness of a graph often depends on its size.
Graphs cramped into a small space in some corner, or
close to an edge of the graph paper, are inferior in value
and attractiveness to those thatare conveniently big and
occupy the central portion of the paper.

Consider the following illustrations.
Example. The temperature of a patient taken every three

hours was found to vary as shown in the table :
Monday ;4 p.m. 100°-2 Draw a curve indicating these

" 7 us 101°4 changes, and from it deduce what

5. 10 ,, 102°-4 was probably his temperature at
Tuesday 1am. 103°6 midnight on Monday, and at 8-30

o 4 102°:7 a.m. on Tuesday morning.

" 7 . 100°:0 [S.S.L.C. 1912

” 1lpm. 100°1 Here we note that the temperatures

v 4, 100°3 are all above® 100°. Hence we may
start marking the temperature scale on the vertical axis with 100°.

Agan, the range of temperature is from 100° to 103°6, and we
have thus to represent a maXimum rise of 3°'6 only.. This gives us
freedom to choose a fairly big scale for temperature.

2. Exercises

1. The height in inches of the barometer at noon in a certain
week in June at a certain place is given in the following table :

Height 30°13 | 3010 | 3010 | 3023 2996| 29-83
i

! .
Days of the week [ | 2 3 4 l 6 7
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Draw a graph, and from it find the probable pressure on
5 June.

2. Draw a graph to represent the variations in temperature

{degrees Fahrenheit) given by the following record :

"~ 2am. 4am. 6am. 8am. 10am. 2p.m.

- 42°2 40°'8 38°8 40°-8 43°-8 48°7

What was the probable temperature at 12 noon ? When was
the temperature the lowest ?

3. The following table gives seven readings of the thermo-
meter on a certain day. Draw a graph by plotting them, and use
the graph to find the probable temperature at 1-20 p.m. and
3-10 p.m. [(M.U.

| I | [ |
: 11 | 1130 12 1 2 2301 3
Time l'a.m.| a.m. |noon | p.m. ‘ p.m. ‘\ p.m. | p.m.
| i i |
7 ;
| | i

l
Temperature in | | | i
degrees .. | 800 ; 827 i 855 | 886 | 894 | 890 | 87°8
| ¥ i

4, The maximum temperature in the shade at Trivandrum
from 1 December to 16 December of a certain year is given (in
degrees Fahrenheit) in the following table :

bl . i
Date 1 2&3:‘4‘5‘6 719 11‘13 14,16
[ | [
o|lw|o |w|®w | :orn\ NN o |
Temperature ... | [Q | |éa [ [ér | [ [ [ 141 | 20
0|0 | |8 |D|w wlw @%b | &

Draw a graph to Yepreseat the variation in temperature and
from the graph make estimates of the temperatures on the 8th,
12th and 15th. [Zravancore S.S.L.C. 1924

5. The following table gives the water level in the Red Hills
lake on the 15th of every month :—

1911 1911 (cont.)

April | November ... 391 ft.
May i December ... 440 »
June 1

July 912

August January oo 430
September . February ... 434 .
October 1 March e 430 0

Exhibit the variations in level by a smoothly drawn graph,
and find approximately when the level was (i) highest, (ii) lowest.

[S'S.£.C. 1914
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6. The thermoweter readings at the Bangalore Observatory
at 8 a.m. during a fortnight in December 1915 were as follows :

st 67°°2 6th  64°-0 11th 58°7
2nd 63°°5 7th 64°-3 i 12th  64°°2
3rd 64°:0 Sth "~ 67°°1 13th  64°°0
4th 61°:0 9th  67°'9 ‘ 14th 61°:7
Sth 63°-8 10th  66°:0

Represent the above on ruled paper and determine graphically
the approximate temperature at 2a.m. on the 8th and at 2 p.m. on
the 12th December. Find also the average daily reading of the
thermometer for the fortnight. [#ysore S.S.L.C.

7. The following table gives the number of educational
institutions under the management of Local.Fund and Municipal
Boards for a decade. The figures for 1914-15 afed 1918-19 are not
available. Draw a graph represeating the variations in the
number, and by interpolation supply the probable figures.

T |2 W | B © | N |®© | D [o [

ol Rl R bR b b

Year Aol b b Td Lo mré

S 215 4 5|25 4ls
El@.BlAald i H|da|8]|2 ]9

e i | !

Number of institu-| o [ @ [ «©. = o | S
tions in thou-| & | 2 | 2 gl I 242
S| o |e D& n | »

sands. SN ) o | [ ==

8. The following table gives the power (P 1b.) to be applied
in order to move the weight (W 1b.) in a certain machine:

200 300 400 ‘ 500

Weight W [ 50 100

Power P R 152

184 216 246

N
NS

Draw a graph showing the relation between P and W, and
find to the nearest integer the value of P, when W = 350, and of W,
when P = 150. [S.S.L.C. 1916

9. The following table gives the population, in thousands,
of two towns A and B at the beginning of each of the years
specified :

“Year | 1855 | 1845 | 1855 | 1865 | 1875 | 1850 | 1800
A | 244 26 | 295 | 34 40 | 43 50
B | 34 36 f 384 | 41T |43 | 348 467

Draw graphs in the same diagram to represent the above,
and estimate therefrom the population of each of the towns at
the beginning of 1870. In which year was the population approsi-
mately the same in both the towns, and what was it ?
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10. The average height of a man and a woman and their
corresponding weights are given in the following table :

T -
N T
NI
Average weight of ! \ ‘
a man in pounds | ... | 126 | 139 | 145 | 155 | 162 | 169 | 178
Average weight of a ‘ ‘ !
woman in pounds| 103 | 112 | 126 | 139 | 152 | 156 !‘ -
| | ! i

Draw graphs in one and the same figure showing the relation
between the average height and weight for each sex. Find from
your graphs the difference between the average height of a man
and a woman who weigh 10 stone each, and the difference in
weight if they are both 563" in height.

11. Two boys A and B had their heights measured on the first
days of six consecutive yeafs and the measurements

are given
below :
Year 1916 1917 1 1918 1919 1820 ‘ 1921
| ! A
{ | i
. in. | . in. | g i | oo [ ftoin. | fein.
A’sheight | 3 0 ‘ 3 45| 3 73| 3108 41 | 4 25
: fo e el ;’,,k
Blsheight | 3 2 | 3 35| 3 53| 3 8 31| 4 4
r
|

Draw, in one diagram, graphs to illustrate their growth, 'and
find the dates when they were of the same height.

37. GRAPHS : MISCELLANEOUS EXERCISES

1. Construct a graph showing the relation between salaries
in rupees per month and their equivalents in pounds sterling per
year. From it deduce how many pounds a year are equivalent to
Rs. 40 a month, and how many rupees a month are equivalent to
460 a year.

2. Construct a graph which will enable you to convert speeds
given in miles per hour into feet per second, and vice versa.
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From the graph, find (i) the speed in feet per second equiva-
lent to 25 and 40 miles per hour, and (ii) the speed in miles per
hour equivalent to 55 feet per second. Verify by calculation.
(You may use the relation 15 miles per hour = 22 feet per
second.)

3. A pressure of 30 pounds per square inch is approximately
equal to one of 22 kilograms (metric unit of weight) per square
centimetre. Construct a graph from which equivalent values of
pressures in the two systems (British and Metric) can be read off.
What are the equivalents of (i) 24 1b., 36 lb. per square inch,
(i) 3 kilograms, 1'S kilograms per square centimetre ?

4. The heights of an individual at different ages are given by
the following table : :

Age in years | 30 5110

|
| |

12 15‘20"25130
| i |

i |
Height in inches . 38143 |52

56 63168 71.%2

Draw a graph showing the relation between the age and height
oidthe individual. Find the probable height when he was 18 years
o

5. D is the distance in yards at which a train running on the
level can be stopped when running at a speed of V miles per hour.
The following table gives a set of corresponding values :

v 20 30 40

50’ 60

D 50% 100 | 170|'260’ 370

Draw a graph showing the relation between D and V. Read
the distances at which trains moving at 35 and 55 miles per hour
can be brought to a dead stop.

. 6. The following table gives the velocity acquired by a body
in falling from rest through different heights:
Fall .. 1 4 25 100 400 ft.
Velocity ... 8 16 40 80 160 ft. per second.
Draw a graph to represent the relation between the velocit
of the body and the fall. Read off (i) the velocity acquire()i'

during a fall of 375 feet, (ii) the fall necessary in order that a
velocity of $8 ft. per second may be acquired.
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7. In an insurance society the premium £P to insure ¥100 for
persons of different ages is given approximately by the following
table :

Age| 22 1 23

25 ’ 30 ‘ 35 40 l 45 1 " 55
|
20 | 23 }

P ‘ 18 19

2:7 \ 31 36 | 44 I 55

Illustrate the above statistics graphically, and state approxi-
mately the premium payable by persons aged 28, 37 and
[ Mysore S.S.L.C.

8. A test tube filled with a solution at 20°C is heated over a
spirit lamp. The temperatures at various times are given by the
following table :

Timein | e i

minutes ‘l 0 S 10 " 15 | 20 | 25 “ 30 35 40

Temp. ’ . | [
in degrees } 20 25 |29'4|334| 37 |40°2 \ 43 2\ 46 ! 483

Draw a time and temperature curve.

9. A man aged A years can expect to live for E years more
as indicated in the following table :

A 16:;20!‘ 36
\

0’4!8 12

24i

| =
l 280

! | ‘ 3Sl307

E 41-4| 510 | 49°1

Draw a graph sho;vmg the relation bet\\een Aand E. From
it find for how many years more a person aged 10, aged 25, aged
19 years can expect to live,

10. The following table gives the force of P 1b. to be applied
to a machine in order that it may move a weight of W Ib. :

P [ 80 i 140i 160% 190 |

|
[ |
|

225 270 330 420 | 600

Use the above table to draw a graph showing the powers.
required to lift different weights. Read off the power required to
litt a weight of 250 1b. and the weight that can be moved by exert--
ing a power of 180 lb.
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11. The following table gives the temperatures (T° C.) at a
depth (D metres) below the surface of the earth determined in a
certain place. Draw a graph to bring out the relationship.

227

D ( 10 l 41 l 72 !103“134 ; 165‘ 196 258'289
| | |

L — —
T 128 138 150 153 16'3116'7i17'2'18'0 18'8 196
| ] | |

38. SURFACE OF A PRISM
1. Prisms

A box stands on arectangular base and has a rectangular top
exactly equal to the base. The four vertical edges (corresponding
to the height) are perpendicular to the base and top. All the four
lateral (side) faces are rectangles. Such a solid is an example of
a prism. .

An uncut 6-faced pencil has 6 equal rectangles for the
lengthwise faces, and two equal hexagons for the end faces. Itis
znother prism. The six lengthwise edges are here perpendicular
to the end faces.

We may also have solids in which the sides (lateral faces) are
not rectangles, tut oblique parallelograms.

A prism is a solid bounded by sides which are parallelo-
grams and end faces whick are two congruent figures parallel
to each other.

«

1f the edges are perpendicular
to the end faces, the sclid is a
right prism. If otherwise, it is an
oblique prism.

The prism is a triangular,
quadrilaicral,  pcntagonal, hexa-

gonal . . . prism, according as the

, end faces are respectively Igz’am

Right Oblique gles,  quadrilaterals,  pentagons,
prism prism hexagons, . . .

The perpendicular distance between the end faces is
«called the length or height of the prism.
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We shall now proceed to find.the surface areas of right
prisms.

2. . To find the surface area of a right prism

The following statements are obvious :

(i) The area of the lateral surface ofa right prism
= the sum of the areas of the rectangles composing it
= the perimeter of the base X height of the prism.

(ii) The total surface of a right prism ‘= the area of
the lateral surface + the total area of the two ends (top
and bottom).

If, now, % is the length of a prism, p the perimeter of
either end face, and 4 the area of the end face (corre-
sponding unitsvbeing understood), then the

Total surface of aprism = 2A -+ ph units of area.

Example. The base of a right prism is'a trapezium, in which
the parallel sides are 4 and 6 inches, the oblique sides 2:5 and 3-2
inches, and the distance between the parallel sides works out as
24 inches. If the length of the prism is 28 inches, find the total
surface area of the solid.

Here the area of each end face
= 3 (4+6) x 2% sq. in. = 12} sq. in.
The area of the four lateral faces
= perimeter of either end x length of prism
=2(4+6+2'5¢3'2) x 28 sq. in.
= 439'6 sq. in.
.. the total surface of the prism
= 2x12% sq. in. +439°6 sq. in.=464'6 sq. in.

3. Exercises

1. Draw freehand sketches of right prisms having triangular,
quadrilateral and hexagonal end faces.

\g’? 2. Find (i) the lateral surface, and (ii) total surface of right
prisms of the following descriptions :

(a) base a rectangle 3'2 in. by 2'4 in., height 14 in.

(6) base a right-angled triangle with sides containing the
right angle 4 in, and 3 in. respectively, and height 1 foot.
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(¢) base a trapezium, having the parallel sides 5 and 8'4 cm.,
.distance between 4'2 cm., length 2°5 cm., oblique sides 6'4 and 7°2
cm.

(d) base a regular hexagon of side 3 in., height 15 in.

(¢) base a triangle of sides 6, 5 and 4'8 inches, length
10 in.

3. Find the total surface of a prism whose base is an equi-
lateral triangle of side 1'5 in., and whose height is 3 ft. 6 in.

4. Each end face of a log of wood in the shape of a right
prism is a right-angled triangle, hypotenuse 10 in. and another
side 6 in. Find the total surface area, if the length of the log is
4 fr.

5. The cross-section of a vertical pillar is a hexagon of side
12 in. The height of the pillar is 28 ft. Find the area of its
exposed surface, and the cost of painting it at 1 a. 6 ps. per
sq. ft.

6. A stone pillar has a hexagonal cross-section of side
10in. The length is 14 ft. Find the cost of polishing it all over
at 4 as. 6 ps. a sq. ft.

39. SURFACE OF A CYLINDER
1. Cylinder

A solid cylinder has three separate surfaces or faces,
namely, the two flat ends and the curved surface along
the length.

The flat end-surfaces are two
equal circles, having their planes
parallel. A cylimder is thus a special
case of a prism. In this lesson, we
shall study the properties of right
circular cylinders only.

If a cylinder is made to stand on
one of its ends, that end is referred
to as the base.

Take a cylinder and prepare a paper-tube into which
the cylinder will just fit. Pull out the tube, cut it along a
straight line AB perpendicular to the circular edges and
flatten it out. It is a rectangle, of which the length is the
length (height) of the cylinder, and the breadth is the
circumference of the base (or either flat end).
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2. Area of the curved surface of a cylinder

The above experiment shows that the area of the
curved surface of a cylinder = the area of rectangular
piece of paper which will just form a tube to cover that
surface. Thus

If ¢ inches be the civcumference of the base and | inches
the length of the cylinder, the avea of the curved surface is
¢ X | square inches.

Agalin, if 4 in. be the diameter of either end, then the
circumference = wd in.

The area of the curved surface
wd X [ or ndl sq. in.

= 277/ sq. in., 7 inches being the radius of the cross-
section (d = 27).

I

3. Total surface of a cylinder

The total surface of a cylinder is made up of the
curved surface and the two end surfaces. Using the
notation of the previous section,

The area of the tolal surface of a cylinder

= area of the curved surface + fwice the area of an
end surface

= 2l + 2mr? sq. in.=27r (I + r) sq. in,

Example. Find thé total surface area of a cylindrical roller
whose length is 3} ft., and the diameter of the cross-section 14 in.

The circumference of the cross-section = 3% x 1% ft. :‘.131, ft.

<. the area of the curved surface = 3 x I <q. ft.=123 sq. ft.

The area of either end = % x }% x

.. the total surface of the cylinder

sq. ft.=4% sq. ft.
123 + twice 45% sq. ft.
2175 sq. ft.
4. Exercises
1. Find the area of the curved surfaces of the following
cylinders :

(i) Circumference of base = 9 in., length = 16 in.
(ii) Circumference of base = 14'5 cm., height = 8 cm.
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(iii) Diameter of base = 14 in., length = 2 ft. 6 in.
(iv) Radius of base = 15% in., height = 16% in.

2. A right circular cylindrical log of teakwood is 12 ft. long
and has a diameter of 14 in. Find its curved surface.

3. Measure the length and thickness of a new round uncut
pencil, and calculate the amount of paper required just to cover
its curved surface.

4. A cylindrical pillar is 12 ft. high. It stands on a base of
radius 1 ft. 2 in. Find the cost of painting its exposed surface at
2 as. 6 ps. per sq. ft.

v 5. A well is to be dug 5 ft. in diameter on the inside, and
36 ft. in depth. How much money would be required for
plastering the inside wall at 2 as. a sq. foot ?

6. A cylindrical stone roller is 6 ft. long and 3} ft. in:
diameter. How many square yards of gravelled ground is.
compressed by it in 60 revolutions ?

7. Find the total surface of each of the following cylinders :
(i) Diameter of base =7 in., height =14 in.

(ii) Radius of base =5} in., height =15-75 in.

(iii) Circumference of base =21 cm., height =30 cm.

(iv) Circumference of cross-section =71 in., length'=12'8 in..

v 8. Arectangle 9 in. by S in. rotates about (i) a lengthwise
side, (ii) a breadthwise side. State the length of the cylinder
co generated and the radius of the ends. Obtain the total surface-
of each cylinder.

V9. A square sheet of paper rotates about one of its sides.
Find the area of the surface of the solid generated.

+ 10. A cylindrical drum 7 in. in diameter and 15 in. long is to.
be made. Find the area of the metal sheet which will be required

for the purpose. .

11. A cylindrical gas tank is 14 ft. in diameter and 10 ft. high.
How many iron sheets each 4 ft. by 2} ft. will be required for its.
curved surface ?

{. 12. The radii of the bases of two cylinders are as 2 : 5, and
heir heights bear the same ratio. Compare the areas of their
(i) curved surfaces, (ii) total surfaces.

If the total surface area of the first cylinder is 92 sq. in., what
is the total surface area of the second ?

5. Surface of a cylinder : inverse problems

The elements of a cylinder which enter into the
calculation of the surface area are the length (height) and.
circumference of either endi(or radius or diameter).
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We shall now-consider some inverse problems in which
these elements are to be calculated, when sufficient data
are available.

Example. The curved surface of a cylinder is 121 square
inches. If its height is 10 inches, calculate the diameter of its
base.

If 4 in. be the diameter of the base, then the curved surface

=% x d x 10sq. in.
Hence 22 x 4 x 10 = 121.
: 121 x 7 _ .,
R TR R
Thus the diameter of the base = 331 in.

6. Exercises

1. Asheet of paper (14in. by 8 in.) is curved into a cylindrical
tube. In how many ways can this be done? Find the cross-
section of the tube in each case.

2. What is the ratio between the height of a cylinder and
the diameter of its base, when the curved surface is equal to the
end surfaces together in area?

¢« 3. The curved surface of a cylinder is 1181 sq. in., and the
tatio of its radius to heightis4 :15. Find separately the radius
and the height.

40. VOLUME (1)

1. Preliminary remarks
The extent of %pace occupied by any object is calied
its size or volume. As in the case of measurement of
lengths and areas, you require units for measuring
volume.

In the English system, a cube whose side is 1 inch
(an Znch-cube) is used as a unit of volume. The volume
of an object occupying a space equivalent to that of an
inch-cube is a cubic igch.

2. Volume of a cuboid and a cube

A rectangular block S inches long, 4 inches broad and 3 inches
high can be built up with §x4x3 inch-cubes, and its volume is
therefore 5x 4 x 3 or 60 cubic inches. Verify by actually building
up such a block.
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Similarly, the volume of a cuboid 10 in. by 8 in. by 6 in.=
10 x 8 % 6 or 480 cubic inches. .

In general, the volume of a rectangular block is oblained
by maultiplying together the measures of ils length, breadth
and keight.

In symbols, ¢ 1, b, h inckes are respectively the length,
breadih and height of a cuboid, its velume =1x b X h
cubic inches.

If this be denoted by V cubic inches, then

Y=I1xbxh=Ibh. .

Corollary. In a cube. the length, breadth and height
are the same. Hence taking /=6=4#, the above formula
becomes:

The volume of a cube of side | inch = 1x1x1 or 1* cubic
inches.

3. Alternative approach to volume

In the adjoining figure, you have a block 4 in. long,
3 in. broad and 5 in. high. It stands
on a base 4 x 3 sq. in. in area. Its.
volume can therefore be written as.
(4 X 3) X 5 cubic inches.

In general terms: .

The volume of a cuboid = the area
of 7is base X its height.

If V, A and h, respectively de-
note the volume, area of base and
height of a rectangular block, the
corresponding units being understood,.
then

V=AXh=Ah

4. Units of volume

Additional units of volume are a cubic foot, a cubic
yard, and so on. The meanings are obvious.

1 cubic foot = 12 x 12 x 12 or 1728 cubic inches
I cubic yard = 3 x 3 x 3 or 27 cubic feet
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If the dimensions of a cuboid are given as compound
quantities (in mixed units), they are reduced to the same
denomination before the measures are multiplied to find
the volume.

Example. Find the cost of a teakwood beam 28 ft. by 1 ft. 8 in.
by 1 ft. 6 in., at Rs. 3-8-0 per cubic foot.
The volume of the beam = 23 x 1} x 11 cubic ft.
=28 x § x % cubic ft.
<. the cost required (at Rs. 3% a cubic ft.)
=Rs.Z x 28 x § x § = Rs. 245.

5. Exercises (oral as far as possible)

1. Calculate the volumes of cuboids (rectangular blocks)
whose dimeasions are :
(i) 7 in., Sin., 4 in.
(i) 5 ft. 6 in., 4 ft. 9 in., 3 ft. 3 in.
(iii) 3 yd.2ft., 2 yd..1ft. 6in., 4 yd.

2. From the formule V = /6k and V = Ak (units under-
stood), find ¥ when
(i) £ =3ft. 6in., 6 = 1 ft. 8 in., 2 = 9in.
(il) A = 3sq. ft., 2= 2 ft. 10} in.

3. Find the volume of a stack of 17600 bricks, if each brick
bas;’\ volume of 82} cubic ia.

M 4. If the volume of a brick is 121} cubicin., how many bricks
will make a pile having a volume of 3 cubic yards ?

5. Find the cost of a rectangular block of iron 2ft. by
1ft. 6in. by 1ft. at Rs.22-8-0 per cubic foot. Answer to the
nearest rupee.

6. Obtain the cost of digging a treach for the four'dation of
a wall-8u ft. long, 4ft. broad and 5ft. 6in. desp at Sas. 4 ps. per
cubic foot.

7. The cross-section of a beam is 10 sq. in. If its length is
15 ft., how much does it cost at Rs. 5-4-0 per cubic ft. ?

'/ 8. Atmospheric air contains 75'54 per cent of nitrogen,
2333 per cent of oxygen and the remaining part is carbonic acid
gas. A room is 30 ft. by 24 ft. by 16 ft. How much of each gas is
there in the room ?

¥ 9. A country cart can carry 500 bricks, and they occupy a
space 6 ft. long, 2 ft. 6 in. broad and 2 ft. 1 in. deep. Find the
size of a brick.
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\ 10. Teakwood is sold on the assumption that 50 cubic ft.
correspond to a ton. If a ton of teakwood costs Rs. 240, what is.
the cost of a beam 24 ft. long and whose cross-section is a square
of side 1 ft. 3in.?

V' 11. The lengthwise wall of a room is 32 ft. long, 18 ft. high
and 1 ft. 6 in. thick. It has 2 doorways, each 6 ft. by 4} ft. and
4 windows, each 4 ft. 6 in. by 2 ft. 6 in. Find the space occupied
by the brickwork of the wall.

12. Aroad 5 furlongs long and 12 ft. broad was covered with
metal to an average depth of 3 inches, and the cost came to
Rs.1800. Find the cost, at the same rate, of repairing a road
1 mile long, 15 ft. broad, covering it with metal to a depth of
4 in. 2 *

\ 13. A water tank is 15 ft. by 8 ft. by 10 ft. How many
bucketsful of water can it hold, if each bucketful is 1200 cubic in.?

<14, Water is distributed to a town of 50000 inhabitants from a
reservoir consisting of 3 compartments, with vertical sides, each
200 ft. long, 100 ft. broad and 12 ft. deep. If the allowance is 15
gallons per head per day, how many days’ supply will the reser-
voir hold ? (1 gallon = 277'274 cubic in.)

\ 15. A brick of ordinary size is 8} in. long, 4 in. broad and 23 in.
thick. When built into a wall, a space of 9 in. by 4%in. by 3in. is
taken up by each brick because of the mortar round it. What is.
the increase per ceat in the space occupied by a brick ?

16. A block of timber is 36 ft. long, 24 in. broad and 12 in.
thick. Into how many rafters 12 ft. by 4 in. by 3 in. can you
cut it ?

\ 17. A bathing pond is 120 ft. by 30 ft. A number of persons. )
bathing in it got out, and the level of the water sank by 6 in. If
each person displaced 2 cubic ft. of water, iow many bathed ?

.18. A tubis 10 ft. by 8 ft. by 6 ft. Bricks whose dimensions.
are 9 in. by 6 in. by 1% in. are dropped into it and the water rises
4 in. Find the number of bricks.

19. How many bricks each 9” by 4}” by 2” will be required
to build a wall 15 ft. by 8 ft. by 1} ft., leaving 7% of the whole
space for mud ? What will the bricks cost at Rs.8 per thousand ?

20. Find the number of bricks required to build a wall 30 ft.
long, 12 ft. high, 1ft. 6 in. thick, given -that the bricks are 9” x
4}” x 2”, and chunam takes up y of the whole space.

\21. Atank S ft. long, 4 ft. broad and 6 ft. high is half full of
water. If a brick absorbs ¢ of its volume of water, how many
bricks 6 in. long, 3 in. broad and 2 in. thick caun be put into the
tank so that the water may just reach the top of the tank ?
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22. A tub 6 ft. by 4 ft. contains paper pulp to a depth of 2 ft.
9in. How many sheets of paper 49 in. by 15 in. by g5 in. can
be made from it, supposing that the pulp is reduced to half the
thickness on squeezing out the water ? .

123.“ Each of the dimensions of a rectangular block is doubled.
How many times is the volume increased ?

24." The base-area of a rectangular block is doubled while its
height is increased 3 times. How is the volume of the block
changed ?

25.. Compare the volumes of two cuboids of which Z, : Z, =
3:2, b,:6,=5:4, &, :h,=9:7.

26. Compare the'volumes of two cubes whose edges are in the
ratio (i) 2 :1, (ii) 3: 5, (iii) @: 6. .

41. VOLUME (2)

1. The formula for the volume of a cuboid involves
four quantities, symbolically denoted by V, /, &, %, whose
meanings you know. If any three of them are known,
the fourth can be calculated at once. The following
transformations of V' = /64 will be helpful according to
requirements.

\4 A \4

l= g b= b=

Read these transformed formulee in words.
Example. "I'eakwood is purchased on the supposition that 50

cubic feet weigh a ton.e Find the thickness of a beam of teak-
wood of length 20 ft. and breadth 2 ft., weighing 1% tons.

The weight of the beam
< its volume = 50 x

. . lume
. the thickness = | —ume
e thickness [length x breadth

or ¥ ft. = 1 ft. 103 in.

T20x2

2. Exercises (oral as far as possible)

1. From the formula J/ = lbk conveniently transformed, find
(i) 2, when V = 36, 6 =2,k =2}
(ii) 6, when ¥/ = 108, £ = 164, 2 = 2°5
(iii) &, when ¥/ =212, £ =16,6 =25
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- :

2. The cost of a beam of wood at Rs.2-8-0 per cubic ft. is
Rs. 225. Its leagth and breadth are respectively 18 ft. and 2 ft.
6 in. Find its thickness.

+3, A tank 242 yd. loag and 200 yd. broad was dug up, and
169400 cubic yd. of earth were removed. Find the depth.

’Sc:" 4. A beam of timber, of square section, is 10 ft. long, and
contains 3 cubic ft. Find its thickness to the nearest tenth of an
inch.

5. A pit 60 ft. long, 20 ft. broad was dug aund the earth
spread over 24060 sq. ft. of ground to raise the level by 6 in. How
deep was the pit dug?

6. An embankment whose volume is calculated to be 72000
cubic ft. is made with earth dug out of a trench of rectangular
section 12 ft. broad and 3 ft. deep. What length of trench was dug ?

. 7. 1 cubic ft. =625 gallons. How many inches of rain stand
on an acre of ground, if its volume is judged to be 16000 gallons ?

8. A rectangular bath is 14 ft. long, 9 ft. broad and 4 ft.
deep. How much deeper must it be made to hold 182 gallons of
water more ? .

9. A swimming bath is 100 yd. long and 36 yd. broad. 150
men whose average size is 24 cubic ft. jump in. Find the rise of
level of the water surface.

<10. Find the area of the cross-section of a vessel which can
hold 10 cubic ft, of water to a depth of 2 ft. 6 in. If a stone slab
1ft. 6in. by 1 ft. 6 in. is immersed in the water, the level of the
water is raised 1 inch. Find the thickness of the slab.

11. A rectangular tub 8 ft. by 6 ft. by 4 ft. contains some -
water. Rectangular bricks 8 in. by 8in. by 2 in. are dropped into
it causing 1723 cubic in. of the water to flow over. What was the
original depth of water in the cistern? o

12. A terrace is 40 ft. by 24 ft. On a certain day 3 inches of
rain are recorded. If the whole of the water falling on the terrace
drains into a pit 12 ft. long, 6 ft. broad, what will be the depth of
the water in the pit?

. 13. A kerosene tin is 9 in. by 9 in. by 15in. If it contains 4
gallons of oil, find the interval at the top not occupied by the oil.
Talke?l gallon = 277°274 cubic in. How many gallons can the tin
hold

14. A cartload of manure measures 12 ft. by 2 ft. by 1 ft. 9 in.
Sixty cartloads are spread evenly over 4 acres of land. What is the
thickness of the spread ?

15. A cubic foot of gold is hammered into sheets whose total
area is 6 acres. Find the thickness of the sheet as a decimal
fraction of an inch, correct to two significant figures.
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"16 A tub15ft. by 2 ft. by 9 in. contained paper putp. When
boiled, it dried down to 0'6 of itself. The pulp yielded. 3375 sheets
of paper 27” by 17”. How thick was each sheet ?

17. A cistern 4 ft. by 2 ft. by 8 in. contained paper pulp to the
full. It was boiled down to 75 per cent of its volume., The pulp
then gave 160 sheets of paper each 27” by 17”. Find the thiclﬂ;ss-
of each sheet. ‘

+-18. The catchment area of a tank extends over 4 square
miles, If in the course of a week 3} inches of rain fell on it and

drained into a tank Taising the level of water in it by 2 ft. 6 in.,
find the area of the tank.

19. A reservoir 250 yd. by 170 yd. by 20 ft. drains an area of
15 square miles. "How many inches of rainfall will be required <o
fill the reservoir, assuming that only 4 of the rain-water drains
into it ? 5

+ 20. The dimepsions of a rocrh are /ft., bft. and 4 ft.
respectively ; # pounds of paint are used up in painting the four
walls and the ceiling. If 1 pound of paintis @ cubic inches in
volume, find the thickness of the coat of paint.

+ 21, A silver plate Zin. by ébin. by Zin. is beaten into a
thinner sheet of dimensions 24 in. by 16 in. Find an expression for
its thickness. What will it be if /=24, =20, £=3?

42, VOLUME (3)

I. There are a number of problems concerning the
_quantity of material used up in making boxes, the quantity
of earth dug up to make trenches round gardens, etc.

Example. The internal dimensions of a closed rectangular box
are 18, 16, and 12 inches. The thickness of the planks is & inch.
Find the quantity of wood used in making the box. '

Obviously the required result is the measure of the space
occupied by the box as a whole Zess the internal capacity.

Now the external dimensions of the box are 19, 17 and 13
inches.

<+ the external volume = 19 x 17 x 13 cubic in.

‘The internal volume (size of the hollow space) = 18 x 16 x 12
cubic in.

<+ the quantity of wood used = (19 x 17 x 13 — 18 x 16 x 12)
or 743 cubic in.

Note. 1f the weight of the box when empty be given, you cam
calculate the weight of a cubic foot of wood, and vice versa.
®
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2. Exercises

1. Find the capacity of a closed box of wood half an inch
thick, if the external dimensions are 28 in., 22 in. and 8 in.

2. A closed rectangular box is 2 ft. 6 in., 16 in., and 12 in.
on the outside. The plank it is made of is 0'8 in. thick. Find the
capacity of the box.

3. The internal dimensions of a record box are 22°3, 12:8 and
92 inches respectively. It receives a metal casing 0'08 inch thick.
Fiad the cost of the metal used, if a cubic inch of it costs 10 as.

4. The esternal length, breadth and helght of a closed
rectangular wooden box are 18in., 10 in. and 6 in. respectively.
The thickness of the wood is half an inch. When the box is
empty, it weighs 151b. Find the weight of a cubic inch of
wood.

5. The box in the last question weighs 100 lb. when filled
with sand. Find the weight of a cubic foot of sand.

6. A gardenis 110 yd. by 90 yd. All round iton the inside
a pathway is laid to a breadth of 3 yd. How many cubic feet of
metal will be required to spread on the path to a thickness of 43
inches ?

7. A stone pillar is 16 ft. high and stands on a rectangular
base 2 ft. by 1ft. 8in. rickwork to a thickness of 6 inches is
built round it. Find the quantity of metal added on.

8. A rectangular field is 300 yd. long by 200 yd. broad. A’
moat 10 vd. wide and 6 ft. deep is dug round it and the earth is
spread evenly over the field. Find the risesin the level of the
field, assuming that the earth dug out does not increase in
volume.

.

9. Iu the last question, what will be the rise in the level,
supposing that the mud has increased by §th of its volume when
dug out and loosened thereby ?

10. The esternal dimensions of a closed rectangular cistern
are/, b, inches. If the thickness of the metal sheet is £ inches,
find expressions for (i) the internal volume, (ii) the external
volume, (iii) the volume of the metal used.

<,$ 11. A box without a lid is made of wood 1inch thick. The
external dimensions are 2 ft. 10in., 2 ft. 5in., 1 ft. 7 in. respec-
tively. Find the volume of the wood used. What does it cost to
make the box at Re. 1-12-0 per cubic ft. ?
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I. A number of interesting problems refer to moving
fluids, e.g. the quantity of water discharged through pipes
in given intervals, or drained into the sea by rivers. The
speed of the current is influenced by varicus factors like
the area of the cross-section, the height of the source, and
so on. Such complications are not introduced into the
problems which we shall now take up. The method will
involve simple combinations of volume and speed.

Example. A river is 25 ft. deep and 480 ft. wide on the
average. It isflowing full at 3 miles per hour. How many tons
of water per minute run past any place on its bank ?

The cross-section of the river across any place = 480 x 25.
sq. ft.
Again, in 1 hour the water flows 3 x 5280 ft.
. P 3 281
< in 1 min. it will ﬁow»dfisr; 0 — or 264 ft.

In other words, in 1 min. a stretch of water 264 ft. long and
of cross-section 480 x 25 sq. ft. will flow past any place on the
bank.

This quantity = 480 x 25 x 264 cubic ft.

But a cubic ft. of water weighs 62X 1b. or 72, tons.

x 2240
. : . 480 x 23 x 264 x 125
. the weight of water required = Ty tons

= 88392% tons.

2. Exercises¢ o

1. The bore of a water pipe is 3} sq. in., and the pipe dis-
charges 5200 gallons in a given time. How many gallons can
be got in the same time from a pipe whose bore is 23 sq. in.?
What should be the bore, if the quantity of water to be got is 2800
gallons ?

2. The cross-section of a water main s 48 sq. in. Find the
quantity of water which flows through it in 6 hours, if the flow
is at the rate of 4 miles an hour.

3. Water from a tank flows out through a pipe of square
bore 4 in. by 4 in. atthe rate of 72 ft, per minute. What quantity
of water flows out in 1 hr. 20 min. ?

4. A water tank supplies a college hostel and is on a base &
ft. square and of height 16 ft. Water stands to a depth of 13} ft.,
and is drawn off for use by pipes carrying it at 40 cubic ft. per
minute. If the water at the bottom to a depth of 1} feet contains:
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sediment and cannot be used, find for how long the pipes might
be kept open.

5. 1o a recent flood, 1200 sq. miles of a district were under
water to an average depth of 2 ft. 6 in. Making an allowance of 5 per
cent of the quantity for evaporation, how long will it take for the
flood to drain off into the sea, if the discharge is 250 million gallons
per hour ? (1 gal. =277} cubic in.)

6. A cistern whose internal dimensions are 24 ft. by 20 ft. by
12 ft. is full of water. The wateris allowed to run out of it at the
Tate of 3 cubic ft. per minute. Find the area of the inner surface
of the cistern that will be exposed in half an hour.

~

44. VOLUME AND WEIGHT

1. In this lesson we shall take up problems relating to
volumes and weights of bodies. It is to be remembered
that a cubic foot of water wéighs 1000 ounces.

Example. The external length, breadth and depth of a rec-
tangular closed metal vessel are 14, 10 and 9in. respectively and the
thickness of the metal, half an inch. When the vessel is empty it
weighs 1500 ounces, and when filled with water 2041'6 ounces.
Find the weight of a cubic foot of water.

The external measurements are 14, 10, 9 inches.

-, the internal measurements are 13, 9, 8 inches. ~

The internal volume (capacity) of the vessel=13 x 9 x 8or
936 cubic in.

The weight of this volume of water = (20416 — 1500) or
541°6 oz.

.. the weight of a cubic foot (12 x 12 x 12 cubic in.) of water -

- 5_—41;;6‘”' x 12x 12 x 12 or 1000 oz. nearly
.

2. Exercises
1. Ohne ollock of water weighs nearly 6 palams. What is
the approximate weight of a measure ; of a markal ?
2. A sample of sea water weighs 1°026 times an equal
quantity of fresh water. What is the weight of a cubic foot of it ?
~ 3. The weight of iron is 7°73 times that of an equal quantity
of water. Find the weight of a cubic foot of iron.

4. A cubic foot of water weighs 624 1b. The weight of a
certain kind of oil is # that of an equal quantity of water. Find
the weight of a cubic foot of the oil. .

5. Find the weight of a gallon of fresh water, taking 1 gallon
=016 cubic ft.

6. The weight of a cubic foot of brass is 551'25 lb. How
many cubic feet are contained in a block weighing 6454°65 1b, ?
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7. Marble is 2'7 times as heavy as water. Find the weight
of a marble block 3 [t. by 2% ft. by 1 ft. 8 ir.
8. Find the weight of a log of wood, which is 18 it. long and
of cross-section 2'4 5q. ft., if a cubic foot of the wood weighs 40 1b.
. 9. A copper plateis % in. thick. Find the weight of a square
foot of it, if 1 cubic foot of copper weighs 550 1b.
10. Aniron baris 15 ft. long, 2} in, broad and 1lin. thick. Find
its weight, if a cubic foot of iron weighs 480 1b.
11. The rainfall over a certain place in the course of a week
was 6'5 inches. Express this in tons per acre, to the nearest ton.
12. Calculate the weight of water collected on an area of 2
acres due to a rainfall of 2} inches.

13. A square foot of a sheet of copper weighs § 1b. Find its
thickness, given that a cubic foot of copper weighs 550 Ib.

14. A block of lead weighing 1000 1b. is beaten into a plate
05 inch thick. Find its area in square yards, if it is given rhat a
cubic foot of lead weighs 710 1b.

15. A square foot of steel 1 in, thick weighs 6 1b. How much
-does a cubic foot of steel weigh ?
.. 16. A vessel displaces 24000 tons of fresh water. How many
tons of salt (sea) water would it displace ? See question 2 above.
~17. The external dimensions of a closed box are 6 ft. by 5 ft. by
3} ft. The thickness of the planks is 1} in. Find the weight of
the box, if a cubic foot of wood weighs 15% 1b -

V18, An open box made of wood 1 inch thick is externally 28 in.
long, 25 in. broad aad 15 in. high, and weighs 50 Ib. Find the
weight of a closed box of the same wood and of the same internal
dimensions, the plank used being ¥ inch thick.

45. METRIC VOLUME AND CAPACITY
1. Volume

A cube whose edges are 1 cm. each is
called a centimetre-cube, and the volume of
a body equivalent to that of a centimetre-
cube is a cubic centimetre (c.c.).

Similar meanings are to be attached to cm. "
a cubic metre, etc. The relations among the metric units
of volume are :

B

G

|

1000 c. mm.= 1 c. cm.
1000 c. cm. = 1 ¢. dm.
1000 ¢. din. = 1 ¢, m., etc.
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2. Capacity

The principal unit of capacity is a litre. It is equal
to the volume of I cubic decimetre, i.e. of a cube of side 10 cm.

1litre = 12 pints nearly = 176077 pints, more accurately.
1gallon = 4-543436 litres.

3. Exercises (oral as far as possible)

1. How many cm. cubes are required to build a rectangular
block 12 ¢m. by 8 cm. by 7 cm.? What is the volume of the block
in c.c.? .

2. Calculate the volume of a cuboid whose dimensions are
(i) 10, 8, 6 cm., (i) 12'4, 95, 5'4 cm.

3. Atmospheric air coutains 7554 per cent of nitrogen, 23'33
per cent of oxygen and the remaining part is carbonic acid gas '
(chiefly). A room is 10 metres long, 7 metres broad and 5 metres
high. How much of each gas is there in the room ?

4. There are 120 ink-wells in afl examination hall. Each well
can hold 126 c.c. of ink. If they are filled from a jar containing
2-4 litres of ink, how much ink will still be left in the jar ?

5. Write down 3-9655428938 c.c. correct to the nearest c.m.,
¢.dm,, c.c., c.mm,

/6. Show that a litre is approximately 61°42 c.in. Take
1 metre = 39'371 inches. *

7. Find the number of gallons of water required to fill a cis-
tern whose internal dimensions are 73 cm., 77 cm. and 1@:11:.,
given that 100 litres = 22 galloos.

8. Assuming a metre to be 393 in., find to the nearest integer
the number of litres in 1 cubic foot.

9. Find the dimensions of a tank which is 2'56 metres deep-
on the average and which holds 3000 litres, the length of the tank
being 3 times its width.

.10, A closed box is made from wood 1 cm. thick. If the
external measurements are 30 cm., 24 cm. and 16 cm., find (i) the
internal capacity, (ii) the quantity of wood uvsed.

46. METRIC WEIGHT

1. The chief upit of weight in this system is the
gramme (gram, gm:). It is the weight of 1 c.c. of wateg
at 4°C. . .
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The prefizes in the following table of weights have the usual
meanings.

10 milligrams (mg.) = 1 centigram (cg.)

10 centigrams = 1 decigram (dg.)
10 decigrams = 1gram (g., gm.)
10 grams = 1 decagram (Dg.)
10 decagrams = 1 hectogram (Hg.)
10 hectograms = 1kilogram (Kg.)

3 Of these, the milligram, centigram, gram and kilogram are
most commonly used, specially in scientific measurements.

Example. If a piece of iron plate 2'1 metres long, 1'13 metres
broad, 2'3 metres thick, weighs 425 kilograms, find to the nearest
gram the weight of a square metre of sheet iron 2 mm. thick.

The volume of the iron plate=2'1x1"i13 x2'3 c.m.

This weighs 425 Kg.

425
21x1°13x 23
The volume of the square plate=1x1x0:002 c.m.
. I
21x113x2:3
= 174 gm.

< the weight of a c.m. of the iron= Kg.

< the weight of this = x (1x1x0002) Kg.

2. Exercises

1 Find the weight of 42'7 c.c. of aluminium, if the metal is
2'6 t.. .2s as heavy as water.

2. Taking an acre to be equal to 4047 sq. m., find the weight
in Kg. of a rainfall of 78 mm. over an acre.

3. Stone is 2'5 times as heavy as water. What is the weight
to the nearest Ko. of a block of stone 1'75 m. long, 1'12 m. broad
and 0'8 m. thick ?

4. A rectangular trough is 20 cm. by 12 cm. by Scm. Find
to the nearest 001 Kg. the weight of mercury it will hold, I’y
mercury is 13°6 times as heavy as water.

5. An iron plate whose dimensions are 140 cm., 97-5cm. and
20 mm. weighs 21294 Kg. Compare the weight of iron with that
of water.

6. A brass rod has a cross-section / mm, by 6 mm. Find the
weight of a c. c. of brass, if s metres of the rod weigh ¢ grams.

7. 1125 c.c. of water leak out from a cask every minute, find
by how many kilograms the weight of the cask will be lssened
in 3 hours 20 minutes ?
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8. An iron bar of square cross-section and 8 metres long
weighs 1000 kilograms. Find the number of the largest cubical
pieces that can be cut out from the bar, and the weight of each.

Iron is 7-4 times as heavy as water.

47. MISCELLANEOUS EXERCISES

1. A rectangular box is 6 ft. 6 in. by § ft, 9 in. by 4 ft. 3io.
If it is filled with cubic blocks of wood cf the same size, find the
largest possible dimensions of each block. ’ .

2. ‘When water freezes, its volume expaids 10 per cent. How
many c. in. of ice can be obtained from 1000 c. im. of water, and
how much water will yield 1000 c. in. of ice? .

3. A pond whose area is 4 acres is frozen over with ice to the
uniform thickness of 6 inches. If a cubic foot of ice weighs 896 oz.
(avoir.), what is the weight of ice in'the pond ?

4. A wooden granary is built of dimensions 10 ft. by 8 ft. by
5ft. How many measures of paddy would it hold,. if. each
measure is 100 c. in. ? . ‘

5. The earth obtained from digging a canal 3 miles,long,
12 ft. broad and § ft. deep was spread over 32 cawnies of land.
Find the rise in the level.

6. An ounce of gold is beaten into a rectangular sheet 8 yd.
by 5yd. How many such sheets will make a pile 1 in. thick ?
One cubic foot of gold may be taken to weigh 1200 1b.

7. 80 pits, each 4 ft. long, 4 ft. broad and 3 ft. deep aré dugin a
garden 640 ft. long, 480 ft. broad. If the earth dug up is spread
over the remaining part, find the rise in the level of the garden.

8. A c. in. of aluminium weighs 0°092 1b. and a c. in. of
copper 0-31 1b.  Au alloy of the two metals is made so as to weigh
0-276 1b. to the c. in. Find the ratio by volume of the two metals
in the alloy.

9. A tennis court is 78 ft. long, 36 ft. btoad. The surface of
the court together with a border of 2 ft. breadth all round is to be
raised 6 inches. How many cartloads of gravel should be pur-
chased, if each cartload contains 20 c.ft. of gravel ?

10. A town has a population of 50000 inhabitants, It is sup-
plied with water from a reservoir 2 sq. miles in area. If each in-
habitant is allowed 20 gallons per day, what should be the depth of
water in the reservoir, if the people can depend upon it for a year’s
supply if rains fail? Aofe : A bottom layer of water to a depth of
5 ft. is unfit for use ; 1 gallon = 277274 c.in.

11. The internal dimensions of a closed wooden box are 16, 12
and 9 cm. It is made of wood 1 cm. thick. Thé box is filled
with sulphur which weighs 2 gm. per c.c. Find the total weight
of the box with the contents, if the density of woodis 0-86 gm.
per c.C. ¥



48, VOLUME OF A PRISM

1. You have already learnt how to find the surface-
area of any right prism. We shall now take up the volume
of such solids. The method of finding it has important
practical applications, as you will find presently.

2. Volume of a triangular prism

Take a cuboid (rectangular prism), and divide it into
triangular prisms by cutting along

the plane BDHF. H
The volume of each of these E 4’ G
prisms

= 4 the volume of the cuboid
= {4 x base of cuboid X its height.

Also, the area of each triangular
base is half the area of the rec-
tangular base of the original cuboid.
Hence A c

The volume of a triangular prism B
= the avea of ils base X_its height.

The same may also be stated as tke arca of an end-face
X the length of the prism.

Note 1. In the above instance, the end-face is a right-angled
triangle, If either end-face of a triangular prism is not a right-
angled triangle, we can divide it into two such triangles by a
perpendicular from a vertex to the opposite side. If A,, A, are
the areas of these two parts, and 4 the height of the psism, then
the volume of the whole prism

=Ak+ Ah= (A, + Ak
= the area of the base x height,

Note 2. If the end-faces of right prisms are figures of four
or more sides, they can be divided into triangular parts by means
of properly chosen diagonals. We can thus regard any such prism
as built up of triangular prisms. The volume is then easily seen
to be the product of the area of either end-face and the length.

Example. The cross-section of a bund is a trapezium of which
the breadths at the top and bottom are respectively 20 and 26 ft.
and the height is 3 ft. If the length of the bund is 220 yards,
find the quantity of earthwork in it.
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The area of the cross-section {
’ — 3 (20 + 26) x 3sq. ft. = 69sq. ft.

The quantity of earthwork
= 69 x (220 x 3) c. ft. = 45540 c. ft.

3. Exercises

1. Find the volumes of the following right prisms :
(i) Area of base = 4} sq. in., height = 16 in.
V(i) Area of base = 25 sq. ft., height = 14 ft.

2. The end-faces of a right prism are right-angled triangles
of which the sides containing the right angles are 5in. and 12 in.
respectively. If the length of the prism is 1 ft. 3in., find its
volume.

3. A wedge isin the shape of a prism whose base is an isosceles
triangle, base 1'2 in. and altitude 3'5in. If the length of the
prism is 8 in., find its volume.

The base of a hollow prism ‘is an equilateral triangle of
side 4 in., and its length 10 in.  Find its capacity.

5. Aswimming bath is 70 yards long and 12 yards wide at the
top. The depth at one end is 4 ft. and uniformly increases to 7 ft.
at the other end. Find how many cubjc feet of water the bath can
contain. -

. A canal is 32 ft. wide at the top and 16 ft. wide at the
bottom, and 10 ft. deep. How many cubic feet of earth should
have been dug $ut to make a canal of such a section and one mile
long?

7. A railway embankment is to be 16 ft. high and 1 furlong
long. The top is 32 ft. wide, and the stdes have a slope of
30 degrees to the vertical. How many cubic feet of earth should
be obtained to make the embankment ?

/3. The section of a canal is 32 ft. wide at the top, 14 ft. wide
at the bottom and § ft. desp, How many cubic yards of earth
have beea excavated in a mile of the canal ?

W 9. The front elevation of a lecture hall of a college is a
pentagon. The breadth of the hall is 40 feet, the (vertical) walls
are 22 feet high, and the sloping sides of the roof are 27 ft. broad.
If the length of the hall is 60 ft., find the air-space inside the hall.
How many persons can be allowed into the nall without injury to
health, if each person requires 120 c. ft. of air-space ?

10. A vessel in the shape of a prism on a hexagonal base whose
side is 4 in. is filled with liquid. " Find (to three places of decimals
of an inch) how much the surface of the liquid will be lowered if
half a pint is drawn off ? .
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11. How many cubic inches of space ate occupied by a new
uncnt pencil, whose lepgth is 7 in. and ends are regular hexagons
of side 0°12 in. ? If the black-lead ipside is 0° 08 in, thick, wbat
decimal fraction of the whole pencil“is the'wa A
decimal places. A

49. VOLUME OF A CYLIND
L. Introduction

You have learnt in the lesson on the surface area of
acylinder that the solid may be regarded as a special case
of a right prism. The volume of a cylinder can therefore
be deduced from that of a prism. There is however an
independent and interesting method which we shall now
take up.

2. VYolume of a cylinder

You have learnt in 1essou 31 a method of findirg the area of a
circle by cutting it up into a number of equal sectors and rearrang-
ing them to form a pattern ; this pattern is observed to become more
and more ‘like a rectangle
when the number of -sectors
becomes larger and larger.

A similar method may be
adopted. to. find the volume
of a cylinder: Take a cylin-
der and cut it up along its
length into a large number
of thin slices whose ends are
equal sectors. Arran¥e the
slices to touch each other as in
the figure. You have then
built up a prisiz which will
become more and more like
a rectangular block (cuboid)
when the number of slices is

A

slices themselves becoming thinner and thinner in consequence.

You can easily derive the following conclusion :
The volume of a cylinder
— the volume of the prism of rectangular' section
(into which it can be transformed)
= the area of the base of the prism x the height
= the area of the base of the cylinder- X the height.
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If ;now 7 inches be the radius of the base of the
cylmder, % inches the height, then the volume of the
cylinder

= w72 X % cubic inches =7r?h c. inches.

Note. It follows from the above experiment that if a rect-
angular tub and a cylindrical tub have equal base-areas and equal
hei ghts, their capacities are also equal. For example, they will
hold the same quantity of water,

Example 1. The radius of the cross-section of a stone roller
is 1 ft. 9 in., and the length is 4 ft, Find its volume.
The area of the cross-section
— 32 x (13)%sq. ft.
-« the volume of the roller
=% x I x I x 4or38}c. ft.
Example 2. A right circular cylindrical log of teakwood is

12 ft. long, and of diameter 14 in. * Find its volume and curved
surface.

If it is planed down to the least amount necessary to form a
prism whose cross-section is a regular hexagon, what would be
the volume of the prism in cubic feet, given 7 = %, and
A3 =

What percentage (correct to an integer) of the whole log
would be wasted in planing down ? [S.S.L.C. 1924

The volume of the log

=% x 7% x {r x 12 or 12§ cubic feet.
The area of the curved surface
=2 x % x {5 x 12 or 44 sq. ft.

Again, the area of the hexagonal cross-section
‘ =6x”§x{gx{’,~5q.ﬂ.

< the volume of the hexagonal prism
=6 x 1—53 x ¢z % 5 x 12 or 10% c. ft. nearly.
<. the wastage in planing down
= (12§ — 103) c. ft. = 245 c. ft.
‘The total volume of cylinder = 12§ c. ft.
- the percentage of waste
= (245 =+ 12§) x 100 = 17 nearly.

5
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3. Exercises

1. Find the volumes of the following cylindrical bodies :
(i) A stone roller, 3 ft. 6 in. long, and with area of cross-
section 4% sq. ft.
i (ii) A pencil of length 5:25 in. and having its ends of radius
-2 in.
2. Find the volumes of the following cylinders :
(i) radius of base 2 ft., height 5 ft. 3 in.
(ii) radius of base 5'2 cm., length 1:35 metre.
(iii) diameter of base 7 cm., length 6 dm. 5 cm,

3. A drum of paint has an internal diameter of 18 in. and is
2 ft. high. Find the quantity of paint that it can contain.

4. Find the cost of digging a well 3} ft. across and 42 ft. deep,
at the rate of Rs.15 per 100 c. ft.

5. Alaboratory tank has a cylindrical base of diameter 3 ft.
6 in. How much water should be let into it to occupy a depth of
1ft. 8in.? 2

v 6. A cylindrical jar of base 6 sq. in. is half full of water. A
lump of lead is dropped into it, and the water level rises 1} in.
Find the size of the lump.

7. A roof is supported by 6 pillars, each of which has a
diameter of base 1 ft. 6 in., height 24 ft. Obtain the cost of erect-
ing them at Rs. 7 per cubic yard.

» 8. A barometer tube is 135 cm. long, and has a bore of
12 mm. How much mercury will it hold? What will it cost to
fill it with mercury costing Rs.5 per kilogram ? Mercury is 13'S
times as heavy as water.

» 9. Copper \veighg 550 1b. a cubic foot. Find the weight of
4000 miles of copper wire cable § inch thick.

.

10. A tunnel 2 fur. 120 yd. long, and the cross-section of
which is a semicircle of diameter 4 yd. is cut through a mountain
range. Find the quantity of rock removed.

11. A cylindrical oil tank is 20 ft. high and 14 ft. in diameter.
Find its capacity in gallons.

12. A rectangular tank has internal dimeosions § ft. by 6 ft.
by 4 ft. 1} in. and is full of water. How many bucketfuls of
water can be obtained from it, if the bucket is cylindrical with
radius of base 6 in. and depth 12 in.?

* 13. How many times can a cylindrical tumbler 4 in. high anad
3 in. in diameter be filled from a cylindrical drum 40 in. high and
30 in. across ?
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N\ 14. The trunk of a tree is a right circular cylinder, 3 ft, in

i diameter and 20 ft. high. Find the volume of the timber that

| remains when the trunk is trimmed just enough to reduce it to a

right prism on a square base.

15. A cylindrical log is shaped into a post -of hexagonal
cross-section. What percentage of the wood is wasted ?

+ 16. Water flows at the rate of 4'96 ft. per second through a

cylindrical water main of 11 in. in diameter. Calculate the

quantity of water supplied, in gallous per minute. Take 1 ¢. ft.=

65 gallons. . e

50. VOLUME OF A CYLINDER (2)

1. In the last lesson we considered direct problems
on the volume of a cylinder. We shall now study certain
inverse problems in which one or more of the simpler
elements of the cylinder have to be calculated.

Example. There is a copper cylindrical block 1 ft. across and
2 ft. high. What length of wire { in. thick can be got by draw-
ing it?
You know that the volume of a cylinder is area of section
x length. .
Now the thickness (diameter) of the wire =% x 4 or & ft.
Hence the radius of the cross-section = gy ft.
. the area of the cross-section = 2? x 7% x g% sq. ft,
But the volume of the wire = the volume of the given block
=% x 4§ x}x2cfl ’
.~ the length of the wire
its volume
= its cross-section

x 1 x% x2
7 X gk X o
= 4608 ft. on reduction.

ft.

2. Exercises

1. A cubic inch of gold is drawn into a wire 3000 ft. long.
Find the thickness of the wire, to the nearest thousandth of an
inch.

2. The diameter of the base (inside) of a cylindrical tank
is 5 ft. 3 in. It contains 4800 gallons of water. Obtain the
necessary information and find the depth of the water.

3. If a mile length of copper wire weighs 1 cwt., find the area
of its cross-section, copper being 896 times as heavy as water, and
1 c.ft. of water weighs 1000 oz.
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4. The weight of copper wire 400 metres long is 10'32 kilo-
grams, Find its cross-section.

5. A glass tube of uniform section is 6 in, long and contains
0-5 gm. of mercury. If mercury is 134 times as heavy as water,
calculate the cross-section of the tube. 1in. = 2:5 cm.

6. A cylindrical pipe through which water runs with a speed
of 4 miles an_hour lets off 121 c. ft. of water in 7 min. Find the
diameter of the pipe.

. 51, CYLINDRICAL PIPES
1. In this lesson we shall take up problems relating to
cylindrical pipes or tubes.

Example 1. Find the total surface of a hollow cylinder
(cylindrical tube) open at both ends, if the external diameter is
10 cm., the thickness of the matenal 2 cm., and length of the tube
16 cm.

The internal diameter of the tube = 10 cm. — twice 2 cm.
The external curved surface

The internal curved surface =

The areas of the two circular rings that form the ends of the
tube = 2[32 x 5% — 22 x 3*] sq. cm.

= 100% sq. cm.

.. the whole surface

= (502§ + 301% + 100%) or 905} sq. cm.

Example 2. Find the weight of an iron tube whose external and

internal radii are 3% and 2% inches and whose length is 14 ft. ;
given a cubic ft. of iron weighs 512 1b.

The external radius cf the tube =
If it is a solid cylinder,
its volume would be = 3% x J x 7z x 14 c. ft.

Again, the internal radius of the tub
. the cubical size of the bore = x f5 x &% x e fr.
» the quantity of material (iron) used to make the tube

(” * fp % g x 14) — (3 x 5 x g x 14) c. ft.
xMx A xg[(Ixi—%xglcit
x 14 x 75 x o x 3% c. ft.

iin, = 5% ft.

1
47’ -iu
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Now the weight of a c. ft. iron = 512 1b.
. the weight of the tube = %2x 14 x ¢4 x ¢ x 3} x 5121b.
= 11244 1b.

Example 3. Obtain a formula for the volume of a hollow
cylinder of height % in., outer radius R in. and inner radius » in.

The volume of a solid cylinder of height /% in. and radius £ in.
is wR%A c. in.

The volume of a solid cylinder of height % in. and radius 7 in.
is mr?k c. in.

o the volume of the hollow cylinder required
= wR*h — 77k c. in.

— 7h (R2 —r?)c.in. = 7wh(R+r) (R—r)c. in,

2. Exercises

1. Calculate the quantity of material used in making cylindri-
cal tubes of the following descriptions:

(i) length 10 in., inner diameter 2 in., thickness of the plate
%in.

(ii) length 12 cm., external diameter 6 cm., thickness of the
plate 0'S cm.

(iii) length 14 ft., internal diameter 4 in., esternal diameter
5'4in.

2. A cylindrical pillar of stone of height 16 ft. is plastered all
round with cement. If the internal and external diameters are
1 ft. 10 in. and 2 ft. respectively, find the quantity of cement used.

3. A well 30 ft. deep is enclosed by & wall 1 ft. thick. The
internal diameter is 8 ft. Find the volume of the brickwork.

4. Thereisa cylindrical beam 20 ft. long and 1 ft. 8 in. across.
If the diameter is reduced by 4 in., by how much is the volume
reduced ?

5. Find the volume of material required to make a metal disk
of diameter 16 in. and thickaess 3 in. with a hole at the centre of
diameter ¢ in.

6. The internal and external diameters of a water main are
respectively 1 ft. 8 in. and 2 it. respectively. Find the quantity of
metal used to make a pipe of length 45 ft.

« 7. A cast iron pipe is 2 ft. long; the internal and external
diameters are respectively 8 in. and 10 in. Find the volume of
the ircn in it. What does it weigh, if a c. in. of iron is 0°26 1b. ?



52. RIGHT CIRCULAR CONE
1. Introduction

If a piece of paper in the form of a right-angled
triangle ABC (angle C = 90°) is taken and rotated about
the side AC kept fixed, its plane will
sweep through space resembling in A
shape the figure shown on the right.

Of such a solid—called a right
circular cone—AC is the axis of rota-
tion. The side CB will sweep out a
circle of which C is the centre and
CB is the radius.

The hypotenuse AB will gener- B
ate the curved surface, and is called
the generating line of the surface.

The length AC is the height (sometimes called the
vertical height) of the cone.

The length AB is the slant height or slant side.

Experiment. Take a cone, and wrap a piece of paper
round it to cover the curved surface. Cut this covering

A A PXaze
along a generating line, and spread it 'out flat. Study the
figure so obtained. : ¥

You note that-it is a sector,pf a circle. .
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The arc-boundary of this sector. = the civcumference of

the base of the cone.
The radius of the sector = the slant height of the cone:

These are important observations and should be care-

fully remembered.
Let AC = 4, BC = », AB = / (units understood).

Then in the right-angled triangle ABC,
ABZz = AC? + CB?
ot

Hence 2 = 2% 4 rz,(jtl:«/hzfr?

Similarly, it is easy to deduce that
r=+1 —h%and h= /12~
A semicircular sheet of paper of diameter 10 inches

Example.
is converted into a hollow cone by bringing together the two radii.
Find (i) the diameter of the base of the cone, (ii) the vertical

height of the cone.
Now, the circumference of the base of the cone obtained from.

the semicircle
. = the arc-boundary of the semicircle
= Sw inches.
.. the diameter of the base of the cone
its circumference == 7 inches
5w == mor Sinches . . . . . (i)

Again, the radius of the base
And the generating line = 10 in.
 the height of the cone = ~/10¢ — ‘f in,

= fin.

2. Exercises
Find the altitudes and radii of bases of the conical sur~

1.
faces which can be formed from the following sectors :
(i) radius=13 cm., length of arc=31 cm.
(ii) radius=17 in., length of arc= 5027 in.
2. Find the radius of the base and veitical height (altitudé)»
of cones into which the following sectors can be converted ;
(i) radius=>5in., angle at centre =90°
(i) o, =2ft., " =60°
=150°

(iii) i 4 cm., »
(iv) ,, =105in., » =240°
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3. A quadrant of a @ of radius 4 in. is folded into the form
of a cone. Find the altitude and the radius of its base.

4, A piece of paper just covers the curved surface of a cone
.of height 11°4 cm. and the radius of its base is 7'6 cm. The paper
cone is cut along a line of slope and spread out flat. Find the
.angle of the sector so formed. )

5. A certain boy took a circular piece of cardboard having a
radius of 17-5 inches, and made an angle of 144° at the centre.
He then cut out and removed from it the sector-piece containing
the angle 144°, and made the bounding radii of the remaining
piece coincide. What shape did he get? Calculate its height.

. [S.S.L.C. 1919

53. SURFACE OF A CONE

1. Curved surface of a cone

In the previous lesson, you have learnt that the curved
surface of a cone could be covered exactly by a suitably
chosen sector of a circle. The area of the surface then is
just that of such a sector, and can be obtained, if the
necessary data todetermine the latter are available.

Let # = the vertical height of the cone,

[ = the slant height, :
» = the radius of the base (the
units of length being understood).

The area of the curved surface of the ¢
‘cone

—the area of the sector, of which the
circumference of the base of the cone is
the arc, and the slant height is the radius

=ix2mrxl=ml.....(1)

Again, {2 = »? + A%, sothat! = /2 L jZ.
g r2 A2,

Hence the result (1) becomes

7r Nt + h?
Thus the curved surface of a cone
=7l = 7 /ré - h®* ... 2)

2. Total surface of a cone

The total surface of a cone is made up of the curved
surface and the flat circular base.
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Hence the area of the lotal surface of a cone
= ael + w2 = 7r (1 + r) units of area.

Example. A right-angled triangle of
which the sides are 5in. and 12 in.long
is made to turn round on its longer side
kept fixed. Find the surface of the  solid
formed. )

The slant height AC = 2/ 127 + 5¢, in.
= 13 in.
. the curved surface of the cone
= 2% x 5x 13 sq. in.
= 2043 sq. in.
Also, the total surface
=2 x5x 13+ 3 x5 x §sq. in.
22 x 5(13 + §) sq. in.
= 282§ sq.in.

3. Exercises .
1. Find the curved surface and the total surface of the
following cones :
(i) slant side = 15 in., radius of base Sin.

(ii) ¥ = 20 ¢m., " 7'5 em.,
(iii) vertical height = 16 ft., ,, 4% ft. .
(iv) i = 44ecem.,,, 33 cm.

2. A tent having a conical shape is to be 10 ft. high and have
radius of base 6 ft. Find the amount of canvas required to make
it, neglecting seams. etc.

. 3. Find the area of the surface of a cone whose section
along the axis is an isosceles triangle of basa 2'S inches and height
4 inches. :

4. Calculate the total surface of a cone, whose axial section
is an equilateral triangle of side 5 inches.

5. A right-angled triangle of which the sides are 12 and
16 cm. in length is made to turn about the shorter side. Find the
total surface of the solid so formed.

6. A right-angled triangle whose sides are 4 in. and 3 in.
respectively is made to rotate round its hypotenuse. Find the
surface of the double cone so formed.

7. The interior of a church is in the form of a i
15 ft. radius acd 12 ft. altitude. 1t is surmounted by a ch,lal:i.e}fogi
height is 15 ft. from the level of the top of the wall. What will it
~cost to paint the inner surface at Rs,3-8-0 per 100 sq. ft.? Neglect
doorways, etc. -
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8. A circus tent is in the form of a cylinder surmounted by a
cone. The cylindrical portion of the tent is of diameter 96 ft.,
the height of the top of the tent is 36 ft. from the ground; and the
height of the cylindrical part 16 ft. Find the total area of canvas.
required for' the tent. Answer to the nearest square foot.
Take 7 =3"1416. [S.S.L.C.1921

54. VOLUME OF A CONE

I. Introductien

Experimeat. Obtain a hollow cylinder and a hollow
cone—both right circular—and having equal circular bases.
and the same height. Fill the cylinder with water, and
pour it into the cone. How many times are you abie to.
fill the cone ?

Reverse the experiment and find out how many times
you can fill the cylinder frem cones full of water. These
experiments lead to the following inferences :

The volume of a cylinder is 3 times ihe volume of &
cone of Lhe same base and the same height.

The volume of a cone is § the volume of a cylinder of the
same base and the same height.

If » be the radius of the base and /% the height of both
the solids, units being understood, then

The volume of the cone

= § X volume of the corresponding cylinder
= 47 r2h (units of volume)
1If / (units of length) be the slant height,
then 2 = /{2 — 72,

The volume of the come = } 7% ~/1° — r? (units of

volume).

>

Example. If a substancesweighs 4 tolas per cubicinch, find the
weight of a solid right circular cone of the substance, of which the
height is 20 inches, and the diameter of the base 14-6 inches.

The volume of the cone
=% x 32 x (7-3)% x 20 c. in.

. the weight of the cone at 4 tolas per c. in.
=% x 32 x (73)% x 20 x 4 tolas
= 44662 tolas
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2. Exercises

1. Find the volumes of the following right circular cones :
(i) radius of base 2 in., vertical height = 3 in.
(ii) - 3'5 cm., altitude =7 cm.
(iii) " 12°4in., —6-2in.

2. Find the capacity of a conical vessel, given diameter of
base = 1 ft. 2 in., and depth = 2% ft.

3. The base of a cone made of cast iron has a diameter 7-5 in,
The vertical height = 11'48 in. 1f the weight of iron is 0'26 lb.
per cubic inch, find the weight of the cone.

4. The sides of a right-angled triangle are 3 in. and 4 in. res-
pectively. Find the volume of the double cone formed by the
revolution of the triangle round the hypotenuse.

5. The section of a right circular cone by a plane through
its vertex perpendicular to the base is an equilateral triangle;
-each side of which is 12 ft. Find the volume of the cone.

55. THE RIGHT CIRCULAR CONE: INVERSE PROBLEMS

1. The elements that enter directly into the calculation
.of the surface and volume of a cone, or are connected
with them, are the altitude, the radius of the base and the
slant height. If, then, sufficient data are available, we can
calculate the elements themselves, Problems involving
such calculations are appended.

Example 1. A certain boy took a circular piece of cardboard
having a radius of 17°5 in. and made an angle of 144° at the centre.
He then cut out and removed from it the sector containing the
angle of 144° and made the bounding radii of the remaining piece
to coincide. Calculate the height of the cone so formed.

The length of the arc of the sector subtending an angle. of
(360° — 144° or) 216° at the centre = 338 x 2 x %2 x 17'5 in,

® = 66 in.

This is the circumference of the base of the cone.

<. the radius of the base = 66 + %% or 10°5 in.

Also the slant height = 17°5 in.

. the height of the cone = ~/17°5% — 10-52 in.

=~28'x 7 or 14 in.

Exnmple 2. A rightcircular cone made of iron weighs 62'8 tons
and its heightis 12 ft. Assuming that a cubic foot of iron weighs
448 1b., find the radius of the base.

Now the weight of the cone = 628 x 2240 1b.

The weight of a cubic foot of iron = 448 1b.

62:8 x 224
;TO or 314 c. ft.

< the volume of the cone =



o
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If théﬂus of the base = 7 ft., then 37 7® x 12 = 314.
nopr o S X3 king 7 = 314) = 25
= 314 pp (teking 7 = 314) = 25.
Whence » = 5.

Thus the radius of the base required is 5 ft.

2. Exercises

1. An open conical filter is filled with liquid to a depth of Sin.,
and the area of the free surface of the liquid is 34# sq. in. Find the
s_urface of the liquid in contact with the filter.

2. Asheet of paper is in the form of a sector of a circle, radius
—4-'5 in. and angle’120°. Itis folded into a conical shape. Calcu-
late the volume of the cone.

3. A thin piece of zinc sheet in the form of a semicircle §'5 in.
in radius, is bent to form the curved surface of a cone. How many
cubic inches of liquid will the cone hold ?

4. The slant height of a cone is 17 in., and the area of its
curved surface is 448 8 sq. in. Find its volume. X

5. A cylindrical wooden tod } in. in diameter is sharpened at
one end into a cone of slant héight one inch. How much of the
wood has been cut away ?

6. A conical tent is required to accommodate 5 people ; each
person must have 16 sg. ft. of space on the ground, and 100 c.ft.
of air to breathe. Calculate the vertical height, slant height and
the width of the tent.

56. TANGENTS TO A CIRCLE

-1, Introduction

Draw a circle, centre O, and a number of lines aa’, 66", cc’,

. perpendicular to & diameter PQ, cutting the circumference
atay @’ ;6,865 06,6  fi o m s o

Each of these cutting lines is a

secant of the circle. These / ’
secants - are parallel to one
another, and may be regarded as
positions of a ~secant moving
parallel to itself, away from the
ceiitre O. The two points at
which this moving secant cuts¢—Y = -
the circle are equidistant from 9 T V.
the diameter PQ, and approach
nearer and nearer to each other,
until they coincide at P. Then
TPT’,the ultimate position reach- P T
ed by the secant, has only one
point P in common with the circle. It cannot cut the circle at any

o

LXSTY

.
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other point however far it may be produced both ways. It is said
20 louch the circle at P. On that account it is called a Zangent to the
circle.

A tangent lo a circle is a straight line which meels the

circle at one point only, and does nol meel it again at any
other point however far it is produced both ways.

You notice again that the moving secant in the above experi-
ment remains always perpendicular to the diameter PQ. Thus

A tangent to a circle at a point on'it is perpendicular to
the radius of the circle drawn from the contve to that point.

The point itself is called the point of conmtact of the
tangent with the circle.

2. Exercises

1. Draw a circle of radius 1'4”. Mark a point A on the
circumference. Draw the taugent to the circle at A.

2. Draw a circle, centre O. By trial and adjustment of a
straight ruler, draw a straight line AB ‘ touching ’ the circle at P.
Draw PX perpendicular to AB. Does this pass through the
centre ? Make a statement about the inference you can draw
from this esperimeant.

3. What is the distance of a tangent to a circle from the
ceatre of the circle?

4. Draw a straight line AB. From a point O outside it, draw
OM perpendicular to AB. Draw the circle (O, OM). How is
AB related to this circle ?

5. Draw a straightline AB. Take a point P on it. Draw a
circle to touch AB at P. How many circles’can you draw touchihg
AB at P? Where will their centres lie ?

6. Mark a point P on a straight line //’. Draw a circle of
radius 1'5 in. to touch 2/’ at P. How many such circles can you
draw ?

7. Draw a straight line HK. Draw 2 circle of 1” radius to
touch HK. How many such circles can you draw ? Where will
all their centres lie ?

8. Draw a diameter AB of a circle and the tangents to the
circle at A, B.  What do you know about these tangeats ?

9. What is the distance between a pair of parallel tangents to
a circle ?

10. A cartwheel rolls alr;ug a straight track on a level road
‘What is the path of the centre of its hub ? '
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3. Note on the direction of a curve

An essential difference between a straight line and a curve is
that a straight line always has a constant direction, but a curve
«changes its direction from point to point.

2]

The direction of a
curve at any point on it
is the direction of the
tangent to the cugve at
‘that point. In the figure,
the direction of the curve
at P is indicated by the
tangent PA; that at Q
by the tangent QB, and A
50 on,

£

57. CIRCLES TOUCHING ONE ANOTHER
1. Introduction
1. Draw a straight line AB ; mark any point C on it.

H

K

Draw the circles (A, AC), (B, BC). Also draw HK per-
pendicular to AB through C. Since ACH, BCH are right
angles, HK is the tangent to each of the circles at C. Itis the
common tangent to the circles at C.

If two circles have a common point and have a common

langent at that boint, they are said to touch each oiher
at that point.
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Note that the distance between the centres of the two circles.
is the swm of their radii in the first figure, and the difference of
their radii in the second figure.

2. By trial and adjustment, judging by eye, draw a pair
of circles * touching. ’ each other. Join their centres. Does the
line joining the centres pass through the point of contact of the
circles ?

You are able to draw the following inferences :

1. Zf two circles touch each other exterpally, the distance
between their centres is the sum of iheiy radit.

2. If one circle touches another internally, the distance
between their centres is the diffevence of their radii.

3. If two circles tlouch each other, the straight line
joining their centres passes through the point of contact.

2. Exercises

1. ABisastraightline Sinches long. Pairsof circles with the
following radii are descr’bed with A, B as centres: (i) 2%, 327,
(i) 2°2"; 2:8”; (iii) 1'5”; 3:3”. Which of tbese pairs, if any,
will touch each other? Draw figures to illustrate.

2. ABis a straight line 2 cm. long. Pairs of circles with the-
following radii are described with A, B as centres: (1) 5-3cm.,
2:8 cm.; (ii) 48 cm., 64 cm.; (ili) 36 cm., 56 cm. Which of
these pairs, if any, will touch each other? raw figures to-
illustrate. ¢

3. Draw a circle, centre C, of radius 2”. Take a point D ata
distance of 3'8” from C. Draw the circles that have their centres
at D and touch the given circle.

4. Draw a circle, centre O, radius 62 cm. Take a point P
at a distance of 3cm. from O. Draw the circle whose centre
is at P, and which will touch the given circle.

5. A, B, C are three circles having radii 1'2 inches long, and
touching each other in pairs. What are the lengths of the sides of
the triangle ABC ?

6. Draw three circles of radii 2, 25, 3 inches that touch each
other in pairs. .
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1. Preliminary exercises

1. Draw a circle, centre O. Place any two radii OA, OB

inclined ‘to each other. Draw the
two tangents to the circle at A, B.
Let them meet at P. Measure the
lengths PA, PB and compare.
What do you notice? Measure
theangles APO, BPO, and compare.
What do you notice ?

Describe the symmetry of the
figure. You notice that PA, PB are
two tangents to the circle from P.

Compare the angles AOP, BOP.

A

o

A

P '

2. Draw any angle APB.
Draw PQ the bisector of the
angle. On PQ take any
point O ; draw OM, ON
perpendicular to PA, PB.
What do you kanow about
the lengths of OM, ON?

With O as centre and OM
or ON as radius, draw a
circle. How are PA, PB
related to this circle? Give
a reason for your answer.

As in the last exercise,

you get two tangents PM,
PN from P to the circle.

2. To draw the two tangents to a circle from an external point

Let O be the centre of the
.circle, P the external point.

If P be joined to a point X
.on the circumference, PX will
be a tangent at X only if PXO is
.a right angle. In other words,
the position of X should be such
that PO subtends a right angle
at it. It should therefore be on
the circle on PO as diameter.
“This consideration gives the
following method of drawing a
pair of tangents to the circle from P.
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Join PO. On PO as diameter draw a circle, cutting the given
circle at A, B. Join PA, PB. These will be the required
tangents.

Note. The points of contact, A and B, divide the circumference
into two arcs, the smaller of which is convex to P, and the larger
concave to P.

3. Properties of tangents to a circle
Experiment 1. Draw a circle, centre C. Take a point O outside
the circle, and construct the tangents OP, OQ. Join CP, CQ.

Measure and compare (i) the lengths of the tangents ; (ii) the
angles COP, COQ; (iii) the angles OCP, OCQ. State your
inferences.

Experiment 2. Cut out the figure of the last experiment, and
fold it along CO.

Discuss the symmetry of the figure, as brought out by the
folding.

The experiments lead to the following conclusions :

1. The two tangents that cari be drawn to a circle from an
external point are equal in length.

2. 7he straight line joining the external point to the centre
of the circle bisecls the angle between the tangents ; it also bisecls
the angle between the radiz tv the points of contact of the tangents.

4. Length of a tangent

OP is a tangent from an external point O to a circle,
P ¢ o centre C.

V Let »=the radius of the circle,
d=the distance of O from C,
f{=the length of the tangent

OP.
Then in the right-angled triangle
OPC,
OC? = CP? - PO?(Pythagoras’s
Theorem), i.e. d2=72 72,
. fz - dZ — 72
whencet = /d% —r2

5. Exercises

1. Draw a circle, centre C and radius 3 cm. Take a point P
5 cm. from C, and draw a pair of tangents from P to the circle.
Measure their lengths, Verify by caleulation.
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2. The radius of a circle is 5”. From a point 13”7 distant
from the centre, a tangent is drawn to the circle. What is its
length ? B

3. Draw a circle of radius 2 inches. Mark a point at a distance
-of 42 inches from the centre. Draw a tangent from this poiat to
the circle. Calculate its length to two places of decimals. Verify
the result by measurement.

4. Cis the centre of a circle of radius 33 cm. What should
be the distance of a point P from C, so that the tangents drawn
from P to the circle may each be 5 cm. long ?

5. Draw tworradii OA, OB in a circle, so that angle
AOB =120°. Draw the two tangents to the circle at A, B ; let
them meet at C. Find the £ACB (i) by measurement, (ii) by
calculation,

6. Draw a circle of radius 1'5 inches. Construct a pair of
tangents to the circle so as to include between them an angle of
90°, 30°, 120°. Draw a separate figure in each case.

59. ABSOLUTE AND RELATIVE ERRORS

1. Introduction

In buying cloth, you state your requirements in vards
(usually), and an error of one or two inches would not matter
much in several yards of cloth. If however a person deals with

vcostly material, e.g. platinum wire, the error of an inch will be a
serious matter.

In purchasing one pound of tea, the buyer would consider it a
great deficiency if the packet was 2 ounces below weight. Thesame
deficiency would not® matter at all if the purchase was of a
ton of coal.

A difference of Rs. 5 in the pay of a poor clerk will be a large

item, but is a thing treated lightly in the revenue of a large
district.

In expressing a magnitude in an approximate form, you
should consider the error caused with reference to
(i) the actual value of the error, also called absolute
error, and
(ii) the value with reference to (or judged in

comparison with) the whole magnitude, also called
relative ervor.
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Relative error is expressed as a fractxon of the whole
magnitude. Compactly stated
absolute error
actual value

If 10, 100, and 1000 are written as 9, 99, and 999 respectively,
the absolute errors are 1in each case. But the relative errors are

1 1
7% 130 Tobo-

Relative error =

2. Importance of relative error

In measuring a distance, for example, errors tend to increase
with the length you are measuring. Thus the distance between
two points marked in your note-book may be in error by a small’
fraction of an inch, the diameter of the earth by a few miles, the
distance of the sun from the earth by thousands of miles, the dis-
tances of stars by millions of miles. The differences in the
relative error in the above cases may however be small ; for exam-
ple, they may all prove to be more or less a hundredth part of the
original magnitudes. Itis the relative errors that are often more
important than absolute errors in approximate calculations,

3. We shall now work out a few examples.

Example 1. Given 1 Kg. = 0'001968 cwt., express the relation
to the nearest thousandth of a cwt. Obtain the absolute and
relative errors.

Now 1 Kg. = 0:001963 cwt. = 0002 cwt. correct to a thou-
sandth.

The absolute error

= 0002 — 0°001968 cwt. in excess

= 0000032 cwt. in excess
0°000032 32 e
0-001968 ~ 1968

The relative error = i 1
1237 617

Example 2. The distance of the moon from the earth is 240
thousand miles to the nearest thousand miles. Determine the
maximum absolute and relative errors.

The actual distance lies between (240 + 0'5) and (240 — 0'5)
thousand miles. Hence the maximum a.bsolute error is 05 thou-
sand miles, i.e. 500-miles. '

You know that the relative error = w. The
actual value X
maximum value of this is obtained by dividing the maximum
absolute error-by the smallest value of the distance.
500 ]

H h ci lati e S0 7 L
ence the maximum relative error 235000 )470_
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4. Exercises

1. Wh_at are the absolute errors if, for convenience, the
numbers within brackets are taken instead of the numbers before
them :

(i) 102 (100) (v) 195; (20)
(ii) 99 (100) (vi) 52} (50)
(iii) Rs. 3-2-8 (Rs. 3) (vii) 62:5 (60)
(iv) £19-15-0 (£20) (viii) 9555 (100)

2. Taking 7 =3-1415963 as the correct value, show that the
x_’elanve error is about 070005 if it is taken as 3'14, and about 00004
if it is taken as 3}.

3. Calculate the maximum absolute and relative errors in the
following cases :

. (i) The distance between Egmore and Kumbakonam is 186
mmiles to the nearest mile.
(ii) The length of a football field is 120 yd. to the nearest
yard. .

4. A piece of gold weighs 435'7 centigrams. If the error may
‘be as large as 0'1 centigram (i.e. 1 milligram), what isthe maxi-
mum relative error?

60. PERCENTAGE ERROR

1. Introduction

When an experiment is conducted by different
persons, the results often differ from one another. That
result which is subject to the least error is the most
reliable and useful. The comparison is, of coursc, made
on the basis of relative errors.

Example. A certain important quantity, which we shall call g,
is known to be 931 cm. in the metric scale and 32°2 ft. in the
English scale. Oae boy A measures it as 975 cm., and another
boy B as 31'8 ft. Which of the two results is the more accurate ¢

Here the absolute errors are 6 cm. and 04 ft.

] The relative error of A = 92’1; that of B is 302—4—2

‘These fractions can be compared by reducing them to percentages.
6 <100 . oo 04 04100, Lo
g5l ~mer P=U0% g = gy REIER

The first boy’s error is less, and hence his result is the more
accurate.
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2. Exercises

1. Find the percentage errors if, for convenience, the numbers:
enclosed within brackets are taken for the numbers before them :

(i) 19 (20) (v) Rs. 4-15-0 (Rs. 5)
(i) 105 (100) (vi) 2 tons 560 1b. (3 tons)
(iii) 958 (100) (vii) 20 yd. 2 ft. (20 yd.)
(iv) 8455 (850) (viii) 2-54 cm. (25 cm.)

2. Find the percentage errors in the following cases :
(i) 1 maund = 2464 1b. taken as 25 1b.
(i) 1cm. = 0394 in. taken as 04 in. nearly
(iii) 1 metre = 39-37011 mches, taken as 40 inches
(iv) 1 metre = 1'0936 yd., taken as 1 metre = 1°09 yd.
(v) 1kilogram = 0 001968 Ib. expressed as 0°0020 1b: correct
to two significant ﬁgures
(vi) 1year = 3652422 days taken as 365} days.

61. CERTAIN USEFUL CASES OF APPROXIMATION

1. Inscientific work, we frequently meet with quantities:
which undergo very slight changes; e.g. the length of an
iron rod when heated. Certain types of problems invol-
ving such quantities can be solved with the help of a tew
principles of approximation.

If x = 0-002, then x2 = 0-000004, x* = 0-000000008-
Note how rapidly the powers of x are decreasing in size.

Again, if 2 = 00002, y = 0-00003, then xy =
0-000000006. This shows that if x and y are small, then
the product xy is far smaller than either of them.

Example 1. Consider the equality (1 + x2)2 =1+ 2% + 22,
If x is very small compared with 1, (e.g. if x = 0:0004)
then (1+x)2=1+2x 00004 + (0-0004)?
=1 + 0°0008 + 0°00000016
= 1'00080016 . . . .. (1)
Now in 22, i,e. (0°0004)2, the first significant figure occurs in
the 7th decimal place. Its omission does not affect the result (1)
earlier than in the 7th place.
Hence if we write (1 + x)% = 1 + 22 = 1:0008, the approxima-
tion agrees with the actual value (1) to 6 decimal figures.
Thus if x is very small as compared with 1,
(1 + x)% = 1 + 2x approximately.
Similarly it can be proved that
(1 —x)? = 1 — 2x approximately.
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Example 2. A square piece of metal, side @ in., expands when
heated into a square of side (a + x) in. Find the increase in the
area.

The area at first = a2 sq. in.
The area after expansion = (e + x)? sq. in.
= a® + 2ax + x? sq. in.

Let ABCD be the original
square plate, which after expansion A a Bz B
becomes AB’C’D’. The areas of
the four parts are marked in them.
If BB’ is very small, then the
square CC’ is so small when com-
pared with the whole area that g a? I3
neglecting it will not cause much ©
error in the final result.

Thus if x is small as compared

with g, then x? is much smaller as [»] c

compared with a2 + 2ax. z az Iﬁk
A good approximation to the J

new area (@ + x)?is then a* + 2axv. D c’

2. Exercises

1. When x and y arc very small compared with 1, obtain the
following approximations :
() I+2)1+y)=1+a+y

(i) (1+2a)(l—p)=1+2x—y¥

(i) (1—2)(1+p) =1—x+y

(iv) =) (1= =1-x—¥

2. Find approximate values for the following, and state to
how many places the approximations agree with the actual
values : °

(i) (1-0002)* (v) 0:9997 x 1:0005
(ii) (1-00012)% (vi) 10003 x 0°9995
(iil) (0-998)* (vii) 0°9993 x 0-9998
(iv) (0-9992)* (viii) 1-0008 x 0-9988

3. Find the value of ($:00012)2 correct to 4 decimal places.

4. A boy had to calculate the value of (a + x)? when a = 10,
2 = 0'004. He found out the value of @* + 2ax and took it as
sufficient for his purpose. How far does this agree with the
correct value ? *

5. Show that (1 + 2)(1—x)=x1,if x is a very small proper
fraction.

6. Show that, when x, y, z are very small fractions,
A+2) 1+ +2)=1+x+y+2.
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7. Find ar approximation to 4 decimal places to each of the
products :
(i) 1:0003 x 1:0004 x 10012
(i) 1-0003 x 1:0007 x 1'0014
8. In taking (1'00015)2 as 1 + 3 x (0°00015), find to how
many decimal places the result agrees with the actual value.
9. Prove that when x is small,
() 1+ x)°==1+ 32
(i) (1 —=x)2=1-—3x
10. If the length and breadth of a rectangle are / and & feet
respectively, and they are each increased x per cent, x being
small, show that the area is increased 2x per ceant approximately.

11. If x and y are very small when compared with 1, show
-how to obtain the following approximations :

(i)1-~i—;=1~.1: (ii)l—i —l+x

(1-x)(1-x)=1-—2x

A+ 2)(1+2x) =1+2x

M7= Eml-9) =1-x-y

, ~
(vi) 1{% “Ura) TT =1 4z (y T

12. Establish the }“ollowing approximations :

(i) 1'31‘5 = 0985 (ii) 1—_07(}0—,)5 = 0'99975
13. Fiad approximately the values of :
()L G 1
NSTIBE () o5y
62. QUESTIONS ON PRINCIPLES
1.

’ Describe the various practical methods of finding the
length of the circumference of a circle. Note down the defects of
each method.

2. State the ratio of (i) the circumference of a circle to its
diameter, (ii) the radius of a circle to its circumference.

3. Define similar figures. What tests would you adopt to
-determine whether two given figures are similar to-each other ?
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4. Two squares have their sides in the ratio s:#¢ Write
down the ratio of (i) their perimeters, (ii) their areas.
5. The sides of a rectangle are changed in the ratio 1: z.
In what ratio is (i) its perimeter, (ii) its area, altered ?
The areas of two squares are as P : Q. What is the ratio
of their sides ?

7. What is meant by the vertical direction at any point on or
near the earth’s surface ?

8. How many horizontal lines can be drawn through a point
in space? Where do these lines lie ?

9. Describe, with the help of a suitable diagram, how you
can find the height of a distant tower.

10. Describe how you will find the distance between two
distant inapproachable objects? Draw figures to illustrate your
method.

11. What do you understand by the ambiguous case in the
construction of triangles ? Give three examples in illustration.

12.  Write down some of the circumstances in which merc
offer discounts in transactions? On what sums are discounts
calculated ?

13. What do you understand by saying that a d
45 per cent strong ?

14. If u seers of ghee and » seers of coco-n
together, what percentage of the mixture is each !

e acid i

at oil are 1
quid 7

15. How much per cent of a gold sovereign is pure gold ?

. 16. How many conditions are necessary and sufficient for the
construction of a guadrilateral ?

17. You are required to prepare a copy of a quadrilateral
ABCD. Give three alternative sets of necess and sufficient
measurements which you would take to prepare a copy.

N.B. The measurements should involve different tombina-
tions of the elements of the quadrilateral.

18. Wri
lateral.
stand.

19. Define (i) a trapezium, (ii) an isosceles trapezium. Write
down two fundamental properties of an isosceles trapezium.

20, Write down a formula for the aof atrapezium. State
the quantities for which the letters involved in it stand.

21. Write out the products :

(i) (a+ 6)(c+ d) ) (@+b6)(c—d)
(ii) (a—b6)(c —a) (iv) (a=b8)(c = d)

e down a formula for finding the area of a quadri-
e the quantities for which the letters involved in it
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22, Write down the theorem of Pythagoras.

23. The three sides of a AABC ( £A = 90°) are &, b, ¢ inches
Tong. Express each side in terms of the other two.

24. Tn how many different ways can you find practically the
'square root of §? Draw a diagram to illustrate each method.
25. Write down the formula for finding : -
(i) the diagonal of a rectangle when the lengths of the
sides are given ;
(ii) the diagonal of a square in terms, of its side ;
(iii) the hypotenuse of a right-angled isosceles triangle ;

(iv) the altitude of an equilateral triangle in terms of its
base ;

(v) the area of an equilateral triangle in terms of one of
the sides.

26. Write down the formula for the area of a triangle in terms
‘of its three sides.

27. Two chords of a circle are equal. Write down’ your
inference about (i) the arcs they cut off, (ii) the angles they
subtend at the centre,

28, Two arcs of a circle are equal. Write down your inference

about (i) the corresponding chords, (ii) the angles they subtend
at the centre, .

29. Write down an important geometrical theorem connected
with (i) the perpendicular from the centre of a circle to a chord
of the circle (not passing through the centre) ;

(ii) the straight line joining the centre of a circle to the
middle point of a chord of the circle ; ¢

(i) the right bisector of a chord of a circle (which is not
a diameter).

30. A chord 2¢ inches long is placed in a circle of radius #
inches ; its distance from the centre is d inches. Express
(i) r interms of cand &
(ii) din terms of c and 7 ;
(iii) ¢ in terms of 4 and 7.
31. What do you understand by an angle in a segment of a
circle ?
32. Make a definite statement about a geometric property of
(i) an angle in a semicircle ;
(ii) a number of angles in the same segment of a circle.
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33. What is a regular polygon? Exzplain the need for each
«condition you mention in the answer.

34. Give (i) in right angles, (ii) in degrees, the size of each
interior angle of a regular hexagon.

35. Draw a figure to show how you can build up a regular
hexagon with equilateral triangles.

36. Write down a formula for the area of a regular hexagon.

37. Write down a formula for (i) the lateral surface of a prism,
(ii) the total surface of a prism. Define the letters that occur in
them. .

38. Write down the formula for the area of a circle in terms of
(i) its radius, (ii) its diameter.

39. Given that 772 = A, express 7 in terms of A.

40. Given that 7#% = A, C = 277, obtain (i) A in terms of C,
(ii) Cin terms of A. .

41. Two circles have their radii in the ratio @ : 6. Write down
the ratio of (i) their circumferences, (ii) their areas.

42. The areas of two circles are in the ratio M : N. Write
down the ratio of (i) their radii, (ii) their diameters, (iii) their
circumferences.

43. In a circle of radius 7 inches, a sector whose central angle
is #° is marked off. Write down a formula for the area of the
sector.

44. State the formulae for the curved surface of a cylinder
and the total surface of a cylinder. Explain the meanings of the
symbols employed in them.

45, What is the formula for the volume of (i) a cuboid,
{ii) a cube, in terms of their edges ?

Derive the formula F = Ak, for the volume of a rect-
angular block.

46. A rectangular block has its dimensions increased in the
ratio (i) 1:3, (ii) x#:p. In what ratio is its volume changed ?

47. Two cubes have their edges in the ratio 4: 4. Write
down the ratio (i) of their total surfaces, (ii) of taeir volumes.

48. Write down the ferimula for the volume of a right circular
cyliader of length % inches and radius of cross-section 7 inches.

49. State the cubic contents of the material used in making a
cylindrical tube of external and internal radii of section /& and r
inches respectively and length / inches.

5
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50. A right circular cone bas the following measurements for
its elements :—radius of base =7 inches, axial (vertical) height = %
inches, slant height = /inches.

(i) Express /in terms of 2 and 7.
(i) ,,  &interms of / and 7.
(3ii) " 7 in terms of Z and /4.

51. With reference to the cone of the last question, write down

the formula for
(i) the area of the curved surface ;
(ii) the area of the total surface ;
(i) the volume of the cone.

52, Define a Zangent to a circle. How many tangents can be
drawn to a circle (i) at a point on its circumference, (ii) from a
point outside the circle ?

53. Obtain a formula for the length of a tangent to a circle
drawn from an external point. On what does the length of the
tangent depend ? .

54. When are two circles said to touch each other ? What is.
the relation between the radii of two circles and the distance
between their centres in order that they may touch each other ?

55. Explain with the help of examples the meaning of
(i) absolute error, (ii) relative error, (iii) percentage error.

63. EXAMINATION PAPERS, SERIES C

[BasED ox THE SUBJECT-MATTER OF Book VIJ ’

Paper I-A  °

1. The formula for the total surface of a cube is § = 6a”.
Express a in terms of S. Find a to two places of decimals if
S = 2:25 (units understood).

2. Write down the formulae for (i) the area of a sector of a
circle, (ii) the volume of a right circular cone. State the quanti-
ties for which the letters employed in each formula stand.

3. Two circles whose radii are @ and & units long have their
centres ¢ units apart. Write down the relation between @, 4 and
d in order that the two circles may cut each other in two distinct
points.

4. A circular running-track is of internal diameter ¢ yards
and the width of the track is zz yards. Show that the area of the
track is 7w (d + w) sq. yd.
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© 5. If & in. is the height of an equilateral triangle, show that

e 2k .
its side = 7 in. = 1'15% in. approximately.

6. Two chords of a circle are equal. Write down your
infesences about (i) the arcs they cut off, (ii) the angles they
subtend at the centre.

7. Aa alloy is prepared with x oz. of copper, ¥ oz. of tin and
2z oz. of zinc. Obtain the percentage of each metal in the alloy.

V8. A regular hexagon is inscribed in a circle of radius
» inches. What fraction of the area of the circle is that of the
hexagon ?

9. Explain with the help of a diagram how you would
measure the height of a tower standing on level ground, but not
accessible.

Paper -B

10. If a piece of iron plate 2'1 metres long, 1'13 metres broad
and 2'3 cm. thick weighs 425 kilograms, find to the nearest
gram the weight of a square metre of Sheet iron 2 mm. thick.

11. Two kinds of tea worth Re.1-4-0 and 12as. per 1b.
respectively are mixed. ‘T'he mixture is sold at Re. 1-2-0 per lb.,
giving a profit of 26 per cent. In what proportion are the teas
mixed ?

12. A tradesman marks the price of his goods 12 per cent
above the cost price and allows his customers 5 per cent discount.
Find the cost price of the goods sold by him, if his personal profits
amount to Rs.5000 af:er'paying Rs.1400 as wages and rent.

13. At some school sports the mile race is run on a perfectly
circular course, the track being 5 yards wide. Four times round
the course on the inner edge is an exact mile. What is tife lengih
of the outer track ?

14. The foot of a ladder 30 ft. long, is 14 ft. from a wall and
its top reaches the upper edge of a circular window in the wall.
When the foot is drawn away to a distance of 17 ft. from the wall,
the top reaches the lower edge of the window. What is the
diameter of the window ?

15. A circus tent is in the form of a cylinder surmounted by a
cone. The cylindrical portion of the tent is of diameter 96 ft.,
the height of the top of the tent is 36 ft. from the ground, and the
height of the cylindrical part is 16 {ft. Find the total area of the
canvas required for the tent. Answer to the nearest square foot.
Take 7w = 3'1416. [S.8.L.C. 1921
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Paper 1I-A

1. The lengths and breadths of two rectangles are’ res-
pectively /,, [, and 6,, b,. Write down the relation between these
dimensions in order that the rectangles may be similar.,

2. The angle of a sector is % of a right angle. What fraction
of the area of the circle is the area of the sector ?

3. Write down the formula for the area of a triangle in terms
of the sides. Use it to find the area of a triangle whose sides are
15, 12, 9 inches respectively.

4. Two coaceatric circles have their radii< and 6 inches long.
What is the area of the ring enclosed between the two? Find it, if
a=25, 6=16.

5. Two cylinders have cross-sections whose areas are in the

ratio A4, : 4,, and their neights are as %, : 4,. State the ratio of
their volumes.

6. When xis very small when compared with unity, show
that 1 — x is an approximation to the fraction 1+ (1 + x).

7. Two arcs of a circle are equal. Write down your inference
about (i) the corresponding chords, (ii) the angles they subtend
at the centre.

8. Assuming a metre to be 39} inches, find the nearest whole
number of litres in a cubic foot.

9. A triangle can be described if the length of a side and the
angles at its ends are known. Explain how this principle is made
use of in finding the height of a tower.

Paper 11-B

10. The breadth of a circular race course is 33 yards. The
inner boundary of the course is 11 furlongs. How long does a
horse take to run round the outer boundary, if it gallops at the rate
of 16 miles an hour ?

11. A vessel is filled with a liquid, 3 parts of which are water
and S parts syrup. How much of the mixture must be drawn off
and replaced with water so that the mixture may be half water
and half syrup ?

12. A canal is 32 ft. wide at the top and 16 ft. wide at the
bottom, and 10 ft. deep. If water is flowing full in the canal at
8 miles per hour, find the quantity of water that will flow past any
cross-section per minute. Answer in cubic feet. )

~13. Abicycle agent allows 25 per cent discount on his adver-
.j.zsed prices, and makes a profit of 20 per cent on his outlay. What
is the advertised price of a machioe on which he gains £3 ?
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14, Acistern in the form of a rectangular block, whose base
is 2 ft. Gin. long and 1 ft. 4 in. broad, is partly filled with water.
If a rectangular block of metal 1ft. 6in. long, 1f{t. broad and
10 in. thick is wholly immersed in the water, through what height
will the water-level be raised ?

15. A cylindrical granary with a conical top is 14 ft. in dia-
meter on the inside. The wall is 11 ft. high, and the total height
to the top is 14 ft. It was full of grain. Half of it was sold at
Rs.5-12-0 a bag, and the other half at Rs.5-4-0 a bag. Find the
amount realized, given that a bag of grain measures 825 c. ft.

[S.S.L.C. 1918

Paper I11-A

1. The areas of two circles are respectively 4 and 8 acres.
Write down the ratio of their diameters.

2. Write down the formula for the total surface of a cylinder.
Indicate the magnitudes for which the letters used in it stand.

3. O isthe centre of a circle of radius », and P is a point
outside the circle at a distance 4 from the centre (units under-
stood). Find the length of either tangent drawn from P to the
circle. , . 5
4. Given that 772=A and 2m7=C, obtain the relation be-
tween A and C.

5. ABisadiameter of a circle whose centre is C. The circle
is folded so that the points A and B are brought together at the
centre C, thus leaving two creases. Show that the points A, B
and the four ends of the two creases are the cormers of a
regular hexagon.

- 6. Obtain by a geometrical construction the square root of 11
to two places of decimals. Check by calculation.

7. What is the percentage of error in taking 7 = 3} instead
of 7 = 314159 ? *

8. Find the cost of the smallest square sheet of metal costing
25.6d. per square foot, from wnich a circular piece of metal 20 sq.
ft. can be cut out.

9. Describe, with the aid of a diagram, a method of finding
the distance between two objects which are not accessible.

Paper III-B

10. Aninchis 2'54 cm. and akilogram is 2:'21b. Find the
pressure of the atmosphere in grams per square ceutimetre, sup-
posing it to be 15 1b. per sq. in.

11. A milkwoman buys milk, and adds water to it. She sells
the mixture at the same price per seer as she paid for the pure
milk, and makes a profit of 25 per cent. What percentage of water
does the dilute milk contain ? .
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V' 12. A tradesman marks his goods 12 per cent above his cost,
and for cash payment allows a discount of Re.1-5-0 on a bill of
Rs.21l. Find his net profit per cent.
~- 13. ABCD is a quadrilateral field in which the diagonals AC,
BD are at right angles. AB, BC, CD and AC are 600, 700, 800
and 1000 links respectively. Draw the quadrilateral to scale, and
hence find the area of the field in acres. [S.S.L.C. 1925
14. A boy fills a cylindrical bucket, which measures internally
12 inches in diameter and 16 inches in height, with moist sand.
He empties the bucket and builds a conical mound with the sand
on a base whose base is 18 inches. Find the height and volume of
the mound, and the area of its curved surface. * [8aS:L:C. 1923
15. Coastruct a graph which will enable you to convert speeds
given in miles per hour into yards per minute, and vice versa.
Use it to obtain (i) the equivalent to 40 m.p.h. in yards per
minute, (ii) the equivalent in m.p.h. to 66 yd. per min.

64. SPECIMEN PAPERS ISSUED BY THE DEPARTMENT

SECONDARY ScHOOL LEAVING CERTIFICATE
PusLic EXAMINATION

ELEMENTARY MATHEMATICS
TIME : 2} HOURS
Part-A Marks

1. If @ and 6 are two numbers will their difference be
affected if both are increased or decreased by the same
number ? ’

2. Draw a diagram to illustrate the equality

‘(a+6)(c+d) =ac+ad+bc+ bd. 2
Enter the necessary particulars in the diagram to
bring out the equality.

3. Say whether the value of a common fraction is
altered or not when bof% its numerator and denominator
are L

(i) increased, (iii) multiplied,
(ii) decreased, (iv) divided,
by the same number.

4. Givena: 6 =3:5,6:¢=15:7, express the pro-
portion a: b: ¢, using the smallest whole numbers for the
terms. 3

e
+
e
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5. If Cis the cost price of an article, S the selling
price (llanS understood), and the loss is 15 per cent, by
what fraction should you multiply S to obtain C?
. 6. The_speed of a train is given as 60 miles per hour.
Express it (i) in yards per minute, (ii) in feet per second.
7. State the formulae used in the calculation of
(i) Simple Interest,
(ii) Area of a trapezium,
(iii) Volume of a cone.
In each formula, state the quantities for which the
letters stand.

8. The average age of m boys is x years and the
average of z of them is y years. What is the average age
of the remaining number ?

9. (i) Given o = u + af, express ¢ in terms of x,
v and a.

(ii) From the formula A = 2 »?, obtain # in terms

of A,

10. The diameters of two solid cylindrical rollers of
equal volumes are d,, d.; their lengtas are %,, 4, (units
understood). State tne relation between d,, d,, &,, #,, in
its simplest form.

11. Express symbolically
(i) Angle X is the complement of angle Y. .

(ii) A sq. ft. is the area of a pathway p ft. wide
which surrounds (on the outside) a lawn /ft. long, 6 ft.
wide.

12, You are requirgd to prepare a copy of a triangle
ABC.

Give three alternative sets of necessary and suffi-
cient measurements whicn you would take to prepare a copy.

[V.B. The measurems=ats should iavolve diferent com-
binations of the elements of the triangle.]

- Part-B
-

13. A train runs up an incline at 24 miles per hour, and
returns at 36 miles per hour. What is the average speed
of the train ?

* 14. A dealer in motor cars bought a car for Rs.3200.
He wanted to make a profit of 35 per cent on his outlay,
after allowing a discount of 10 per cent on his advertised
price. At what price should he advertise the car ?
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15. The population of a district according to the cen-
suses of 1901, 1911, 1921 was respectively 115000, 128500,
144255. Find the law of increase. If that law continued
to operate, what would have been the population in 1931 ? 3

16. How many yards of fencing would be required to
enclose a square field of area 18225 acres ? S

17. Find the discharge per minute in gallons from a
full cylindrical pipe of 6 inches diameter, the mean velocity
being 12 inches per secoad. (! gallon = 277°25 cubic
inches.) 10
18. Explain with the help of a diagram how you would
measure the height of a tower standing oa level ground, but
not accessible. 6

19. A jar contains 4 ounces of dilute sulphuric acid 40
per cent strong.  How much watershould be added to it to
reduce the strength by § per cent? 9

20. The temperature of a substance is C° on the Centi-
grade scale, and F° on the Fahrenheit scale. The relation
between F and C is given by F = § C + 32.

Draw a graph from which you can read equivalent
temperatures on the two scales. Use it to find the tempera-
ture on the Fahrenheit scale correspoading to 87°C, and
the equivalent on the Centigrade scale for 156° F. 2

SECONDARY SCHOOL LEAVING CERTIFICATE
Prsric ExayiNatiox 1934

ELEMENTARY MATHEMATICS
TIME: 25 HOURS

. Part-A Marks

1_. a, b, ¢ are three integers, ¢ divides @ -~ & without
remainder ; will ¢ divide a or 6 without remainder > State
whether 337 and 663 have common factors or not. 1+1

2. Equal numbers are added to the numerator and
Qenom\pa!or of a proper fraction. State whether the frac-
tion is increased or decreased by the equal i

Write down the vulgar f
decimal 0-0450.

3. If the first of three numbers be to the second in the
ratio of 2:5 and the second to the third in the ratio of
15 : 2, what is the ratio of the first number to the third > 3

ction
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4. Give rules for rapid mental calculation in the
following cases : i
(i) The cost of 8250 bricks at Rs.5-10-8 per thou-
sand,

(ii) Simple interest on Rs.192 for 7 months at 64 per
cent per annum.

5. A train going 30 miles per hour passes a telegraph
post in 4 seconds. What is the length of the train ?

6 Draw a diagram to illustrate the identity

(a + 6)(a +¢c) =ab+ ac + 6% + be
. The average cost of 20 horses is 30 guineas, and
8 horses cost £30 each. What is the average cost of the
remainder ?

8. S is the silver price of one gold sovereign. If the
price of silver has risen 5 per cent, by what fraction should
you multiply S to obtain the fall in the silver pricc of one
sovereign ? .

9. What are the formulae used in the calculation of :

(i) the area of the four walls of a rectangular
room, . .
(ii) the volume of a right cylinder,
(iii) the curved surface of a right circular cone ?
10. (i) Given ax — 6 = px — ¢, find x in terms of a, 6,

?.9. y
’\/g;’ express ¢ in
terms of / and ¢.

11. (i) State the number of degrees in an angle of a
regular hexagon.

: (ii) Express the area of a pathway a feet wide which
surrounds (on the inside) a semicircular lawn of diameter
d feet, in terms of @ apd 4.

12. The area of a square field is {5 acre. Draw a plan
of the field taking one centimetre to represeat 11 ft., and

(ii) From the formula ¢ =

2+2

™

~

measure the length of a diagonal. ¢ 44322

Part-B

13. A boat goes down a river a certain distance and
returns up the river to the starting point. If the speed of
the boat in still water is 6 miles per hour and the rate of the
current is 2 miles per hour, find the average speed of the
boat.

14. A man buys a cycle. When he has ridden a certain

““distance, he reckons that the cycle has cost him 2} annas per
mile. He rides 252 miles farther and finds that it has cost
him 2 annas a mile. How much farther must he ride to
reduce the cost to 1% annas per mile ?

1L

11
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15. A certain sum of money lent out at compound
interest amounts to Rs. 5514 in two years and to Rs. 578-13
in three years. Find the rate of interest and the sum lent.

16. A gallon of spirit weighs  less than a gallon of
water. How much water must be added to 4 gallons of the
spirit till a gallon of the mixture weighs J; more than a
gallon of spirit ?

17.1 A merchant sells all his articles so as to gain 33 per
cent on his outlay, after allowing a discount of § per cent on
his advertised prices.

Draw a graph from which you can read the cost
price and the advertised price of any article. Use it to find
the cost price of an article whose advertised price is Rs. 350,
and the advertised price of an article whose cost price is

5+7

11

Rs. 280. 9+2+2

SECONDARY SCHOOL LEAVING CERTIFICATE
Pusric ExamiNaTioN 1935

TIME : 2} HOURS

Part-A

1. Will the values of the fractions 3 and § be increased or
decreased when they are squared ?
2. (i) How many feet per second, (ii) how many yards
per minute, will be equivalent to x miles per hour ?
3. (i) Draw a diagram to illustrate the equality
(@ +6) (x+y) =ax + ay + bx + by.
Enter the necessary particulars in the diagram to bring out
the equality. ¢
p (gi) What simpler form will the equality take ife = x,
=y?
4. (i) For what purpose is the formula V' = 7%/ used ?
What quantities are represented by V, 7, 2?
Express 7 in terms of J”and 4.
(ii) What formulae are used in the calculation of
(@) amount at simple interest, () total surface of a cone ?
in each formula, state the quantities for which the letters
stand.
5. Thelength of a rectangle is doubled, while its breadth
is changed to § of itself.
(i) State whether the area is increased or decreased,
(ii) If the original area is 240 square yards, what is
the new area ?

Marks

1+1

1+1

11+2
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6. In al0) va.rds race, A gives B a start of 10 yards and
vet beats him by § yards. State the ratio of the speeds of
A and B in its simplest form.

A cricketer’s average score for ten matches was 52
runs In the last of those tea mitches his score was zero.
If, instead of that, he had scored 100 ruosin that last match,
what would bave been his average score ?

8. A bankrupt could pay his creditors 2 shillings in the
pouad. Find the loss per cent the creditors suffered on
that account.

9. (i) A sum.of money lent at simple interest doubles
itselfin ten years. How many times itself will it become in
twenty years ?

(ii) Also, answer the question if compound interest
is allowed.

10. Aryabhatta (a Hindu mathematician) took 7 = 3¢y
To how many significant figures will its decimal equi-
valent agree with the correct value 7 = 371415963 . . . ?

11. OA, OB are radii of a circle. If the angle between
them is 100 degrees, at what angle will the tangents to the
circleat A and B meet ?

12. Theside of a square sheet of metal is 7 inches. The
‘greatest possible circular piece is cut out of it. What is the
area of the remaining piece ? Take 7 = 3}.

Part-B

©13. On a certain Mouday the sun rose at 6-33-20 a.m.,

and set at 5-52-45 p.m. The following Friday the sun rose-

at 6-36-38 a.m., and sgt at 5-57-14 p.m.

(i) Were the daVs lengthening or shortening during
the period ?

(ii) What was the averagerate of change per day?
-Give your answer correct to a tenth of a second.

The sum of two angles of a triangle is 110 degrees;
thelr d(ﬂference is 30 degrees

((1) Find the three angles.

{ii) What kind of triangle is it?

(iii) 1f it is known that one of its three sides is 2 inches
long, show that two triangles of the kind can be drawn.
Give reasors.

(iv) Draw a neat sketch of each triangle, and enter the
known measuremests in it.

15. Given that 8 kilometres = 5 miles, draw a graph with
the help of which you can convert miles into kilometres, and
vice versa.

139
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Use the graph to find the equivalent of 2-4 miles in kilo-
metres (correct to one decimal place), and the equivaleat of
67 kilometres in miles (correct to one decimal place).

Verify your answers by calculation.

16. Every year the value of a machine goes down by 20
per cent of its value at the beginning of the year. A person
bought a machine, and after three years sold it for Rs.3360.
At what price did he purchase it ?

17. A train is due to start from a station in 2 minutes
time. A cylindrical boiler in it is 6 feet long and 3 feet in
diameter (internally). Water is Jet into it through a cylin-
drical pipe of diameter 2 inches. The velocity of flow is 12
miles per hour. Find (i) the quantity of water let into the
boiler per minute; (ii) how soon before the train starts the
boiler will be filled. Take 7 = 3%.

18. The length of a rectangular field is four times its
breadth. The rent of the field, at Rs. 6-4-0 per acre, comes
to Rs. 250, What will be the cost of putting up a fence
round it at a cost of Rs.15-12-0 per 100 feet ?

19. A dish contains a 6 per cent solution of salt and
water (a sample of sea-water, of which 6 per cent by weight
is salt). What percentage of evaporation must take place
to convert what remains into an 8 per cent solution ?

o ke
i

11



65. IMPORTANT FORMULAE

A. Pure and applied arithmetic

1. 7rade: Profit and loss. 1f Rs.Cis the cost price, Rs.S
the selling price, and » the rate of profit or loss per cent, then
: 7
(i) Profitorloss = 0 C
- 100 + » 100
(i) $=""5 € e R
2. Simple [;;terest
If Rs.P is the principal, Rs./ the interest for n years at
» per cent per annum, then .

Pnr
=10
If Rs.A is the corresponding amount, then

. Pnr ny
) A=PTT0'0:P(1‘10'0)
3. Compound Interest
If Rs.P is the principal, Rs.4 the amount in n years at
7 per cent per annum, then
r\® 100 + 7\»
4=+ 1) =2 (T

4. Average

If A is the average value of # numbers @, @, + . . @, then
Gyt @+ ... tan
d=——"""" "
B. Mensuration (lenglhs) .

~ 1. Circle
If 7 in. is the radius, 4 in. the diameter, £ in, the circumference,
then .
c=2rr=7d
V2. Rectangle
1f /in. is the length, & in. the breadth, # in. the perimeter,
thes -
p=2(+0)
1f d in. is the length of either diagonal, then
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3. Sguare
If s in. is the side, p in. the perimeter, then
p =4s
If d in. is the diagonal, then
d=saA/2 =2 xs214l4 x s
1. Réght-angled isosceles triangle
If @ in. is the length of either of the equal sides, 4 in. the
hypotenuse, then
h=avy2=+v2xa
S. E{]u:/aleml trianzgle
a in. is the length of a side, 4 in. the :11*1tude then

C. Mensuration (areas)

1. Rectangle
1f /in. is the length and 6 in. the breadth and A sq. in. the
area, then
A=1xb=1b

2. Parallelogram
1f Zin. is the length of a side, % in. the distance between it and
the opposite side, A sq. in. the area, then
A=1lxh=1Ir
{Area = base x height]

3. Quadrilateral
If din. is the length of a diagonal, ¢, in., #, in. the perpendi-
culars on it from the Lofher) two vertices, 4 iq in. the area, then

=3d (py + P2)

4. Rhonibus
If 4, in. and d, in. be the lengtbs of the diagorals and A sq.
in. the area,

id, dy
5. Trapezium
If @ in. and b in., are the lengths of the parallel sides, 2 in.
the distance between them, A sq. in. the area, then
A=%@+byh=13(a+0)
6. Zriangle
If @ in. is the length of any side, % in. the corresponding
altitude (height), A sq. in. the area, then ponding
A=4ak
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1f @, 6, ¢ in. are the lengths of the sides, 25 = a + 6 + ¢, then
A=~s(s—a)(s—06)(s—¢)

7. Egquilateral triangle
If @ in. is the length of a side, A sq. in. the area, then

A= “2‘3 a® £ 043327

8. Regular hexagon
If ¢ in. is the side, A sq. in. the area, then
/3 3.3
A =6x —Ia==—2va2

9. Circle
If 7 in. is the radius, & in.
then

the diameter, 4 sq. in. the area,

10. Circular ring
If R in. and 7 in. are the e\ternal and internal radi, 4 sq. in.

the area, then
A=m(R* =77
11. Seclor

1f 7 in. is the length of the arc, 7 in. the radius, A sq. in. the

area, then
A=4%1r

Tf 2° is the angle of the sector, then

A= %of the area of the circle

= 5% x 772
12, Cuboid :

1f Zin., 6 in.,
in. the total surface, then
S =2 (b + ok + M)

/4 in. are the length, breadth and height, S sq.

13. Cube
If / in. is the length of an edge, S sq. in. the total suface, then

S =62
14. Ialls of a room
If / ft., O ft., % ft. are the dimensions, I sq. ft. the area of the

four walls, then
W=2h(l+b)=20+bh
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15, Right prism
1f  in. is the perimeter of the base (cross-section), % in. the
height, L sq. in. the lateral surface, then
L = ph
16. Cylinder (right circular)

If # in. is the radius of cross-section, % in. the height, 4 sq. in,
the area of the curved surface, then

A = 2ark
The total surface area = 277h + 277?
=2a7(h + 7)

17. Cone (right circular)

If % in. is the vertical (axial) height, / in. the slant height, # in.
the radius of the base, ¢ in. the circumference of the base, the
-area (A sq. in.) of the curved surface is given by

A=1%c
= a7l = nr«./m
The total surface (4 sq. in.) is given by
A=ar®+mri=nr (r+l)
= 77 (r + V7% § A7)

D.  Mensuration (volumes)

1. Cuboid

If /in., 6 in., /4 in. are the dimensions, / c. in. the volume,
then

V=101%x0bxh=1bh
It A sq. in. = area of the face/ in. by 4 in., then

V= Ak
2. Cube
If /in. is the length of any edge, / c.in. the volume, then
V=170

3. Right prism

. If 4sq. in. is the area of the base (cross-section), /% in. the
height, /7 c.in. the volume, then
I” = Ah
4. Cylinder (right circular)

If # in. is theradius of the base (cross-section), /% in
height, /7 c. in., the volume, then L L fa. the

V= zr?h
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S. Cylindrical tube

If R in. and 7 in. are r‘e exteroal and internal
cress-section, Z in. the hei the quantity
{volume) in the tube is given 1))

"= mh (12 - 77)
5. Cone (right circular)

radii of the

ad’us of the tase, /7 in. the vertical hel

[
L. Algebia (generalized arithmetic)
1. ap =+ ay atp =~ q)
ap- ag —alp—ygq)
P'\T’“"* = pv = py = ps

2. (aib) (¢ mfad—/t»lrd
(a+06) (a ab - ac + bc
(a—20) (a—n —ab—ac + bc

3. (a ‘»/;)2 a®
(a—0)%

1 (a=t
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100 + 2
00 °
£, 10°%d+10%+106+a. 5. (v—p)(c+2d) 6. (i) a5, (i) 2%
(i) —1. 7. (i) Not correct, (ii) correct, (iii) correct. 8. 27 in
3 “ay

eo3 1 =3 12 (0 5
13. Rs. 285. 14. 15 days 9 days. 15. Rs.6000. 16. Rs. 6250.
17. (i) /2 = 8 = 2i (% is the cost of hiring in annas, and m the
number of miles ridden) ; (iii) 6 miles.

1. Paperl. 2. Increased by the same amount. 3.

9.10. 10. x* — 1lx + 3; —x

Paper II. 2. Decreased by v measures. 3. §,16. 5. (i) Correct,
(ii) not correct. 6. 100°, 80°, 100° and 80°. 7.27 — 1 or 2z

- ) cla+1) . b(a—1 .
digits. 8. (i) 6 = ~%{—H, (ii) ¢ = % 10. 41 loss.

11. — 30 to be added. 12. (i) 2(a®+6%), (i) dab. 13.6'69 acres.

14, 46851200. 15. 2 years. 16. 2} miles. 17. (i) 71%, (ii) 25%,
(ii1) 5%.

Paper M. 1. + 2and-2 2. A=P (l+ lgo)f‘ 4.C =

%z I 1100 — 7 B
S(F - 32). 5. (1) 1012867, (i) — 16a. 6.( g5 )P. 8. 72,
5o, 180° —p°. 9. 5018 in. 10. 0°36788. 2. 7v : 3%
13

180°

-

v —
Rs. 2-4-07 16. 84 yd.

Paper IV. 2. 9. 3. +
etc. 4.4 n.h, . H min. 8.r=siuc, ¢ 2
9, 21%. 11. Rs.937-8-0. % 6. 13, 200288. 14, 3 significant
Ggures, 6 significant figumes. 15, Rs.61-8-0. 16. 200 ft., 160 ft.
17. 20 as., 2 as. 18. 5hr. 6 min.

—9; — 9+ 5r—4a?s

+ 7x% — x = 10. & (i) @

'd., nearly. 10. 365davs 343 min. 48 sec. 1. - 25
, 55°, 51°0 13, 36 hr. 16, 107%.
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2-3. 1. (i) 66 in., 1387 ft.
(iii) 88 cm., 3143 m., (iv)

153 in., 626 ft., 100¢yd

ks 227Wmi1es. 2. 44in.,

88 ft., 50% yd., 785% m. 3. 528 in. 4. 24900 miles. 5. Rs. 1833-5-4.
6. 578% miles. 7. 336yvd. 8.2:72 fur. 9. 61ft. nearly. 10. 720,
1440, 3680, 206 nearly. il. 56 min. nearly.

3—2. 1. 14", 28’,2'1m., 317,11'1", 11'8 m., etc. 2. 317, 147,
381 cm., 9, 31'8 vd., etc. 3. 318 ft. 4, 0°318, 14 in. pearly.
5. CU6.420vd. 7.5 cm. 8.7241 in. 9. +%fc. 10, 63662
Km. 11. 7912 miles.

4—3. 3. (i) 3: / (11) 3:7. 4. 14 in. 6. (i) 4°5, (ii) 43.
7. 4’2” nearly. 8. 1

4-5 1. (i) 1:4, (i) 4:9, (i) o® =
(i) 15:9, (i) 22 = 1, (iv) 1 =37, (v) #° =

2. (i) 4:1,

T

93 1. (i) Rs.30, (ii) Rs. %, 2

5 (i) Rs. 22-8-0, (ii) Rs. 23-7-0.

)
3. Rs. 3-1-0, 22°45%. 4. The latter, ? ;% 5. The former more
advantageous by 1'6%. 6. 458%. 7. 31% 8. 14%. 9. 18i%.
100 - D N 10 {a—b)—ab
1. lZ.—wrb P. 13. 100 % -
10—2. 1. Rs.72-4-0. 2.Rs.3. 3.Rs. 121 4.Rs. 69. 5.371%.
6. Rs.43. 7. 10s. 8.20%,Rs.200. 9.124%,Rs.9. 10, 175%.

11. Rs. 75000. , 12. 4{%.
100m 1002

11—2. gal., Tdgal. 3. (1) ==, () ==
. 100x 100z 5 gecondricher by 0:23%"
Ty ez X+ y+z

6. 912%, 84%. 1.80%. 8.91%. 9.31%. 10.90%,72

12-2. 1. 150. 2. 14:8. 3. 100 gal. 4. 1oz .5 1} oz
7. 9 gal. from first vessel ; 6 gal. from second. 8.2} oz.
st bottle ; 1% oz. from second.

13—2. 1 33% gain. 2. 794%. 3. 28°0%. 4. 20%; un-
affected” 5.7'8%. 6.13t3gal 7. ghsr. of water to every
seer of milk. 8. 8 measures. 9 8gal. 10. 975 1b. 1L 8§ gal.
of each kind. 12, 1:3. 13.5:3. 14 13md. 15. 1:2; ¢ and %
viss.

14. 1. Rs.59-6-0. 2.

3. 663% ; Re. 1400, 4. 91'52%.
5. Rs. 3645. 6. 17 tons. 0:60;39%. 8. Second method ;
9 62720z. 10. 1: 1. 5. 12.958%,42%,92%,8%.
'3 \.1% 14, 401: 544, 15. 2 from the first and 12 from the
second.
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19—4. 4acres38cents. 5. 143 yd. 6. 285 sq. in.

20-2. 2 () Stx+ ), G) 7+ 2, (i) Sz -y), (%)
7(x — 2y}, (v) — 5a(l—=26), (vi) — S5(p + 3¢), (vii) a(? +q),
(viit) s(#— 34), (is) —s(2r —=3¢), (x x + 1), (xi) 3(x — 1),
(sil) — 3(x — 1), (xiii) — 3(= S5(y +3), (xv) 4(a — 2),
(xvi) a(r + 1), (xvii) ax Y,  (xvili) —2(x +2), (xix)
m(l + n), c— 1 (sxi) 6b(y + z), (xxii) ay(x—7),
—'by, (xxv) 5a(5a® — 26%), (xxvi)
3x). 3. () 1+ +2),
iv) e (3m® — 4 — 5),

=

(xxiii) 3s(s — Z_v),
day(dx — 9y), \n
(i1) 6(1 + 26 + 3b6%), (
(v) — 12a(6a® — dab + 3c), i) 2 xy + ¥%), (vii)
xy + 3y%),  (vili) Sy(4a® — Gr' + 7¥2%), (ix) a%0®x
7). (R) — 86%% (387 — 497 + 657 9. 4Bk - ).

L A=P(1+ 2 6 2mr(r = D).

20—4. 1. (i) (p+¢)(a=b), (i) (a+6)(x+2), (i) (p+r)x
(”7/14311*55), (i v) (;L*‘v*")(vsa—sb 155) (v) S(2:z+36~4£) x
(2a7— ay ~dy?). 2. (1) (@ 8)(p —r+ &), (ii) (x + ¥+ 32)x
(aZ+6%—c?, (i) —Sab(er/;“«-c )(3a—4/) (iv) 12apyz(L+b+06%) x
(3x—4y+5z).

212, (i) (2 + ¥)(a+ 1), (i) (@ + 8)(c + 2), (ili) (@a+06)x
(c-1), (1\ — -1 »+9q), (V) (u—[r)(a— 1), (vi) (b—a)(b—l)
2. (1) (¢ + d)(a—b) (i) (¢ + d)(a—0b), (iii) (m+n)(p—q).
(iv) (¢ —d)la + b), (v) (c —d)(a—206), (vi) (a+c)(a+0b),
(vil) (@ — b)(@ + &), (Vi) (@ = 6)(a— ), (ix) (a = b)(a=c),
(x) (b+1) (a + 1), (xi) (@a—2)(3=6), (si) (L+a)(l+¢&),
(xiii) (1 — )2 + n), (siv) (@ + D) ( 2%+ 1) (sv) (& + 2)(x% + 1),
(xvi) (¥—1)(x% + 1), ngn\ a + 6)(1 + 6), (svii) (@— 6)(1 + 0),

Y(g —3). 3. (i) (3¢ + 2d)(2a + b).

(
(xix) (x=1)(y — 2), (xx) (P + 2
+ 6)(3¢ — d), (iv) (2a — 6) (3¢ — d).
6

(ii) (2a— )(35 + d), (iii) (2a
224. 1. (i) 361in., (i) 6'40in., (iii) §47 cm., (iv) 8'24cm.

2. (a) 357 iu., (6) 3:26in., ic) 490 cm.

242 ¢ 1.5 miles; 121 miles. 2. 96'1 miles. 3. 15 ft. 4. 4Sft
nearly. 5. 25 ft. nearly. 6. 16ft. 7. 693 fr. nearly. 8. 35ft
9. 633 ft.

26-—6. 1.15in., 1205q.in. 2. 1734sq.in. 3. (i) $'66 cm.
43-3 sq. cm., (ii) 1263 cm., 92°20sq.in. 4. 76in., 289 ft., 67 ft.,
236'4 yd. 5. 26 ft. nearly. 6. 129 fi. nearly.

268, 1. 15ft. 2. 5f{t. 3. 2160sg.yd, 2520 sq. yd.
4. (1) 3% sq. yd., (i) 169692 sq. fr., iii) 3570 sq. yd
(iv) 0'54 acre, (v) 19284 sq. lk. 5. 25%. Rs. 236-8-8.
7. £1218-19-3.

30—6. 1. (i) 10°38 sq. in., (i)
ft. 3. 72083 sq. vd.

73 sq. ia. 2. 239828 sq.
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31-3. 1. 154sq. cm., 346} sq. in., 2464 sq. ft., 15400 sq. m.
2. 154 sq. m, 3461 sq. in., 24'64 sq. vd., 98 sq. metres.
3. 38% sq. in., 9051% sq. in. 4 5 as. nearly. 5. Rs. 2828-9-2.
6. 5456 sq. y 7. 2276% sq. 8. 30 pieces ; ¢} of the plate.
9. . 10. 303 sq ft. 11,056 nedrly. 12. 0-74 tons. 13. 3713:63 gm.
nearly.

32—2. 1. (i) 378 sq. in., (ii) 484 sq. cm. 2..100% sq. in. 3. 9051
sq. in. 4. 3531s sq. ft. 5. Rs. 166-2-10. 6. 155. 7. Rs. 22-14-8.
16. Rs. 4772-11-8.

33—2. 1. (i)374in., (ii) 6em., (iii)324ft., (iv)3'99 yd.
2. (i) 504 in., (ii) 668 ft., (iii) 1128 em., (iv) 7'52 m. 3. 1471

4. 118 ft. 583 ft. 6. (i) 10 ft., (ii) 53 ft. 7. 1359 yd. 8. » =
9.1:2,3:5, ./2:/3,a:6b, b 10. 3:54in. 11. 1656 ft.
34—2. 1. (a) 128 ¢q.cm., (b) 82¢ 5q. in., (¢) 770 sq. it.

2. 363 sq. in., 157} sq. in. 3. 10 41% sq. in. 4 (i) 28% sq. in.,
gu&gll sq.in., (iii) 198 sq. in. 5. 0°063 sq. in. 6. 0-151a?;
+093.

q. ft., (6) 400 sq. ft. 3. 7% -
6 sq. in.

-

34—3. 1. 30sq. cm. . (@) 70s
. 211% sq. cm., 1174} sq. cm. 5. 27

34—5. 1.58°. 2. 12in. 3.63ft. 4. 16in.

38-3. 2. (a) 156'S sq. in., 172:2sq. in., (b) 14dsq. in.
156 sq. in., (@) 270 sq. in., 31671 sq in., (¢) 158 sq.
3. 384:78 sq. in. 5. 148 sq. ft., Rs.15-12-0. 6. Rs. 19-11-0.

39—4. 1. (i) 144 sq. in., (ii) 116 sq
(iv) 1658%sq.in. 2. 4sq. ft. 4. Rs. 13 "
6. 3960 sq. ft. 7. (i) 385 sq. in., (ii) 734'64 sq. in.
(iv) 205 sq. in. nearly 8. (\) 9 in., Sic
440 sq. in.; 792 sq. in. 10. 368'5 sq. in. 1.4
surfaces as 4 :25; 575 sq. in. (i) 4:25. 5

L, (i) 1320 sq. in.,
5. Rs.70-11-5.
i) 700 sq. in.,
i) 5 in., 9 in.;
12, (i)Curved

39—6. . Two ways; 136sq.in. Z. r=/(1:1). 2. 224in,
840 in.

405 1. (i) U0 ¢ in., (i) 84O e it (iii) 110 e vd.
2. () 4% . ft, (ii) Ste. ft. 3. 1452 in. 334, 5. Rs.6S.
6. Rs.586-10-8. 7. Rs 5-7-6. 8. S : f
129-2 c. fr. 9. 188 c. in. 10. Rs. 189, [l
13. 1728. 14, 30 days nearly.
18. 569. 19. 3456; Rs.27-10-4. 20. lﬂJ\ﬂ 21. 397
23. 8 times. 24. 6 times. 25. 135:56. 26. (i) 8:1, (i
(i) a® : 62,
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41—2. 1. (i) 7% i) 234, (i) 8g. 2. 2ft. 3.3} yd
4. 6% in. nearly. 5. t 6. 2000 ft, 7. 0+71”. 8. 2:8in.
9. Yin. 10. 17 in. 1. 33 ft. §2. 35 ft. 13, 1'3in 4-4 gallons
nearly. 14, 0017 in. 15. 0000046 in. 16. 0°016 in. 17. 0°1 in.

0t .

18. 2987 sq. fur. 19, 659 n. 2. g in. 2L g in.,
047 in. ’

42_2. 1. 3969 c.in. 2. 42532 c. in. 3. Rs.61-8-9. 4 J¢ 1b.
5.1921b. 6. 3928%c. fr. 7. 74Fc, ft. 8. 10ifr. 9. 117 ft.
10, (i) (1=28) (6-24) (h=2f) c. io., (ii) l6kc. m, (m) loh —
(1'=20)(6 = 26)(% — 2t) o in. 11 3182 c.in.; Rs. 3-3-7

432, 1. 4000 gal.; 13 sq. in. 2. 337840 c. ft. 3. 640c. ft.
4. Shr. 5. 2% months nearl\ 6. 16% sq. ft.

44—2. 1. 48 pal.; 192 pal 2. 1026 oz. 3. 7730 oz. 4. 501b.
5. 160 oz. 6. 11'71 c. ft. 7. 2109-4 'b. nearly. 8. 1728 1b.
‘9, 11146 1b.  10. 1251b. 11. 658 tons nearly. 12. 506-42 tons
pearly. 13. 0'11in. I4. 3:76sq. yd. 15. 721b. 16. 24624 tons.
17. 251°6 1b. 18, 31'67 1b

45—3. 1. 672 cm. cubes, 672 c.c. 2. (i) 480 c.c., (ii) 63612 c.c.
. 264390, 81655, 3955 litres. 4. 838 cc 7. 186 gal. nearly.
. 28 litres. 9. 187°5 cm. by 62'5 cm. 10. (i) 8624 c.c., (ii) 2895 c.c

00w

462, 1.111°02 gm. 2. 295431 Kg. 3. 3920 Kg. 4. 26'11
Kg. 5. 78 times. 6. 5. 7.25Kg. 8. 61;162578 gm.

slb
47. 1. 3in. 2. 1100 c.in. 3. 2178 tons. 4. 7112 measures.
5. 3% ft. (=99in.) 6. 576000. 7. -015in. 8. 17:92. 9. 82.
10. 6:05 ft. 1l. 4353'84 gm.

A48_3. 1. (i) 72 c.in., (i) 35c. in. 2. 450 c. in. 3. 336 c. in.
4. 692c. in. 5. 41580 c.ft. 6. 1257200 c. fr. 7. 432960 c. ft.

8. 971520 c. ft. 9. 74400 c. ft., 620 persons 10. 0-34S in. 11. 026
c.in.; 012

493, 1.(i) 16625 c. ft., (i) 066 c. in. 2. (i) 66 c. ft.,
(ii) 802088 c. c., (iii) 25025 c c. 4. Rs. 60-10-G uem 5. 16 1
c. ft. 6. 9c. in. 7. Rs. 66. 8. Rs. 103. 9.18006 1b.
10.3520 c. yd. 11. 19250 gal. 12. 252 buckets. 13. 1000 tumblers.
14. 514 c. ft. 15, 18% nearly. 16. 1249 gal.

50—2. 1.0:006 in. 2. 2:20t. 3. 0:0035sq.in. 4. 0-002
O‘UOZSsq.lu. 6. 04 in. sq.in. 4. 00028 sq.
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51—2. 1. (i) 177 c.in, (i) 15689 c. in., (iii) 1737-12 c. in.,
2.8032 c.ft.  3.8486 c.ft. 415§ c.ft. 5. 5658 c.in,
6. 393c.ft. 7. 678¢ c. in.; 1765 1b.

522, 1. (i) =49 cm., £=12 cm., (ii) r=8cm., £=15 cm.
. (0) #=14 in,  k-433 jo., (i) #=4 in., 4 - 236.,
7-583 «m., %£=1305 cm., (iv) #-7 in., A-7'7 inm
=1in., A=3'87in. 4. 200° nearly. 5. 14 in.

L Ol N —

—3. 2352 sq.in., 3142sq.in., (ii) 4713 sq. in.,
€484 sq. cm (m) 2477 sq. ft., 29841 sq. ft., (iv) 57:04 sq.cm.,
9126 sq. cm. 2. 21215 sq. ft. 3. 18'128sq. in. 4. 5893 sq. in.

5.18107 sq. cm. 6. 52'8sq.in. 7. Rs.74-8-0, 8. 12607 sq. ft.

3
2.
2

542, 1. (i) 12, in., (ii) 141} c ., (iii) 998 c. in. ﬁc ft.
nearly., 2. 1478'2c.in.43'97 Ib. 3. 30'2 c.in. 4. 39192 c. ft.
552, 1. 610 sq. in. 2,200 ¢, in.  3.1393 c. in.

4, 1091'8 c. in. 5. 0127 clin. 6. £=1875 ft., »=505 ft.,
=194 ft.

58—5. 1.4cm. 2. 12in. 3. 3'69in. 4. 6 cm. nearly. 5. 60°.

59—4. 1. (1) 2 less, (ii) 1 more, (iii) Re. § less, (iv) £ % more,
(v) % less, (vi) 28 less, (vii) 2 Sles: (viii) 44amore 3. (1) gy,
(i) =¥ 4 557

60—2. 1. (a)s;g, (ii
(vii) 3Jq, (vm) 6. 2.
(v) 163, (vi) 0-0021.

) 43¢, (iii) 44, (iv) 0'5, (v )}
(i) 146, (ii) 152, (111) ‘6,

61—2. 2. (i) 10004, (i) 100024, (iii) 0006, (iv) 0-9984,
(v) 10002, (vi) 0:9998, (vii) 0-9991, (viii) 0-9996. 3. 64001y
7. (i) 1-0019, (ii) 1:0024. 13, (i) 0°006, (i) 0-076. .

63—Paper I. 1. a=./3; 0061, 2. (i) A=472r, (i) V=4m20.
- 100.

3. a+b>=d. 6. (i) Equal, (ii) Bqual. T. L
0oy 1002 8. 8a3-+27. 16, 315573 Kg.
X+ Y4z xyy—:

1. 2:5. 12. Ks. 19000. 13. 4802 va. 14, 190t

15. 12667 sq. ft.

Paper 1. 1. /,:/, —/)l./, 2. I,. 3. 5isq. in.
(% — 0%) sq. in., 11- qu. A, / -1_/ 7. LqU\I equa..
8. 28. 10. 4Zsec 11, 3. |2 lﬁb TS £24. . 4} in.
15, Rs.1232.
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Paper I1I. 1. 1:./2. 2. 2qs% + 27k, 3. ~dT — rE
5. 24 -« Cr. 7. 0°043 per cent. 8. 4£3-38. _l0. 10_56'8.
11, 20 per cent. 12, 5 per cent. 13. 4:9 acres. 14. 656 sq. in.

64 —Specimen Paper : 1. No, no. 3. (i) Yes, (ii) yes, (iii) no.
(iv) no. 4.9:15:7, 5. C 6. (i) 1760, (ii) SS. s.’i’;'] = yr.
” i YN ’ 2 2 I° L\ o
9.0) 1=""5, (1) ro /G5 10, 4,2 - d%hy 11 () X7+ Y7 = 60%,
i) 26(0+ 6+ 2p). 13. 288 miles per hour. 14. Rs.4800.

12 per cent ; 161567. 16. 118Syd. 17. 73°456 gal. per minute.
19. 10z

S.S.L.C. 1934 :

1. ¢ may or may not divide @ or 6 without
remainder ; 337 and 663 have no common factor except umty
2 Imrmsed 3.3:1. 4. (i) Add 8 times the sum to i of
it (ii) mterest on Re.l per month is 1 pie. Hence interest on
Rs.192 for 1 month is Re.l, ete. 5. 176 ft. 7. £32-10-0. 8. .

b
9. (1) A=2H(L+B), (i) V=, (i) arde 10 (i) = ;’
(ii) ¢= % 11, (i) 120°, (ii) % a(d — @) sq. ft. 12. 85 cm.

13. 5) m.p.h. 14, 420 miles. 15. Rs. 500. 16. 13 gal.
\

S.SL.C.1935: I. Decrea=ed; increased. 2. (i) 73x ft. persec.,

(ii) 3 \d per miuo. . (ii) ~@*=r2. 4. (i) volume of cylinder,
v

\/ o () @ Aa=P(1s 1%’0) (6) m® + arl. 5. (i) In-

creased, (ii) 320sq.yd. 6. 20:17. 7.62. 8. 90“ 9. (i) 3

times, (ii) 4 times. 10. 4 sig. ﬁg. 11. 80°. 1 sq. in.

ening, (ii) 17 8 secs. 14 (i) /(l", 40", 70°,
. 15. 3:8 Km., 42 miles. 16. Rs.6562-8-0. 17. (i) 23
; min. before starting. 18, Rs.1039-8-0. 19. 25%
solution 126°6% of water).

13. (1) Lcn

PRINTED IN INDIA AT THE DIOCESAN PRESS, MADRAS—1936, C2595






	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160

