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PREFACE

The Cambridge Intermediate ! athematics series; consisting of
text-books in Arithmetic, Algebra and Geometry, each in two
parts, has been designed to meet the needs of pupils in the newly
organised Modern Schools an: Senior Classes recommended by
the Hadow Report.

“The first work of teachers and administrators is,” to use the
words of The New Prosp.ct wn Education, just published by the
Board of Education, “to think out their goal, feeling their way
towards an appropriate curriculum.” It is impossible to predict
with any certainty the form which the curriculum will ultimately
take; it is improbable that any such limitations as are imposed
upon the Secondary School can ever be applied to the diversified
types of senior schools which are about to spring up. But it is
generally agreed that these schools must not become “an anaemic
reflection of the present Secondary School.”

The underlying notion on which the treatment in the books
of this series has been based is that the aim of the Modern Schools,
whether selective or non-selective, is to fit the pupils to take
their places in the industrial and commercial rather than in the
professional walks of life. For the latter the academic course of
the Secondary School is a more or less fitting preparation; for the
former it is decidedly out of place. It is assumed that the mathe-
matical work of the newly organised schools will have a practical
bias; their pupils need to be able to apply principles rather
than to be able to derive them. Hence in these books theoretical
explanations have been reduced to a minimum, and the use of
the results has been emphasised.

ALcEBRA, PART I does not profess to prepare the pupil for
any examination, but is intended to serve asa simple introduction
to the subject, whether it is taught for the sake of its utility in
solving more easily problems in arithmetic, and in applying the
simpler formtlae, or whether it will be needed eventually for
examination purposes. This book, with PArT II, will introduce
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the pupil to “he elementary principles on which the more
adv.ouced parts of Algebra are Lased; if he is transferred at any
stage of the cburse to a Secondy. y School or if he takes up his
studies again in later life, he will not feel at a loss. PArT I will
provxde a complete course of Al gebm for the awerage non-selective
senior school.

Throughout PART I the needs of beginners, and particularly of
beginners whose course will probably be concluded at an early
age, have been kept in mind. Endeavours have been made to
eliminate all sections of Algebra which will not be likely to have
any bearing on the easier applications; it will be noticed that
involved examples in the use of the four rules have not been
included, and until Simultaneous Equations have been learnt,
terms of the second and higher degrees have rarely been intro-
duced. It is hoped that, in this way, the beginner’s interest will
be aroused, since he will be enabled from the outset to see a
purpose in the subject.

A feature of the book is the introduction of exercises which
can be solved without any working on paper; for want of a better
term these exercises have been described as Mental. The author
believes that there is as much justification for mental algebra as
for mental arithmetic, and for the same reason, namely to fix
firmly and to revise rapidly the basic principles.

A further feature is the interpolation of a series of sectional
revision exercises, each consnshlng of a Mental and a Wyitten
section; a general revision exercise concludes the “ook. These
two features have also been adopted in the companion volumes of
the series.

I am indebted to Mr E. F. Partridge, B.Sc., for his valuable
assistance in obtaining solutions to the questions, and the Cam-
bridge Local Examinations Syndicate for permission to use two
pages from their Cambridge Four-Figure Mathematical Tables.

H.J L
September, 1928.



CONTENTS

INTRODUCTION TO SIMPLE EQUATI'NS AND PROBLEMS.
Some Definitions. Substitution. Symbolical Expres-
sion. Easy Problems
Fractional Equations. ‘%emoval of Bra.ckets Sxmph-
fication. Equations involving Brackets. Simple Fractions
and Fractional Equations. More difficult Problems, in-
troducing Fractions . . . . . . .

Sectional Revision A

SmMuLTANEOUS EQUATIONS.

Subtraction. Simultaneous Equations; Rules for
Elimination of Terms. Problems involving Simultaneous
Equations . . ] .

Transformation of Equatlons Plottmg Pomts
Graphical Solution of Equations . . . .

Sectional Revision B . . . . .

INTRODUCTION TO QUADRATIC EQUATIONS.

Multiplication of single terms, and of expressions.
Simplifications involving Multiplication. ¢ Bracket”
Multiplication . .

Dauvision of single terms and of expressions by single
terms. Simple’ Factors of expressions of the type
2®+ Bx + C. Solution of Quadratic Equations of the
type &+ Bx+C=0 . . . .

Factors of expressions of the type A:c" + Bz + C Solu—
tion of Quadratic Zquations of the type Ax*+ Bx+C=0
by factorisation . . .

Solution of Quadratic Equa.tlons by “ C‘ompletmg the
Square” and hy Formula. Problems involvingQuadratics

Sectional Revision 0 . . . . . .

PAGES

1-14

15-26
27-31

32-41

41-49
50-54

55-61

61-65

656-70

70-76
77-80



viii CONTENTS

GRAPHS OF STATISTICS AND GRAPI'ICAL PROBLEMS,
Graphs of Quadratic Equatic 1s

LogariTHMS,

The principles explained. Finding Logs. Finlding Anti-
Logs. Use of Log. Tables for Multiplication, Division,
Roots and Powers. Use of Logs. for evaluation of ex-
pressions

GENERAL REVISION ‘
Four-riGURE MATHEMATICAL TABLES

ANSWERS

PAGES

81-92

93-104
105-116
118,119
121-139



ALGEBRA: PART I

INTRODUCTION
TO SIMPLE EQUATICNS AND PROBLEMS

1. Ask one of your friends to work this puzzle: “Think of a
number; double it; add 6 more than the number you thought of;
divide by 3. What is the aaswer?” Having taken away 2, you
will give the result as the number first thought of.

The above is a very simple case, but an investigation will help
us to find the principles on which such puzzles are based. Suppose
10 is the number chosen:

The given number 10

Doubled 20
6 more than 10 added 36
Divided by 3 12

12 — 2=10, the number thought of.

This does not prove that the rule is correct in all cases. Let
us use z to denote the number thought of:

The given number &  ............... ),
Doubled 2T ceeieeeeenens (2),
6 more than z added 3z +6 ............... (3),
Divided by 3 Z4+2 ciiiiiiiiiinnes (4).

x + 2 — 2 =z, the number thought of.
Notes on the above:

(1) Compare this with 1s.; £1; 1d. In these cases we always
put 1 beside the symbol denoting the unit chosen. We
might have used 1z to denote 1 of the unit chosen here,
but in the new subject to which you are now being intro-
duced, 1 is always omitted before the symbol representing
a number.

(2) Doubling # to give 2 is very much like doubling 1s. to
give 2s.

(3) This is similar to adding 1s. 6d. to 2s.

LAl 1



2 INTRODUCTION TO SIMPLE EQUATIONS

(4) Just as 3s. 6d.+3=1s. 2d., 50 (3z+6) +~3 =2 +2. Tha}
is to say, we divide both parts by 3.

(5) It is clear that 2 taken irom 2 more than a number gives
that number as the result.
¢

2. The new subject you are just starting is an extension of
arithmetic, using letters to indicate numbers. Algebra, as this
subject is called, helps us, amongst other things, to solve quite
easily problems which would be difficult to solve if purely arith-
metical methods were used.

Consider the following problem: ‘

“In one pan of a balance I place an object and a 4 oz. weight,
and I find that weights amounting to 10 oz. in the other pan
just balance these. What is the weight of the object?”

Obviously the answer is 6 oz, but let us obtain it in another
way, using « ounces to indicate the weight of the object:
& ounces + 4 ounces = 10 ounces,
or Z4+4=10 .iciiiiiiiiiiiiienenn, ).
Taking away 4 ounces from each- Ean we get 2 ounces in one
and 6 ounces 1n the other, and they balance:
' x=6.
Note what has been done to the “equation” z+4=10. 4 has
been taken from each side, or
2=10—4 .iiiiiriiiiiinnnen (2).
Comparing equations (1) and (2) we notice that 4 has been
taken from the left side and placed on the right with the sign
changed.
3. Now consider a second example:
“A bag of sugar is placed in the left pan of a balance and
12 oz. weights in the right. The left pan bumps down, but
if 4 oz. of sugar are taken from the bag, the pans just balance.
What was the weight of the bag of sugar at first ?”
Here again the answer is obvious; viz. 16 oz.
Let # ounces be the weight of the bag of sugar.
Then « ounces — 4 ounces=12 ounces,
or z—4=12 ... )
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. Let us now add 4 ounces to the weight in each,pan. In the
left we shall have the original weight, in the right 16 ounces,
[ ]
or z—4+4%12+4,
or x =12+4 i (2).

Note what has been done to the equation #—4=12. 4 has
been added to each side. Comparing equations (1) and (2) we
notice that — 4 has been taken from the left side and placed on
the right with the sign changed. This applies generally to any
term changed from one side to the other.

Learn:

Any term can be changed from one side of an equation to
the other {f the sign also is changed.

4. The following are examples of the rule:
1) z4+9=18, (2)z-7=10, (3) r—4=-2

rz=18-9 2=104+17 rz=—24+4
=9. =17, =2,
4) —z2+6=2, (5) —x—2=-38,
6—-2=gx, 8—~2=uz,
4=z, 6=ua.

Note what would have happened had we attempted to bring
the x terms to the left in examples (4) and (5):

—z+6=2, —z—2=~38,
—z=2-—0, —z=-8+2,

This introduces a difficulty which does not arise in arithmetic.
In algebra we say that 2 - 6=—4, —8+2=—6, etc.

5. Interpretation of a debt.

(1) Suppose I have £100 and owe £150. I am really worth
less than nothing, for after paying all I have I still owe £50. We
may therefore consider that the value of my cash possessions is
£ (—50).

(2) The following example will help to make the use of minus
quantities clearer. Let us take the number 5 and keep on taking
away 2; we get 5,3, 1; and from 1 it is impossible to take 2.

1-2



4 ~ SIMPLE EQUATIONS

From 1 to O represents one of the two steps. It becomes
convenient to let from 0 to — {. represent the other,

agillustrated in the diagram, which shows the series S
5,3,1, -1, ete.
Similarly the following series of numbers can be T4
developed : '
15,10, 5, 0, — 5, — 10, — 15, ete, °
17,11, 5, ~1, =7, —18. 1,
6. Returning to the examples |,
—z+6=2, —z—2=-38§,
we have reached the stages 0
—-—z=2—6 —z=—8+2
=—14, =—6. -1

Using the rule in para. 3, we can take —« to the
right in each case, and the number to the left,and
we get

4=z, 6=ux,
or z=4, or z = 6.
Hence:
The signs of all terms on one side of an equation can

be changed if the signs of all terms on the other side are
changed also.

Eg. 1) —z+6=2, 2) —2—-2=-38,
z—6=-2 z+2=8.

@) —z—-4=1, “4) —y+3==-2,
z+d=-"T. y—3=2.

7. A balance has been used to illustrate two rules of equations.
It will at once be understood that if the two pans balance with
certain weights placed in one pan they will balance if only half
the weight is used in each, or a third, a quarter, or any other
fraction. Similarly they will balance if the weights in both Il)(ans
are doubled, trebled, or, in fact, if any multiple of both is taken.

Learn:

All terms of an equation may be multiplied. or divided by
the same quantity without altering the equality.
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Ex. 1. 3z=21, Ex. 2. 32+9=6z+12,
xz="T. o+ 3=2zx+44.
Fx. 3. }z.=8, Ex. 4. o+ 4=}2+2,
z=16. . Sr+16=2z+8.

Caution! FEvery term on both sides of the equation must be
multiplied or divided by the quantity chosen.

8. Sometimes all the above operations must be used, the order
depending on the nature of the equation.

Ex. 1. 32—-6=}z+2.

First remove fractions by multiplying all terms by 6, the
LCM. of 3 and 6:

6x3r—6x6=6x}z+6x2,
dx—36=2+12.
Next bring all # terms to the left, and all numbers to the right,

taking care to change signs if sides are changed, but not other-
wise:

Az —z=12 + 36,
. 3z =48,
Divide all terms by 3:
- z=16.
x
Ex. 2. 1 g.
Multiply all terms by 12, the L.C.M. of the Denominators:
2
12 x = 12 x = 5
9 8z,
or 8z=9,
z=1}.

EXERCISE 1. MENTAL.

Write down the answers to the following: that is, find the value
of .

1l.oa—-1=4, 2. z+1=3. 3. z—-4=6.
4 24+1=2 5. 2—5=0. 6. 5—x=4.
7. 2+ 7=5. 8. 2—x=35. 9. 242=1.
10, 2z=8, 11. 3z=09. 12. 5z=15.
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18. Tz=0. 14. 24 =8a. 15, To=—14.
15. —8z=09, 17. — Sz=—24. 18. — 4w =8,
19. jo=9. 20. jo="T. 21. $2=0.
22, §=—4. 23..} 2 =6. 24, Tha=0.
25. 4z —8=0. 26. 5z2—1=0. 27. Tz + 14 =0.
28. 3z +1=10. 29, 4z —2=8. 30. jz+1=6.
31 jz—1=2 32. —8z=15. 33. —4a=0.
34, —2z+6=0. 85, — 8z=1}. 36. g%
z 1 x 1
3. 3=% 38 z=—3 39. $o—}=0.
& x 3
40. é——3. 41. _§=_§. 42 §w=—5.

Some Definitions, ete.

9. An expression is often placed within brackets to indicate
that the result of the operations within the brackets must be
considered as one quantity.

Eg. (1) 10— (4 —3) means that the result of 4—3 must be
taken from 10. Hence this is quite different from 10 —4—3,
which means that both 4 and 3 must be taken from 10.
(2) $+(4 x ) means =3, for 3 x # has to be considered
as one quantity.
Hence this is different from §+4 x 4, which means that }
has to be divided by 4 and that result multiplied by .

If letters are placed together in Algebra with no sign bétween
them, or if two quantities within brackets are placed together
with no sign between, the symbols or quantities are to be
considered as multiplied together; e.g. 3ab means 3 x a x b.
(z+ 3) (z— 6) means (z + 3) times (z— 6).

e?means x X x, B=xXT XL, P=rxXTXTX,
and so on. Hence 3zy®=3 xx xy xy.

Terms are said to be “ltke” terms when they differ only in
the numerical factor, e.g. 5z and 8z, 7y? and 15y?% 8cd® and
— Tcd? are pairs of like terms, but 4ay and 8ay? are “unlike”
terms.
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COLLECTION OF TERMS

The “coefficient” of a certain symbol in a term is the product
of all the other factors of the term; e.g, the coefficient of ¥ in 1,6y
is 16; the coefficient of z in 22% is 242

Like terms can be “collected” together by adding their nu-
merical coefficients, taking care of the signs + and —.

Eg. 1 To+5z+22=(T+5+2)z=14a.
2. 15a — 2z —"Ta + 5z + 5z — 2a
=(15-T-2)a+(—2+5+5)x

= 6a + 8.

3. (Bz+12y + 42) + (22— 3y — 32)
=bz+ 9y + 2.

4. The 2coefﬁcient. of # in the expression 5z+ Tz is 5 +7
or 12.

Brackets can be removed without making any other change as
long as there is nothing but a positive (or plus) sign before them.

If no sign is put before a term or an expression, the plus sign
is understood.

EXERCISE 2. MENTAL.
Add together 3z, 2z, 5z, Ta.
From 5a take 8a and add a to the result.
Simplify 322 —10z.
(5a + 2b) + (3a + b) + (4a + 3b).
50— 2z — 3a + 4o + 5a + Ta.
(@+b+c)y+(a+b—c)+(@a=b+c)+(b+c—a).
Tz + 5y + 5z +°Ty.
What is the result when the sum of (2a + 3b) and (4a — 3b)
is added to 5a?

9. From a line « feet long a portion y inches is cut off. How
many inches remain?

10. If X =a+3b and ¥ =b 4+ 3a, find the value of 2X +3Y.
11. Add 13z + 2y — 4z to 22+ 3y + 13z
12. Find only the “z” term in the sum of
Bz+4y+22), (By+4dz+2z), (Bz+daw+2y)
13. Find tle value of 12b—4b when b=3.
14. What is the excess of 52 + Ty + 2z over 2z + 4y + 227

ol al ol
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15. What«is the value, when = =5, of
3z +y—2z-+br+y—3z+ 22 —2y+ 527
16. Add together 3z + §z + §=.
17. Take 3y from y. *
18. By how much is 3z less than 1?
19. Simplify ‘2a +'3b + *5a + 6b + "3a + *1b.
20. Take 3a + 4b from 5a + 4b.

Substitution.
10. Ex. 1. Find the value of 8z + 2y when =15, y =25,
3z +2y=3(15)+2(25)=45+5=95.
Ex. 2. Find the value of 2a —3b+4c whena=4,b=2,¢c=0.
20—3b+4c=2(4)—3(2)+4(0)=8-6+0=2,
Ex. 3. Show that =3 satisfies the equation
iz —4=1}x— 24
Left side =13z — 4 Right side =1}z — 2%

=14 x3—4 =14x3—24
=444 =383 - 24
=4 =4.

.. Left side = Right side, and the equation is said to be satisfied.

Ex. 4. Find the value of 3z% + 2zy® when z=1, y=2.
3a2y + 222 =3 (1)22 + 2(1)(2)?
=3x1x24+2x1x4
=6+8
=14,
a®+ b2+
ab+ ac + be
. (2P4+(3)2+(0)?
Expression = o 3+ 2x0+3 X0
4+9+0 13 1+

=6+0+0- 6" 2%

Ex. 5. Find the value of whep a=2,0=8,c=0.
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EXERCISE 8.
Find the values of:
1. 8247 whenx=4.
2. 15 -3z when =2,
3. 1245y when y=-1.
4, éa';—-:_'—ii,whenw=0.
5. 2a4+3b+cwhena=1,b=2,¢c=3.
6. 3z+4y+ 2z whena=4,y=4,2=0.
7. ©=2y+3z whenz=y=2=1 (le.2=1,y=1,z=1).
8. ‘5z +2y+ 3z when s=y=2=10.
9. 3z+ Ty when ¢="5, y=1'5.
0

10, bz—y+ 42 whenz=1,y=3,2=5.
a+3b—c
11 mwhen a=50=8,¢c=0.

12. P+ axyi+ 2% +y° when 2=2, y=3.

13. (z+y)® when =2, y=5.

14. (z+2y) (2z+y) when z=5,y=1.

15. (2a+3b) (83a—b) when a=3,b=1.
dr—y+z

16. 2z —3y + 22

17. 2*—~8ax + 202 when 2=4,a=1,b=2.

18. 4abc® when a='5,b=2,¢c=3.

19. azy®+ azy+ aPry when a=2, z=

20. (a*+ab+b% (a—b) when a=4,b

Show that:

21. =2 satisfies the equation 4z +5=3z+17.

22. & =4 satisfies the equation 2z —1=4x~—9.

11. In the equations which follow it is necessary to transpose all
the  terms from tke right side of the equation to the left, and
all the numerical terms from left to right. If a term is so trans-
posed, its sign must be changed. If a term stays on the same side,
no change of sign is made.

After the terms have been transposed, the like terms must be
collected on both sides of the equation:

whenz=y=z=4.

3, y=4
=3.
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Ex. 1. T2 —5=8~38z.
Transposing, we get
Tx + 3z =8+ 5.
Collecting,
102 = 13,
z=13=1;.
Ex. 2. bmz—~T=8~-5zx+2,
—z+52=8+2-5+1,
do =12,
x=3.
Test the answer:
Left side =5—z-T
=5-8-17
= -5,
Right side =8 —b5z+2
=8—-15+2
= — 5.
EXERCISE 4.

Solve the equations; and test your answers by substitution, as
indicated in paragraph 11:

1. 52—38=1T7. 2, 4z - 2=14.

3. Tx+1=15 4 204+7=13.

5. 3+ 22=13. 6. 5+ 72x=19.

7. 3a+7=2a+35. 8 5y—2=3y—1.

9. 5y—5=2y-T. 10. 6 — 5z =4 — 2z.

11. 32—2~42+3=0. 12, 52—7 -4+ bz = 3a.
13, 2y—T="5y—T. 14, do—2=2—4o—4.
15. 224+ (7 +2x) =38 —wa. 16. 4+2v—-3=3+3x—4.
17, 4—x+5—-2r=6—-42. 18. 5=T7T—-22z-3.

19. 0=6—3z+2. 20. 5—2r=—06 + 4.
21. 8y+2="5y+8. 22, 7=2y+8—8y.

23. 2z="5—2a. 24 8—ax—-4=2+2r—6.
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Symbolical Expression.

12. Before attemgting to solve problems one mpst first learn
how to perform the usual operations with symbols instead of
numbers. They will be simple to vse if small numbers are
substituted for the symbols for the purpose of a preliminary
investigation of the principle ‘avolved; e.g.

1. Just as 5 more than 4 is 5 + 4, 80 5 more than #is 5 + «.

2. If you take 7 from 9, you get 9 — 7. So if you take a from b
you get b —a.

3. The quotient of 9 divided by 3 is §. So the quotient of «
divided by y is 7

4. Jf you are 12 years old now, 4 years ago you were (12 — 4)
years old. So if you are z years old now, you were z —8 years
old 8 years ago, and you will be z + 8 years old in 8 years time.

5. 5, 6 and 7 are “consecutive” numbers, i.e. 5,5 4+1, 5 + 2.
sz, 2+ 1, 2+ 2 can stand for any three consecutive numbers.
But 5, 6, 7 can also be represented as 6 — 1, 6, 6 + 1. So also can
any three consecutive numbers be represented by # — 1, «, z + 1.

6. £5 brought toshillings = 20 x 5 shillings. Also £z brought
to shillings is 202 shillings. So y Ibs. = 16y oz., and b tons = 20b
cwts.

7. 3 yds. of cloth at 5s. a yard cost 3 x 5 shillings, so # yds.
at 4s. a yd. cost 4« shillings, and a lbs. of tca at b pence per lb.
cost ab pence.

8. If a square hasa side of 3 in. the area is 3 x 3 or 3% sq. in.
So the area of a square of side « in. is 2? sq. in.

9. If I travel at 10 miles an hour, I can do 1 mile in & hr.
In the same way if I travel at « miles an hour, I do 1 mile in

1 hr.
x

10. A number of two digits such as 47 is equivalent to 4 tens
and 7 units, or 10 x 4 + 7. Hence any number of 2 digits can be
represented by 10z + y, where « is the ten’s digit and y the
unit’s digit.

These exam.ples are only intended as illustrations. You must
think out each fresh case for yourself.
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EXERCISE 5. MENTALL.
1. What number is 8 more than z?
2. Decrease 7 by «.

3. How old will a boy'be in & years time if he is 10 yearsold
now?

4. How old was I 10 years ago if I am « years old now?

5. How old shall I be in n years time if I was n years old
7 years ago ?

6. How many pence are there in z shillings?

7. How many shillings are there in £4 ?
8. Write down three consecutive numbers of which the first
is .

9. Write down three consecutive numbers of which the
middle one is .

10. What is the next odd number greater than 2z +1?

11. If two numbers differ by 10 and « is the smaller, what is
the larger?

12. The sum of two numbers is 24. One of them is . What
is the other?

13. Write down an expression for the perimeter of a rectangle
of which one side is  feet and the other b feet.

14, Write down the perimeter of a square of which each side
is n inches.

15. What is the cost in shillings of a Ibs. of tea at 5s. 6d. a 1b.?

16. If I give A £z, B £3 more than twice this and C £4 more
than three times it, how much shall I give them altogether?

17. From £z I spend y shillings and 12z pence. How many
shillings have I left?

18. If 4 lbs. of sugar cost 1s. 4d., what will « Ibs. cost?

19. IfI travel at the rate of z miles an hour, how many miles
i8 that in a quarter of an hour?

20. IfI can row z miles an hour up stream and the rate of the
stream is 4 miles an hour, at what rate can I row down stream?
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The Solution of Problems.

13. Ex. 1. Find two numbers whose difference is 6 and whcse
sum is 10.

Let x be one of the numbers.
Since 10 is the sum, the other is 10 — &
and 10 — z —« is the difference.

S 10—z —2=6,
~2r=6—~10=—4,
z=2
10—w=8}'

Or we might proceed as follows:
Let « be the smaller number.
Then the larger =« + 6.
The sum of the two numbers =z + 2 + 6.

Sox+z+6=10,
2z =4,
z=2

w+6=8}'

Ex. 2. A father is 3 times as old as his son. In 4 years time
the father will be 4 times as old as his son was 2 yearsago. Find
their ages.

Let z = the son’s age now in years,

3z = the father’s age,
3z + 4 = father’s age in 4 years,
x—2=son’s age 2 years ago.
.. 4z — 8 = 4 times the son’s age 2 years ago.

o3+ 4=4x-8,
3z — 4 =—8—4,
—r=—12,
x=12
3w=36}'

Note. The nnswers to all problems should be checked.
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EXERCISE 6.

L. If a certain number is added to another twice as great, the
result is 24. Find the number.

2. If 4 is taken away from three times a certain number, an
answer 14 is obtained. What is the number?

3. Aboyis 7 yearsold. In z y.ars time he will be 20. Find z.

4. IfI add together the same number of shillings as of pence,
the result is 13 shillings. How many of each do I take?

5. One side of a rectangle is 4 inches longer than the other,
and the perimeter is 2 feet. Find the shorter side.

6. The sum of two numbers is 13 and one of them is 3 more
than the other. Find them.

7. The sum of three consecutive numbers is 48. Find the
middle number.

8. A man buys 8 lbs. of tea at 1s. a 1b. and some more at
2s. a lb. He sells it at 1s. 4d. a lb. and makes no profit. How
much did he buy at 2s. a lb.?

9. Two numbers differ by 10 and three times the smaller
equals twice the larger. Find the numbers.

10. IfT take a certain number from 10 I get the same result
as if I take three times the number from 30. Find the number.

11. A father is three times as old as his son. In 20 years time
he will only be twice as old. How old is his son now?

12. The sum of two numbers is 45 and one of them is 5 more
than the other. Find them.

13. If I had four times as much money as I have and spent
5 shillings, I should have twice as much left as I actually had to
begin with. How much had I?

14. Divide £25 between A and B so that A gets £4 more than
twice as much as B.

15. A certain number of pounds, twice as many shillings and
three times as many pence come to £16. 13s. 9d. How many of
each are there?

16. Someone said to me “Think of a number. Doubleit. Add
7. Take awai{,3 more than the number thought of.” I gave an
answer 39. What number was I thinking of?

17. A boy is 6 years younger than another ana in four years
time he is half as old as the other. How old are they now?
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, 18. Divide £35 among 4, B and C, giving B twice as much as
4 and C twice as much as B.

19. Divide aline 15 inches long into two parts sc that 6 inches
more thai the longer part is twice as much as the shorter.

20. In a school of 600 children = are boys, twice as many as
this are infants and there are 40 more girls than boys. Find the
number of each.

Simple Fractional Equations.

14. You have learnt that both sides of an equation may be
multiplied by the same number without altering the value.
This rule is useful in solving fractional equations, for if each
term is multiplied by the L.C.M. of the denominators all fractions
will be removed.

3z 2z

Ex. 1. T—?=10'
LC.M. =12,
12x?§-—12xgg=12 x 10.
9z — 4z =120.
5z =120,
=24,
Ex. 2. Sr+8="Te+9.

Multiply throughout by 10.
52430 =Tz + 90,
5z —Ta=90-—30,
— 2z = 60,
z=—30.
5 38 7
AN IS T
LCM. =12z,
60 + 6 =7 — 60z,
60z =— 59,
e 50
60"
Note carefully that every term must be multiplied by the L.c.M.
of the denominators.

Ex. 3. 5.
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EXERCISE 7.

Solve the following equations, and test each answer by sub-
stituting the value of the unknown quantity in the original

equation:
z
1. §—§=l.
4m 8
3. 5 =15

9 §+§_é"4’
11. 8z + 30 =22,
1. 3-2p 2
15. 2%,
17, 0=2- %00
19, 301

Removing Brackets.

2.

16.

18.

20.

"3T57 "

$2+1=42+45.

. e+1li=2+4%

gz_3z_g
2 5

152 — 8z =45 —~ 2:5z.
z. .z & _ .

T —8x="5— 2.

. $x—6=4%x—3.

172 =8 —13a.
225 _15

4z ~ 4

152 =z

3z -gtt

156. Consider the example 9 —(5 + 2).
This means that the sum of 5 and 2 is to be taken from 9,

though the same result would be obtained by subtracting them
separately; for 9— 5=4 and 4 —2=2, whilst 9 -7 is also 2.

We might write down the operation as follows:
9—-(5+2)=9-5-2.

Hence in removing the brackets, which have a minus sign
before them, we change the signs of the terms. Needless to say, if
a plus sign precedes the brackets the latter are removed without

any change of sign,

9+(5+2)=9+5+2.
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. Next consider 9 —(5—2). This means that if & were taken

from 9 we should have taken away’2 too many, for we need only

take 3 from 9 to get the correct answer.
c9—-(5-2)=9-5+2.

Here again all signs are charged on removing brackets;
whereas .

94+(5-2)=9+5-2.

Finally we have the only difficult case, viz. 9 — (2 —5).

For the present it is sufficient for you to accept the rule given
above, viz. change all signs’ on removing the brackets, because
they are preceded by a minus sign.

o 9—(2-5)=9-2+5.
If a proof is needed, the following may be sufficiently con-
vincing.

Let 9—(2=3)=@ . ceerrirrirnnreniinnnen. ).

Take — (2 — 5) to the other side, changing the sign,

9=2+(2-5)=x+2-5.

Now take the 2 and — 5 back again, changing the signs,

9—2+5=Ccerrirricrninnnnnnnns (2).

From (1) and (2),

e 9—(2-5)=9-2+5.

Hence we have the following rules for all cases of the removal

of brackets.

1. If brackets are preceded by a plus sign, simply remove
the brackets.

2. If brackets are preceded by a minus sign, the signs of
?rmi within brackets must be changed on removing the
rackets.

EXERCISE 8.

Simplify by removing brackets and then collecting up like
terms:

1. 15+(7-3). 2. T—(2+5).

3. 2a+(3a—a). 4, 3z—(z—2).

5. 5z —(2z—8). 6. 3a—2b—(2a+ 3b).

7. 5z -2y —(5z+2y). 8. 2¢+3d+e—(2c+3d—e¢).
9. (a—2b)—(2a—>b)—(a—2d).

LAI 3
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10. 3p— g —(5p— 29) — (3p — 29).

11. 52+ 7+ (8x—2)—(3z + 2).

12. s—(3s—t)—t. ‘

18. 4a +3b +(2b + 3¢} — (3 + 4c) + (2 + 3b).
14, 2z+3y+2)—(z+79)—(z+2)—(y+2).
15. 224 Ty — (x4 22) — (y + 22) + (z + 2y).
16. 15— 2—("52+38)— (52— 2)— (‘52— 1).
17. 1-("5z+ 2y).

18. 0—(z—2y)—(z+22)+ (y — %2).

19. 5—(3+42z—3y)+(2+ 32— 3y).

20. 3a+ 2b+4c¢c— (8a+ 2b 4 4c).

16. Sometimes a number or a symbol comes before the brackets,
and in such cases every term within the brackets has to be
multiplied by it.
Eg 6(8+5)=6x8+6x5=48+30="78.
No proof should be needed, though it is possible to prove the
rule quite easily:
2(6+5)=(6+5)+(6+5)=6+5+6+5=2x6+2x35,
3(7-1)=("T-D+("-1D)+(7-1)=T7T-14+7-14+7-1
=3x7-3xL
When the brackets are preceded by a minus quantity it is
necessary to change signs as before, as well as multiplying by
the quantity:
Eg. —38(2z-8)=—62+9,
—3(2z+3)=—6z~9.

EXERCISE 9.
Simplify:
1. 2(3+a2) 2. 3(3—2x). 8. 5(5z —2y).
4, —3(z+3). 5. —2(2z—4). 6. —3(3z—6).
7. 83(z—2)+2(z-3). 8. 4(2x—-1)+3(3z—2).

9. 5(5-a)—3(2+a).  10. 2(2z+8)—3(3z + 2).
1L 5(1=a)—252—a). 12 1-3(z—}y).



13.
15.
16.
17.
18.
19.
20.

EQUATIONS INVOLVING BRACKETS 19

x z z ‘ x
2 (1-5)—3 (1-§). 14 6’(3-—5)—4(2+—2-).
5(a+2r)+2(g+3r) +4(q+4r).
3 (m—2n) — 2 (m — 5n) — 4’(m — 3n).
5(x+2y+2)-(z—2y~+2).
5(s+t)—2(s+7)—B3(s+18)—4(E+7)
2a — 3b — 2 (2a — 4d) + 3 (3a — b).
b5z + T —2 (2z + 3) + 3 (4@ — 6).

EXERCISE 10,

Solve the equations:

3(x—2)+2(x+3)=10.
5(z—1)—3(x—2)=15.
2(z—3)=3(z—2).

2z — 7 =4 (z— 5).
0=3(z—2)+2(z—3).
TQr+4)+2(Bx—2)—2(8z~5)=0.
5(z+1)—2(x+2)—(x—5)=5.
4=38¢—7—(2¢9—5).
6(5—22)—8x+5="7(2—2).

22— 5=2(x—2)+ 3(x— 3).

Sz —b5(x—1)=2z—4(z—2).

20—83=38(a—-2)+4(a—3)—(a—4).

52 —-2—B8z+1)=42—-3—-Bz—1).
4(z—1)-5(@—-2)=6(zx—3)—3(z—4).
22—8+3(z—2)+ 4(xz—8)="5(x—5).
2=8(@—-2) -2(x—3)+4(z~-1).

. 4(@+1)=32—2(2z—6).

2z — 3 =2 (2z — 3).
3(z—1=4(x—2)—2(z—3).
5(—2)+4(x—8)=3(z—4)—2(z~-5).

2-3
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Simple Fractions involving the use of brackets.
; . -2 -1
)
17. Ex. 1. Consider T
As usual, find the L.c.M. of denominators, viz. 60. Bring each -
fraction to this denominator by multiplying top and bottom by

a suitable number.
6(3z-2) 5(z-1)

Here the expression = BXT0 ~ BxID e (¢))
6(Bx—2)-5(z—1)
= GO0 e (2)
182 —~12—-54+5
- 60
132 -7
=0

In practice, we usually omit line (1) and proceed to line (2)as
follows:
60 +10=86, .*. 6 (3z—2),;
60+12=5, ... =5(x~—1).
22—1 8z—-1 4z—1 32-2
3 T4 T8 12
L.C.D. = 12.
In practice we proceed as follows:
12+3=4, ... 4(2z-1);
12+4=38, ... —3(Bz-1);

Ex. 2.

and so on.

4(22-1)-3(Bz—-1)—2(4z—1)—(3x—2)
12

_82—4-92+3-8s+2~3x+2

- 12

Expression =

-12243
—
_3(-do+l)_1-4s
12 T4
Note that 1 — 4« is preferable to — 4= + 1.
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Ex. 3. 2e-1) 3Gr=D)_, 4o,
) 5 .

Note caretully how we deal with — z + 2.
10 (22 —~1) + 12 (3 — 2) — 20z + 40

Expression =

=20w—10+36w—2(1)2—~20x+40
=36w+18___18(22(.)'z:+1)=9(2w+1)
20 20 10
EXERCISE 11.
Simplify:
L 2oBe=2 el 20-1
pfoml Tol o 24l o4
5. ;+3w;'1+23—6—€’ 6. §+ai;-2—g—§”-”—6'—1.
7. 2+”—61—2‘”1;1. 8. 15+ °5(x—2)+ 25 (x —4).

9. 6+ 3 (2w —1)— 4 (42— 3).

10. *15 + 05 (2x — 1) — *35 (42 — 1).
z 2 3.71; 2z — 1

11. 2+ 3 + — 26
22 8z -1 2x-3

12.9-7-3 *— % -
z—1 -2 -8 z-5

18. 53 T4 6

14. 3(z—2)—3(z—38)— % (z—5).

15. § (2z—4)+{ Bz —2)— § (= —3).

16. $(8z—2)—{ (4 —3) — & (z—2).

By simplifying separately the two sides, show that:
z—2 w=8 -1 x2-3

17o 3 — 4 = 6 - 12 .
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¢
4c—-85 w—=1 3x+]1 To+2

10 2 "5 10
19. g—”f—g—l—%—l-a-é.
20, 2G2-9), 2 (2‘%"3) —S(@-1)+ o0,
EXERCISE 12.
Solve the equations: :
1 2:0‘;—3___3.%5—2' 9, gg_l‘_:%T—2
3. 1(3z—5)=14(2z—3). 4. } 2z —1)=1} (= — 2).
5. 3””4”1=2‘”—;1+1. 6. 3"’;7=1—2w2’3.
7. ‘”—'2'—1—“’—’3—3=4. 8. g’i&‘—}+-2f-§-§=5.

9. 3(z—8)+4(zx—32)=103.
2(z—3) 3(2x—1)

10. ) - 6

11. ‘522 ~3) 475 (4x —6)= 5.

12. 3(z—2)—§ (z—3)=0.
3z—-1 z+2 2

18 === *3

4z—-5 =xz—1 22+38

14. 0" "3 = 3 °

15. 3 (z—2)—4(z—3)=1(z—4).

b5z -6 3z—-5

16. 6 —-2= g - 3.

z-5 z—4

17. 1 - 13 =2 5 "

18. *5(2 —4x) =75 (3 — bx).
3z—~7 22—8 4da-5

19 === =13 -

+2+1=0.
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20. %’-%(200—1).—_4-;(2_50).

21. —2—9-—%=2.' 22. 1---——2—=5.
z 2z » x 3z
2 7T 1 T 8 1
23. 5—w+m—-5—2. 24. .’_0_2—&‘—-5—66+3.
1 2 4
25. *2—6;—'3;=*6—w+1.

More difficult problems.

18. Ex. 1. Divide £100 between 4 and C so that 4 gets £10
more than half of what C gets.

Let C have £xz.
Half C’s share =

x
Q’
@

A’s share = 5 + 10,

2
x
.°.a;+§+10=100,

@

z+ 5= 90,

2z + z =180,

3z =180,
z = 60,

.. C gets £60 and 4 £40.
Ex. 2. If I buy a certain number of eggs at 7 a shilling and
sell them at 2d. each I gain 5s. How many do I buy?
Let # = the number of eggs bought.

7 cost 12d., .". « cost ]—,?-"f pence.

1 is sold for 2d., .. « are sold for 2z pence.

Gain = 22 —-1—2—'7-"-

7 ?
- 2 1—72—” = 60.
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Note carefully that all terms here are expressed in pence.
14 — }240 =420,
2z = 420,
z = 210.
-~ I buy 210 eggs.
Ex. 3. A father is twice as old as one son and three times as

old as the second. Six years ago his age was half as much again
as the total of the sons’ ages. How old is each now?

Ages now. ¢ Ages 6 years ago.
Let « years = father’s age. z — 0.
x , x
5= 1st son’s age. 5~ 6.
z ’ z_
5= 2nd son’s age. 3 6.

Total of sons’ ages 6 years ago = g— 6+ g - 6.

© x
.'..’l?—6=1% (§~6+§—6).
22 —12=3 (§x—12),
2z — 12 = §x — 36,
do — 24 = bz — 72,

—z=—48,
z = 48, the father’s age in years.

@

= 24, the st son’s age.

Wy N

=16, the 2nd son’s age.

A caution! At the stage 2 —6 =1} ('g— 6 + g - 6) , we multi-
plied both sides by 2. The left side clearly becomes 2x — 12, but
many beginners proceed to multiply both 1pand ('g -6+ g - 6)

by 2. Thisis incorrect: it is just as bad as saying that if 6 =3 x 2,
S 6x4=(3x4)x(2x4),
though it would be quite correct to say
6x4=(3x4)x2
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EXERCISE 18.

1. Find a number of which the half js greater than the thiid
part by 25.

2. The sum of the fourth, fifth and sixth parts of a certain
number is 740. Find the number. * -

8. A, Band C share £17 s3 that 4 gets half as much afa.in

as B and B £3 less than C. How much does 4 get? [Let
£z = (s share.]

4. I divide three consecutive numbers by 7, 5 and 2 re-
spectively, and the sum of these three quotients is 13. Find the
numbers.

5. A is half as old as B. In five years B will be three times
as old as A was 5 years ago. How old is each now?

6. I bought a house and gained £200 in selling it. If I had
paid 10°/, more than I did, I should have gained nothing in
selling. What was my purchase price?

7. Divide £56 into three parts so that 4 of the greatest, 4 of
the next, and 4 of the smallest are exactly the same.

8. A travels at 12 miles an hour and B at 16 miles an hour.
They start at the same time and ride towards one another from
places 63 miles apart. How far are they from these places when
they meet?

9. From a basket of eggs A takes } and one more. B putsin
twice as many as there were at first and there are then 71 eggs
in the basket. How many were there at first?

10. I have £1.18s. 0d. in half-crowns and florins, and there are
6 more half-crowns than florins. How many are there of each?

11. A father is three times as old as his son. Eleven years
ago he was five times as old. What are their present ages?

12. In a railway carriage 6 people can sit on each side. When
there are only 5 on each side, eac rson has two inches more
room than if the carriage was full. Find the length of each seat.

13. In an electior. § of the voters voted for one candidate. If
320 of these had voted for the other, the result would have been
a tie. How many voted for each? [Let 5z = the total number of
voters.]

14. Divide 160 into three parts so that the smallest is one-
quarter of the largest and one-third of the middle number.
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15. Find.two numbers whose difference is 12, if one-seventh
of the smaller taken from one-sixth of the larger leaves 3.

16. A man has 10 less cows than horses, If he sells half his
horses and one-third of his cows, he has the same number of each.
How many cows had he at first?

17. A has three times as much money as B. He gives half his
money to B and then B has £20 more than 4. How much had
A at first?

18. £60 is divided among 4, B and C. 4 has £10 more than
half as much as B, and B £10 more than half as much as C. How
much does each get?

19. Of a certain sum of money I give one-quarter to B and one-
fifth of the remainder to C. I then have £120 left. What had I
at first?

20. A tradesman bought a number of articles. He sold them
50 as to gain 3d. each on 240 of them and lost 2d. each on the
rest. Altogether he gained 10s. How many did he buy?
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SECTIONAL REVISION A

EXERCISE 14 (a). MENTAL
Write down the answers without showing any working.

1. Simplify —2 (3 —4z).

2. Find the value of 32+ 2y when 2 =2, y=—3.
3. From 3a + 50 take the sum of a + b and a + 2b.
4. Simplify £+3.

5. Solve the equation £= %

6. How much greater is 3a than 2b?

7. Add together 4m + 2n, 3m —2n, 5m+ 4n.

8. Bring — ~—~'—7 to a denominator 30.

9. Simplify da— 8

10. Write down an equation for the solution of the following
problem:

“Divide 27 into two parts so that the second is three times
one more than the first.”

EXERCISE 14 (b).

1. Solve the equation 4z —2=3z+2.

2. What is the coefficient of  in the difference of 7z + 2y —38
and 2z + 5y?

3. Add together {m+ {n, dm+4n, fm—in.

4. Find the value of ¢ when 10 -3¢ —4=4—2¢—8.

5. How old shall I be in # years time if I was y years old
5 years ago?

6. Write down a table of pairs of values for # and y when
x=-2,-1,0,1,2if Tz +y=36.

7. Solve for %’—%=7-%.

8. Simplify 5 (z — 3y) — 2(z— 32)— 4 (y — 32).
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. bz—3 -3 x-1
9. Solve th K- =
olve ' e equatlo? ) " R
10. I can row 4 miles an hour up stream and 6 miles an hour
glown. What is the rate. of the stream, and how fast can I row
in still water?

EXERCISE 15 (a). MENTAL
Write down the answers without showing any working.
1. Add together 2 (a+b)+ 3 (a + 2b).
2. Simplify 3 (I — 2m)— 5 (n— 2p).

3. If g?f-”=32f find .

... 3z Ty
Simplify 5 710"
Solve 5a —7 =7~ 2a.
Find the value of 4 (3 — 2z) when z="75.
Take a + 2b + 3¢ from 3a + 2b + 4c.
If 2562 =512, what is x?
If I buy eggs at 7 for a shilling, how many shall I get for

"opoNoo B

£?

10. Write down the equation by means of which this problem
can be solved:

“A train travels twice as fast from B to C as from 4 to B.
If the distances are each 100 miles and the total journey is
done in 5 hours, find the speed from 4 to B.”

EXERCISE 15 (b).
1. By simplifying separately the two sides, prove that
3(a—2b)+4(a—2c)+(a+14b+16c)=8(a+b+c¢).

2. Solve the equation gz + 14 = §= + 23.

3. I have £z and spend 20y shillings and 120z pence. How
many shillings have I left?

4. If 2z —y=19, find y when =2, 3, 4, 5, 6, and write down
the table of corresponding values of # and y.

5. Find r when §r—§=§r—4}. -

6. Simplify 5z —2y + z— 2 (2 — 8y + 42) — (z + 2).
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. 4(s=3) 3(3-1) 3(3.——2)
7. Solve the equation 5 10 3

5 2z—-1 1-2z
8. Sintplify 6t 3 — i
9. Find the coefficient of #in ‘the difference of 2z~ 3y +4
and 5z —2y + 4.

10. Divide 35 into two parts so that the first is three-quarters
of the second.

EXERCISE 16 (a). MENTAL

Write down the answers without showing any working.

1. Solve the equation 5r -2 +2r+3=>5r+1.

2. Simplify 3 (! — 2m)—2(n— 3q).

be 3
3. Ifﬁ—tl’ﬁ nd z.
4. What is the coefficient of z in the sum of
5z + Ty + 42), (2y +42+13z), (z—2y—92)?
Find the excess of 5y over 1.
If 52+ y =17, find y when z=3.
Find the value of 7qg—3r when g=r=2.
Take 2z + 3y from 4z + 9y.
9. A man walks z miles due North, then y miles due North,

and finally z miles due South. How far is he North of his starting

point?
10. Write down an equation which will solve the following
problem:
“Find two numbers of which the sum is 29, such that one-
third of the greater is 2 less than half the smaller.”

0 =T o, o>
DAt L

EXERCISE 16 ().
1. Add together (*5z + *25y), (‘73 + 5y), (-252 + ‘75y).
2. Write down 5 consecutive odd numbers of which the
middle one is 4x + 1.
8. If zis given the values 0, 1, 2, 3, 4, 5, find the values for
y when 5z + 2y = 26.
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4. What is the value of ¢ if ?+§(t—2)=ﬁ£—é?
5. Simplify 2 — 3 (a+2b—4c) + 4 (@ — 3 + 2).

6. Solve for r: 73- 1~.):=5(6-—r).

2 3
7. Simplify $(2-82) -3 (1 —2z)+ § (4z—=3).
8. Bring 7"’61_421 to a denominator 2.

9. Multiply 7+ 4d —2r by — 5.

10. A and B are 40 miles apart. I do a portion of the journey
at 10 miles an hour and the rest at 20 miles an hour and take
8 hrs. 15 min. altogether. What portion did I do at the slower
rate?

EXERCISE 17 (a). MENTAL
Write down the answers without showing any working.
. 4a 5
1. Solve the equation - =g
2. What is half the sum of 3z + 2y and 5z + 2y?

3. If 524+y="1, find the value of ¥ in an answer which
includes an z term and a number.

4. How many times is 2a contained in 3b?
5. Find the value of ‘52 + '3y + *7z when 2=y =2=10.
6. Simplify —2(3 —2a)— 4(3b— 2c).

7. Subtract the sum of 4a + 3b and 2a + 5b from 6a + 10b.
394
12
9. What sum is 10°/, more than £102?

10. Write down the equation which will solve the following
problem:
“A pole has } of its length in mud, } in water and 30 feet
above water. What is its length?”

8. Bring to a denominator 48.
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EXERCISE 17 (3).
1. Add together 3s — 4t + 2r, 5¢t— 2r + 5s, 2t + 3r + 5.

2. If 4 lbs. of sugar are bouéht for 5s., how many shillings
will b 1bs, cost ?

Find the valug of 8l + 5m when =25 m=1T-5.
Solve the equation }—2) +§ + g +%’ = 20.
Show by means of a diagram that 8 —(5—2)=8—-5+2.
Simplify 5 (2 —3¢) —2(3a — 4c) — 6 (a +c).
bg—4 38g—-2 1
T W Y
By simplifying separately the two sides, prove that
20—-7_ x-3 _1-2 +w—4+§.
4 5 10 2 4
9. Divide 35a + 14b —21c by 7.

10. IfI takea certain number of sixpences and 4 times as many
pence, I get 8s. 4d. How many of each do I take?

oo w0

.

Find g when

L =
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SIMULTANEOUS EQUATIONS

Subtraction.

19. You have already learnt that 7 — (6 —9) =7 -5+ 9=11.
But5-9=-4, ..7-(-4)=11.
This is merelyanother example of changing signswhen brackets
are removed.

Caution! Probably more mistakes are made through an incorrect
treatment of the minus sign than from all other cases put together.
As far as ordinary subtraction is concerned, the rule 1s that if you
have to take a minus quantity from a plus quantity you really
add two plus quantities.
Other results which should be noted are:
(-5)—(—2)=—5+2=-3,
(—6)—(9)=-15.

20. The following examples in vertical form include all types of
subtraction:

From 7 3 4 -4 -6 -4

Take 3 | 5 |-2 | =2 | =9 | 5
4 -2 | 6| -2 3 | -9

ie. T-3|8-5ld+2|-a+2|-6+9]|-4-5]...... A,
=4|==2| =6 | =—2| =3 =9 |...... B.

It may save you from many an error in subtraction if you
always bring the subtraction mentally to the form shown in
line A. From this, line B can quickly be obtained.

The same process is used in subtracting all like terms, for the
result is always a like term to those used, and only the numbers
have to be considered, e.g.:

From 13a 14z 2.1y — 6z

Take Ta 19z -3y — 3z
Line A...(18=T)a | (14—=19)z | (21 +3)y | (-6 +3)z
Line B... 6a -5z 24y -3z
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21. Caution! (@) Unlike terms cannot be subtracted.in this wa;/.
If frorrlx Tz |
you take 8y,
you do not get (7 — 8)=, because unlike terms remain unlike both
before and after subtraction. The right answer is 7z — 8y.
(b) Finally we have the cases:
From 0 0
Take 3z —3y.

The results are 0 — 8z or — 3z; 0+ 3y or 3y.

EXERCISE 18.
Horizontal Subtraction by Removing Brackets.
1. (10) - (15). 2. 5—(=2).
8. —T—(=4) 4. 20— (50).
5. (2a + 3b)— (a +b). 6. (Bx—"Ty)— (52 + 8y).
7. Ba+2b-c)—(2a—b—2¢).
8. (bz+ Ty — 22) — (3x — 8y + 22).
9. (115a + 203b) — (108a — 103b).
10. 85z + 79y — (952 + 109y).
11. 1 —(8a—-2b—c).
12. 0 — (3z + 5y — 22).
13. Take 3a — 2b + 5 from zero.
14. Diminish 3z + Ty — 2z by « — 5y + 8=.
15. By how much is
241 + 39m — 17n greater than 197 — 29m + 16n?
16. From a take 3a — 2b + 4¢.
17. Take 8z + Ty — 82 from 3z — 8z.
18. Take 2a — 2b— 7¢ from 2a — 2b - Tc.
19. How much is 3a — 2b — 4c¢ less than zero?
20. From 203z + 307y take (— 233y).

LAI 3
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EXERCISE 19.

Subtract the lower line from the upper in each case.

L7 207 3 5 4 —6 5 —3
12 g =2 =7

I on

6. 22z 7. 3y 8 4a 9. —3b 10. —2¢
x 4y — 2a — 6b c
x

11. Yy 12. 3z 4+ 2y 13. 2a +b
¥

4z — 3y a—2b

14. 52+ 7y 15. Tz — 5y 16. 3c—4d
3z — 2y 9z + 4y 2¢ — 5d

17. 32 —2y 18. 25z+ 17y 19. 102a — 29b

52 — 6y 35z — 10y 56a + 47b
20. 42+ 5y 21. 27Ta—45¢c 22. 56y + 47z
— Oy —15a 66y — 252
23. 3a—4b+c¢ 24. S5z — 9y — 2z
2a + 5b — 2¢ 22 — 4y + 6z
25. 8z + 2y — 32 26. Ta —3b+ 2¢
9z — 4z 4a + 5
27. 8z - 2z 28. 3a
1l — 5y + 2 2a — 2b + 4c,
29. 0 30. 1

S5z — 2y + 3z 3—2a +4b
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First simplify the parts of the following, then arrange in
vertical form and subtract.

31. Take 2a — 5 (b —c) from 5a — 3 (2b + 5¢).

32. Take 1 —-5(1 —z)+ 2 (1 —y) frum 3 + 5z + 2y.
33. From 3 (5z — 2y) + 2 (5 — 22) take 2 (z + 5y + 2).
34. From 5 (z — 3a + 2d) take 2 (z — 2a + 4d).

35. If 4a—T7b is greater than 2 (2a—3b+5), find the
difference.

Simultaneous Equations.

22. Up to the present only equations with one unknown symbol
have been introduced. We now come to equations with two
unknown quantities, and the latter are usually, though not
always, indicated by = and .

Suppose z +y =1T.

This is true if z=1 and y=6

=2 y=35

r=3 y=4

z=14 y=3

x=25 y=2

z=06 y=1 and so on
Suppose we have another equation # —y = 5.
This is true if z=6 and y=1

=1 y=2

=8 ¥ =3 and so on.

But however many pairs of values we may find for these
equations taken separately, only one pair will be found to
satisfy both equations. Here, for example =6, y =1 satisfy
both, and no others will do the work.

23. In this new type of equations you will always be given two
equations in order to find a value for # and a corresponding value
for y which will be true for both equations. But we shall not solve
them by finding pairs of values as we did above.

Ex. 1. 2z — y=9}
x—2y=38)"
3-2
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Make the coefficients of # or y the same. Here take the « terms;

tc make them the same we multiply the bottom line by 2 and
obtain 2z — 4y = 6. Now we have

%w— y=9
2z — 4y = 6} )
Take the bottom line from the top.
(2r—2z)—y+4y=9—6.
3y=3,
y=1
Hence we are said to eliminate .

Substitute this value of y in one of the given equations;
always choosing the simpler of the two.

2z—y= 0.
S 22—-1= 9,
2z =10,

= 5,

Hence = 5}

Ex. 2. 3z+2y= 16} . Eliminate .
2z— y= 6

4z — 2y = 12} , Le. multiply bottom line by 2.
But 8z + 2y =16
Add: 7z = 28,

E = 4.
Substitute in 3z + 2y =16:
12 + 2y =16,
2yu= 4,
y= 2
x= 4
)= o
Ex. 3. 3z + 5y =27
bz —dy = 8}'

Here it is necessary to multiply both equations in order to
eliminate either  or .
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Rule for Elimination of x and, y:
(1) Find the L.oM. of the numerical coefficients of tlie
symbol to be eliminated. Here it is 15 if we eliminate .
(2) Multiply the two equations by such numbers as will
Eroduce 15z. Here multiply the top line by 5 and the bottom

y 3.
15z + 25y = 135}

15z — 12y = 24
(3) If the symbols to be eliminated are both positive or

both negative [and they are now, of course, equal], subtract. If
the signs are different, add. Here we subtract.

15z — 16z + 25y + 12y = 135 — 24.
37y =111,
y= 3.
(4) Having found one value, substitute this value in one
of the original equations. Here take 3z + 5y = 27.
3x415=27; 8z=12; 2 =4. o= 4
y= 3} '
It should scarcely be necessary to add that both equations must
first be simplified until they include a single « term, a single y

term, and a number, unless of course one of these is found to be
missing altogether.

Thus 3z + y = 7 — 2y must first be changed to 3z + 3y =T.
22+ 5y=>5x+8y -3 to—3x—3y=-3,
or better 3z + 3y = 3,
or better still z + y = 1.

EXERCISE 20.
Solve the equations:

1. w+y=6} 2. w+2y=8}
z—y=4)" z—2y=4)"

3. 2x+5y=22} 4. 8a:+9;¢/=25}
2z —5y= 2/° 8z—9y= T}

5. 3z +Ty~17 6. 4a:—-5y=26}
z+4y = 9}' 2 —2y=12]"



11'

13.

15.

17.

19.
21, 2

22.
23.

25.

26.

27.
28.

30.

SIMULTANEOUS EQUATIONS

5w — 0y =2 8.

w—@=&°

5w-18y=33} 10.

Tz— 9y=30)"

8z + 4y=1) 12.

120+ 12y = 4] °

8w+5y+2=0} 14.

Te+2y=3 )

3z—-4y+7=0 16.

3y—4w+7=0}'

2=y +12 18,

w=19-—6y}'

z+3y=4z+y=1L 20.
=1- g

@

5=l

y—a=x+1ly=10 + z + 6y.
12w+7y=395}

9z = 11y + 20
3r+4y=1 }
5g4+Ty—-1=0]"
z+2+1= g(m+3y+5)}
13 -9y =Tz

3z + 2y=— (4o +3y)=1.

z_ Y 2
2+ =20

[N=]

12}

¥y
3+2 20

‘3.a:+21/
3y — 4
z+y=>5

24.

2z — Ty =20

9z + y=25}'
16z + 14y = 20
18z + 7y=25}'
Tz + 3y =20
10m—4y=12}'
S+ Ty="T
3y—11a:=3}'
2z =32 -3y
3w=4y—37}'
2w+4'5+y=0}

z+y=5(@y-9)"

4z — 13y =191
8z —10y= 93]

10y = 11w—31}
4y +13 =5z

3 (z—-2y)+4=10
3-2(B8z—4y)+13

_of
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Problems involving Simultaneous Equations.

24. Ex. 1. Divide £15 between 4 agd B so that B obtaiis
£1. 10s. Oq. more than half of 4’s share.
Let A have £¢,
B ¢ £y.
Then 2 +y=15...ccoooeiiiiiiiinininanans (1).

ButBhasl%+5—2v,

Adding 3y =18, y =6,
6 +x=135, A has £9
z =0, B £6)°

Ex. 2. A number of two digits is such that the sum of the
digits is 7. If the digits are reversed, the number is 9 less than
before. Find the number.

Let z = the ten’s digit,
y =unit’s digit.
Then 10z + y = the number,
10y + « = the number with digits reversed.

S0y +2=102+y —0) i (1),
ande+y="T j .............................. 2).
From (1), 9y — 9z =—9.
y—x=~—1

From (2), y+z= 1T7)°
2y=6. y=3, z=4.
.. the number is 43.
Ex. 8. A certain fraction is equal to 4. If 2 is taken from

numerator and denominator, the fraction becomes equal to .
Find the fraction.

Let ;be the fraction. Then 9= T eeeeenens 1),

also ;:—-—% = % ....................................... ().
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From (1), 52—4y=0, 20z — 16y = 0
(2), 4—-8 =‘,3y -6, 20z-15y= 10} ’
or 4z — 3y =2, y=10.
4 bz = 4y.
=8,

L .
.. the fraction is 8.

EXERCISE 21.

1. Find two numbers of which the sum is 17 and the differ-
ence 3.

2. A and Bdivide £17 between them and 4 has £4 more than
B. How much has B?

3. A certain fraction becomes equal to unity if 2 is added to
the numerator, and to 3} if 4 is added to the denominator. Find
the fraction.

4. The difference of two numbers is 12. One-sixth of the larger
is 6 more than one-tenth of the smaller. Find the two numbers.

5. The perimeter of a rectangle measures 2 ft. 6 in., and one
side is 5 in. longer than the other. Find the area.

6. In a purse there are 27 coins. Some of them are half-crowns
and the others are shillings, and the total value is £2. 11s. How
many of each are there?

7. Two candidates in an election poll 7500 votes. If 100 voters
for the successful candidate had voted for the loser, the majority
for the former would still have been 100. How many votes did
the loser obtain?

8. I can row 10 miles an hour down stream and 4 miles an
hour up stream. What is the rate of the current?

9. Find two numbers whose sum is 150 and which are such
that twice the smaller exceeds the greater by six-sevenths of the
smaller.

10. Three coins of one kind and four of another give a total
value of £1. 5. 0d. Four of the first and three of the second come
to £1. 7s. 6d. What coins were used ?

11. A certain fraction is equivalent to }, but if four is added
to the numerator and four is taken from the d-nominator the
result is unity. Find the fraction.
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12. A man bought 264 eggs, sorae at three for 6d. and othets
at four for 6d. He paid £1. 19s. 0d. altogether. How many of each
did he buy?

13. A certain number of scholars paigl 2s. 6d. each for a school
outing, and the parents who accompanied them paid 4s. 6d. each.
If 250 went altogether and the total amount paid was £36. 5s.,
how many scholars went for the outing?

14. Ina mixed department of 420 scholars there are 10 per cent.
more girls than boys. How many boys are there?

15. Five years ago A was half as old again as B and the sum
of their ages is six times the difference. Kind 4’s age.

16. Six pounds of coffee and three pounds of tea cost 12s. Four

pounds of tea and five pounds of coffee cost 13s. Find the cost
of 11b. of each.

17. In a number of two digits the unit’s digit is twice the ten’s
digit, and the value of the ten’s digit is greater by 16 than that
of the unit’s digit. Find the number.

18. A4, B and (' have £600 among them. B has £30 more than 4
and C has £60 less than 4 and B together. How much has each?

19. A townis 36 miles from my home. I walk a certain number
of miles to the station from my home and taxi twice as many
miles at the other end. If the rail fare is 13d. a mile and the
taxi fare 1s. 6d. a mile, how many miles do I walk if the total
expense is 9s. 9d.?

20. Divide 810 into four parts such that the second is twice
the first, the fourth twice the third, and the third 80 more than
the first.

Transformation.
25. Sometimes it is necessary, or advisable, to find pairs of
integral, i.e. whole number, values of 2 and y which satisfy a given
equation in « and y.

Ex. 1. Find the integral values of z and y which will satisfy
the equation: Tx + by = 29.

(1) Transform so as to find an equivalent for either z or y.
Here take «.

Tz =29 — by,
o= 29 — by
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(2) We want to find integral values of z and y. We must here
give such a value to y that 29 — 5y will divide exactly by 7.
If y=1, we get 20 — 5 (or 24)... not divisible by 7,
y =2, we get £9 — 10 (or 19)... not divisible,
y =38, we get 29 — 15 (or 14)... divisible, and z = 2.
After a little practice you will see that to get the next value

for # you must take a value for y that is 7 greater or 7 less than
before, 7 being the denominator of the fraction.

If y =10 (7 more), we get 29 — 50 or — 21... divisible and
z=—3, and

If y =— 4 (7 less), we get 29 + 20 or 49... divisible, and z=17.
.*. three pairs are = 7 2 =3,
y —4 3 10.
Ex. 2 4o—5y+1=0.
Here we will transform so as to find an equivalent for y.

by=4x+1,
4z + 1
3/= 5 .

By trial, as above, we get z =1,y =1.
Hence we shall try £ =6 (5 more than 1); =6, y=5.
Finally try =—4 (5 less than 1); 2 =-4, y=—3 [or we
might have taken # =11 (5 more than 6); z=11, y =9].
.. three pairsare 2z -4 1 6,
y —8 1 5.

EXERCISE 22.

Transform the following equations in such a way that an
equivalent is found for the symbols indicated:

1. 3y—2z=". (z) 2. 2a+3b+4=0. (b)
3. 5=3z+7z (2) 4. Tz=2y +8. (=)
5. 0=Ta-2b+5. (a) 6. 6x—5y=11. (=)
7. Tz +52=0. (2) 8 5a+4b+2¢c=0. (a)
9. Z=1. 10. o-=2. @

: @) = (@)



11.

13.

15.

17.

19.

A

any three pairs of values.

TRANSFORMATION
8z 1 ve 20 1
§+'2=o (@) 14 =25 )
Sz +2 dz+2y—3
2y+5 @) 16. z+y—2 =5 @
3z —2a+17 & 2z
a3l @ 18.3;+3-——-1. )
e+l _g 1 y __3y-4
2y =3 y @) 20. 2 +1 x+4° @)

EXERCISE 23.

Transform the following equations so as to give an equivalent
for y, and then find the values of ¥ when

r=-3,-2,-10,1,2,3.

3z + 4y = 20.
152 + 10y = 75.
z+8y="1.

Sz =2y + 11.

0 =10z + 5y + 5.

2
4.
6.

Tz - 3y=15.
5z 4+ 9y = 43.
3z — 4y =12.

8 7=>5xr—2y.

10.

T2 =40 — 5y.

EXERCISE 24.

Transform the following equations so as to give an equivalent
for either x or y and then find three pairs of integral values, where
possible, of # and y which satisfy the equations; if impossible find

5z + 3y = 16.
b6r—y=".

4z =3y - 9.
0=5z— 2y +18.
do — 2y = 2.

. 22+ 3y =24,

23 = 2z + 5y.
4z = 5y — b.

15 = bz - 4y.
0=8-5x—2y.

2.
4.
6.
8.
10.
12
14.
16.
18,
20.

2z + by = 35.
10z — 3y = 117.
2 =4y +17.
0="Tz—4y-3.
dy—3x+17=0.
Ty — 10z =15.

z + 3y = 20.

2 =5xz—3y.
3e="T-2y.
1=2z-0y.

43
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Piotting Points.

26. You are probably a~quainted with the method of fixing a
point on the globe, by means of the latitude and longitude. The
sailor, for example, know. exactly the latitude and longitude of
the position in which the ship happens to be at any instant, and
in case of distress a wireless message can be sent, which will be
understood by all other mariners, giving the locality of the vessel.

Each line of latitude is parallel to the equator, and the distance
from the equator is reckoned in degrees N. or S. of the equator.
Each line of longitude goes from pole to pole, and each of these
is a number of degrees, East or West of a “meridian” through
Greenwich. Here we have two “zero” lines, one of latitude, the
equator, and the other of longitude, through Greenwich; by
reckoning the number of degrees, minutes and seconds of a place
north or south of the first, and east or west of the second, we can
easily fix the position of the place.

27. A similar device is adopted in mathematics to fix the position
of a point on a page, two lines at right N
angles generally being used as zero lines.

These lines are often indicated, as N P
shown in the diagram, by the letters
X, XY, Y. < 5 M X

X'0X is cailed the “azis” of X.

YOY”’ the axis of Y.

O the origin. Y

Let us suppose that we want to fix the position of the point P
with respect to the “axes” of X and Y. If we know the distance
of P from OY, we shall know that the point P lies somewhere
on a line parallel to OY and the given distance away. 1f we know
also the (sjistance of P from OX, we shall know t_ha.t P lies some-
where on a line parallel to OX and the given distance away.

But the observant pupil will see that two lines can be drawn
parallel to OY and two more parallel to OX the given distances
away. Hence P may be at any one of four points where these
lines cross. This difficulty is removed by deciding that:

(1) Distances measured downwards from aspoint on to 0X,
or from OX upwards to the point are positive.
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(2) Distances measured from right to left fromt a point dn
to 0Y, and those measured from OY to the right, are
positive.

(3) Distances measured upwardsefrom a point on to 0X,
or from 0X downwards to the point, are negative.

(4) Distances measured trom left to right from a point on
to OY, and those measured from OY to the left are
negative.

28. The following diagrams'will make this clearer, PN and PM
being the coordinates of the point P.

(1) Here PN and PM .
or OM and ON | ™€ positive. N P
If then PN is called z and PM y for
the point P, both « and y for that point % o MX
are positive.
Note that in order to “plot” a point,

we measure from O along 0X (or 0X,) Y
a distance equal to the « value for the @
point P, and then parallel to OY up- Y
wards or downwards a distance equal to

the y value of the point P. P N

(2) Here we measure from O to M, i.e.
in a negative direction, and then from M X, M (¢] X
upwards to P, i.e. in a positive direction.

. for this point P, z is negative,

L Y,
Y 18 positive. @)
Y
(3) Here we measure from O to M,
i.e. negative, and from M downwards to M
P, ie. negative. X, o) X
. @ {s negatz:ve, p N
Y 18 negative.
Yy
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(4) Finally we have P in such a posi-

tion that M
x 18 positive, X o . X
y s negative. N P
Yy
4
P
In diagram 5 will be seen in each
“quadrant ” the signs for # and y, the
 signs being given first. — -+

(8)

B (-5,6) Y_L1a(5,6)H

Diagram 6 shows four points
A, B, C, D plotted, one in each
quadrant.

A is the point (5, 6), X 5 m
B » (=5,6),
c , » (=5,—6),
D , » (5, —6).

- -5-6)41-v,~D(5:6)

(G

Hence it should be clear that in order to plot a point we start
at 0 and measure along OX if positive, or along 0X, if negative,
for the # value; then we measure at right angles to OX for the
y value, upwards if positive, downwards if negative.

The unit of length chosen depends on the si%e of the paper
supplied and the values of # and y given. Thus we may some-
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times use 44" as unit for both # and y; or we may use 4", 1”, axd
8o on. Sometimes again we use different units for # and y. But
always it is necessary to state witat uni¥s are used for both. For
example the units used in diagram 6 are 45" for «; " for y.

EXERCISE 25.

Using }” as units for both  and y, plot, on one diagram for
each question, the points 4, B, C, D.

y: | B c D
1. 5 2; -2, 3; -5,—2; 4, —-3.
2. 3, 1; 3, —4; -2, 3; -3, -2
3 -2,-1; -38,-2; 1, 4; 1, 4.
4, -2, 4 -1,-1; 0, 2; 3, O
5. When 3z+y=6 we can find the following pairs of values

of # and y which satisfy the equation:
x 3 2 1,
Y -3 0 3
Using 4" as units for both z and y, plot the points and join
them. You will find a straight line is formed.
6. Similarly 52— 3y =11 gives the following table of values:
x 1 4 7 10 13,
-2 3 8 13 18
Plot this straight line, using v;” as unit for # and y. You will
find that all equations represented by az + by =c, where a, band
¢ are any numbers, give straight lines.
For each of the following find three suitable pairs of values of

@ and y; plot the points and join them, using any suitable unit
for both « and y.

7. 3z+y=0. 8. 5z—Ty=8.
9. 4z +5y=0. 10. 2z—5y+5=0.
11. 3z+4y=1, 12. Tz +3y=21.
13. 8y—1lz=3. 14. 2z=32-3y.
15. z+y=5(y-9). 16. 13-9y="Ta.

17. Plot the points:
z 3 7 9,
y 4 4 4
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18. Plot vhe points:
' &z -2 -2 -2,
y 5 3 -L

Sometimes either the 2 or the y term in an equation is missing.

In that case you can give the missing symbol any value you please,
using with 1t the proper value oy’ the other symbol.

Using this principle, draw the straight lines represented by
the following equations:

19. z="1. 20. 2y+3=0.

Graphical solution of equations.

29. Consider the equations:
(1) 22+8y+1=0
(2) 82—2y—18=0)"

From (1), y=—2§_1 ,
z -2 1 4,
y 1 -1 -3
From (2), y= 3”; 18,
x 2 4 6,

y -6 -3 0.

In plotting these points we should use the largest possible
scale. Forz we need to go from — 2 to 6, i.e. 8 units; for y, from
—6 to 1, ie. 7 units.

In the illustration these units are reduced for convenience to
.2”’ ,2”.

The « axis will be near the top of the page, since most of the
points lie farther below the line OX than above it.

The y axis will be towards the left of the centre of the page,
because most of the points clearly lie to the right of OY.

Plotting the two sets of points and joining them, we get two
strai%ht lines A B, CD cutting at the point P, the coordinates of

which are 4, — 3.
e = 4,
y=-3)
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Y

o7

EXERCISE 26.

Solve the following equations graphically by drawing two
straight lines, one for each equation of the pair, using separate
axes for each question. State tn each case what units you use, and
make them as large and convenient as you can.

1. 3z+2y=12 2. 2¢+5y=22] 3. 3z+2y=19
do— y= 5}' 2z + y=10}' do— y=18}'
4.22—3y + 9=0} 5. 44.7:—5y=6} 6. 5x=4y+31}

3z—4y+11=0 3z—2y=1 2y=8x—17
E_ e dr_y—6
7. '3-—’1 =2 8. 5 = 5
378 ’ 3z y
9. 22+3y+6=0 10. ‘47‘6‘2%}.
3z+9y+9=0}" So—y=24
11, 52+ Ty=24 12. 3z—2y=14
5z=17§" 2y+14= 0

LAl
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SECTIONAL REVISION B

EXEFR.CISE 27 (a). MENTAL

Write down the answers without showing any working.
. 1. Change 22+ 5y =T so as to give the value of # in terms
of y.
2. If 4z +3y=6 and 4z — 2y =1, find y.
3. Perform the subtraction
2a—-3l+%
a—5l—k
If 52— Ty =19 and y =3, find .
Simplify 2 (3a — 2b) — 5 (2¢+ 3d).
6. Reduce to lowest terms
4z
8y +12m’
7. Solve the equation 2 __ -2—
z+1 2z
8. If ?;= 7, find ¥ in terms of .

o

9. Find the cost of « apples at 7d. a dozen.
10. Write down the statements from which the following
problem can be solved:

“Divide £35 into two parts in the ratio of 3:2.”

EXERCISE 27 (b).

1. Solve the equations 3z + 4y =17
br—3y= 9}'
2. Subtract 4s— 3t — 2r from 5s—¢ — 57
8. If 42+ Ty =26, obtain three pairs of integral values of @
and y which will satisfy the equation
l—-2z 2- 2+2
5ttt
32—T7 bx—3

5. Solve the equation —— = =—{7

4. Prove that 1—
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6. If 20— 3y +7=4xz—5y+ 8, find z in terms of y.
7. Add together 4 (3 —2z), 3 (2—3z), 5(1 —2z).

. 1=5z 3Tz '2-4
8. Simplify 5 t—% ——3
9. A gross of apples is sold at 5d. a dozen, and another gross
at xd. a dozen. Find the average cost of an apple, and reduce
your fractions to lowest terms.

10. Ten years ago one man was 5 years older than another,
25 years ago he was half as cld again. How old are they now?

EXERCISE 28 (a¢). MENTAL

33—
2
on one side and the number on the other.

2. Solve the equations z +y =10, z —y =4.
3. Perform the subtraction

2c+4dm— n
c —2n

1. Change y= into the usual form with # and y terms,

4. Find the value ofil;g—m when I=2, m=1.
20+ 5m
3

5. Simplify §2§; +5ue

6. Reduce to lowest terms 9+ 186"

-
7. Solve the equation 525"
8. Add together -5a, “7a, 9a.

9. How many miles can a train go in « hours if it travels at
5 miles an hour?

10. Write down the equations which will solve the following
problem:

“The numerator of a fraction is half as great again as the
denominatcr and the sum of numerator and denominator
is 10. Find the fraction.”

42
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EXERCISE 28 (b).

1. Find the sum of 3¢ —1}c+4d and 2%c— }d—8a.
2. Solve the equations z = Yy 3_ 7 y Y= 4:0:; 7 .
.. 8(1—2m) 8l—5m l—3m,
3. Simplify 5 +—5—— 3
4 S 5 38 T
olve the equatlon +ort e, = 170.
5. Find the value of — 7 (Ba—%b +4c) whena=b=c=—1.
6. Subtract the sum of 4a — 6z and 2a — 6y from 12z —12y.
7. Reduce to lowest terms oo d). (22— 49) .
2 (5z — 25y)
8. Find three pairs of integral values that satisfy the equation
5= 2y +17.
9. If I can motor # miles in y hours, how far can I go in
5 hours?
10. Find two numbers whose difference is 8, such that half

the larger and one-fifth of the smaller together equal 11.

1.

2.

- 16y.

3.

S

EXERCISE 29 (a). MENTAL
If 52+ 7Ty =29, find y when z=3.
Change 3z — 8y =17 to an equivalent equation containing

Subtract the bottom line from the top

1
4—Tg+5r
Find the value of 32 when a=1and b=1.
1
Simplify (—L +5.0
28a +7d

Reduce to lowest terms

ldz+Ty"

Solve the equation 2 (z —1)=8.,

Add together }a +§b+ 3a + $b.

What fraction has a numerator # and a denominator 5 less?
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10. Write down an equation which will solve the following
problem: ’

“A train travels 120 miles in a certain time. If half the
journey was done at this rate, and ;the other half took only
two-thirds as long, the whole’ journey would have taken
2% hours. How long did it take?”

EXERCISE 29 (b).

. Add together 5a — (b-¢), 2a — (b + 2¢), 4a — (b + 3¢).
se—Ty 2z— 5y+w—2y

4 3 6 -

. Solve the equations 8a — 7b =1, 2a + Tb= 24.

4. Find a table of integral values of # and y which will
satisfy the equation 7« + 3y = 31.

5. Solve the equation *5 (z — 2) + 25 (2z — 3) =75 (z — 4).

6. Subtract I — 3 (2m — ») from m — (3{ — n).

7. By working out the two sides of the following equation,

prove that « = 7 satisfies it: 5w;—1 - 2.1:;— 1 =3ar2— 7 + 2.

8. If7a+2b+1=38a—5b+2, find b in terms of a.

9. What is the sum of three consecutive multiples of 5 of
which the smallest is z — 27

10. Divide £70 among 4, B and C so that B has only one-
third as much as 4 and 4 eight times as much as C.

1
2. Simplify
3

EXERCISE 80 (a). MENTAL

3y—-9
PR

1. Reduce to a simpler form z =
2. Solve for y: 2c— 5y=9 }

20+ 3y=17)"
Take 2g — 3r + 5¢ from zero.
Find thg value of 2a + 7d when a =7 and d =—1}.
5. Simplify — 5 (3 — 2z) + 5 (2 — 3y).

ol
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6. Reduce to lowest terms M .
8m+n
7. Bring gﬁ{lg_3§ to a denominator 30.

8. Take 2 (a + b) from 3a + 5b.

9. Write down three consecutive even numbers of which 2z
i3 the largest.
10. What equation will solve this problem?

“4 is three times as old as B.* In 6 years time he will be
twice as old as B. How old are they now?”

EXERCISE 30 (b).

1. From 2 (a — 3b — 2c) take 3(2b — 4a +c¢).
3s—1 2s—3 4s-T
2 5 15
1-32 5§—-22 -2
Tt T
Add together 4 (z +y), 3 (22 — y) and — 2(y — 3x).
Solve for 7: 5r + 2t =29
3r—5t=5}'

2. Solve the equation

Simplify

o

6. Prove that =5 satifies the equation:
20—-8 5+2z 2-23
7 5 Y
.. 5 83 1
7. Simplify o T 5 6

8. Find three pairs of integral values which satisfy the
equation 2z — 5y = 13.

9. How far can I go in 6 hours at the rate of ¢ miles in
b hours?

10. I gave away half my money, then g; of the remainder and
had £20 left. What had I at first?



INTRODUCTION TO
QUADRATIC £QUATIONS

Multiplication.

30. Up to the present we have dealt mainly with very simple
terms of one symbol, and expressions containing such terms,
e.g. 4z, 2a+3b, 4a — 1 —5m.

Usually even beginners in Algebra have some acquaintance
with the formula for the area of a rectangle, viz. base x height,
or bh, and of a circle, viz. wr% where 7 = approximately 3}. They
may also know the formulae for the volume of a rectangular
solid, viz. {bh (length x breadth x height); a cube, 2%, and a
sphere, ¢ 773,

We have now used three kinds of terms:
(1) Ofthe first dimension, 1.e. using a simple symbol coupled
with a constant quantity; e.g. 4a, 3b, 27r.

(2) Of the second dimension, i.e. using two symbols multi-
plied together, or one symbol multiplied by itself,
coupled with a constant quantity; e.g. ab, 32% mrs

(8) Of the third dimension; e.g. 28, abc, 473,
These can be rcpresented in geometry by lines, surfaces and
solids, or by length, area and volume.
We can also have terms in algebra for which there is no simple

equivalent in geometry, e.g. 4abzy, #Vy, *z?yz. Inall of them
the presence of two or more symbols adjacent to one another
indicates that they form a product, and the presence of an index
above a symbol indicates that the symbol is to be multiplied by
itself a number of times.

Eg 2*=zxa,
P=yxyxy,
dab?P=4dxaxbxbxzxazxz.

Also ¥z is a quantity which when multiplied by itself gives z,

and ¥z one which when multiplied by itself and again by itself
gives 2.
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The Index Law for Multij lication.

21. Since B=a X,

and P=xXzXa,
SERXB=rXzXxeXe Xy =a.

The rule is that when two “powers” of the same symbol are
multiplied together, the indices are added in order to find the
new index.

Only like terms can be collected together for addition and sub-
traction. But any two terms can be multiplied together, and
the same rule isused for all: for each letterin the terms multiplied
add together the indices for that letter in those terms.

E.g. as? x abz=(a x a) x b X (z x x X 2)
= a2ba?,
and az? x bx x b% xy = ab®2y.
Numbers are multiplied together as usual.
E.g. 3a®x 2a = 6a3,
daz x 3by = 12 abzy.
Note that it is usual to place the letters in alphabetical order.

Multiply: EXERCISE 31.
1. 3z by 4. 2. 2a by 5. 3. y by 6.
4. z by 2. . 5. 322 by 4. 6. 3y by —v.
7. 2% by —4. 8. 242 by — 3z. 9. — 2z by — 3.
10. —522by —~1.  11. — 52 by 3z. 12. — 7z by — 3.
13. 2% by «. 14. 32 by 4. 15. —24% by — 4.

16. — 3y by 32 17. 42 by —a. 18. 2z by 3y.
19. =22 by -3y.  20. —3a by 4b. 21, (—a)
22. (- 2x)2 23. (—3y)A 24. (- 5z)%
25. azy by ba. 26. c*z by ca? 27. — 3abz by — 2ab2
28. —52%y by 5zy?.  29. 4ax® by —3bz% 30. — 152%y by — 522
32. In the following examples each term of the given expression
is multiplied by the multiplier.
E.g. (47 + 2y) x 3z =122% + 6ay,
8z —Ta) x — 2a = — Bax + 14a?,
(az + by) x @y = aa®y + bay™
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EXERCISE 82.

Multiply:

1. 2z 4 3y by 4. 2. 8::—2y by 5.

3. 5z—Ty by 3. 4. 2a+ 3b by 6.

5. 22— Ty by — 5. S. 5y—3zby—4.

7. =8z — 5y by — 4. 8. —2a—9b by —8.
9. — 5z~ 8y by 3. 10. —4b—9c by 7.
11. a*+2a -7 by 4. 12. 2432+ 9 by — 5.
13. 24— 5z — 8 by — 3. 14. 32+ 92— 7 by —6.
15. 32 —17 by — a2 16. 4z +9 by —4a?
17. 5z —3 by - 3y. 18. 2a + 3b by — 2c.
19. Tz + 3y by — 2. 20. 5z — 5y by — 5y.
21. ax +by by — daz. 22. 32%+ 2zy by — 3ba.

23. 32®+4x—2by — 2zy.  24. -+ 2ax + a2 by — 3az.

Product of ¢ + b and ¢ + d.

33. We can represent (a + 0)(c + d) by a rectangle of which
the sides are @ 4+ b and ¢ +d; and by drawing parallel lines we
can split up the rectangle into four rectangles with sides a, c;
a,d; b,c; b,d.

The diagram shows the rect- a b
angle (¢ + 0) (¢ + d) and the four
parts ac, ad, be, bd.

So(@+b)(e+d)
=ac+ad +bc+bd.

Hence to multiply together two 5 ad bd  |d
“binomial ” expressions, Le. ex-
pressions with two terms, we @ 3
multiply each term of the first
expression by each term of the second, and add the four results.

Similarly (@ +b)=(a+Db)(a+D)

=a’+ab+ab+0?
=a%+ 2ab+b?
and (e —b)®=a?—2ab + b2

Note. Hence the square of any binomial is the sum of the squares
of the two terms with twice the product.

c ac be ¢
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Ex. 1. 8z +2y) (¢ +y) = 3s%+ 32y + 2y + 2y° ete.

Ex. 2. (Tz—3y) (3z — 2y) = 212 — 14ay — Yy + 612 etc.

Ex. 3. (32%+ 4y (= - 2y) =322 — 6%y + day? — 835

Ex. 4. (22— 8D)% = 4a® + 962 — 12ab.

Similarly, expressions other than binomials can be multiplied
by inspection.

Ex.5. (a+b+c)(c+d)=ac+ad +bec+bd + c®+cd,
though here it would be better to say

ac + be + ¢+ ad + bd + cd,

using the second expression as multiplier.

Simplifications.
34. Ex.1. Bz—2y) (z+y)+ (Bx+4y) (z—y)
= 3a% + oy — 2y% + 3% + xy — 4y®
= 622 + 2zy — Gy%
Note how the two terms in «y in line 2 are obtained.
Ex. 2. (3z—2y)(z+y)— Bz + 4y) (. —y).

Caution! It is not safe to attempt to remove brackets as well
as to change signs in one operation. Hence the steps recommended
are:

= 32% + zy — 2% — (32 + 2y — 4y?)
= 322 + xy — 2% — 3% — zxy + 43?
=2y%

Ex. 8. (bz —y)*— 2 (22 + 3y)?
= 2522 — 10zy + y* — 2 (4o® + 12zy + 9y?)
= 252% — 10zy + y* — 84® — 24xy — 1832
= 172% — 3dzy — 1742

Ex. 4. 22+ 3P (3z—2)
= (4% + 122 + 9) 3z — 2)
= 1223 + 3622 + 27z — 82% — 242 — 18
=124 + 2822 4 8z — 18.
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35. Many students will prefer the jollowmg method’of statement
for expressions other than binomial, but its use for binomial
expressions is quite unnecessary

Ex. 1. 3a? + dxy + y
2z — 3y
6a® + 822y + 2z

— 92y — 12xy% — 3y
62® — 2%y — 10zy® — 333 .
Ex. 2. 3a? — 2zy + 4y?
222 + 3wy — 4
6at — 4a®y + 8a?y?
9%y — 62%y? + 12xy°
— 12a%y% + 8xy® — 16y*
6zt + 528y — 10222 + 20zy° — 16y

36. When the indices of the symbols increase or decrease in
regular order, e.g. 2% a% , number; % 2%, zy? y*; and so on,
we can dispense with the letters for the multlphcatlon process,
and use what is called the method of “detached coefficients.”

Ex. 3. E.g (32°+42%— 2z +1) (2*— 22 + 3)

344-2+1
1-2+3
34+4-2+1
—6-8+4-2
9+12-6+3

3-2—-1+4+17-8+3.
We know the first term is 32° and hence the answer is
3% — 22t — 2%+ 1722 — 8z + 3.
Caution!
87. (1) This method must not be used unless all the terms
proceed regularly. It will not do for az? + bzy + cy®
(2) The terms must be arranged in ascending or descending

order. Hence such an expression as 42® + 3z — 22? + 1 must be
changed to 4a® — 222 4 3z + 1 before converting to 4—2+3 +1.
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(3) If & term is missiny from the sequence, a 0 must be

scbstituted,

e.g. 52 —22%+ 2 — 3 will become

5.-0-2+1-3.
It is immaterial whether you use + 0 or — 0 in the course of

the multiplication.

EXERCISE 33.

1. (z+3)(2z+ 3).

3. (Bz+2)(z—3).

5. (4o —3)(3z — 6).

7. (83 —2x)(4 —32).

9. (a+ 3b)(2a —b).
11. (52 — Ty)(Ty — 5z).
13. (T2 +9)(8 —3z).

2.
4.
6.
8.

12.
14.

MENTAL

Bz +4)(2z + 1).

2z —1)(Bz + 2).

2z —5) (= — 4).

(5 — 8z) (3 — 2).

(3a + 2b) (3a — 2b).
(4 — 2y) (2y — 32).
(=32 —-2)(— Tz —4).

15. (- 3z —8)(— 2x—9). 16. (- 4oz —T)(Tz—3).
17. (bz + y)% 18. (4a + D)
19. (Tz—3)% 20. (8¢ + d)
21. (1 — 3k 22, (3z—"Ty).
23. (8l + Tm)2 24. (2 - Tz).
25. (8r—5)2 26. (7d — 9)%
27. (-4 -57)0 28. (=3 —Tx)2
29. (3q —2r) 30. (—4s+m)>
Simplify: EXERCISE 84.

1. (@ — 2b)(a + 3b) + (3a + 4b) (@ — 3b).

2. (52— "Ty)(@+y)+ (2w+3y) (= +3y).

3. (4s—3t)(2s — £) + (2s + 5¢) (3t — 4s).

4. (22— 3y + (z + 2y

5. 5z (z—1vy)— (3z+ 2y)%

6. (42 —-3)(2z+ 1) — (22— 3)%

7. 8(x—y)(z+2y)—2(z—3y)~

8. 5x(2x—8)—2(x—2)*+ (z—3)~

9. d5z(z+1)—15(+2)(@—1)— (z— 1)%
10. 4ab + 8a(Ta — 2b) — (ba + b) (a — 2b).
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Multiply:

11. 24® — Tz + 4 by 3z + 5.

12. 422 —3z— T by 22 + 5z — 2.

13. 422422 —1by z—1.

14. 2a®—3ab—Tv? by a —b.

15. (2a + 3b)(a + b) (2a — b).

16. (z+ 2)%. 17. 3z +y)% 18. (4a —3)%
19. (z+1)(z+2)% 20. (2z—3)(Bz—4)>~

Division.

38. You have learnt that a® x «* = 27, i.e. we add the tndices for
multiplication. Conversely it is true that 27+ a%=4? ie. we
subtract indices for division.

Ex. 1. (102% — 84° — 627) + 2% = 502 — 4z — 3.
Ex. 2. (16a%h — 12a2b% — 28ab®) + (— 4ab) = — 4a? + 3ab + Tb*.

When the terms to be divided, one by the other, contain more
than one symbol, each symbol is dealt with separately:

eg Sy+ay=0GB+1l)x(F+2)x(y+y)
= bax.
12c3d2% 2t < 4c?da? = Scdx?,

EXERCISE 85. MENTAL

Divide:
1. 34% by . 2. 422 by 2x. 3. 7a® by Ta.
4. 25a* by 25. 5. 18a2 by 6. 6. 15¢ by 5.

7. 27b by — 3. 8. 16b by —4. 9. 25a by —5.

10. —1822by —3. 11. —19y2by—1. 12. — 24c® by — 6.
13. —16a? by — 4a. 14. —18c2by — 3c. 15. — 1542 by — ba.
16. —18y2by 3. 17. —14a®by 7. 18. —16a% by 4.
19. —afbya®  20. —6yAby—y5 21, — 1524 by 5z
22. —154* by — bz, 23. — 18y* by 63° 24. 2Ta* by — 923
25. 3ab by a. 26. 4zy by —2y. 27. 6zy by — 3.
28. 4a%b by —2a. 29. 32*y by —32. 30. — 8y%z by — 2%
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EXERCIV'E 86.
Divide:
1. 42® + 32® + 2z by . 2.
3. 52%~ T2 by —a. 4.
5. dat — 228 + 32® by — 2% 6.
7. 1222 — 162 — 8 by — 4. 8.
9. 252% 4+ 152° — 1022 by 522 10.
11. 252% — 2022y — 5zy2 by — 5. 12.
13. z(a® — xy) by a2 14.
15. 3z%y — 6zy? by 3zy. 16.
17. 4a®— 6ax by — 2a. 18.
19. s2(9 — 3s) by 3s% 20.

Finding Factors.

39. The method you have used of finding the product of two
binomial expressions will help in obtaining the factors of an ex-
pression like 22 + 6z + 5.

(z+1)(z+58)=a*+5x+z+5
=a?+5+1a+b.

Let us work backwards from #? + 6z + 5:

2? is the product of # and #, the first terms of the binomial

Ex. 1.

factors.

MENTAL

3u? — 3ad by 3a.

2523 — 1542y — 5z by — ba.
— 162* + 14a? — 62® by 222
3a® — 4a?b by — o

4tz — 8ca® — 1624 by da?.
1443 + 212* + 492 by — Ta.
¥* (y* — 2y) by >

da?y — 6zy? by — 2xy.

272 — 1842 — 242° by — 3.
m? (9m — 3m?) by — 3m3.

5 is the product of 1 and 5, the second terms of the factors.

6 is the sum of 1 and 5.

The factors are therefore (z + 1)(z + 5).

The rule is, that if the first term of the given expression is 2?
32, a?, ete., i.e. 122 192 1a? the factors of the last term added to-
gether must give the coefficient of the middle symbol.

5=5x1

6=>5+1.
a? + 9z + 14.

14=17 x 2.
9=T4+2.
S(@+T)(z+2).
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Ex. 2. a?+ 13z - - 36.
Try 36 =6 x 6,
' 15 does not equal 6 + 6.
Try 36 =4 x 9,
15 does not equal 4 + 9.
Try 36 =3 x 12,
15=3+12.
o2+ 3) (2 +12).
Ex. 3. a? =Tz + 12,

Here the coefficient of z is — 7.

Hence we have to find two factors of 12 which added together

give — 7. These are — 3 and — 4.
(= 3) (- 4).

Hence, if the last term of the expression is positive, the signs
separating the two terms of the binomial factors are both the
same. If the middle term is positive, they are both positive; if
it is negative, they are both negative.

Ex. 4. @+ Ta —18.

Here we have a minus sign for the third term. We have to find
two factors of — 18 which, added, give 7.

These are 9 and — 2.
(2 +9)(z—2).
Ex. 5. 2% — 3z — 180.
Two factors of — 180 which give — 3 are — 15 and 12.
(e —15)(z +12).
Or we may say: the factors of 180 which, subtracted, give 3
are 15 and 12, and the minus sign must precede the larger number.

EXERCISE 37.
Find the factors of:

1. 224+ Tx+12. 2. 224 11z + 30.
3. #2+8z+1. 4. 22+ 92+ 8.

5. 2%+ 13z + 40. 6. &%+ 12z + 20.
7. ¢+ 20c + 96. 8. a®+412a + 27.
9. m?—13m + 40. 10. 22— 18t+177.
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11. »2—-15r + 50. 12. ¢*—12¢ + 32.
13. 2%—17z + 66. 14. % - 26¢ + 160.
15. a2+ 62— 16. 16. 2% — 2z — 35.
17. b%— 2b — 80. 18. 22+ 5z — 84.
19. 2?— 12z — 45, 20, 2%+ 14— 32.

Solution of Quadratic Equations.

40. We now come to a third type of equation, with only one
symbol unknown, but with the square of that quantity introduced.
Such an equation is known as quad; atic.

Eg. a*—5x+6=0.
The factors of 22—~ 52+ 6 are (z— 2) («—3).
S (z—=2)(2—3)=0.
We want to find values of z (for there are always two in such

equations) which will make the product of #—2 and # —3 equal
to O.

Obviously # =2, or =3 will do this, for 2—-2 and 3—3 are
both 0.

Ifz=2, then (z—2)(#—3)=(2-2)(2-3)=0x~—1; and any
number of times 0 is 0. =3 gives the same result.

41. Byand by you will get equations of which the expression
will not factorise in this way, and another method must be intro-
duced. But fer the present all such expressions will factorise.
The rule is therefore:

(1) Bring all terms to one side, and arrange so that the
coefficient of z is positive.

(2) Find the factors of the expression.
(3) Put each factor equal to 0.
Ex. 1. 22+ 92+ 18 =0,
(£+3)(x+6)=0,
z2+3=0 z2=-3
x+6=0 a:=—6}'
Ex. 2. 24 2z—-35=0.
(@+T)(x—5)=0,
z+7=0 z=—17
z—-5=0 = 5}'
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Ex. 3. 22— 4o +4::0.
(@—2)(z—2)=0,

xz—2=0

z2—2=0

r=2
r=2}"

EXERCISE 388. MENTAL

Solve the equations:

1. (#—4)(z—"T)=0.
3. (z+6)(z+4)=0.
5. (z—2)(z+6)=0.
7. (z+4)(z+10)=0.
9. (#z+8)(z+5)=0.
11. (z—55) (2 +42)=0.
13. (2 +29)(z+64)=0.
15. (z+108)(z—106)=0.
17. (z+2)2=0.

19. (z—11)2=0.

P S

10.
12.
14.
16.
18.
20.

(z—3)(z—8)=0.
(z+8)(x+9)=0.
(#—8)(x+5)=0.
(z+9)(x—T7)=0.
(#+11)(z—8)=0.
(z+ 56)(z —87)=0.
(z+77)(z—33)=0.
(z+ 73)(z+63)=0.
(z+9)2=0.

(z —55)2=0.

EXERCISE 39.

Solve the equations:
1. 22—4243=0.
3. 22—9z2+14=0.
5. 4+ 62+ 8=0.
7. 224+ 3z+2=0.
9. 22—82—-9=0.
11, 22—22—-99=0.
13. 22+ 5z —24=0.
15. 22+ Te=—12.
17. 40 =13z — a2
19. 80 = a? + 2z.
21. 22=45—12z.
23. }a?=8 — 3a.
25. 82+ 6z — 240 =0.
27. j2?=15—4a.

29. %2= 3z - 10.

LAI

z?2—6x+8=0.
a2 -8z +15=0.
z2 4+ 10z + 25 =0.
22+ 5z + 6 =0.
a2 =Tz —-30=0.
22— 3z —28=0.
224 bz — 36 =0.
22 4+ 8 = — Oa.
22+ 160 = 26z.
84 -5z —a2=0.

. 32 =2a%+ 14a.

122 + o =164,

. 4a? + 8z = 140.
. }2®+ 63 = 2}a.
. a?=3(4z—9).



66 FACTORS

“More Faciors.

42. Very few non-fractional quadratic equations commence with
«% Usually they are of the form 22?—3z—7 =0, or, expressing
it more generally, az®+ !z + ¢=0. Hence the method of factorisa-
tion of such an expression as 642+ # — 12 must be learnt.

Ex. 1. Consider the expression (2 + 5) (4= + 3).
Qe+ 5) (4z + 3) =82% + 6z + 20z + 15
=8224+6+202+15

= 84"+ 262 + 15.

Suppose we have to factorise 8.2+ 262 + 15.

For the first terms of the binomials we have 2z, 4z. But 822
might have been produced from «, 8z.

For the second terms we have 5, 3. But 15 might have been
produced from 3, 5; 1, 15; 15, 1.

The proper pairs can only be found by trial. The usual method
is to put down the trial factors as follows:

Suppose we have 8z*+ 26z + 15.
Try 4< 5 [i.e. 4o~ 5
2723 [ 2, 3]

4 x3=12 [ie. 42 x 3]
5x2=10 [ie. 2= x 5]

Look at the last sign of the expression. If this is plus, we have
to add 12 and 10 to get the coefficient of z; if it is minus, we
have to subtract. Here it is plus, and so we add. 104+12=22,
and not 26. Hence we must try again.

Try 43 [ie 4o, 3
2 >< 5 [ 2z >< 5]
4 x5=20 [ie. 4z x 5]
2x3=6 [ie 2zx3]
20 + 6 =26. This is correct.
. (4z + 8) (22 + 5), since we know all sigus are +.
Ex 2. 62°—25z+ 14,
Try 3\ 2
2 X 7

or 21, 4.
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We add because the last term is'+, and 21 + 4 =25. There-

fore this arrangement is correct. But the middle sign is —, there-
fore (3z—2)(2z—T7).

Ex. 8. 62—z —15.
Here the last sign is —,

3\ 5
2 X 3
9, 10.
We subtract the results and give the minus sign to the larger

product, because the coefficient of # in the given expression is
minus.

The larger product is 10, and this is produced from 2 x 5.
3\ —b
23
or (3z — 5) (2z + 3).
Ex. 4. 62 +2—15.
3 5
2 X -3
or (3z + 3) (2z — 3).
Ex. 5. 15 -2 —62%
5 3
373

or (5 + 3z) (3 — 2x).
Caution! Always see if the #? or the number term comes first.

EXERCISE 40.
Find the factors of:

1. 622+ 13z + 6. 2. 2122473z + 56.

3. 1522443z +8. 4. 1422+ 532+ 14¢

5, 12z%—81x+ 20. 6. 4a%—32z+ 55.

7. 852%2— 104w + 74. 8. 1522— 46z + 35.

9. 2z%— 9z —35. 10. 3a2—4x—55.
11. 2522+ 502 —11. 12. 3022 —101x —14.
13. 25a%— 265+ 1. 14. 6922 — 32z + 3.
15. 18022— 159z + 35. 16. 1432%— 290z + 143.

5-2
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17. 18Cz%+4 21z —40. 18. 12522+ 160z — 21.
19. 24— 61z + 8522 20. 35 —52x 41222,

21. 21 —-166z~ 7522 22. 1254902 — 82,

23. 25— 70z + 492 24. 49— 1542+ 12122
25. 16 —104z + 16922 26. 81 — 252z + 19622
27. 922 —66x+ 121. 28. 1622 —40x + 25,
29. 14422~ 168z + 49. 30. 22522+ 390z + 169.

EXERCISE 41.

Solve the following equations, putting each binomial factor
separately equal to 0:

1. Bz—4)(4=—-3)=0.

3. (4z—11)(z—5)=0.

5. (92—>5)(11z+5)=0.

7. (452+7)(8z—5)=0.

9. (8z—3)(3z+19)=0.
10. (45x—387)(35x—83)=0.
11. (2152—T7)(235z+17)=0.
12. (3052 +73) (403z — 85) = 0.
13. (75z+11)(53z+2)=0.
14. (5z—17)2=
15. (To—15)2=
16. (4 +18)*=
17. (8z—2)(2x—3)(3z—4)=0.
18. (8z—17)(4x+15)(2z+11)=0.
19. z(z—"T7)(z—8)=0.
20. 4z (xz—15)(Bz+73)=0.

Quadratic Equations involving Fractions.

43. Fractions will be dealt with in greater detail later. For the
present it will be sufficient to deal with simple cases.

Ex. 1. o —_‘—=3%.

The same rule is used as before, namely, multiply every term
by the L.c.M. of the Denominators.

(Tx—2)(8z—-3)=0.
(z—8)(Tx—-3)=0.
Bz—11)(Tz+11)=0.
bz+17)(Bz—-T)=0.

PSP
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Here L.cM. =2z (x —1).
ceB(z—=1)+dae=Tx(z—-1),
2 62— 6 +4da="T2%—Txz,
— 1224+ 172—-6=0,
72— 1Tz + 6=0,
(Tz—3)(x—2)=0,
x=4%or 2.
Ex. 2. 3z + .
3z + 2
LCeM. =4(3z+ 2).
<122 (32 4+ 2) + 20 =73 (3z + 2),
362? + 24z + 20 = 219z + 146,
3622 — 195z — 126 =0,
1222 — 652 — 42 =0,
(z—6)(122+T7)=0,

181.

x=6or —f;.
Tx+5 8x+2
Ex. 8. e TP e

o (Tz+5) (o~ 5)=(8z+2) (z—2),
1402 — 252 — 25 = 822 — 14a — 4,
622 — 11z — 21 =0,
(®—38)(6x+17)=0,

z=3 or—}f.
EXERCISE 42.

Solve the equations:

1. 2¢2-1lz+12=0. 2. 42— 172+ 15 =0.
3. 322 - 132+ 14=0, 4. 222 - 112 +9=0.
5. 82— 10z + 3=0. 6. 2122 —13z+2=0.
7. 822 — 26z +15=0. 8. 322 —b5x—12=0.
9. 1022+ 192+ 6 =0. 10. 14a? + 43z —21=0.
11. 1542 — 13z 4+ 2=0. 12. 72% + 40z + 25 = 0.
13. 1222+ 52¢ + 56 =0. 14. 222+ 2—-6=0.

15. 4a® + 42 —-15=0. 16. 552% — 146z + 55 =O.
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17. 2722 — 60z — 32 =0. 18. 15224 562+ 49 =0
19. 5622+ 87z —55=0. 20. 6322 — 622+ 15=0.
21. 1212% = 1542 — 49. 22. 32x = 422 + 55.
23. 152% = 46x — 35. 24. 3z%= 4z + 55.
25. 11 = 2522 + 50z. 26. 20z = 2522 + 1.
27. 18022 =159z — 35. 28. 24 = 61z — 3522
29. 21 =166z + 7522, 30. 104z — 16 = 16922,
3 3 1
31. x———-—3+.z'_—_f=4 . 32. a—y+.’l¢=3}
2 3 5
33. 5+w——+2—3. 34. .’L‘+w—;-l=5.
2 3 8 1 5
35. 73t = 1 36. E+w~——_2+1§=0.
60 60 2 100 100
81. 19~ s+3°3 e
18 18 1 24 24 1
3 3T e—d 1 0 - riTE
x4+ 2 3x 20—-3 x-—1
41. % +3 3z+2° 42. 3c+5 Sx+1°

Solution of Quadratics by “completing the square.”

44. All the quadratics so far have been such that both the

“answers” or “‘roots,” i.e. the values of z, have been whole numbers

or simple fractions. Not all equations can be solved so easily.
The method used below introduces the transformation of an

equation such as az?+ bz +¢ =0 in such a way that the equi-

valent of z is found.

Ex. 1. 3="Tx + 6«2
Step 1. Transpose the terms so as to obtain the #? term
with a positive coefficient, foliowed by the # term, on the
left, and the “number” term, called the “independent”
term, on the right.
6a%+ Tz =3.
Step 2. Make the coefficient of #? unity. Here we divide
throughout by 6.
2+ir=4§
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Step 3. Square half the coefficient of # and add to both
sides; to the left 1n the form ({%)? and to the right in tke

form #8.
?+iz+(fpP=§+ 4
Step 4. Simplify the right-hand side only.
’ T2+49 121
2 @ - " T
die+ (= T =1
Step 5. We now have the left side a “perfect square”;
viz. of z + .
Find the square roots of both sides, giving the right-hand
side both positive and negative values because both
(31)* and (= 3})? give + {4
Le. (@ +5)" = (1)
Srtfp=+H.
Step6. Finda. #=H—{fHor—H—F.
Ie n-7 or:—l-l—_7
12 12
= or—48 ie for—4§
Ex. 2. 322 -52—-T7=0.

Step 1. 322 -5z =1.

2. P2-Ja=1%.
3. 22— o+ BP=F+ 4.
4 _84+25 109
) T 36 86"
5. w—g=i~ﬁ/%)?.

5 + V109
6. T= =

In order to complete the answer we must now find 4109 to as
many places as are required, usually 2 or 3.
o= 5+ 10-44 _ 1544 or = 5‘4«4'.
6 6 6
= 2'57 or — 91 to 2 places.
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EXERCISE 43.

' Solve the following equations by “completing the square,”
giving answers correct to two places of decimals where necessary.

1. 22—42+3=0. 2. 224+ 122+ 32=0.
3. 22—6z—91=0. 4. 2+82x—-128=0.
5. 2—Tx—120=0. 6. 22+3z—88=0.
7. 822 ~10x+3=0. 8. 3x2—5x—12=0.
9. 1522 — 46z + 85 = 0. 10. 2522 —26x+1=0.
11. 1522 — 162 —15=0. 12. 2442 -T2 —6 =0,
13. 322 —-8x—-38=0. 14. 922 — 9z = 10.

15. 1222 -7z —12=0. 16. 222—13z+15=0.
17. 22— 3z+1=0. 18, 22 —6zx+2=0.
19. R24+a2=T2-71. 20, 1—4z+22=0.

Solution of Quadratics by Formula.

45. By using the principle of completing the square we can
obtain a formula for the solution of all quadratics, and this
formula is more often used than the method of completing the
square itself. In fact the student is advised not to use the

latter method, but to use the formula when factors cannot be
found easily.

Let a2? + bz + ¢ = 0 represent the general form of the quad-
ratic, where

The coefficient of 2 is a,
» » zis b,
The independent term is c.
Step 1. az? + bz = —c.

. b c
2. wz +ax—"a.

b b\? ¢ b
2,9 oN__¢e. o

3. w+aw+ <2a> a.+4«a2'
4 _ —dac+b? or b* —dac
‘ - 492 4a®
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. ,\/ 2
Step 5. w+—2—b(—z=i—b27_4£c.
-bt NbE = 4ac
2a,
This formula must be learnt by heart.

46. Ex. 1. 322 —92-8=0.
Here a=3, 2a =6,

6. x=

-_--—9’ —’)=9’ b2=81}
c=—28, 4ac=-—96, —dac=96}"
9 + V81 + 96
S = —————

6
_ 9+ VITT
= 6

Ex. 2. 3224+82z—-T7=0.
a=3, 2a =6,

"b=8 —b=-3, b2= 9
c=—"T, dac=-—84, —4dac=84)"
—-8+V0+84
S =
6
_—34+#03
- 6

Usually the answer is left in this form unless the question asks
for decimal values.

EXERCISE 44.

Solve by formula, giving answers correct to two places of
decimals where necessary. Caution! Bring all terms to the left
side, and arrange so that the coefficient of #? is positive.

1. 32%- 52—-2=0. 2. 4at—22=4.
3. Ta*—3x—4=0. 4. 52+ l4x=3,.
5. (z=12)(z+3)=16. 6. (z—5)(z+38)=3(z—T)+20.
7. #—-3)Qx+1)=a2-7. 8. (3+4z)(4—32)=13.
9. 2(22—-8)(z+2)—2(x—T)(z—2)=8(z—4)(z—1).
10. z(z+3)(z+2)=(z—1)(z—2)(z+6).



T4

11.
13.
14.
16.
17.
19.
20.

PROBLEMS

(Bz+4P=(z—1)(z—22). 12 (Bz+1)(Bz—5)=1,
@=1)(@+2)+(@—2)(z+1)=(z+1) (= +2).

22+ (z— 1) =4daz—1). 15. z(z—2)=a2—1.
G+a)y(z—1)+@2r—5)(x—1)=4(5+x).
z(@+1)=T(z-1). 18. (1—-a)(4—2x)=8~—=.

3@@+1)(z—3)+4(z+2)(z—3)+6(x+2)(z+1)=0.
Bz—=2)(z—1)(2z+1)— (C2z—3)(z—1)(2x+1)
=2z+1)(z—1)(xz—2).

Problems involving Quadratics,

47. Ex. 1. Divide the number 23 into two parts so that the
square of onc part together with twice the product of the two
parts is equal to 465.

Let = one part,
23 —z =the other,
22 (23 — z) = twice the product,
oo a? 4 23 (23 — x) = 465,
22 + 46z — 222 = 465,
— 2%+ 462 — 465 =0,
— 46z + 465 =0,
(#—15)(#—31)=0,
=15 or 31.

Obviously 31 cannot be one part of 23 and hence the answer
is 15, 8.

Ex. 2

How much are eggs a dozen if two more for a shilling

lowers the price a penny a dozen?
Let the price be @ pence a dozen,

ad. for 12. «—1 pence for 12.
1d. for 13. 1d. for —]2—1
1s. for }ﬁ 1s. fo*' 144 .
@ -1
144 144
—-——=2,
z—1 =z

1442 — 144 (z - 1) =2z (z — 1).
144z — 144z + 144 = 242 — 2a.
a?t—z—-T72=0. (z—9)(x+8)=0. z=9d.
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EXERCISE 45.

1. One number exceeds another by 8 and the sum of their
squares is 29. Find the two nurnbers.

2. The perimeter of a rectangle is 16 inches and the area is
15 s%xare inches. Find the lengths of the sides.
(Note that the sum of two sides is 8 inches.)

3. The sum of two numbers is 18, and their product is 72.
Find them.

4. The sum of the squares of two consecutive numbers is 481.
Find the numbers.

5. Find two numbers which differ by 3, and of which the
cubes differ by 117.

6. The square of a certain number is 13 more than 12 times
the number. Find it.

7. The sum of a certain fraction and its reciprocal is 2.
Find the fraction.

8. If A can travel 8 miles an hour faster than B, and B takes
2 hours longer than A4 to travel 60 miles, find their rates.

9. A train travels 120 miles at a uniform speed. If it had
travelled 4 miles an hour slower,1t would have taken 1 hour longer.
Find its speed.

10. Find three consecutive numbers, the sum of the squares
of which is 365.

11. If the speed of a train is reduced by 2 miles an hour, it
takes 11 minutes more to travel 154 miles. Find its original
speed.

12. A train would take 15 minutes longer over a run of 70 miles
if it went 5 miles an hour slower. What is its speed?

13. Divide a line 15 inches long into two parts, so that the
sum of the squares on the two parts equals 125 square inches.

14. Divide a line 10 inches long into two parts, so that the
rectangle having these lengths as sides has an area of 184 square
inches.

15. Last year the price of a certain kind of tea was x pence
per lb., but now, the price having risen threepence per lb., 2 lbs.
of tea cost 22s. 6d. Find .

16. The length of a room is three feet greater than its breadth,
and the area of the floor is 180 square feet. Find the length and
breadth of the room.
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17. The length of a room is twice as great as its breadth. If
its iength were increased by 4 feet and the breadth by 2 feet, its
area would be increased br 104 square feet. Find the length and
breadth.

18. A field consists of a reciangular plot 60 yards long and
45 yards wide. It is surrounded by a path of uniforin width
and of area 324 square yards. Find the width of the path.

19. A cyclist travels 39 miles at a uniform rate. If he had
travelled 1 mile an hour faster, he would have taken 15 minutes
less to do the distance. At what rate does he travel?

20. If the price of oranges were reduced a penny a dozen, I
should get 10 more for 5 shillings than I do at present. What is
the price of the oranges?
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EXERCISE 46 (a),) MENTAL
Find the product of (2a +3b) (3a — 2b).
Divide 122% — 3zy? + 63° by — 3y.
What are the factors of I2 — 5im + 6m??
Solve the equation (3z — 5) (4= + 3) =0.
Show that & = 2 satisfies the equation 222 — 5z + 2 = 0.
If 4z — 3y =0, find z in terms of .
Solve for 8: 3s +2t =5, 4s — 2t = 2.
What is the coefficient of # in the product of

(22 —T5) (2 — 1)?

If I can walk at the rate of m miles an hour, how long shall

I take to walk n miles?

10.

Write down the equation that will solve the following

problem:

“If I motor at 30 miles an hour I can do a certain journey
in 2 hours less than if I travel at 25 miles an hour. What is
the length of the journey?”

o o

=

EXERCISE 46 (b).

Simplify (2z — 3y) (= + 2y) — (4= + 3y) (z — 2y).
Multiply 222 — z + 2 by « — 3.

Solve the equatlon L +o 290
Find the values of « when y =-2-1,01,2if
2z + 5y =21.
4x2—83 4z—-5
If m = m y find .

6. Find the common factor of 522 — 7z + 2 and #2— Tz + 6.

7. Slmpllfy tg %——1—

q.)$
4w2+7w 2@3—7w3+w4—5.z3
z 2 B

Simplify

9. Solve the equations Tz — 5y =13, 2z + 3y =17.
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0. Twomen 4 and B are 12 miles apart at noon and they are
walking towards one another at 3 and 5 miles an hour respectively.
At what time will they meet?

EXERCISE 47 (a). MENTAL
Multiply 222 — 3z + 7 by — 3z.
Find the factors of 2% — 5z — 84.
If £ — 3 is one factor of 222 + z — 21, find the other.
If 3by = 4, find y in terms of b.
Solve the equation 5 (z — 2) = 25.
Remove the brackets from (2s — 3t) (4s + 5¢).

1 1

Add together 1ot s
If b2 — Ty = 4o — 3y, find y in terms of «.

© X N S ot

. . a . .
How many times is o contained in 17

10. Write down an equation which will solve the problem:

“Ten per cent. more than a given sum is £50 less than a
sum half as much again. Find the given sum of money.”

EXERCISE 47 (b).
(z+2y)(z—y)

1. Find the value of @z +3y) (%= ) when z =4, y = 2.

2. What ace the factors of 1522 + 2az — 8a??

3. Solve the equation +(z+3) +3(z—2)=3(2z—1).

4. Simplify (52— 3) (22 —4) — (3z — 1)2 + (z + 2) (@ — 3).
.1 3 3

5. Solve the equation P b

6. Multiply 242 - 52 + 3 by 322 + 22 — 3, using detached co-
efficients.
7. Change z+ 1 for # in the equation 22+ 2+ 2=0.
. . #—2 -3 x—4%
8. Simplify 5~ 7 T%
9. If 3—‘76—;—4' =2, find « in terms of y.

10. A lawn has a length of 20 feet and & breadth of 15 feet.
Find the width of the path all round it if the totzl area of lawn

and path is 500 square feet, assuming that the path is of uniform
width.
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EXERCISE 48 (a). MENTAL
Simplify (2 — 4b) (a + b).
Solve the eqiation 6 (z—8)=3..
If 2a+ 35 =22, find a when b =1.
Divide 18432 — 27a%3 by — 3u2)2,
What is the sum of three consecutive numbers of which

the smallest is y?

6.
1.

8.

9.
10.

Find the value of ¥3z if z=2.
Solve for y: 3z—"Ty =15, 3z + 2y = 42.

Simplify 2 + 3 :

If 8z + 4 is one factor of 622 — 13z — 28, find the other.
Give an equation which will solve the problem:

“Pears are 2d. a Ib. more than apples, and I can get a lb.
more of apples than of pears for 2s. Find the cost of each
per 1b.”

IS o

>

8.

of a.
9.

10.

EXERCISE 48 (b).

Simplify 3 (w2— ) +3 (w3— 1y

Find a table of values for a and b if 8a —7b=0.
Solve the equation § (22— 1)+ § (8z — 2) = #; (T —5).
If 4o+ Ty + 2 (3x — 2y) =4, find ¥ in terms of .

Solve the equations ; 4+ 2y=10.

8 4
z—2y 2z—3y
Find two values of # which satisfy the equation

22+3  Sx+2
8z—2" “ba
Simplify 3z (22— 2z + 1) — 2 (z — 1) (a2 + ).
If #=3 saticfies the equation ax + 8 =6z, find the value

20+b a-3b
4 5 °
A boy does a journey in 4 hours on a bicycle. If he had

Simplify

travelled 2 miles an hour slower, he would have taken 5 hours.
Find the length of the journey.
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EXERCISE 49 (a). MENTAL

Simplify 3z (z —2y) — 2z (32 — 2).
Find the va.lue of ¥/2z + 3y when z=y=5.

1
Simplify o 1 + =
Find the factors of 72— 157 + 36.
If az + 7 =14 is satisfied by #=2, find the value of a.
Reduce to lowest terms %‘2:_ ?Z:Z
What is the coefficient of 42 in the product of

222+ — 2 and 2% — 27

8. If y=24? find a table of values for y when =-2, 0, 2.

9. If I can row at z miles an hour, how far shall I go in
y hours?
10. Write down two equations that will solve the following
problem:
“If the numerator of a certain fraction is increased by 5
and the denominator by 2, the fraction will be increased

by #;. The sum of numerator and denominatoris 17. Find
the fraction.”

N e e W

EXERCISE 49 (b).

1. Simplify (2a—3)2—(a+3)(a—2)+(2a+1)(a—2).
2. Solve the equation $ (z~2)—3 Bz +4)=2.
. 3 2
3. Simplify =g 3p+q
4. Find the factors of: (z— 2)(4z ~ 6) + (22 + 1) (22 — 3).
5. Find two values of # which will satisfy the equation
2, 2 1
zteri- 15

6. Make up an equation which has for its roots § and § and
bring it to the form A«?+ Bz + C=0.

7. Multiply 222+ 52 — 2 by 2% — 5z + 2.
8. If 4z + 3y =3x— 2y, find y in terms of z.
9. Find the value of 52— Tz + 6 when #=—5.

10. A purse contains 2 more half crowns than ten shilling
notes, and no other coins or notes. The total value is £2. 2s. 6d.
How many notes are there?
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GRAPHS OF STATISTICS AND GRAPHICAI)
PROBLEMS;

48. Ex. 1. = 80 40 50 60 70
y 8210 2530 1893 1314 827

The « values represent ages and y the expectation of life for
men at those ages. Plot the curve showing the relationship
between # and y and find the expectation of life for a man
46 years of age.

Up to the present the axes for # and y have been considered
as zcro lines and have passed through the zero point 0.

It is clear that a very ,q
small scale will often
need to be taken if
this procedure is always S
adopted. In plotting 3°
statistics it is therefore =
usual to take axes start- T
ing at or near the lowest 20 <
values of the counected
quantities.

In the above problem

our zero will be at 30 8
for z and at 8 for y. 80 40 M 50 60 70

Secondly, we are not always obliged to take the same scale for
both # and y. Here, for example, # proceeds from 30 to 70; a
difference of 40. Itis clear therefore that 1” can be the unit for
10, if we wish to make a large curve. y proceeds from about 8
to just over 30; a difference of about 22, and hence 2" can be
taken as the unit for 10. In the illustration given, however, the
scale has been reduced for each, the units being

z 10=1%",

y 10=14%".
Needless to say we cannot plot accurately to two places of decimals
on so small a scale.

The line P indicates the expectation at 46, and this is found
to be approximately 21+4.

LAl 6
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Ex. 2. Construct a graph from which you can convert yards
in o metres and vice versa, given that 1 metre =39:37".
Take 10 metres= 3937 inches
=10"94 yards.
The scale depends entirely on the largest and smallest number
of metres or yards it is desired to compare. Suppose 160 metres
and 120 yards are the maximum limits. If the minimum limits
are quite close to these, we can take a very large scale; if, however,
we wish to take very small figures as well as large for comparison,
a small scale must be chosen. In the diagrans given below we
assume:
In Fig. 1 that 100 and 120 metres are the limits.
In Fig. 2 that 0 and 100 metres are the limits.

135

130 7

AN

125 L]

122 4

115

110}

105
y
}

tool L1
100 m 105 110 115 12n

Fig. 1.
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(a) Three points should be plotted. Take for example:
m 100 110 120
y o« 1094 1203 + 1313
The scale showndn the diagram is 1” for 10 in both cases.

Joining.the three points we obtain a straight line, as we shall
do in all cases where one quantity is directly proportional to
another.

From the graph we can read off the number of yards corre-
sponding to any number of mrstres.

E.g. 113 metres =approx. 1236 yds.

140

120

100 o

Yards
A
h N

60 ,

40

20 .

(0] 20 40 60 80 100
Metres
Fig. 2.

6-2
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(b) Here we may take 1” for 10 for both yards and metres.
I1 the diagram a much smaller scale is taken. We know the
graph is bound to be a straight line and hence two points are
sufficient.

Caution! You should rarel; be satisfied witn two points, as
a third forms a test of the other two, but here there is only one
element of error since the straight line passes through the point
0, 0: 0 metres=0 yards.

The results on this small scale are necessarily less accurate.

Ex. 8. 4 motors from a town X to another town Y, 175 miles
away, stopping at each 50 miles for 12 minutes and travelling
unitormly at 25 miles an hour. B starts from Y at the same
time, travelling towards X and stops 24 minutes once only at

the end of 50 miles, also at a uniform rate of 20 miles an hour.
When will they meet ?

A does 50 miles in 2 hrs. AC represents this.

He rests 12 mins. CD represents this.

There are 3 other similar sections, but two only need be drawn.

B starts from Y at 20 miles an hour, and rides towards X.

He does 50 miles in 2} hrs. BF represents this.

He rests 24 mins. F@ represents this.

He does the next 50 miles in 24 hrs. GH represents this.

The lines cross at M, representing about 4 hrs. 12 mins. after
the start.

[For diagram see page 85. 1” =50 miles; 1” =2 hours.]

EXERCISE 50.

1. 0° Centigrade = 82° Fahrenheit. 100°C. =212°F. Draw
a graph showing the relation between the Centigrade and Fahren-
heit scales, a.ng find the Centigrade reading corresponding to
73°F.

2. Draw a graph connecting kilometres and miles, using
1 kilometre = *621 mile. From it find the number of kilometres
in 335 miles, to the nearest first place of decimals.
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3. The marks obtained by a class range from 10 to 56. These
are converted so that the range is from 40 to 100. If a boy
received 39 marks on the first marking, how many will he receive
on the second?

4. The area of a circle is given by w72 where r is the radius
and 7 approximately 3:14. Draw a graph showing areas for circles
of radii 17, 27, 4”, 6", and from it read the area for a circle of 5”
radius.

5. The expenses of a school denend partly on the number of
scholars and partly on permanent costs of maintenance. If the
annual expenses for 200 boys is £2000 and for 400 is £3000, what
will be the expenses for a school of 250 boys?

6. On a certain curve the # and y values of four points are:

z 1 3 5 10
y 13 19 25 40
Plot the points and join them, and from your graph find z
when y = 24.
7. Find 2 when y=36 if the following table gives the
relation between « and y:
x 0 1 2 3 4 5 6
y 65 63 61 565 5 4 255
8. Plot the curve represented by
z 55 25 555 9925
y 5 10 15 20
and from it find # when y = 12.

9. The depths of a river at various points across its breadth
are given by the following table, # being the distance in feet
from one shore and y feet the depth. Draw the section of the
river.

z O 7 12 18 25 32 40 50
y 4 8 10 15 18 14 10 5
10. The following table represents exports from a certain
country from 1915 to 1920. Draw the graph showing the variation.
Years 1915 1916 1917 1918 1919 1920
Millions of £ 754 760 823 957 1028 120
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11. The -areas of cross section of a certain sotid at pOi]}tS
measured from one end are as follows:

Area in sq. ins. 314 °1766¢- 785 196 O
Distance from end 0” B 107 15”7 20"
Find the area at a point 12 inches from the end.

12. A certain regular curve is plotted, of which the following
are corresponding values of « and y:

z 4 42 44 47T 5
y 5 48 465 435 4
Find y when z = 4-6.
13. Plot the following points and find y when z = 25:
z 1 5 10 20 40 50
y 20 12 11 105 10-25 10-2

14. In an experiment with a lever the following results were
obtained in producing equilibrinm:

Load in grams... .| 80 70 60 50 40 25

&
Distance of load from)

fulcrum in cm. 30 34:3 | 40°6 | 48°2 60 96

Illustrate these results by a graph on squared paper, and find
from the graph what load had to be placed at 80 cm. from the
fulerum to produce equilibrium?

15. A feed pump of variable stroke driven by an electro-motor
at constant speed gave the following experimental results:

Electrical horse-power | 312 | 46 | 75 1074

Power given to water | 1°19 | 221 | 426 | 644

Plot on squared paper and state the probable electrical power
when the power given to the water was 5.

16. The following table illustrates the changes in the volume
of a gas when the pressure on it is increased. Draw a graph
illustrating tl.ese results, and from it find out what the volume
of the gas will be when the pressure is 50 inches of mercury,
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ard what the pressure will be when the volume of the gas is
85 cubic inches.

Pressure in inches " .. . ]
of mercury } 80 | vl |533 | 457 |40 | 356 | 32 | 282

Volume in cubic .
lume. }4567891011

17. The following table gives the solubility of saltpetre in
water at different temperatures, I being the temperature in
degrees, and W the number of grams of the salt which dissolve
in 100 grams of water. Plot a curve and say what the solubility
of saltpetre is likely to be at 80° C.

T |o°C. | 100 20° 30° 40° 50° 60° 70°

W i125 | 195 29 43°5 61 83 108 131

18. A man starts to walk at 43 miles an hour. Half an hour
later a second man starts from the same place and walks in the
same direction at 5} miles an hour. How long after the second
man starts will they meet, and how far will they be from the
starting point?

19. Two men start cycling at the same moment, one from 4
in the directicn of I3 30 miles away, and the other from B in the
direction of A. If the first rides at 10 miles an hour and the
second at 12 miles an hour, where and when will they meet?

20. A motor omnibus leaves Bristol at 8.30 a.m. for Gloucester,
36 miles away, and travels uniformly at 12 miles an hour. It
stops at Berkeley, 20 miles from Bristol, for fifteen minutes.
Another bus leaves Gloucester for Bristol at 8.15 a.m. and also
stops at Berkeley for fifteen minutes, travelling uniformly at
12 miles an hour. When and where will they meet?

21. A and B at a certain moment are 12 miles apart. 4 is
walking towards B at 3 miles an hour and B is walking towards
A at 5 miles an hour. Where will they meet?

22. A train which leaves a town A at 2.30 p.m. reaches
another town B at 4.30 p.m. Another which leaves B at 2.50 p.m.
reaches A at 4 p.m. If both trains travel at a uniform rate, find
at what time they will pass.
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23. A time-table for two trains, one a non-stop from 4 to D
and the other stopging 4t B and C, is shown below. If the trains
run uniformly, find when the non*stop nasses the slow train.

A departs 9.50. 10.5.

B arr. 10.0.
dep.  10.5.

C arr. 10.20.
dep.  10.30.

D arr. 11.5. 10.50.

24. A cyclist riding from a town at 10 miles an hour passes
the third milestone out of the town at 2 o'clock. A second
cyclist riding in the same direction at 13 miles an hour passes
the same milestone at 2.15. To which milestone will he be nearest
when he overtakes the first cyclist ?

Graphs of Equations.

49. You have already learnt that an equation of the type
az + by + ¢ = 0 represents a straight line which can be plotted
by obtaining a series of points. It is possible to solve equations
of a higher degree in @ or y than the first in a similar manner
by giving values to  or y and finding corresponding values of
Y or a.

Ex. 1. y=234%+4.

Let x =0, then 22=0, 3z2= 0, a2+ 4= 4;
z=1, a2=1, 3z2= 3, 3x2+4= T,
r=2, a?=4, 3a? =12, 32 4+ 4 =16;
r=—2 2% =4, 322 =12, 322+ 4 =106;

and so on.

These are generally set out as follows:

x -3 -2 -1 0 1 2 3
z? 9 4 1 0 1 4 9
3a? 21 12 3 0 3 12 27

3a2® + 4 31 16 7 4 7 16 31

Any conveni¢nt units can be used for # and y. In the diagram
*4” has been used for z and 05" for y.
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Plotting the points
-3 -2 -1 0 1 2 3
31 16 7 4 7 16 31

and joining them, we obtain a smooth curve of the type that will
always be obtained from the quadratic equaticn,

Ex.2. y=5-8z~"Ta%or y="5—(3x+ T2%).

z ‘ -3 -2 -1 0 1 2 3
a? 9 4 1 0 1 4 9
Ta? 63 28 7 0 7 28 63
3z -9 -6 -3 0 3 6 9
3z + Ta? 54 22 4 0 10 34 72

5—@Bzx+T72%) —49 -17 1 5 -5 —-29 —67

You will note that this curve has its turn at the highest point,
whereas the curve for the first equation had its turn at the
lowest point.

Note carefully too that the sccond curve cuts the axis of z,
whereas the first does not meet the axis of 2. This is an im-
ortant point, since an equation such as 5a% + 72 — 3 = 0 cannot
e solved so as to obtain real answers unless the curve cuts the
axis of .



GRAPHS 91

'
-
o

!
w
|
Ne
]
i
A
N
\
V

| N]lolOol sl NL =
o oJo oToToTo

e R

Ex. 8. Solve the equation 32? — 14z = — 8.

The graphical method is as follows:
(1) Bring all terms to one side. 32% — 14z + 8 =0.
(2) Let y equal the expression so found. y=3a2- 14z + 8.
(3) Find values for # and y and plot the curve.

(4) See where the curve cuts the axis of #. If these points
are called 4 and B it is clear that at 4 and B, and at
no other points on the curve, y =0; ie. at 4 and B only,
3z — 14z + 8 =0.

But 04 and OB are the z values of these points.
. where £=04, y=0 and where z=0B, y=0.
... 04 and OB give the roots of the equation.

Some typical cases are shown in the diagrams below.

\

Y

N o s N
B\_— / A X O] AAA_"B X

OA is +, OB is —. OA is +, OB is +.
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04 is —, OB is —.
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There are no real roots.

EXERCISE 51.
Draw the graphs of:
1. y=342 2. y=32+4.
3. y=4a?-3z+ 2. 4 y="Ta+ 52— 3.
5. y=322+4z + 19. 6. y=24"+2+23.
7. By=4a?+2z-1, 8. 5y =4a*+ 3z — 2.
9. 6y =142+ 20—} 10. 3y +2=35a%+ 3.

Solve the equations, where possible. In cases where the curves
do not meet the axis of z, state that there are no real solutions.

11
13.
15.
17.
19.

22% — 3z —14=0.
622 — 172z — 80 =0.
222 — b5z + 2=0.
322+ 45 —9=0.
1522 — Tz = 3.

12, 22~ 72+ 6=0.
14, 22—22—-1=0.
16. 22 —5x—1=0.
18. 5a? =Tz + 5.

20. 2224+ 3z +15=0.
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LLOGARITHMS

50. Consider the series of numbbrs:
10,000; 1000; 100; 10; 1; 5 1ho; 1os:
10,000 = 10%; 1000 = 103; 100 =10% 10=10%
Notice that the indices descend by 1: 4, 3, 2, 1.

This suggests a means of fixing indices for 1, {;, 37, ete., for
the next indices after 4, 3, 2, 1 will be 0,—1,—2,— 3.

Hence it seems as if 1 = 10% {4 =10"1; };=10"%; 155 =103
You have learnt that 2% + 2® = 2573; 102+ 10 = 102}, etc.

10 10t 1-1_ _
Hence — 10 % 101 = 10 100 =1.
.1 10° 0-1_ 10-1
Again, 0= 101 = 10-1=10
1 1 10° _ 5 105
Similarly ————— 100,000 ~ 105~ 105~ 109-5= 1075, ete.
The series

10,000; 1000; 100; 10; 1; ‘1; -01; 001; ete.,
therefore corresponds to:
104; 103; 10%; 10%; 10%) 10-%; 10-2% 10-3; etc.
Notice that, to the left of the line the index is one less than
the number of digits in the number, and to the right of the
line the numerical value of the index, which is always negative,
is one more than the number of 0’s after the decimal point.
Consider a number more than 100 but less than 1000, e.g. 200.
The index will be more than 2 but less than 3. Mathematicians
have discovered that the proper index is 2:3010 to 4 places; i.e.
1023010 = 200,
Similarly 10%471 = 300
and 10%9857 = 485,
Again consider a number more than 1 but less than 10, eg. 7.
The 1ndex will be more than 0 but less than 1: this is known by
mathematicians to be about ‘8451; ie.

10851 =7,
Similarly 10010 =2,
10’4771 3

106857 = 4-85,
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It will be noticed that we have used in the preceding para:
graphs powers of 10 to represent numbers. When 10 is the
base, the index required to produce a given number is called
the logarithm of the nu nber to the base 10, and although it
would be possible to use any cther number for 1 base, 10 is the
one generally used. Tables have been constructed from which
the required logarithm of a number can be read off.

The beginner always uses tables correct to four places of
decimals only; in fact this degree of accuracy is sufficient for
most practical purposes. -

You are now ready to find the logarithms of whole numbers
from the tables. The following extract from 4-figure tables will
be used to illustrate the process.

LOGARITHMS
of1lz|s|e|s|e|7|8]|9]|1234s5s/67809
g1 | 7076 | 7084 | 7003 | 7101 | 7110 {7us | 1ios | s [ ruas e 1 2 3 3|4 (56 7 8
52 | 7160 | 7168 | 7177 | 185 | 713 | 7202 | 7210 | w218 {7226 (235 |1 3 % 8|45 6 7 7
53 | 7243 | 7251 | 7259 | 7267 | 7275 | 728t | 7202 | 7300 | 7308|7516 | 1 2 2 8|4 |5 6 6 7
5 | 721 | 7332 | 7310 | 7348 | 7356 | 7364 | 7372 | 73%0 {7383 | 7306 | 1 2 2 5|4 |3 6 6 7
55 | 7304 | 7412 | 7419 | 7427 | 1435 | 103 | st a0 [ aes | 7ars |2 2 2 3| 4|5 5 6 7

Suppose the logarithm of 5286 is required. Split the number
into 3 parts: 52, 8, 6.

(1) Look down the left-hand column for 52. This is the
horizontal line you will use:
8
7160 7168 7177 7185 7193 7202 7210 7218 [7226] 7235.
(2) Next consider the figure 8.

Look along your horizontal line until you see 8 above.
This gives you 7226.

(3) Finally consider the last figure 6.

Look further along the same horizontal line; you will
find the numbers
6

1 223415 61771

Keep looking until you see 6 at the top and note the
number found. This is 5.
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(4) Add 7226 and 5. This gives you 7231, which stands for
7231, J

(5) 5286 is more than 1000 but, less than 10,000. The
logarithm (or index) will be more than 3.but less than 4. Actually
it 18 3'7231. ,
.~ 10378t = 5286.

In practice these stages are performed quickly as follows: let
us find log 5550 [short for the logarithm of 5550). We write
down 3, the whole number part of the log, and look along the
55 line till we see 5 above, aad then add the decimal portion,
arriving at 3°7443. The next figure is 0 and there is nothing more
to add: if it were 9 we should add 7, and so on.

Test the following:

log 5107 = 37082 . 103708 = 5107.
log 5318 = 37257 103757 = 5318,
log 5499 = 37403 1079 = 5499,

Now consider the log of 549-9.
5499 = 5499 = 10
— 103 7403 - 101
—_— 102 7403.
Hence we get the same decimal portion but a different whole
number.
Thus we see how the following logs are obtained:
log 5107 =17082,
log 5318 = -7257,
log 549900 = 57403,
the whole number being always one less than the number of
digits in the integral part of the given quantity.
Consider now the log of *5499.
5499 = 5499 + 10
=10™% + 10!
= 10031 _ 1(Q—"2597,
Caution! The decimals given in the log tables are always
positive. ... — *2597 cannot be used as a log.
This introducts the first difficulty and we get over it as follows:
1074031 — 10173, The minus sign is placed over the 1 to indicate
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that it does not belong to 7403, the latter being, as always,
positive.
Again 005107 = 5107 + 1000
=107+ 103
= 10 70823
= 1037082,
.~ log 005107 = 3-7082.
For purely decimal quantities the whole number is always

negative and one more than the number of 0's following the
decimal point.

Caution! The whole number part of the log of 2500107 =1 and
not 3, although there are two O’safter the decimal point. 2500107
is not a purely decimal quantity.

Test the following results:
log 05107  =2-7082..
log *5318 =17257.
log ‘00005499 = 5-7403.
Note that log 1 =00000, i.e. 0.
log 10 = 10000, ie. 1.
log 100 = 2:0000, i.e. 2.

EXERCISE 52.

Find the logarithms to base 10 of the following numbers, using
4-figure tables:

1. 3367. 2. 4209. 3. 5039.
4. 2569. 5. 320°3. 6. 2:300.
7. 136. 8. 427, 9. 530.
10. 43. 11. 75. 12. 93

13. 6. 14. 7. 15. 9.

16. -3126. 17. -4270. 18. -5261.
19. -2785. 20. *3265. 21. -9999.
22. -0376. 23. 00152, 24. -000086.
25. -00005. 26. "0856. 27. -003719.

28. -0862. 29. 00008536. 30.° -07.
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Finding anti-logarithms.
51. For the reverse prodess we may either use the anti-logarithm
tables or the body of the log table.

Ex. 1. Find anti-log 2:8196, usirg log tables.

The line which contains the next smaller number than
3196 is:
0 1 2 3 4 b 6 7 8 9
20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201

Hence the first three figures ~f our number are 208.

Subtracting 3181 from 3196 we get the difference 15. Using
the same line as before we find
1 2 3 4 5 6 7 8 9

2 4 6 8 11 13 16 17 19
Hence the last figure is 7.

The significant figures of the anti-log are therefore 2087. To
give 2 in the log we must have one ‘0’.

.*. Anti-log 23196 = ‘02087.
Ex. 2. Find anti-log 31034, using anti-log tables.
The line containing ‘10 in the first column is:
0 1 2 3 4 5 6 7 8 9
10 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285
Hence the anti-log of 3:103 is 1268.
Using the same line we find
1 2 3 4 5 6 7 8
0 1 1 1 1 2 2 2
Adding 1 we get 1269 as the anti-log of 3:1034.
Similarly anti-log 3:1034 = ‘001269.

o ©

EXERCISE 58.

Find the anti-logarithms of:

1. 1-256. 2. 2084. 3. 1-0161. 4. 2:3614.
5. 17802. 6. 3:0016. 7. 1:4500. 8. 2:5784.
9. 29187, 10. 3-0207. 11. 1-5612. 12. 3'7200.
13. -4726. . 14. 2:0089. 15, -1597. 16. 1:3096.
17. -8961.  18. 2:3609.  19. 3:0018. 20. -0015.
LAT 7
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t{se of Logs for Multiplication.
52. Ex. 1. 3715 x 6:321 = 101570 x 1088
= Q1 570 + 8008
= 1023708,
Hence our answer is more than 100 but less than 1000.

This time we have to work backwards. The nearest decimal in
the body of the page less than 3708 is 3692: we find 23 to the
left of this and 4 above. Hence our first three figures in the
answer are 234, To make 3692 into 3708 we add 16. Looking
along the 3692 line we find 15 and L7 under 8 and 9 respectively.
Hence our fourth figure in the answer is more than 8 and less
than 9. From this we get our answer 2348 approximately to
4 figures.

Therefore 37-15 x 6°321 = 2348, since the answer is more than
100and less than 1000,i.e. it has 3digits in the whole number part.

Ex. 2. 4623 x 1'876.
In practice we set out the sum as follows:
log (4623 x 1'876) = 6649 + 2732
='9381
=log 8671 or 8672 or 8673,
1.e. we cannot be sure to more than two places of decimals, and
it will be safer to give an answer 8'67.
Ex. 8. 005619 x *5917.
Log (‘005619 x *5917) = 37497 + 17721
=3+1+415218
= 35218
(In practice leave out the middle line.)
= log "003325.
Caution! Remember that 3:5218 is a log. Hence we must look
for it in the body of the page. It is only in finding a log that we
start with the left-hand column, unless we use anti-logarithm
tables.

EXERCISE 54.
Multiply together by using logs, and give answers to three
significant figures:
1. 54:62 x 1-609. 2. 3251 x 1'762.
8. 2915 x 15°6. 4. 7108 x 3:290.
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5. 1-069 x 2-156. 6. 3276 x 375:2.
7. (1-008)2 ° 8. (32°15)%
9. ‘156 x '178. 10, +142 x 1-62.
11. -0863 x 08591. 12. -00867 x *592.
13. 10596 x ‘008763. 14. 2596 x -00000593.
15. -00005876 x *0123. 16. *005623 x ‘00003617.
17. (‘0156)2 18. ("0019)2
19. 326 x 32'6 x 3:26. 20. 461 x ‘0493 x 008624,

Use of Logs for Division.
63. Ex. 1. 397 = 2106.
Log (8397 + 2106) = 101598 . 13234
= 101274
= log 18-85.
<. 397 2106 = 1885,
Ex. 2. *3162 = 4179.
Log (‘3162 + *4179) = 15000 — 1-6210.
Note that we must take ‘6210 from -5000.
The vertical form is perhaps better here :
15000
16210
1-8790.
This offers a difficulty. Having written down 8 we must add 1 to
the 1 in the bottom line, obtaining 0. 0 from 1 is 1. .-. 1-8790.
e 8162 + 4179 = -75617.
A few examples of this kind of subtraction will help the

student.
@ _(® (3
2:6471 35496 27802
15972 16932 2:5806
1-0499. 38564, -1996.
) _(5) _(6)
1-5932 2:8762 15086
16408 35876 2:8732
1-9524. 1-2886. 4°6354.

73
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The operations with the whole number parts of the logs are as
follows:

EXERCISE 55.

Use logs to work the following divisions, giving answers to three
significant figures:

1. 3964 - 2498. 2. 427-3 + 3269.
3. 415000 -+ 3976. 4. 5296000 = 329500.
5. 27 = 3-561. 6. 423+ 3108.
7. 5= 2:987. 8. 1+ -5672.
9. 48 + 37, 10. 2106 = -8596.
11. 1:562 -+ -003675. 12. 1563 + -09876.
13. 1+ -05687. 14. 10+ -00398.
15. 1562 + 03987. 16. -563 + 08791.
17. ‘0564 = ‘0008591. 18. ‘1589 = -0008359.
19. 156 +-0189. 20. ‘1518 + ‘008937.

Use of Logs for finding Powers and Roots.

54. Ex. 1. Find the value of (1'05)5
Since (1:05)° =105 x 1'05 x 1'05 x 1'05 x 1'05, it is merely
necessary to find 5 times the log of 1-05.
Log (105)= 5 log 105
=5("0212)
=-1060
=log 1-276.
% (1°05)°=1-276.
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Ex. 2. Find the cube root of 7-089.
Now 7089 = 2%,
Therefore three times the log of the ¢ube root equals the log
of 7-089, or the lpg of the cube root =} log 7089
=} ("8506)
="2835
=log 1:921.
. Y7089 =1921.
Ex. 3. Find ¥'08962.
Log V08962 = } log "08962
=1(2:9524)
=1-4762
=log 2994.
.\ V08962 = 2994,
Ex. 4. Find v:008962.
Log ~'008962 = } log -008962
=} (39524).
Caution! We cannot say 2 into 3 is 1 and 1 over. It is —1
over, and this will not join with ‘9524 since it is always positive.
We must divide the minus whole number and the positive deci-

mal separately. The difficulty is obviated by changing 39524
into 4 + 19524, '

Proceeding we get log ¥-008962 =} (4 + 1'9524)
=2:9762
= log 09466.
. V008962 = ‘0947
Ex. 5. (-1623)5. ’
Log ("1623)3 = log 1623
=5 (12108)
=1(30515)
[Note: 5x2=10, Carry 1. 5x1=5. 5+1=4.]
=4(6 + 2:0515)
=26838
=log "04829
.. (11623)8 =-04829,
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Ex. 6. ('1623)3 + V0861 See Ex. 5.
Log = 26838 — 17870
=2'8968
=log ‘07885 or ‘07886.
.*. Answer is ‘0789 to 4 places, or to 3 significant figures.
‘08962
" 0861
Log = 29524 — 17870 + 2:6838
=36362 — 17870
= 38492
=log "007066 or ‘007067
.~ Answer is ‘00707 to 5 places, or to 3 stgnificant figures.

x J(1623). See Ex. 6.

EXERCISE 56.

Find the values of the following to 8 significant figures, using
logs:

1. (1'567)3 2. (1-008).

3. (-3162)2. 4. (‘03961)2.

5. v/4-086. 6. v/ +4876.

7. +/-218T. 8. v/008761.

9. (-5613)8. 10. (-0879)5.

11. (“126) x (-016)2. 12. (157)2 x (-029)%,
13. (156)% x (-08T)R. 14. (-086)% = (-185)3.
15. v/ (136)8 x v/ (136 )2 16. ¥/ (361 v/ (562).
17. +/-07096 + 865. 18. (10937) +-653.
19. 0651 x 2379 = 0-0987.  20. (200)%,

21. (0:002)%. 22, (383)%

28. (2.]35)§. 24, 7'689)(‘0358'

17-62

25. (%-3)%. 26. (18-63)F.
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1
2. 266 x *1494°
28. 3w (2:062)2x 1'786 (m=3'142),
29. 4§ (3:096)%. . 1569
30. 271' 3?0—4’.

EXERCISE 57,

Use logs where necessary t. work the following examples:
1. The area of a triangle is given by the formula
A=vVs(s—a)(s—=b)(s—c),
where s = half the sum of the sides a, b and c.
Find the area when a=5'612", b=4'879", ¢=3'105".

2. The amount at compound interest of a principal P for

n years at r°/, is given by the formula A = PR" where R is the
r

100

the amount of £12 for 25 years at 5°/, compound interest.

amount of £1 in 1 year, i.e. R=1+ :—. . Using this formula, find

3. If the population of a town increases from 1,896,000 to
1,953,000, find the rate per cent. of increase.

4. What is the simple interest on £125. 10s. for 4 years
221 days at 31°/,?

5. The volume of a cylinder is given by V' ='7854 D? L, where
D is the diameter and L the length of stroke. Find D when
V'=156-2 and L = 5-605.

6. Find the value to 3 significant figures of
1,256,000 (45 — 30-56)
1276 x 6333 x 2°06 °
Caution! Logs can only be used for multiplication, division,
roots, and powers, and not for addition and subtraction.

7. The hypotenuse of a right-angled triangle is 5°962”, and
one side is 3:106”. Find the other side, using ¢?=a?+b?% where
¢ is the hypotewuse. Caution! Use the logs for finding squares
and square root only.
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8. If T'=2m ,\/ ¢ gives the time of swing of a simple pen-

dulum of length I, g being the acceleration of gravity, find 7'
when 7r=3-142, | =9-87 and g = 32.

. 1
9. Find the value of (6:7341)2 — (67341
. 1738 .
10. Find the value of 5gy % 1-7388.

11. The velocity of sound in air at a temperature ¢* Centi-
grade in metres per second is given by the formula
v=2332"4 x v/1 + 0-00366t.
Find the velocity of sound at a temperature of 25° C.
[Note that ‘00366¢ must be evaluated before adding to 1.]

12. We can calculate the time of swing (¢) in seconds of a
simple pendulum of length [ feet, by using the formula

t=2m 3
Given that g =32'2 and 7 =34, find the time cf swing of a pen-
dulum 4 feet long.

13, The following formula is often used for finding the pres-

sure of water on a dock gate :
P
D= 0-2784°

where P is the force on the gate in cwt., 4 the area exposed
to the water in square feet, and D the depth of water in feet.
Find the depth of water when the area of the dock gate exposed
is 600 sq. ft., and the total force is 3880 cwt.

14. The formula for finding the diameter of a balloon which
18 necessary in order that it may raise a given weight is

3
W
D= \/ 05236 (A —G)°
Find D when W = 2560, 4 =0-0807, G =0-0056.
I*Rt

Tosg: find H when 7 =125, R= 13-6, ¢ =300.

15, If H=
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GENERAL REVISION

<EXERCISE 58 ¢a). MENTAL

1. Solve the equation 2—;3 = g

2. I buy eggs at « pence per dozen and sell them at d pence
each. What profit in shillings do I make on a gross?
3. Find the value of ‘82 — *3y when =15 and y=10.
_z—1

4. Reduce — + 1= 5, o8 non-ractional form by “multi-

plying across,” i.e. by multiplying both sides by 2z (= + 1).
5. Change the equation
3(¢—2)—4(x—-3)=x(x—1)—4(z-3)
to a simpler form.

6. Simplity £-¥+2.

7. Find the factors of 2%+ 3z + 2.
8. Solve the equation (2z+ 5) (3z— 2)=0.
9. How many dozen are there in  gross?
10. Write down the equation which represents the following:

“Divide the number 16 into two parts, so that the square of
the firss is 40 more than the product of the two parts.”

EXERCISE 58 (b).

1. Solve the equations z+3y=14%, 2+ 3y +3=0.
2. Find the factors of 6a®+ 5a — 4.
. 22-3 -1

3. Solve the equation Lri-9s-2

4. Simplify &

N 1mplity -B; - Zt-O - a‘—g.

5. If 5z + 7y =8, write down the corresponding values of

when y=-2,0, 2, 4.
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6. Find the value of 27\/5 when 7 =314, =538, g=382.
Give the answer correct to the first place of decimals.

7. Subtract § (a +2b—c) from 4 (a —2b+c)

8. Show graphically that the equation 42?+ 3z + 12 =0 has
no real roots.
z+8
z+3°

10. A and B share £40. If A spends half his share, he still

has £5 more than B. How much has each at first?

9. Solve the equation =

EXERCISE 59 (a¢). MENTAL
az
7

2. If I travel uniformly at  miles an hour, how long shall I
take to cover 4 miles?

3. If az+by="T and az — by =3, find the value of ax.
4. Reduce to a non-fractional form the equation

1. If 2=2 satisfies the equation —- =14, find the value of a.

3z z-1
a+1 22 °
5. Change the equation f—i% = wl-% to a simpler form con-

taining no fractions.

6. Solve the equation % = %;? .

7. Find the factors of 44®+ 8z.

8. “Complete the square” in the following equation:
2?—3r=1

9. If a lbs. cost b pence, what will 5 lbs. cost?

10. Write down the equation which will solve the problem:

“The area of a rectangle is 30 sguare feet gnd one side is
1 foot longer than the other. Find the lengths of the sides.”



GENERAL REVISION 107

EXERCISE 59 (b).
Solve the equatfons z— 8y =8z —10y=1.
If 2 — 1 is one factor of 2¥— 13z + 12, what is the other?
Simplify " 4 = 2.
Solve the equation (3 —a)(1 +2a)="7—a?
Multiply 322+ 52— 3 by 2z— 3.
Bring the sum of £z, v crowns, and z sixpences to pence.
Solve the equation § (3z — 7) —$ (22 —3) =} (¢ —4).
Solve graphically the equations given in Question 1.

Write down algebraically: Square the sum of @ and b,
and divide the result by the sum of the squares of @ and b.

10. Three customers enter a shop to buy eggs. The first buys
6 more than a third, the second half the remainder, and the third

two-thirds of that remainder. If 15 eggs are left, how many were
there at first?

R A N

EXERCISE 60 (a). MENTAL
1. Solve the equation — Ef‘ =2,

2. How far can I go in ¢ minutes at the rate ~f m miies an
hour?

8. If 4z =Ty + 8, find the value of y in terms of .
4. Reduce to non-fractional form the equation

3z+2 3r—
2r—8 da+ 7
5. If 5w3 2_do- 3 7+a¢ 2 has to be brought to a denom-

inator 12, perform the first line of the operation.

3z
6. Reduce to lowest terms 6T 0"
7. Find the factors of 22 + 9z + 20.
8. Solve the equation (z + 1) (z + 2) (z + 3) = 0.

9. Find the Simple Interest on £100x for y years at 2z °/..
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10. Write down the equations which will solve the problem:

“The perimeter of a rectangle is £6 inches and the area
40 square inches. Find tha lengths of the sides.”

EXERCISE 60 (b).

l1—s 6-—2s 23

Solve for s: <%~ 3§ = 2s 5 =54
Find the factors of 102? — 2 — 3.
Substitute 1 + « for y in thc expression 32 + 3y + 5.
Simplify a (3a — 2b) — b(3b — 2a) — (e — b)2
What are the three consecutive odd numbers of which the
largest is 2z + 1? If their sum is 63, what is the smallest?
=5) 3(x-1) 5(x—3)
4 =T tTw

7. Obtain a graphical solution of the equations

o +ly=6; Jo—gy=4%

8. If y=34a%—3x + 2, find a table of values connecting « and

y fromz=~2tox=+ 2.

9. In the formula s= ut+ ﬁnd s when uw =42, t="15,
g=32.

10.: If I reduce my motoring speed by 4 miles an hour, I take
half an hour longer to do 60 miles. What is my speed?

GUR 00

6. Solve the equatlon

EXERCISE 61 (a). MENTAL

1. Solve the equation §= 7.

2. A fence « yards long is supported by y uprights equally
spaced. What is the distance between two adjacent uprights?

3. If —"”-=7, find  when y = 4.

4. Slmpllfy _1-3/+5_—3-/
3a 2 2a-3

5. If —— g =a— 1, give the first line of the solution

when each term is multiplied by 15.



GENERAL REVISION 109

6. Change the equation 2y =€—2—— to a non-fractional form

in which # and y terms appear on the same side.
7. Find the factors of 2 — 5z — 84.
8. If (z+2P= 25, find two values of z.
9. Increase £z by 21 °/..
10. Write down the equation which will solve the problem:

“Divide a line 3” long into two parts, so that three times the
first is four times the se-ond part.”

EXERCISE 61 (b).

Simplify (2z — 8y)? — 4z (z + y) — 2(3z + )2
. What is the square root of 42* — 282y + 49y??
. 2 3 3

Solve the equation sx3tz—3~ 13-
If 3s =4+ 5¢, obtain a table of corresponding values of s
, from t=—2tot=+ 2.
5
5¢°

6. If I travel half a journey of 2 miles at the rate of y miles
an hour, and half at z miles an hour, how long shall I take?

7. Solve the equation 35z + *5 (22 — ) =7 (z — 2).

8. Find graphically if the equation 222 — 3z + 4 =0 has any
real roots.

9. An article bought for £z is sold for £5. 5s. at a profit of
 per cent. Find a.

10. A man’s age is five times the sum of the ages of his two
children, and in 8 years it will be twice the sum. What is the
man’s age ?

]
2
S @ o

5. Simplify >~ >+

EXERCISE 62 (a). MENTAL

1’ If 5 (z — 1) = 8 (z— 1), what must be the value of z?
2. Write down an expression for the perimeter of a rectangle
if one side is 3a and the other b.
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3. The area of a trapezoid is given by $A (a + b), where a and
b are the lengths of the parallel sides and % the distance between.
What is the area if the parallel sides 7'3"” and 2-7” are *5” apart?

STV | 1
4. Simplif P
5. Findthecoefficient of 22in (22+ 3) (3z+4)—(2—2)(22+3).
6. Solve for #: 2z —Ty=15,32z—-Ty=3.
7. Divide 2% by 2%
8. Solve the equation 2z (5z + 7) = 0.
9. If I was z years old y years ago, how old shall I be in

y years time?
10. Write down the equation which will solve the problem.

“Divide the number 75 into two parts such that the square
of one is 25 more than 12 times the other.”

EXERCISE 62 (b).

1. Simplify 2a (3a + b) — 3b (2a + 3b) — (a + 2b)%
2. Find the factors of 21z* + 292y — 1032

. x ] ..
3. Solve the equation TF2= i1 8ving the roots correct

to twe places of decimals.

4. The sides of a triangle are z, 2z + 2 and 2z + 3 inches in
length, and the square on the longest side equals the sum of the
squares on the other two sides. Find z.

5. Solve the equation 2z + "3 (4 — 22) + 6 (5 + 32) = 0.

6. Obtain a graphical solution of the equation

52% — 6z = 63.

7. Write down algebraically: Add 4 to the square of «, take
away the square of y, multiply the whole result by 7.

z+2

8. Solve by formula the equation % =35 -

9. x boys have an average of 5d. each. 5 of them have an
average of 2d. each. What average have the rest?
10. An increase of 2d. in the price of a lb. of .apples means
that I get 2 Ibs. less for 4s. How much are they per lb.?
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EXERCISE 63 (a). MENTAL

1. What is one obvtous root of the equation
2(z—8) + 4 (z = 3) =2 (z — 3)?

2. If X =20l—8m and Y = 9l + 3m, what is the value of

1 X +Y)?
8. Find the value of ¥/az + bywhena=25,b=4,2=3,y=38.
4. Remove brackets from — 3 (s + 4¢) + 2 (35 — 2t) — 5 (s + 8t).
rLY
5. Simplify H by multiplying top and bottom by wy.

y =
6. Find y in terms of #, if — 5z + Ty = 3.
7. Divide 2y (y*— 3y) by Ut

8. If 12¢%—16ab — 3b? is exactly divisible by 2a — 3b, what
is the quotient?

9. Find the average of the quantities 2a, 3b, 4c, 4a, 3b, 2c.
10. Write down the equation that will solve the problem:

“The sum of the reciprocals of two consecutive even numbers
is . Find the numbers.”

EXERCISE 63 (b).
Simplify (5 — y)? — (z — y)* + (2 + 3y)*
Solve the equations "4z + 3y = 3'8, ‘6z + 5y =6.
Tind the value of (2 2) (2
q p/\2%g
For what value of  is (¢ + 3) (z + 4) equal to wz?

5. A square prism has a volume of 250 cubic inches, and the
height is twice the length of a side of the base. What is the
height?

6. Solve the equation 4 (27 + 3) + § (z — 2) — & ( + 3) = 0.
7. Obtain a graphical solution of the equations
2z +3y="7, z—2y=0.

8. If s=10¢2 find s when ¢ =12 and also when ¢ =1'02. Add
the results.

2q _ l 1
+ ;) when p=3, ¢=

L B
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1 A B
IS 7S Ui A 1
of A"and B?
10. £zisincreased by 102°/,, and the result is equal to £2.8s.0d.
Find «.

what must be the values

EXERCISE 64 (a). MENTAL

L Slmphfy (a: 11)

.1 1 38
. Solve the equation el B

2
3. Find the value of 4z (z+ 2) (z + 3z) when =4} and z=0.
4
5

. Change ? +28 to a simpler form by division.

. What is the coefficient of 22 in the product of 4 + 222+ 3

and 22+ 2 — 272

6. If 3z — 7y =—5, find # in terms of y.

7. What is the square of 3] — 5m?

8. Solve the equation (52 + 7)(3z— 8)=0.

9. If I can row z miles an hour up stream, and y miles an hour
down, what is my rate in still water?

10. Write down the equations that will solve the problem:

“ A certain fraction is equal to 4, but if I take 2 from the
numerator and 1 from the denominator it becomes equal to
§. Find the fraction.”

EXERCISE 64 (b).
1. Simplify (4*—2 —1)(z— 1) - (z"‘+ z+1)(z+1).

, giving answers correct

5
2. Solve the equation s—— %o +1 '3w+ 3 + 2

to one place of decimals.

8. If 152° — aa® + 5z — 6 is exactly divisible by 522+ 2z + 8,
what is the value of a?

& x & .
4. Addtogetherw_2, w+2and EEDICER




GENERAL REVISION 113

b. What is the total surface area of a square ﬁyra.mid if the
base is a square of side « inches, and the slant height of each
triangle is equal to the length of. the base?

6. Solve the equation 56z + 25 (42 — 6) = *36 (z — 3).
7. Find the sum of 5 (22 — y) + 3z and 3 (y — 2x) —22.

8. If 3z—2y =26, find y in terms of z. Substitute this value
in # + y =12, and hence find a pair of values for z and y.

9. Solve graphically 322 —22—5=0.
10. A train does a certain iourney in 5 hours. Another train

which travels 10 miles an hour slower takes 1} hours longer.
What is the length of the journey?

EXERCISE 65 (a). MENTAL

1. Solve the equation 2z + 4 =2}« + .

2. Simplify (Ta + *5b) + (2a — *3b) + (*1a + -8b).

3. The area of a ring is given by m (B 4r) (R —r), where R
is the outer and » the inner radius. Find the area when a is
taken to be 32, R=4, r=3.

e 1

4. Slmphfy m +;_—1 .

b. Simplify 4z + §y=2.

6. What figure is formed when the points 0, 0; 4, 0; 4, 4;
and 0, 4 are joined in the order shown?

7. Multiply — 3z + 5y by 3z — by.

8. If 70+ b is one factor of 1422 — 11o — 15, what is the
other?

9. What is the price of 5 lbs. of apples at # pence a 1b.?

10. Write down the equation that will solve the problem:

“If the price of a;wles is reduced by 1d. a lb. I shall get
2 lbs. more for 2s. What is the price per 1b.?”

LAI 8
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EXERCISE 65 (b).

1. Multiply (2z — 3)? by = — 2.
1 1

z a2
T

z  a?

2. Simplify

2+a_2a-3 22+3
3 2 5 °
4. If -5 + '3y = 2, obtain a table of 4 pairs of corresponding
values of z and y.

3. Solve the equation

5. Obtain graphically the roots of the equation
3 —Te—-3=0.

6. What is the total cost of z 1bs. of pears at 1s. for y Ibs., and
y 1bs. of apples at 1s. for 1bs.?

7. Take 5z — 3 (2y + 2) from 3z — 5 (2y — 2).

8. Simplify a (4a +2b+c)— (b +c)(a+b).

9. Write down algebraically the stages in the following:
Think of a number, double it, add 6 more than the number you

thought of, divide by 3, and then take away the number you
thought of. What is the result?

10. A builder pays £120 a week in wages. If he employed
5 men more, and paid them 10 shillings a week less, his wages
bill would be reduced by £7. 10s. 0d. How many men did he
employ ?
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,EXERCISE 66 (a). MENTAL

1.1

ath

1_I

a b

Add together {m — §n, 4m +in, Im 4+ §n.

Find the value of 7+ 1 +4/27 + 9 when z=38.
Simplify 3 (2c — 4d) — 2 (3¢ — 4f).

5. 161 427 and L= 2 -1, find the value of .
2ty z "y

1. Simplify

Ll <

6. When the points —2, 3; —2, —3 are plotted, how many
units are they apart on the graph?
7. Find the product of 2a — 7b and 5a + 7b.
8. Solve the equation (2z—3) (Tz 4 3)=0.
9. IfI walk at the rate of # miles an hour, how many minutes
shall I take to walk b miles?
10. Write down the equation that will solve the probleta:

“If I change my rate of walking from 5 to 4 miles an hour,
I shall take 24 hours longer to complete my journey. What
is the length of the journey?”
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EXERCISE 66 (b).

1. Solve the equations ‘6z + 2y =—54; 6z —y ="9.
2. Obtain a graphical solution of the equation 2% — 8z —2=0,

2(w+3y)+w——2y_w+,1/

3. Simplify 15 o 5

T—-a z+a
5. Find the factors of 16522 + 10z — 15,

4. Find the value of (‘?—tﬂ - 1) (‘fﬂ + 1) whenz=2,a=1.

. 5 5
6. Solve the equation e R

7. Solve the equation § (z—3)— 2 (z —4)=4§ (2 —5).
8. Simplify (@ — 3b)2+2a (2a + 5b) — (a + 3b)2.
9. Write down algebraically: Square a, take away twice the

squa;'e of b, add 3 and then divide the result by the sum of a
and b.

10. The area of a plot is reduced by 2 sq. feet if the length
is increased by 2 feet and the breadth reduced by 1 foot. Find
the length and breadth, if the sum of the length and breadth
is 15 feet.
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LOGARITHMS OF NUMBERS.

o r 2 3 4

5 6 7 8 o

Differences.
1234 5617809

I0 | 0000 0043 0086 0128 0170 0212 0253 0204 0334 9374 | 4 8 12 17 21 25 29 33 37
11 | 0414 0453 0492 0531 0569 0607 0645 0682 0719 0722 4 81115 1923263034
12 | 0792 0828 o8| 0934 0969 1004 1038 1072 II 3 71014 1721 2428 31
13 | 1139 1173 1200 X239 X271 13303 1335 1367 1399 1450 | 3 6 10 13 16 19 23 26 29
14 | 1461 1492 1523 1553 1584 1614 1644 1673 1703 1732 |3 6 9 12 15 18 21 24 27
18 | 1761 1790 1818 1847 1875 1903 1931 1959 1987 2014 | 3 6 8 11 14 17 20 22 2§
10 | 2041 2068 2005 2122 2148 2175 2201 2227 2253 2279 | 3 5 8 11 13 16 18 21 24
17 | 2304 2330 2355 2380 2405 2430 2455 2480 2504 2529 | 2 § 7 10 I2 I§ I7 20 22
18 | 255 2%77 2601 2625 2! 2672 2605 2718 2742 276512 § 7 9 12 14 16 19 21
19 | 2788 2810 2833 2856 2878 2900 2923 2945 ~967 2089 | 2 4 7 9 Ir 13 16 18 20
20 | 3010 3032 3054 3075 3006 3118 3139 3160 3181 3201 | 2 4 6 8 111315171
21 | 3222 3243 3263 3284 3304 3324 3345 3365 3385 34‘933 2 468 101218161
22 | 3424 344-3 3464 3483 3502 3522 3541 3560 3579 3598 | 2 4 6 8 101214 15 17
23 | 3617 363 3és§ 3673 3692 3711 3729 3747 3766 3784 |2 4 6 7 9 II 131517
24 | 3802 3820 3838 3850 3874 3892 3909 3927 3945 3%62 |2 4 5 7 9 Ir 21416
25 | 3979 3997 4014 4031 4048 4063 4082 116 4133 | 2 7 10 12 14 1§
zg 4150 4166 4182 4:80 4216 2233 2249 226?2 228: 44298 2 g g 7 g 10 IT 13 1§
g 4314 4330 4346 4362 4378 439g 4499 4425 4440 4456 | 2 3 5 6 8 91314
72 4487 4502 4518 4533 454 4564 4579 4504 40912 5 5 6 8 g2y
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1.

13.
19.
25.
31.
37.

o
S e oo

13.
19,

13.
19.

. 4.
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ANSWERS

EXERCISE 1.
5. 2. 2 3. 100 ‘41 5. 5. 6. L
-2 8. -3. 9. -1 10. 4. 11. 3. 12. 3.
0. 14. 3. 15, —2. 16. -3. 17. 4. 18. -2.
18. 20. 21. 21, 0. 22. —12. 23. 24. 24. 0.
2. 26. 1. 27. -2, 28. 3. 29. 23. 30. 25.
6. 32. —5b. 33. O. 34. 3. 35. -1 36. 1.
3 38 -3 39 1 40. —6. 41. 3. 42. —95.

EXERCISE 2.
17. 2. 3a. 3. 22. 4. 12a+65.

. Ta+92z. 8. 2a+2b+ 2c. 7. 122412y. 8. 1la.
12z —y. 10. 1la+9b. 11. 152+5y+9z 12, 9.
24, 14. 3z +3y. 15. 50. 16. 13.
1. 18. 1-3z. 19. a+b. 20, 2a.

EXERCISE 3.
19. 2. 9. 3. 7. 4. 4 5. 11. 6. 28.
2. 8. 10. 9. 12. 10. 22. 11. 43. 12. 65.
343. 14. 77. 15. 72. 16. 4. 17. 12. 18. 36.
216. 20. 37. 21. Each side=13. 22. Each side="7.
EXERCISE 4.
2. 4 3. 2 4. 3. 5. 5. 6. 2.
-2. 8 & 9. -3 10. % 11. 1. 12. 1%
0. 14. 0. 15. —4%. 16. 2. 17. -3. 18. —4%.
23. 20 1§ 21. -3 22 —% 23 1} 24 1
EXERCISE 5.

. z+3. 2. T—ux. 3. z+10 years.
z — 10 years. 5. 3x years. 6. 12x pence.
204 shillings. 8. z, z+1, z+2. 9. r—1,z, 2+1.
2z +3. 11. z+10. 12. 24—,
(2 + 2b) feet. 14. 4n inches. 15. b}a shillings.
£(62+7). 17. (20z —y —2) shillings. 18. 4z pence.

% miles, 20. #+8 miles per hour.
LAI 9
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EXERCISE 6.
1. 8. 2. 6. 3. 13 yedrs. 4. 12,
5. 4 inches. 6. 5, 8. 7. 16. 8. 41b.
9. 20, 30. 10. 10. 11. 20 years. 12. 20, 25.
13. 2s. 6d. 14. £7, £18. 15, £15; 30s.; 456d. 16, 35.
17. 2, 8. 18. £5, £10, £20. 19. 7in.; 8in.
20. 140 boys, 180 girls, 280 infants.
EXERCISE 7.
L 6. 2. 8. 3. 3 4. 13, 5. 13.
6. 10. 7. -4 8. 4. 9. 6. 10. 10.
11. 20. 12. § 13. 12. 14, —4%. 15. 23.
16. 10. 7. & 18. 15. 19. 48, 20. 114,.
EXERCISE 8.
1. 19. 2. 0. 3. 4a. 4, 2+2
5. 3r+3. 6. a-5b. 7. —4y. 8. 2e.
9. —2a+b. 10. —-5p—g. 11. 5z+3. 12. —-25.
13. 6a+bb—c. 14. y—a. 15. 27x+4-8y—4z. 16. -2
17. 1-6x—"2y. 18, —20w+3y—4z. 19, 4+z. 20. 0.
EXERCISE 9.
1. 642z 2. 9-6x. 3. 252-10y. 4. —3r-9.
5. —4r+8. 6. —9r+18. 7. br—12. 8. 17x-10.
9. 1y -8a. 10. -5, 11. --25a2. 12. 1-3z+y.
13. -1 14. 10—4x. 15. 11¢+432». 16, —3m+16n.
17. 4r412y44-. 18, —-2¢-6r 19. 7a+2b. 20. 13z -17.
EXERCISE 10.
1 2 2. 7 3. O 4. 6%. 5. 23.
6. —8}. 7. =% 8. 6. 9. 2. 10. 23.
11. 14 12. 23. 13. 1L 14. 3. 15. —1.
16. 11 17. 13 18. 13. 19. 1 20, 2.
EXERCISE 11.
102 —17 1 11z-1 Sr+4
1. S TR 2. -1 3. —~ig - 4. T
13243 12-bx 2 3z—-5
5, 2 6. o 7. 3 8. -
3-22 9-26x 19242 2z-5
9. -5 10. 0 ° 11 o 12. g



13.

17.

20.

11.
16.
21.

10.
12.
15.
18.

4 florins, 10 half-crowns.

ANSWERS
T—-z 41 -T2 2 +7 . 132z—-4
T- . . 14. —1'2—“‘- 15. 'T- 16 T
_z+1 _z _z+
EaCh__IT' 18. Ea,ch-—i—o. 19. Eac =5
Each=:’3”1;§9 ) .
EXERCISE 12.
—33. 2. 0. 3. 3 4. -4 5. 3.
23. 7. 23. 8. b 9. 2. 10. 0.
23. 12. 11 13. 2z 14, —1L 15. 12.
—43. 17. 15. 18. §. 19. A 920, —23.
4, 22. . 23. — 24. 133. 25. - §.
EXERCISE 183.
. 150. 2. 1200. 3. £6.
14, 15, 16. 5. 20 years, 40 years. 6. £2000.
. £12, £20, £24. 8. 27 miles, 36 miles. 9. 27 eggs.

123

11. Father 66 years, son 22 years.

5 fect. 13. 1920, 1280, 14. 20, 60, 80.
42, 54. 16. 30 cows. 17, £60.
£20, £20, £20. 19. £200. 20. 540.
EXERCISE 14 (a).
. 8z—6 or —6+8z. 2. 0. 3. a+2b.
Tz
TR 5. 2. 6. 3a- 2b.
109 —14 a—2
12m +-4n. 8. 0" 9. 5
z4+3(x+1)=27.
EXERCISE 14 (b).
24. 2. b. 3. Im+§n. 4. 10.
(#+y+5)years. 6. 2 -2 -1 0 1 2 7. »=20.
y 50 43 36 29 22
32— 19y+18z. 9. z=}%
1 mile per hour, 5 miles per hour.
EXERCISE 15 (a).
50+ 8b. 2. 3l—6m—5n+10p. 3. =0
9”1—073/_ 5. x=2. 6. 6. 7. 2a+c
z=2, 9. 140z. 10. 100 +l0~9=5.
x 2
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EXERCISE 15 (b).

1. Each=8a+8b+8c. 2. z=3. 3. 202—20y - 10z,
4. 2 3 4 b 6 b, r=24,
y -16 =13 =11 -9 -7
6. 4y—8z. 7, S=—2§. 8. 5*;;("”.
9. Coefficient="7 or —7. 10. 15, 20,
EXERCISE 16 (a).
1. r=3. 2. 3l—6m-m+6q. 3. x=14.
4. Coefficient=09. b. by-1. 6. r=2.
7. 8. 8. 2x+6y. 9. (z4y—2) miles,
x 29—z r 20—z z 29—z
10. §-—2=——§~——, or 5-———2———2, or §+2= 3
EXERCISE 16 (b).
1. 1'6x+1'5y. 2. 4z-3, 4r—1, 4z+1, 4v+3, 42+5.
3. 0 1 2 3 4 b 4. t=14,
y 13 10§ 8 53 3 }
5. 2+a~—18b+20c. 6. r=4.
19z - 14 8 z—-3
T8 © T2
9. —36c—20d+ 10r or 10r — 20d — 35c¢. 10. 25 miles.
EXERCISE 17 (a).
1. a=4. 2. 4z+2y. 3. y=T7-bz.
3b
4. %" 5. 15. 6. 4a—12b+8c—86.
12916
7. 2b. 8. e 9. £llx.
x x 1 1
10. z— E—Z=3O’ or 3x+zx+30=.r ete.
EXERCISE 17 (b).
1. 9s43t+3r 2. Lochilings. 3. 4.
4. p=16. 8. —2a-—13c. 7. 9=14.
8. Each= 62-023. 9. ba+2b-3c 10. 10 sixpences; 40 pence.



21.

26.

L
5.
8.
11.
16.

ANSWERS 125
EXERCISE 18.

~b. 2. 7. 3. -3
-3z. 5 a+2be 6. —2x-15y.
a+3b+c. 8. 2z+15y—4a. 9. Ta+306b.
—~ 102 — 30y. 11. 1-3a4%2b+ec. 12. -3z -5y +22.
—-3a+2b-5. 14, 22412y 10z 16. bl +4-68m — 33n.
. —2a+2b—4ec. 17. =7y 18. 0.
—3a+42b+4c. 20. 205x+ 540y.
EXERCISE 19.
2. 2. -b. 3.7 4. -4,
4. 6. x. 7. -y 8. 6a.
. 3b. 10. —3e. 11. -z -2y. 12. —z+5y.
. a+3b. 14. 22+ 9y. 15. —2z—-9y. 16. c+d.
. = 22+4y. 18. —102+427y.  19. 46a —76b. 20. 4z +14y.
. 42a - 45c¢. 22. —10y+722  23. a—9b+3c. 24, 3x— 5y —8s.

. —2+2y +2 26. 3a—8b+2¢.  27. —3zx+5y—3z 28. a+2b-4e.
. —br+2y~3z2.  30. —2+42a¢—-4b. 31. 3a-b-20c. 32. 5+ 4y.
. 23r— 16y —62.  34. 3x—11a+2d. 35. -b-10.

EXERCISE 20.

2=b. 2. x=6. 3. r=86. 4, r=2. 5. z=1.
y=L y=L y=2. y=L y=2
r=4. 7. x=4. 8. x=3. 9. z=3. 10. z=1.
y=-2. y=2. y=-2. y=-1 y=1

. z=%. 12. z=2. 13. =1, 14. #=0. 15. z=1.
y=0. y=2. y=-2. y=L y=".
z=1. 17, z=7 18, #=-=25. 19. =2, 20. x=701.
y=10. y=2. y=>b. y=3. y=201.
z==2 22 x=-10. 23. r=23. 24, zx=1. 25, x=3.
y=6. y=2. y=17. y=-2. y==2.
r="7. 27. z=b. 28, r=24. 29, z=4 30. z=2.
y=—4. y=—7. y=24. y.—-—.l. y=3.

EXERCISE 21.

10 and 7. 2. £6. 10s. 3. 3. 4. 72 and 60.
50 8q. inches. 6. 16 half-crowns; 11 shillings. 7. 3600.
3 miles per hour. 9. 80 and 70. 10. Half-crowns and crowns.
- 12. 120 and 144. 13. 200. 14. 200.

4 35 years; B25years. 16. Coffee 1s. 2d. per Ib. ; tea 1s. 8d. per Ib.

17. 24. 18. 4 £150; B £180; C £270. 19,2 miles. 20.120, 240, 150, 300.
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10.
13.

16.
19.

. y=-02z+1), y=
10. y

4072
=75

-3

-12

-5}
-13

-11

12}

ANSWERS

EXERCISE 22.

—2a-4
2. b= 3

2b-5

5. a=

8. a=

=y
11. .1—6.

14, Y=

17. z="".
20. y=3§.

EXERCISE 23.

-2 -1
6 b}
-93 -7}

12 104 9

65 b3 b}

13 13 1
-4 -3}

-104 -8

-84 -8

5 3 1
104 9%

3. z=5~_73x.
6. x=5‘1/+11
x
9. y='7-.
12 b=§_g.
15, oo lyt33
18. g/=§
0 1 2 3.
4 8 9
-5 -2% -3 2
%6 4 3
4F 4§ 3% 3}
T % & 3
-3 -2} -1} -
-5 -3 -} 2
-3 -1 13 4
-1 -3 -5 -7
8 63 5F a4
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EXERCISE 24.
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EXERCISE 25.
7. x= O 3 5 etc. 8 xz=- 4 3 10 etc.
y= 9 0 -6 y=- 4 1 6.
9. z=-—5 0 5 ete. 10, 2=- 5 0 b ete.
y= 4 0 - 4 . y=—1 1 3.
1. z=-1 3 7 ete. 12, z=- 3 0 3 ete.
y= 1 -2 -5, y= 14 7 0.
13. 2=- 3 0 3 etc. 14 z2=- 2 1 4 ete.
y=-10 1 12. y= 12 10 8.
15, #=- 5 3 11 etc. 16. z=- 2 7 16 etc.
y= 10 12 14. y= 3 -4 -I1L
EXERCISE 26.
1. 2=2. 2. =33 3. z=b5. 4. x=3.
y=3. y=3. y=2. y=">.
5. z=-1. 6. z= 3 7. x=-12. 8. z=-3.
y=-2. y=-4. y=— 6. y=—6.
9 z=-3. 10. »=20. 11. z=3%. 12. 2= 0.
y= 0. y=176. y=L y=-1
EXERCISE 27 (a).
L a=" —25.1/. 2. y=1. 3. a+20+2k
z
4, xz=8. 5. 6a—4b—10c—15d. 6. 2y+377‘&'
3z Tz
7. 2=1. 8. y=—7~. 9. 1—2—pence.
z 3
10. z+y=35; §=§.
EXERCISE 27 (b).
1. #=3; y=2. 2. s+2¢-3r. 3. z=-4 3 10 17
y= 6 2 -2 -6
_r+14 — -1
4. Each= i " 5. x=4. 6. z= R
31 -592 54z
7. 23-27x. 8 —5— - 9. —1~ bence each.
10. 35 and 40 years.
EXERCISE 28 (a).
1. #+2y=3. 2. z=7,y=3. 3. c+dm+n. 4. 5
13 a—3b b
b. 6'—x- 6. m. 7. $=74 8. 2'la.
9. bz miles. 10. z4y=10; 2=14y.



10.

10.

1.
4.
7

10.

N o

lla—3b-4c.
z=1 4 7
y=8 1 -6
Tm— 41— 2n,
3z+49.

ANSWERS

EXERCISE 28 (b).
2. Jx:,—-7, y=1,
5. 35.

8 = 1 3
y=-6 -1

EXERCISE 29 (a).

2. 6r—16y=34.
5 2.

5 5
8. éa+‘6b.

EXERCISE 29 (b).

9 -5y
2
10

—-13.

7. Each side=9.

129

10. A £48; B £16; C £6.

EXERCISE 30 (a).

4r=3y—-9, or 3y—4r=9. 2. y=L

3%
4m — 6s

30
3rx+6=2(xr+6).

14a—12b-"Tc.

16z —y.
44

i?)._” .

£60.

5. 105—5-15y.
8. a+3b

EXERCISE 30 (b).

17
2. 3='—2—5.
5. r=>b.
8 2= -6 -1 4
y= -6 -3 -1

©

3. —2¢+3r->5¢
6. 2.

9. 22-4,22-2, 2.

21 - 15z

14
6. Each side= —-2.°
9. ba miles.

b
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EXERCISE 31.

1. 122 2. 10a. 3. 6y. 1. 222

5. 1227 6. -3 ' 7. —8y2 8. —6z%
9. 622 10. 522 . 11. —1522 12. 2122
13. 2% 14, 1223 15. 82 16. —3y3
17. —4a3 18. 6uxy. 19. 6xy. 20. —12ab.
21. d? 22. 4z2 23. 92 24. 2522
25. abx?y. 26. 325 27. 6a?b3. 28. —2b6xtys.
29. —12abat. 30. 75x5y.

EXERCISE 32.

1. 8z +12y. 2. 15z -10y. 3. 15z -21y.
4. 12a+18b. 5. —10x435y. 6. —20y+12x.
7. 12x+20y. 8. 16a+72b. 9. —15xr—24y.
10. —28b—63c. 11. 4a%+8a—28. 12, —52%— 152~ 45.
13. —6224+152x+24. 14, —1822-54x+42. 15, —3a3+ 702
16. — 1643 - 3622 17. —15zy+9y. 18. —4ac—6be.
19. —142%-62y. 20. —25xy+ 252 21. —4aa’x?—4abzxy.

22. —9bs3—6baty. 23, —6x%y—8xiy+4xy. 24. —3adx - 6a?a?—3asd,

EXERCISE 383.

1. 22249249, 2. 622+11lr+4. 3. 3a%-Tx-86.
4. 6% +x—2. 5. 1222-33x+18. 6. 22%—132x420.
7. 12-17x+ 622 8. —2422+31x-10. 9. 2a%+5ab - 3b2
10. 9a2— 452 11, - 2522+ 702y —49y% 12, —1222+ lday — 432
13. - 21224292+ 72. 14. 212%4-262+8. 15. 102%+ 51z +27.
16, —2822-37x+21. 17. 25x%+10zy+y>% 18. 16a®+ 8ab+ b
19. 4922 422 +9. 20. 64c*+16¢d+d2 21. 1-6k+942%
22, 922—-42xy+49y% 23. 92+420m +49m2, 24. 4—28x+ 4922
25. 6472 —80r+25. 26. 49d%—126d+81. 27. 16+40x 42522
28. 9+ 422+ 4922 29. 9¢%-12¢r+4r2% 30. 16s%—8sm +m2

EXERCISE 84.

1. 4a?-4ab- 1802 2. x4+ Txy+2y2%
3. 182 24st. 4. 52%—8zxy+13y%
5. —d4w?—17xy—4y2 6. 4224102 —-12.
7. 2%+ 15zy— 2492 8. 92%—13z+1.
9. 2922+ 32x+29. 10, 16a2+7ab+ 2%
11. 62%—112%—232x+20. 12. 4at+172% - 3022~ 292+ 14.



13.
15.
17.
19.

13.
17.
21.
25.
29.

10.
13.
16.
19.

10.
13.
16.
19.

[
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4ot — 4234222 - 3z + 1.
4a3+8a2b + ub? — 303,

131

14, 207 —Balb — 4ab?+Tb%
16. 34622412248,

725 + 2722y + 9wy + 3. "18. 64031442 +108a —217.
23+ 62248z + 4. 20. 1823 —752%+ 104z — 48,
EXERCISE 85. -
3. 2. 2. 3. a. 4. 2%
. 3a? 6. 3c. 7. —9b. 8. —4b.
- b5a. 10. 622 11. 1942 12. 4c%
4a. 14. 6c. 15. 3a. 16. —6y%
- 2a2 18. —4a2 19. —a? 20. 6y.
- 328 22. 323 23. —-3y. 24, —3a.
3b. 26, —2a. 27. —2y. 28. —2ab.
- Y. 30. 4z
EXERCISE 36.
. 42243242 2. a-b. 3. —-bx+T.
— b2+ 3xy+1. 5, —4x?4+2r-3. 6. —8x%+7-3x.
—322+4zr+2. 8. —3a+4b. 9. ba?+3r—2.
t— 2cx— 472 11. -5z +4zy+y% 12. —22%-323-1.
z-y. s 14. y-2. 15. x—2y.
— 22+ 3y. 17. —2a+3a. 18. —9+6x+822%
3-s. 20. -34m.
EXERCISE 37.
. (+3)(z+4). 2. (z+5)(x+86). 3. (z4+1)(z+7).
(z+1) (z4+8). 5. (2+48) (z+5). 6. (v+10)(z+2).
. (c+8)(c+12). 8. (a+3)(a+9). 9. (m—8)(m—>5).
-7 (t-11). 11. (r—10) (r-5). 12. (g—8)(g—4).
(z—11) (#—6). 14. (¢—16)(c-10). 15. (z+8)(x-2).
(x—"7)(x+5). 17. (b—10)(b+38). 18. (z+12)(z-T7).
(x—15) (x+3). 20. (z+16)(z—2).
EXERCISE 38.
4,1 2. 3,8 3. -6, —4. 4. —8, =9
2, —6. 6. 8, -5 7. —4, —10. 8. —9,7.
-8, —b. 10, —11,8. 11. 565, —42. 12. —56, 87.
—-29, —64* 14, —77,33. 15, —108,106.  16. —73, - 63.
-2, -2 18. =9, —=9.  19. 11, 1L 20. 55, 55.
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EXERCISE 39,

1L 1,1 2. 4,2 . 3 7,2 4. 5,3.
5. —9, —4 6. —5, —5. 7. -1, -3 8. -3, -2
9. 9, —1 10. 10, =3, . 1L 11, —9. 12, 7, -4.
13. -8, 3. 14, -9, 4. 15. —4, -3 16. -8, —1.
17. 8, 5. 18. 10, 16. 19. —10, 8. 20. —12,7.
2. —15, 3. 22. —16, 2. 23. 8,2 24, —12,7.
25. —10, 8. 26. —1,6. 27. —15, 3. 28. 8, 5.
29. 5, 10. 30. 3,9.

EXERCISE 40.
1 (22+3)(3z+2). 2. (3z+7)(Tz+8). 3. (62+1)(3z+8).
4 (Tz+2)(2z+T). b. (4z-5)(3z—4). 6. (22—5)(2z—~11).
7. (5x="T)(Tz—11). 8. (5z="7)(3x—5). 9. (2z+5)(x—"T).
10. (3z+11)(z—5). 11 (5z—1)(br+11). 12. (162+2)(2z-"T).
13. (252 —1)(z—1). 14. (232—3)(3z—1). 15. (12x—5)(162—"T).
16. (112—13)(13z—11). 17. (12z-5)(15z+8). 18. (5z+7)(26z~3).
19. (8-"72)(3 - 52). 20. (5—6x)(T—-22). 21. (3—251)(7+3z).
92. (25—27)(5+4z).  923. (5—Tz)(5-7Tx). 24 (7—112)(7—1la).

25.
28.

—
N WL

11.
16.
21.

31
36.
41.

(4-132) (4-137). 26. (9—14z)(9—147). 27. (3z—11)(3z—11).
(4z—5)(4z—b5).  29. (12z="7)(12z-"7). 30. (Léz+13)(152+13).

EXERCISE 41.

T 2. % & 3. 12,5, 4. 8,4

& —fr 6. 3, —1k 7. —7 ?S 8 -3, L

é, "139"' 10. 3%, §2 11. TPK’ —21315' 12.; — 5%, 1%53
~H — 143,07 15. 3, 3. 16 -3, -4

b4 18, 1, —15 —11 19, 0,7, 8. 20. 0,15, — I3,

EXERCISE 42.

.34 2. 4, 3. 3. %2 4.3 1 5 3 %
. 5% 7. 44 8. —4% 3 9. -3 —% 10. 3 -4

1,3 12. —§, 5. 13. -2, 1. 14.3, -2 15 —§ &
W 17 —4,§8 18 - -3 19§ -3 20. 3, &
o fe 22 LY. 23 L8 24, =13, 5. 95 -1. }.

L 27 {5,028 %4 29. -3, 5 30. f,
3 32. 3, }. 33.1, -4 3404 35. 7, -2,

.

37. 7, —12. 38, 4, —-b. 39. 12, —~b.

3 40. 8, —9.
, -4 422}
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EXERCISE 43.

131 2. -8, —4. 3. 13, 7. 4. —16, 8.
5. 15, —8. 6. —11, 8. 7 4% 8. -4%,3.
9. %4 10. 1, 2. S 1L -3, & 12 -, 3.
13. =4, 3. 14. §, -3 15. -4, §. 16. 2, 5.

17. 2+62, 38, 18. 565, -35. 19. 441, 159, 20. 373, 27.

EXERCISE 44.
1L -} 2 2. 1'28, — 78, 3. -4 L 4.1 -3
5. 13, — 4. 6.7, -2 7. 4, 1. 8 1 3
9. 3345, 1'55.  10. -52, —11-52. 1L }, —6. 12. -8, %

13. 437, —1:37. 14, 1-37, —37. 15. 2'62, *38. 16. —§, 4

17. 441, 169, 18. 373, -27. 19. -1'62, 1. 20. 3, L.
EXERCISE 45.

1. 2,5. 2. 3,5. 3. 12, 6. 4. 15, 16.

5. 5,2 6. 13. 7. 44 8. 20 and 12 miles per hour.

9. 24 miles per hour. 10. 10,11, 12. 11. 42 miles per hour.

12. 40 miles per bour. 13. 10in.; 5in. " 14. 7}in.; 2} in.

15. 15d. 16. 12ft.; 15 ft. 17. 24 ft.; 12 ft.
18. 14 yards. 19. 12 miles per hour. 20. 3d. per dozen.
EXERCISE 46 (a).

1. 6a?+bao —~6b2 2. — 4x%+ xy — 2y% 3. (I—3m)({—-2m).
4. z=f§or —§. 5. Left=8-104+2=0. 6. r=4y.
7. s=1. 8. =T 9. Z hours.
m
r x z x
10. 3‘6=§5—2, 01'25—56 2.
EXERCISE 46 (b).

T 1. —2z7462y. 2. 223 - Tz?45x—6. 3. 54

4 z= 16} 13 10} 8 b 5. z=}. 6. x-1.
y=-2 -1 0 1 2
52 :

7. 52" 8. 2+48ixr—a2 9. #=4,y=3. 10. 1.30 p.m.
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EXERCISE 47 (a).

. =023+ 922 - 21, 2. (x—12)(z+7). 3. 2247,
4 2 2
y=35- 5. x=T. 6. 8s%—2st - 15¢2
2242 T z..

" 2@+ 8. y=3 9. atlmes.
l3z=13z —50.

EXERCISE 47 (b).

. 2. (br+4a)(Br—2a). 3. x=b.
. 2% —21x+5. b, —3%, 4. 6. 6at—11a3—-T22+212 -9,
3z —"7 2y +4
2 =T
2%+ 3z +4. 8. TR 9. x= 3=
24 feet.
EXERCISE 48 (a).
2a%—2ab — 452, 2. x=6. 3. a=4 4, —6a+9b.
3 _ 2y + 52
3y+3. 6. §. 7. y_3. 8, —.Z':y .
24 24
. 2w—T. 10. ;—x—+2=1.

EXERCISE 48 (b).

13 2 a=-14 -7 0 7 14 2. , 11
6(x-1) b=—6 -3 0 3 6 O T
1- 202 1
y="5" 5. 24 6 4, —=.
2®—6x2+50. 8. a=5. 9, 6“—“2*#’. 10. 40 miles.

EXERCISE 49 (a).

3z+1
2 _ Gy — e sl
3x%— 6y — 62z + 4. 2. b. 3. Zt D)
z-"Ty
(r—12) (r-3). 5. a=33%. 6. 573y
-6. 8 z=-2 0 2 9. xy miles.
y= 4 0 4
x+b5 x 3 _
y+2=y 105 #Hy=17



11.
14.
17.
20.

ANSWERS
EXERCISE 49 (b).
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2_ - 5p+5q

. ba?-16a+1%3. 2. x 6. - Gp=—q Gaty)
(42— 3) (22 -3). 5. £, — % 6. 1272172 +6=0.
4ot — 2527+ 2w — 4. 8. y=—1a 9. 166.

3 ten shilling notes.
EXERCISE 50.
922:8°C. 2. 54k 3. 78. 4. 785sq.in,

. £2250. 6. 4'7. 7. 53. 8. 36°5.

. 51 8q. in. 12. 4-45, 13. 10-4. 14. 30.

. 86. 16. 64 cub. in.; 376 in. 17. 53.

2} hours; 123 miles. 19. 1‘4 hours; 136 miles.
. Half-way at 10 a.m. 21. 4% miles from 4.
. 3.27 p.m. 23. 10.24 a.m. 24. 14th.
EXERCISE 51.
-2, 35, 12. 1, 6. 13. 533, —2b.
2:41, —41. 15. 3, 2. 16. 520, —20.
119, —2562. 18. 192, —-52. 19, ‘73, —-27.
No real roots.
EXERCISE 52.

. 3'5272. 2. 3-6241. 3. 37024, 4. 1-4097.
25055, 6. °3617. 7. 21335, 8. 2°6304.
27243. 10. 1-6335. 11. 1-8751. 12. -9685.
7782, 14. 1-8451. 15. 1-9542. 16. 1-4950.

. 16304. 18. T-7211. 19. T-4448, 20. 'T5139.

. 0-0000. 22, 2:5752. 23. 31818, 24. 5:9345.

. 5'6990. 26. 2-9325. 27. 3:5704. 28. 2:9355.
5-9312. 30. 2-8451.

EXERCISE 53.
18:03. 2. 121-3. 3. 10-38. 4. -02298.
*6029. 6. -001003. 7. -2818. 8. -03787.
829-2, 10. -001049. 11. -3641. 12. -005248.
2:969. 14. 1021, 15, 1-444. 16. -2040.
7-872. 18. -02296. 19. -001004. 20. 1-003.
EXERCISE 54.
879, 2. b73. 3. 455, 4. 234.
2:30. 6. 1230. 7. 102, 8. 1030.
*0270. 3 0. -230. 11. -00741. 12. -00513.

. <00929. 14. 0154. 15. -000000723. 16. °000000203.

-000243. 18. -00000361. 19. 34'6. 20. *020.
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EXERCISE 55.

1. 1-59. 2. 1-31. 3. 1n4. 4. 161.
5. 7-08. 6. 136. 7. 167 8. 1'76.
9. 1-30. 10. -245. 11. 425. 12. 1580.
13. 176. 14. 2510. 15. 39200. 16. 6°40.
17. 65°6. 18. 190. 19. 82560, 20. 17°0.
EXERCISE 56.

1. 3-85. 2. 105, 3. °100. 4. -0000622.
5. 202. 6. -698. 7. -603. 8. -454.

9. -681. 10. -233. 11. -00000408. 12. -0000000174.
13. -128. 14. -707. 15. 262, 16. 15°5.
17. -000479. 18. -954. 19. 157. 20. 53-2.
21. °0240. 22. -0605. 23. 1°66. 24. *0156.
25. 2310. 26. 5-78. 27. 0252, 28. 7-95.
29. 124. 30. 4-40.

EXERCISE 57.

Answers given to 3 significant figures.

1. 7'56 sq. in. 2. £40'7. 3. 301°/,. 4. £188,

5. 5'96. 6. 1090. 7. 509. 8. 3-47.

9. 453. 10. 3:05. 11. 347 m.p.h. 12. 2°22 seconds.
13. 233 feet. 14. 40-2. 15. 558.

EXERCISE 58 (a).

1. z=4. 2. (12d—z) shillings. 3. L.

4 22°=(z+1)(w—1). 5 3@-N=a(@-1). ¢ ZTED
7. (z+1)(z+2). 8 x=-%§, 3. 9. 12z dozen.
10. 2%?=40+z(16 -~ z).

EXERCISE 58 (b).
1. =5, y=-"1. 2. (3a+4)(2a—1).
13 ad—b3—c?
3. -1 4. b
b, z= 4% 13 -1} -4 6. 81.
5c—10b—a b 2 1
7. __—6 or éc—léb - éa. 9, o= —4, 2,

10. A £10; B £30.



1. a=49. £. -‘-l-hours. 3. ar=>5,
» r o
1 2
4, 6x2=(z+1)(.?—1). b. -a;-_§=x_—;3 or x—3=2(x-2). 6. x—ié.
3 3\2 37 5b
7. 4.27(.2/"-2). 8. .Z'Z——2-x+(a =Té. 9. —a-pence.
10. z(x+1)=30.
EXERCISE 59 (b).
1. 2=7,y=2. 2. 2B+z~12. 3. 195';“2.
4, a=4orl, 5. 6x3422—-212x49. 6. 240z + 60y + 62z pence.
(a+b)
7. z=-1. 8. x="T,y=-2. 9. Pl
10. 144 eggs.
EXERCISE 60 (a).
8 t . 4z -8
1. r=-3. 2. %%mlles. 3 y= et
4. 12224 292+14=622—-192+15;
or accept (3x+2) (4z+7)=(2x —3) (3x—5).
4(br—2)-3(4x~"T)+12(z~2) 1
5. = - 6 gy 7. (2+5) (@ +4).
8 z=-1, -2, ~3. 9. £xyz. 10. x (13~ z)=40.
EXERCISE 60 (b).
1. s= -4 2. (bx—3)(2x+1). 3. 2225249,
4. 2a?+2ab—4b2% 5. 2r—3,2z—1, 2zx+1;19. 6. Va
7. =8, y=6. 8 #z=-2 -1 O 1 2.
y=10 5% 2 -3 -2
9. 8=25. 10, 24 miles per hour.
EXERCISE 61 (a).
2 z
L T=g. 2. yleards. 3. r=84.
4 227 5. 3(3a-2)-5(2a—3)=1b 1 6. z—4y="T
C EGINE=P . 3(3a—-2)-5(2a—3)=15(a-1). . w—4y="T.
7. (®-12)(x+7). 8. r=4or —4}. 9. £4}=.
10. 3z=4(3-2).
EXERCISE 61 (b).
1. 7y®—28xzy 1842 2. 2z-"Ty. 3. z=bor —3f,
4. ¢t -2 -1 0 1 2 3bc~ 2ac+ 6ab z
s —2 -} 1} 3 43 5. —Sabe " 6. <@+2_z) hours,
7. z=H,. 8. No real roots. 9. z=5. 10. 40 years.

ANSWERS 137
EXERCISE 59 (a).
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1
4.
7.

10.

L 5a?—8ab—13b% 2. (Tz—2y)(3x+5y).
4. x=5. 5. r=-3.
7. T(2+4-72). 8. #z=1lor -3
10. 6d. per lb.
EXERCISE 63 (a).
1. z=3. 2. 2b.
2 1 o2
4. —3s5—12t4+6s—4¢—bs— 152, 5. ZHY.
=y
7. 2(y—3). 8. 6a+b.
1 1 5
10. .;'+.Z'——+2— ‘E.
EXERCISE 68 (b).
1. 2822+4xy+8y2 2. =5, y=6.
4, z=-37 5. 10 inches.
7. x=2,y=1 8. 14-4; 10404; 24-804.
10. z=2.
EXERCISE 64 (a).
1. 2 2. x=2. 3.
2
‘4. 3+5‘-_—'_—2. 5, —1. 6.
7 8
7. 9%~ 300m + 25m?2 8. Z=—gory. 9.
z 1 z2-2 1
10. ?—/'=§, y——_———§

.=l

1
z(z+1)°
23

#2=25+12 (75— z).

ANSWERS
EXERCISE 62 (a).

2. a+b.

5, 4.

8. x=0or ~{.

EXERCISE 62 ().

3. 2% square inches.
6. xr=-12.
9. r+2y.

3. z=5"74o0or —1'74.
6. x=4} or - 3.

52 —10

z—-56 '

3. 3.
6. =5x+3

7
9. a+b+te.

3. 133
r= - {%.

9. A=1, B=-1.

&

%
s=14=5

3
z+y

P miles per hour.
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EXERCISE 64 (b).
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a?—2b2+3
a+bdb

. w4220, 2: %=86 or —"6. 3. a=4.»
2242 7

(~————————x+2)(x_2).‘ b. 3$2. \ 6 x=§6
. 4z -2+ 8. =6, y=6. 9. g=§or -1
. 250 miles.

EXERCISE 65 (a).

z=4. 2. a+b. 3. 22

2x

Wm. 5. 10x+9y=30. 6. Asqua-re.

- 922+ 302y — 252 8. 2z-3. 9. b pence.

24 24

e |

z-1 =x

EXERCISE 65 (b).

3 902 _ z=1
. 428 —-202%4+ 33z —18. 2. 731
. a=103. 4. z=-2 1 4 7

y=10 5 0 -5.

O . Z Y e 224yt
. =270 or —-37. 6. y+x shillings; or zy shillings.
. 82— 4y - 2. 8. 4a?+ab-b*-be.

. %, 2z, 3x+6, z+2, 2. 10. 40 men.
EXERCISE 66 (a).

b+a

b a 2. m+n. 3. 8
. 6c—12d —6¢ +8f. b. z=% 6. 6 units,

. 10a2 - 21ab — 4902 8. x=§ or ~§. 9. ?ﬂominutes.
2 7 x
z 1 =z
"%t .
EXERCISE 66 (b).
. z=1,y="3. 2 a=—5or2 3. 3%. 4 2§.
. (Llx-3)(3z+1). 6. x=9. 7. x=6}. 8. 4a?-2ab.

10, 10 feet, 5 feet.
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