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PREFACE.

During some experience in the teaching of Ele-
mentary Mathematics, it has continually occurred to
the author of the following pages that Algebra is
more often regarded by a learner as useless drudgery
than as a charming and invaluable study. This,
however, is not at all times the fault of the beginner
himself, but may not unfrequently be ascribed to a
serious deficiency in the teaching. When it is placed
before one as & mechanical and disjointed subject, it
must inevitably appear dull and burdensome; but
 when taught in a scientific and connected manner,
its beanties become at once apparent; and, in place
of wearisomeness and dislike, interest and admiration
will manifest themselves.

The annunal examinations of the Science and Art
Department have done much towards placing this
subject before beginners in its proper light; and the
cases have not been few, in which preparation for
them has been the means by which even more
advanced students have first become acquainted with
its great and genuine merits. It is especially for
pupils studying for these examinations, that this
little work has been prepared; but at the same time
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it is hoped that by very many others its advantages
will be embraced, and its usefulness appreciated.

The communication of any ideas for ite improve-
ment, that may occur to teachers, will be esteemed
a favour: and here the author must acknowledge,
with many thanks, the exceeding kindness of the
friend and able mathematician by whom each page
of the MS. has been so carefully and generously
examined.

In placing these few pages in the hands of pupils,
it must not for one moment be supposed that it has
been intended, by their use, to supersede larger and
more general works. Not in the least. The object
has been to collect in & small and compact form the
simple science of the early parts of the subject, and
to place it before the learner in such a way that this
little work may not only be a companion to his other
Algebra, but may also easily enable him intelligently
to read up that portion which must be thoroughly
mastered, in order that real proficiency may be at-
tained.

It now only remains to test the usefulness of the
work by trial, and this, it is confidently expected,
will procure & verdict in its favour.

H. C. TARN.

DxvonrorrT,
Sept. 1Tth, 1874.
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THE DIFFICULTIES

OoF

ALGEBRA MADE EASY.

CHAPTER 1.
Introductory Remarks.

1. In commencing the study of this interesting
and important subject, it is highly necessary that the
student should thoroughly clear the ground as he
advances, and make himself perfect master of the
various terms and steps that will occur in the very
beginning of its most elementary parts.

There should be no confusion in his mind as to the
use of signs; he should clearly comprehend the mean-
ing of such technicalities as factor, term, power, index,
coemclent etc., ete. ; the intricacies of brackets shounld
be made SImple and the reason for changing all the
signs inside a bracket having & minus sign before it,
when the bracket is removed, should be completely
mastered. Proofs of rules, and of various formulse
that need proofs, must be ﬁrmly fixed on the mind;
and such steps as changing all the signs of the sub-
trahend in subtraction, and then proceeding as in
addition, not only remembered and acted npon ac-
cordingly, but made so clear that the student himself
could, without doubt or hesitancy, explain the process

to another
9



10 INTRODUCTORY REMARKS.

2. It has not been thought necessary in this early
stage of the subject to introduce proofs and defini-
tions, as they may be so completely read up by the
student in any ordinary elementary Algebra, but we
shall now come to a part which will demand much
more attention, and have to bring to the notice of
the reader many important formule, the value of
which it is imposdible to over-estimate. Various
methods of application will be shown, and it will be
afterwards found by any one who completely masters
their complicated but yet not difficult uses, that he
has within his grasp one of the most powerful levers
that can be used, for the complete removal of the
numerous difficulties that wonld otherwise occur.

3. After much experience in teaching, it has been
found that the application of these formule consti-
tutes one of the very greatest impediments that the
beginner has to overcome ; whilst, on account of their
apparent difficulty, students are often pushed on to
more advanced parts, without mastering this “ pons
asinorum '’ of Algebra, and are therefore constantly
obliged to perform a deal of mechanical drudgery
which an intelligent use of the formulee would en-
tirely prevent.

4. We will premise their introduction by remark-
ing that all those which will be herein mentioned
are the results of multiplication, and by asking the
student to pass over no single step until he is as
satisfied that each successive one is clearly deducible
from its preceding as he is that 8 + 4—-3=9.



11l

CHAPTER IL

The Square of a Binomial.—Ezamples.—The Square
of a Trinomial, etc.—Ezamples.—Changing the
Form of an Eaxpression—The Form of a Perfect
Square.— Ezample. '

5. a+b
- a+b

a®+ab
ab + b*

a® + 2ab + b3.

It is here shown by actual multi 5Phca,tion that
(a+Dd) (a+Dd) or (a+ b)3 =a?+2ab+b% This latter
result then is the formula to be noticed, and by its
careful and intelligent application, the square of any
binomial may be readily ascertained.

6. If we name the terms according to their position,
(a+b)2=a?+2ab+b% may be written thus, (1sf+
2nd)? =152 + 2 x 1st x 2nd + 2nd?, and we may say
that the square of any binomial equals

the square of the first . . . or 1st?
the square of the second . . ,, 2nd?
and twice the first into the second ,, 2 x 1lst x 2nd.

7. The student should familiarize himself with
this identity, and then find the squares of

1. a+ec. 2. d+e. 3. g+h.
4. m+n. 5. p+gq. 6. m+gq.
7. 13+9. 8. 11 +8. 9. 17 +18.
10. 152 +13y.  11. 74%+ 8a. 12. ax + by.
13. pq + 2s. 14, 22 + 42 15. 23+ 235

16. 62y + 4ab.
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8. It must be clearly borne in mind that none of
these examples must be worked by actual multipli-
cation, but by taking

the square of the first,
the square of the second,
and twice the first into the second.

Thus, (62y + 4ab)?
= the square of the first (362%y%),
+ the square of the second (16a%b2),
+twice the first into the second (2 x 6zy x 4ad) =
48abzy.
.. (Bzy + 4ab)? = 3622y + 16a2% + 48abzy.

a->b
a—-b

a® - ab
—ab+b®

a? — 2ab + 1.
- ————————

After going carefully through the first formula,
and working its examples in strict accordance with
the mental process contained therein, the above
. identity needs not to be enlarged upon. The signs,
however, deserve much attention, and it will be well
to square the few following binomials for the purpose
of creating familiarity with them, bearing in mind
in so doing, that the signs must be prefixed to their
terms, exactly as they result from the multiplication_

17. ab—cd. 18. 23— 45, 19. —zy+2.
20. —y+ ez, 21. —2z-4y. 22. —4b-6cd.
23. —mp +2nq. 24. — 7mex — 3st.

10. We shall now give an extension of the above
formules, and show how easily they may be applied
to other and more important cases. For example,
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suppose we require to square the trinomial z +y -3,
we may put p for y — 2, and proceed thus—

(z+y-2) =(2+p)¥=2%+p2+ 2paz.

Here we must substitute the y—z for the p, and
say— .

22+ p? +2p2 =22+ (y—2)2 + 2= (y — 2)
=a® + % + 28 — 29z + 2wy — 2z2.

11. This process of substitution, however, needs
1ot to be resorted to, as the peculiar faculty of
brackets to convert any number of terms into one
quantity may be more conveniently employed. Thus:

(+y—2)*={(z+y) -=2}"
Here (z+y) is the first term of the binomial
{(z +y) — 2}% and must be subjected to all the pro-

cesses which were previously applied to the a in
(a+b)2
S{E+ry) -2 l=(+y)2+ A2 -2 (z+y)z
=2° + 42 + 2oy + 22 — 2az - 2y2.
=22 + 92 + 22 + 2oy — 222 — 2y2.
(N.B. This last step has been taken for the sake
of reference.)

Again (a - b—c+d)? .
={(a-b) - (c=d)}?=(a-b)? + (c—d)?
-2 (a-0) (¢c—4d)
=a? + B2 - 2ab + ¢+ d® — 2¢d — 2ac + 2ad + 2bc ~ 2bd

= (as above) a? + b2 + ¢ + d% — 2ab — 2ac + 2ad + 2bc
— 2bd — 2cd.

12. It will be noticed from the last two expansions,
that there is in them a similar and peculiar arrange-
ment of terms, and this arrangement may be fully
relied on as a formula for squaring any quantity,
whether it be a binomial, a trinomial, or a multi-
nomial. By carefully examining them the student
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will discover that the law which governs the expan-
sion may be stated thus:—

The square of each term,
and the double of each term tntlo every one that follows
it;
so that (z+y—2+p—q)*®
=2% + 42 + 22 + p® + ¢¥ + 22y - 22z + 2pz — 29z - 2y2

+ 2py — 2qy - 2pz + 2¢z — 2pq.

18. The learner should carefully work out many
examples for himself, and judiciously employ the
various ways that have been proposed. He must
remember that the position of the terms in the an-
- swer has no effect whatever on the value.

25. (a+b—c?)?, 26. (a+2z—2b-2y)%
27. (z—y—6+2)>% 28. (2a +3b + 4c+ 5d)2.
29. (p - 2g+r - 3m)s.

80. (1-2a + 3a% — 2a3 + a*)3,

31. (a*+ 2y — 2%® — 2y’ + 294)%,

32. {(a+=)3}2. 33. {(2b +3c)?}s.

34. [{(z+y)} )%

35. [a+b-{c-d-(a+d)} ]2

36. [—(a+b)—{c-(a—ad)+z}+y]2

87. C+5y. 88. 1+2+4Y)
a = y

39, (BX %420y
z—a z+a

14. Again suppose it is required to write down the

quotient of
(+y)?*+2 (z+y)z+22+z+y +2.

It is not here at all necessary to make a long divi-
sion sum of the work; but careful observation will
discover that in the dividend there is

the square of a first,
the square of a second,
and twice the first into the second ;
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the first being ( +y), the second z, and the product
of course 2(2+y)z; so that the expression
(z+y)?+2(z+y)z+ 23
i8 at once written down as {(z +vy) +2}2
. The problem runs thus
(z+y§2+2(z+y)z+z9 _ {(z+y) +2}?
z+y+z2 T zty+tz
=az+9y +2.

15. The superiority of ready menfal work over
mechanical is so great, and the advantages involved
80 numerous, that even in the comparatively few
cases where the former may be the longer, it should
certainly have the preference.

16. It is a very useful exercise in Algebra, for the
student to change an expression from one form
another. Thus let him show that |

(a+0)2+2(a+b)(a—-b)+ (a-b)2=(2a)%
This identity, by & beginner, would generally be
proved as follows : —
(a+b)2+ 2(a+ b) (a-d) + (a—b)2=0a? + 2ab + b2
+2a% — 2ab + 2ab-2b% + a?— 2ab + b?=4a? = (2a)?;
and, of oourse, the required result would be obtained ;
but the method employed is far inferior to
(0+3)*+2(a+b)(a-d) +(a—b)3
={(a+b)+(a-0)}2=(2a)%
Indeed, the very form in which the right-hand
member of the identity apiears in the original, viz.,

a8 (2a)? would suggest that the latter method of
solution was the one intended.

17. The learner maust carry continually in his
mind the form of a perfect squars, as he will then be
enabled, without difficulty, to collect into some
definite form, certain quantities which may otherwise
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less readily convey an impression of their nature.
Thus, show that

(a+b+c)2+a2+2+A=(a+b)’+ (b+¢)2+(c+a)

In working such examples as these, the left-hand
member must be taken as it stands, and gradually
changed until it easily assumes the form of the right-
band member—this latter being altogether unused
throughout the operation. Or, the process may be
reversed.

o (@+bd+e)2+a?+ 0%+ 68
{(a+d)+c}2+a®+ b2+
(a+b)2+2(a+b)c+E+a+ b2+ 2
(a+b)%+2ac+2bc+c2+a?+ b3+
(a+b)%+ (b3 + 2bc + ) + (c*+ 2ac + a?)
(a+b)2+(b+c)?+ (c+a)
N.B.—The (a+b)? is retained unaltered. since it occurs
in the same form in the answer.

mwnuu

18. Other examples may readily be found in any
good Elementary Algebra for the purpose of facili-
tating the use and application of these formulse.
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" CHAPTER III.

The Product of a Sum and Difference.— Exzamples.—
Inversion of (a+b)(a->b)=a® — b:.—Ezamples
— Extended Application of (a+Db) (a - b) =a?—- b2,
—PFully-worked Illustrative Examples.— Resolu-
tion into Factors.—~Ezamples.

19. a+b
a-b

The next theorem for consideration is
(a+b)(a-b)=a®-13

This is a very important proposition, and enters
largely into the formation of Algebraic expressions.
The amount of work that may be saved by its
application is almost beyond belief, whilst the most
unlikely-looking quantities are often with care con-
verted into the form of one or the other of its parts.

20. The formula may be thus expressed in words :
When the sum of two quantities is multiplied by the
difference of the same two, the product equals the
difference of the squares.

This should be carefully learnt by heart and
thoroughly understood. Multiplications which would
otherwise be long and wearisome, may by the aid
of this invaluable formula, be easily and quickly
performed. The student has simply to arrange his
factors so that the first and second terms of each are
respectively the same, but the signs different. If the
expressions are capable of arrangemert in this man.

?
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ner, the product is found by squaring each term,
and putting a minus sign between the two results.
At the same time it must be carefully borne in mind
that any number of terms may be instde a bracket and
thus practically form only ONE ferm. For instance,
a+b—c+d consists of four terms, (a+bd) - (c—-d)
of two terms, while (a+b—c+d) may be regarded
as one term.

21. We shall now proceed to apply the formula
under notice. It will readily be seen that (z+y)
(z-y) =2* —y% and (m +n) (m - n) = m® - 7?
becaunse they so clearly correspond to (a+b) (a-1b)
=gag®—- 3% Therefore, after the learner has worked
a few such examples for himself, he will be able to
proceed at once to more important and complicated
ones.

1. (s+2t) (s-2t).
. (z-c) (z+c) (2 +c?).
8. (z-2r) (z+2r) (a*+4?).
4 (2p-9q) (¢+2p).
S (t’z_iw ) (aé +a:;)
z z 3y
6 (Gp+aD) (g~ o
7 §(a2——w) (a®+)}3.
(z—a) (z+a) (2*+a?) (a*+at)}2

22. Inverting the above process, of course it will
be instantly percenved that if (a+0) (a—b)=a%-02,

~b8=(a+b) (a-b).

Thus many qna.ntltles may easily be broken into
elementary factors, and much unnecessary work be
often saved. For example, every binomrial that has
each term a perfect square, with a minus sign between
the two terms, is capable of the above resolution,

. 92 — daf = (82 + 2y) (32— 2y).
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The student should carefully remember and imitate
this breaking into factors, by resolving any appro-
priate examples. Subjoined are a few.

9. #A-8ly%.  10. 28-1. 11. 24— 64

) .
12. 1-225%  13. ‘f_;--g_s' 14. (a*—1%)%
15. a%zt—a%®  16. 1a8— 3.  17. ahyts- 1,
18. 2562*—625y% 19. ath'?—c8. 20. am?p — antp.

23. By aid of this formula many examples in
division may be readily performed, and the G.C.M.
of two or more quantities be often found easily by
inspection. Thus,—

- 8. 249,98 _ (234—9?!4) (w4+931)
B -8lyl =22+ 3y = po
(22— 3y?) (2 +34%) («*+ 9y*)
= @? + 3y?
= («*-3y?) («* +9y%).
Again the G.C.M. of—

a®b — ab?, a? - b% and (@ - b)?, is at once discovered
to be a - b.

24. Numerous other instances of the value of the
above formulse will continually occur in practice,
indeed it would be quite impossible within the limits
of a small book, to exhanst the examples that any
good Algebra will furnish.

25. We will now proceed to apply—
(a+b) (a —b)=a?- b3

in an extended manner, and to introdace some im-
portant and noteworthy illastrations.

26. It is required to find the product of —
(a+b-¢) (@a+b+c).
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Here the factors may be arranged as follows :—
{(a+b)-c} {a+b)+c},

and thus be made to correspond to (z+y) (z-y),
since the first and second terms in both are respec-
tively alike, and the signs different.

o (a+b+e)a+db-c)={(a+b)+¢c} {(a+b)-¢c}
=(a+b)2-c?=a®+2ab+ b33

27. The student must carefully follow for himself
the arrangement and solution of the following ex-
amples, and this he will have no difficulty whatever
in doing, provided he has thoroughly mastered the
preceding work.

(1) (a+d+ec-d) (a+b-ec+d)
={(a+b)+(c-d)} {(a+b)~(c-d)}
=(a+b)?~(c-d)*?
= a® + 2ab + b% - ¢* + 2¢d — d2.

(2) (z+2m-3z) (z-2m+32)
= {z+(2m-32)} {z— (2m—32)}
=23 — (2m ~ 32)?
=22 = 4m? + 12mz — 922,

(8.) (a%-az+a?) (2% + az+a?) (2 - a%?+at)
= (2" +aY) - az} { (2+ %) + az} (b~ aka3 +-a¥)
= (2t 4+ a%2? + at) (@* - a22? + at)
= {(@* + a%) + a?2?} {(z*+a*) - a®s?}
= (w'i- + a4)2 - gzt
= 28 + 2atz? + ab — atet
=28 + atat + ab.

(4) (pt-2p%+3p%=2p+1) (p*+2p%+3p?+2p +1)
={(p*+8p°+1) - (2p°+2p); {(p*+3p*+1)
+(2p°+2p) }
= (pb+ 3p? + 1) - (2p® + 2p)?
= p8+9p* + 1 + 6p® + 2p* + 6p? ~ 4pb ~ 8pt ~ 4p®
= p8+2p8 + 3pt+2p% + 1.
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28. What bas previously been said relative to
the breaking up of expressions resembling (a*- %)
into factors resembling (a+b) (a - b), is, of course,
applicable to the present extensions ; and the results,
though more complicated, are far more interesting.
We will give a few examples, each of which should
be thoroughly analysed and understood.

(1) a®+2ab+ b2 =c?

= ((L + b)2 — 02

=(a+b+¢) (a+b-c).

N.B.—Since the expression (a+05)2-c* is the
difference of two perfect squares, therefore it resem-
bles z% - 32, and consequently can be made to resemb]e

(z+7%) (x-1y), the two factors into which 2?—y? is
divisible.

(2) (a+b-c) (a=b+¢) (b+c—-a) + (a®-03-¢2
+ 2b¢)

_(a+b-c) (a=b+c) (b+c—a)

B {a® — (b% - 2bc + c?)}

_(a+b-c) (a-b+0) (b+c—a)
(a—b+c) (a+b-¢)

=b+c—a.

(8.) a2 -abP+ b -2+ (2+0) (a-2)

_a(a? - b%) —z(2? - b?)

T (@+Db) (a-2)

_(a-2) (@~ 13)

~ (@+b) (a-2)

_(a-2) (z=0) (z+b) _ _p

(@+b) (a=2) '

* The collection of factors employed in this and other ex-
amples will be afterwards explained. (See 53.)
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(4.) Resolve 4a%®— (2® + 4% —2%)% into four factors.
da¥p — (2 + 4P — 298
= {20y~ (@ +9° - 20)} {(2ay + (2 + 32— 7))}
= (2ey —2? — y* +22) Loy +2%+9y2—2%)
={2*— (2" - 22y + y*)} {(&®+ 22y +9*) -}
=(z—2+y) (z+2-y) (z+y—2) (z+y+2).

(5) Show that (p +pq+q9)2 (Pz_Pq_'_qg)g
"4m(P2+q)
(p®+pg+¢%)% - (P2 - pg + ¢%)?
={(P* +pg+9) - (P9‘ pg+ )} {(P*+pg+ %)
+ (p° -PQ*‘%
=’ +P)fl+fl Prpg-g°) (P*+pg+g®+p*-pg
+g°
=2pq (2p° +2¢°)
=4pq(p* + ¢°).
(6.) Find the value of *—y*+ (22— 4*)3
— 24 + 2272,
oh— gyt + (2P — %)% — Qo 4 2P
= (@2 —9%) (@ +9?) + (P - 4%) (22-1?)
— 2a%(a3 -
= (*-9®) (@®+9°+ 2% — 9% - 22%)
=(z-y) (z+y) x0=0.

(7) a- (LAY

2b
oS (a® + b2 — c2)?
4b?
40— (a?+ b2 -c?)?
- 40
_ (2ab-a? -t +c?) (2ab+a®+ b2 -c?)
B 4b2
{c - (a?—2ab+b%)} {(a®+ 2ab+b?) —c?}

42
(c—a+b) (c+a-b)(a+b—-c) (a+b+c)
407
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29. Similar examples may be supplied, ad infinitum,
but we will now subjoin a few important fractions
involving the application of these useful formuls.

3,2 4. gt
(1.) Reduce 4x4+;" u ;{-a ;to lowest terms.
z*tar’—-a’rz—-a

ot + alz? + at
© 2t aa® — dde — at
(x4 + 2a22? + at) — a?23
(z* - at) + azx(2® - a?)
(2% + a2)? — afz?

(2* - a?) (2? + a?) + az(a® - a?)
(2* + a® — ax) (2®+ a® +ax)

(2% - a?) (2 +a®+ ux)
22— azx + a?

2—a

il

(2.) (m+!/)2“(_p +9)s
(@+p)*-(y+9q)°

(z+y-p-q) (z+y+p+9Q

(+p-y-@ (@+p+y+q)

_ e+y-p-q
z+p—-Y—4q
(3) a? + 2% 4 202 — 22 L atz+e
) Z2—0-224+2az - x+z2-a
_ (a+2)?-22 a+z+sz
 #—(a-2)2 " z+z-a

(a+z—2) (a+2+2) z+z-a
(z—a+z) (z+a—-=z) = a+taz+e
at+z—2
g+a-x

> 1l
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80. The above applications will certainly be
sufficient to give the student some little idea of the
manner in - which he should examine any examples
that may occuar, for the purpose of introducing into
his work, if possible, the important aid of these
formulee. A few exercises are subjoined which very
plainly involve their use.

21. Find the L.C.M. of 4% -4, y*— 16, y2-9, y+ 3.
22. (a—b+c) (c+b-a) (a®+ %+ c2—2ab).

23, - ‘;4 a4) (_-_

24. (a-b)% (a+1b)? (a?+b%)2.
95 1 1 1
" Boab+b® X Brab+® C Ao+t

26. aB-y8+afy? — 2?0+ (o — oy +4%) (B + 2y +32).
27. Resolve z'¢- 65536 into five factors.

28. Multiply 1 +1_f__z by 1— Tf“z'

99, T8 E-Y
-2zy+y®?  aftay

30. (a+w)4—(a_: 2 + (a+m)2+

2
31. i’ -1) ( +1).
32. (:c+ Jw9+9) (z - w2+ 9).
83. Multiply a+ a*t+ b by a — atbt + .
34. Resolve (a+b)* - c** into elementary factors.

1
a? + 22 + 2az¥
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CHAPTER 1IV.

The Sum of two Perfect Cubes.—The Difference of two
Perfect Cubes.—Eztended App lication of Formule.—
Fully-worked Illustrative Ezamples.—Important Fac-
torial Resolutions.— Resolution by Fractional Indices.—
Easy Deductions from Formule.—Useful Abstract for
Memory.

31. a—-ab+b
a+bd
a® — a®b + ab®
+ a?b — ab? + 18
as +b3
a®+ab+b?
a—->b
a3+ a% + ab?®
~a®b - ab? - b3

ad - b3

s a3+ b3 = (a+ D) (a®-ab +b?),
and a®-b3=(a-b) (a®+ ab+b?).

Here again are two very important formules, and
the student must carefully notice and learn the order
and nature of the factors. From what has been said
concerning the preceding identities, there is mno
necessity to enter into a written description of each ;
suffice it to say, that the binomial factors resemble,
in signs, the terms of the original products. Numer-
ous examples involve these formul® in combination
with others, as many of the following illustrations
will show.
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32. With regard to any of the idemtities which
will be included in these remarks, it is scarcely too
much to say that there is hardly any Algebraic pro-
blem to be solved, or theorem to be proved, which
should not be carefully analysed for the discovery of
some hidden formula; and this, whenever it does
occur, will invariably shorten and simplify the work.
The careful attention of the student is called to the
following examples.

(1.) Resolve (z+y)3+ ¢® into factors.

This example evidently resembles as + b3, since both
the terms are perfect cubes, and they are united by
a plus sign.

.. The factors will resemble—
(a+b) (a®—ab+5b2).

Now then, let this order of terms, indices, and
signs be imitated exactly, and the factors of the
given expression will be obtained. It must be borne
in mind that (z+4y), in (2 +y)3 + ¢3, stands for a in
a8+ b3, and will therefore be the root of the perfect
cube which forms the first term of the binomial
expression to be resolved. It remains now only to
see clearly that (z+y)3+¢?

=(z+y+o){(z+y)* - (z+y)e+},

and one good step will be made towards the complete
understanding of the many applications that may be
adduced.

(2.) Divide a8+ 58— 2a%% by (a—b)%.

This may, of course, be worked by ordinary division ;
but such a method becomes absolutely wearisome
after the prettier and more scientific use of formule.
Thus,— '
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a8 4 b8 — 2433
(a-0)*
_(@-py
~ (a-b)?
_ (a-0)%(a + ab +1?)?
(a—5)?
= (a® + ab + b%)3,
All the recommendation needed for the above is to
understand it.

(3.) 1+82% 184 (22)3
1+22 142
(1 +22) (1-22+ 4a?)
1422
= 1-2z¢+42>

Here 823 being the second term, and a perfect cube,
corresponds to the 5% in a®+ b3; and, consequently,

2z, the 2/8¢3, stands for the b in a + b, the first of
the two factors into which a3+ 0% is divisible. The 1
stands both for a® and a, since 1 is the /1.

4) 28 — 48 + 2P (a2t - y)
(2% - 2y +y*) (2% + 2y + 3?)
_ (2 = y*) (2 + y*) + 2222t — o)
{(@+9%) -2y} {(=®+9°) + 2y}
(2 - y*) (et + y* + 2%?)
at + yt + 2a%y? — a%y?
(et — y) (@t + y* + 2%y?)
m4- + x2y2 + y4

= at—qyt,
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(8.) s(+y)P+lP+i(z+y)+o
o 13(z+y) +et{i(z+y) - 3(@ +y)c+c?}

s(@+y)+e

= (@+y)2-i(e+y)c+ A

This is & good example, and should be carefully
studied.

(6.) mi8—nl? (m8 — nt) (m12 + mbns + n8)
m3 + n? = m3 + n?
(m3 ~ n2) (m3 + n?) (m12 + mBnt + n8)
m3 + n?

It is not so easy to see at first that m!8 —n1% cor.
responds to a®—b% but it reveals its similarity as
soon as it is observed that each of the terms is o
perfect cabe, and that the expression may read thus,

(m8)8 — (n)3,
where m® stands for a, and n* for b.
(7) PP+ + pa(PP- ) + P(p+9)
(1+9) (p+9) |
_ (p+a)(PP—pe+a®)+pap-a)(p+9) +&(p+9)
(+g) (p+9)
(p+9 PP -pa+@+p’-pf+4°)
A+g)(P+9)
_ P-pg+P+pPq-pi+ g
1+¢q
P’(1+q)-pe(1+9) +¢*(1+q)
1+¢
_ (1+9) (9~ pg+ ) — p?
1+g¢

The method adopted to get rid of 1+ ¢, is simply

suggested by seeing the 14 ¢ remaining in the de-

-pg+g*
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nominator. This, of course, can only be done by
getting the 1+ ¢ to appear as a factor in the numer-
ator, the process for which is very plain and simple.

33. The very fact that with any of the formule
there is & product of factors, together with the
factors themselves, is sufficient evidence that expres-
sions of which the G.C.M. or L.C.M. is required,
must involve their constant use. By the resolution
of Algebraic quantities into their elementary parts,
many otherwise rather long examples may be readily
and easily solved.

(8.) Find the G.C.M. of (y2—y+1) and (y°—1)

—1=(*+1) (*-D=(y+1) (5*-y+1) (4*-1).
Pol=(P+1) (F-1)= (y+1) GP-g+1) (*~1)
. y* =y +1=the G.C.M., by inspection. |
(9.) Find the L.C.M. of 42-1,43+1, and ¢8-1.

y*-1=(y-1) (y+1);

B+l=(y+1) P~y +1);

y*-1=(-1) P+y+1); |

S TheLCM.=(y+1)(y® -y + Dy -1D(@¥+y+1)
=(P+1) (*-1) =91

34. When two terms, separated by a minus sign,
have each an index which is the sum of {wo equal
quantities, and also of three (as, for example, 6, which
=2+2+2 and 3 + 3) the expression is capable of re-
solution into factors by the application of either
a®—b2 or a® - b3,

Thus,—
2 —10= (2 +1%) (& =1°)

=(z+y) (#F -2y +79°) (z—y) (2 + 2y + %)

= (z+y) (- 9){(@+97) -2y} {(#* + 1) + 2y}

= (@ -9%) (e +2% +y%);
which latter expression is the same result as wounld
be obtained by using a—?® instead of a%-—0b% as
above. The student may employ the reverse process,
and thus make a good example for himself; that is,
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he may resolve «®—4% by applying a%-5% and con-
vert it into the same form as‘is obtained by using
a? - b? viz., into the factors (28 + ¢3) (2% —¢®).

35. It may be noticed, in passing, that elementary
tntegral expressions resembling, *n form, a product of
factors, can be resolved by the use of fractional
indices. Thus,—

B~y = (zt+y) (2t -4),
by imitating the factors of 22 —32, or
@~y = (b —yd) (et +elyb +y),
by imitating the factors of «3 —¢3.

36. As a specimen of the reasoning that may not
unfrequently be applied to Algebraic expressions, the
following deductiohs from the two preceding identities
will neither be uninteresting nor useless. Suppose
it is required to resolve a7 + b7 into elementary factors :
we proceed thius. The index is not the cube of any
integral number, and therefore a7+ b7 cannot be
resolved simply by observing the above process. But
7 13 an odd number, and so is 3 ; therefore there s a
similarity between them. This being so, we presume
from a-notice of the two factors, (a +b) (a® —ab + b?),
that the binomial factor of a7+37 will have unity
for the index of each term, and that the resolution
will therefore be

a’+b7" = (a+b) x §e.
Thus far all will be clear. Now then for the next

and more important step. It will be noticed from.
the other factor,—

1st. That a begins with the index next below that
belonging to the a in the original product.

2nd. That the index of a gradually descends.

8rd. That the index of b is precisely the reverss,

4th. Thaé the signs are alternata,

Y
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o al+b7=(a+b) (ab— a’b+ a*h® — a3b + a?bt — ab®
+ 58).
So, again, in resolving a'l — b!l, the factors of a3—5%
must be imitated ; and it will be seen that—
- bl = (a-b) (al+a% + a2+ a’b® + asb* + aSb®
+ atb8 + a3b7 + a?b® + ab? + b10).
These examples may be tested by ordinary multi-

plication or division, and the rule applied to any
similar expressions.

86 (a). From what has been said and done, it
will be seen— :

(a.) That when the index is even and sign minué,
a™—z" is divisible by both a -2 and g + 2.
(b.) When the index is even and sign plus, a"-i-a:ﬂ
ig divisible by neither.
(¢.) When the index i8 odd and sign minus, an — zn
is divisible by a — .

(d.) When the index is odd and sign plus, a* + z*
is divisible by a + 2.
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CHAPTER V.

The Cube of a Binomial.—Scheme for Remembrance of
Formule.—Extended Application of the Cube of a
Binomial,—Fully-worked Illustrative Ezamples.
The Form of a Perfect Qube.—Ezamples on Chap-
ters IV, and V.

37.
a+d a-b
a+b - a—b
a® + 2ab + 02 a® — 2ab + b?
a+b a—>b
ad + 242 + ab? ad — 2a%b + ab?
+ a?b + 2ab® 4+ b8 ~ a?b + Sab? - b3
ad + 3a?b + 3ab? + b3 a® — 3a?b + 3ab? — 3

The greater the number of formule brought under
notice, the less will be the need of an exact and rigid
analysis of each. The student will, doubtless, have
already gained sufficient experience from the applica-
tion of the foregoing, to be able, without assistance,
to use the two above expansions for the purpose of
finding the cube of any binomial. It will be a simple
matter to remember the order in which the indices
occur, and where and what the numeral coefficients
are. However, we will just say,—

1st. That a gradually descends from the index of the

anston required.

2nd. That b gradually ascends to that power.

8rd. That each of the two middle terms has for its
numerical coefficient the same number as forms the
tndex above mentioned.
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Thus, then,

(z+y)S=28+32% + 3zy +y
(z—-y)3=2%— 3% + 3zy® — 45

88. The student should here ask hlmself why the
terms are alternately plus and minus in the second
expansion. On careful consideration he will find this
easily accounted for, by the fact that the sign of
each term will, of course, depend on the power of = b
in it. Now in the second term it is simply the first
power of — b, and therefore ( —b2)!, which equals —&.
In the third term it is the 2nd power of~b, or
(-1b)? and therefore+ 2. The fourth term has—b
to the 3rd power, or (—b)3, and therefore~33. It
will long ere this have been mnoticed that all odd
powers of minus quantities have minus signs, while
all even powers have plus signs, according to the
rule that like signs give plus in multiplication, and
unlike minus. For example,—

(=8)7= (=) x (= b)ix (= B)x (- B)!

= xbWxb?x(-b)=0x(-b)= -0

39. The extension of these formule to more im-
portant examples than those given above, will much
depend, as with the others before, on the use of
brackets. Two or three expansions will make their
application clear.

1) (p+g+=)3

={(p+g) +=z}®

—(p+q)'°’+3(1o+<1>2a=+3(zo+gz)ar”w8

-p"+%2q+3pq +@+3(p*+2pg + %)=

+3pz9+3 2% 4 o3

=p3+3p _q+3pq9+g3+3p2x+6pqw+3q%+3pz’
+ 8gx* + 23,

(2) (m+n-y+2)?

={(m+n) - (y-2)}®

=(m+a)P-8(m+n)® (y—2)+3(m+n) (y-2)?
—(y-2)

. o
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=m3 + 3m3n + Imn? + n8 — 3(m? + 2mn + 0?) (y - 2)
+3(m+n)(y? - 2yz+22) — > + By?2 - 3y +
=m3+ 3m2n + 3mnl + n’—-3m?y + 3miz—6mny + 6mns
— 3n?y + 3n%% + 3my? — 6myz + 3m2® + 3ny® — 6nyz

+ 3nz? - y3 + 3y — 3y + A,

40. The above expansions have been left as they
naturally formed themselves from the simple applica-
tion of the identity at the commencement of the
chapter, but they are capable ‘of another and more
symmetrical arrangement. For instance, the expan-
sion of (p + g+ )3

=p3+ ¢+ 2%+ 3p?(g +2) +3¢*(p +2)
- +35%(p+q) +6pge.

This form should be noticed by the student; but it
18 not 8o urgently pressed upon his attention as the
foregoing, since it is comparatively seldom that tri-
nomials and multinomials have to be cubed, and when

they have, the binomial arrangement is, perhaps, the
more easily remembered and applied.

4]1. A few examples will now be added, which

must be carefully examined and clearly understood.
Show that

(p-9)*+¢*-p*=3pg(q-p).
This identity may be proved in the two following
ways, the second of which deserves special attention,
and will be hereafter referred. to.

Ad. (p-9)*+¢-p
=p% - 3p%q +3pg* - i+~ p°
= 3pg® - 2p?q = 3pq(q - p)-

B. (p-qP+g¢-p?
=(p-(p-9*-(P°-¢%)
=(p-)(P*-2pq+ ) - (p- ) (P*+pg+¢°
=(p- 9 (P*-2p9+¢*-p*-p9-¢°)
= -3pq(p-9)
= 3pq(q —p).
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42. The use of the formule is, in every respect,
such a matter for consideration, that the really
thoughtful student will not always be content with
the application of the one that may the most easily
suggest itself, but will endeavour to combine economy
of time with the true science of his subject. For
instance, in multiplying—

(a+b)? by (a—b)3,
the beginner may apply the processes for squaring
and cubing a binomial, and then find the product of
the two resnlts. This method of solution would
involve the use of two formule, but 1t would be a
very inferior application. Instead of so doing, it
must be noticed that— :

(a+0)2(a-0)3
=(a+b)*(a-b0)*(a-0)
= (3= 1%)¥a - ),

which latter form the student will be able easily to
manipulate for himself. Thus it will be clearly seen
that the ability to discover the resemblances which
suggest the use of an identity, is inferior to the
judgment which selects the most appropriate. This
latter is only to be gained by practice.

43. The form of a perfect cube should be carefully
borne in mind, since it may often lead to the omission
of useless work, as the following example will show.
Thus, in simplifying—

(a-b)%+(a+b)3+3(a-b)(a+b)®+3(a-b)*(a+b),

of course it is easy enough to work it out in a straight-
forward and partially mechanical way, and the true
simplification will be obtained. It will, however, be
seen, on careful consideration, that there is—

1st. The cube of & first... ... ... ... (a-0)3;
2nd. The cube of a second ... ... .. (a+b)3;
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8rd. Three times a first squared into a second
3(a-b)*(a+d);

4th. Three times & first into a second squared
3(a - b)(a+b)".

What then do these remarks suggest ? Why
simply that—
(a-0)%+(a+b)3+3(a-0)(a+b)*+3(a-b)(a+b)
resembles 3 + 82% + 3xy® + 3%,

but instead of z we get a — b, and instead of y we get
a+b. Therefore the above expression

={(a-b)+(a+b)}3={a-b+a+b}3=(2a)

This example must on no account be llghtly passed
over: it is of very great 1mportance

44. The following will also illustrate the manner in
which the knowledge of the form of the perfect cube
may often shorten work. Thus,—

@ + 32% + 3zy + 42 + 43
z+y+z
~(+y)+2
zt+ytz
_(@+y+2){(z+y)? - (z+y)z +2%}
c+y+2

=(z+y)P - (2 +y)z+22
This will be found far less laborious, and is much
more scientific, than dividing the numerator by the

denominator, in the form of an ordinary long division
sum,

45. The student will see that there is no assignable
limit to the manner in which either of the formule
may be applied, the amount of work they may save,
or the number of examples that may be adduced to
illustrate their use.




EXAMPLES ON CHAPTERS IV. AND V. 37

(1.) 3(a® = 3a% + 3ab® - %) + (a® - 1%) (a ~ b)®
3(n—-0)3 3
. (a b)(a—b)*(a+b) Ta+b
(2.) Required the L.C.M. of
(2~ y3)(e - 8% + 8oy — ) 5 (* - y4) (2B 2y +47)
and 28 — 3ty + 32yt — 48,
(2% - y*)(+* - 32%y + Bzy® - %)
=(@-y) (@ +2y+9") (2 - 9P = (2 -9)* (= + 2y +9°);
(@ -y (2* - 22y +9?) = (@* - ) (@* + %) (= - 9)*
=(2-y)*@=+y)(@*+y?);
28 — Baty? + Satyt — b = (2% — y)3
=(2-y)(z+y)>
" LOM. = (z-y)(z+y)3(=? +y2) (e + zy +93).
This may, of course, be arranged in different ways,

and it will be a very good exercise for the student
to convert it into the form of

(@ - y*) (@ - ) - ¥*)%
45 (a). Subjoined are a few examples on Chapters

IV.and V.

1. Find the value of m8 —~n8 +m +n.
2. Resolve a8 —3? into elementary factors.
3. Simplify a'®+59+at - a.9b + b2,
4. Reduce
(p'2—2p8¢% + %) (p™? + 2p%¢°® + 4'%)
(¥°-2P°¢ +¢°) (p* + 2P°¢* + &) (p* + 2V7¢° + ¢*)
to lowest terms.

5. Show that 2% 32 +32%* + 48 + m
m2+y + 22

w=mt+ (22 + 32 - 02) (22 +12).
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6. Find the G.C.M. of a* + 3a%h + 3a2? + al?,
at + abd, a? + ab, and ab — 2a%b® + abt.

7. Find the value of (zt+yt) (a2t -4t)
(at — byt +oyt) (2t + byt +4b).
Simplify the following fractions—
8. m® + 3m4n? + Sm2n* + n — ab + 3ata® — Ja2zt + 28
9. 8m3+ 28+ 32% + 3z + 93
y+2m+ 2 !
10. pl3q!8 + misn13
pq +mn.

Resolve the following expressions into elementary
factors—
11. 72927 + 343¢% ;
12. (z+9y)3— (z+y —2)3;
13. 2(zB + 2%y + 2y®) — 23+ 3%
14. (p-9)°-(p+9P+3(p*- %) (p+9)
- =8(rr-) (P-9);
15. IB-B-k(lFR-B)+U(k-1)*;
16. m1®—nld,

Find the value of—

17. (a+b+¢)8;

18. (a+2b+3c+4d)3;
19. 173+ 13%;

20. 198 - 148,
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CHAPTER VI.

Resolution of Trinomials.—Analysie of Methods of
Resolution.—Fully-worked Illustrative Examples,
—The Collection of Factors.—Solution of Im-
portant Ezamples.—Change of Form by Multipli-

cation by Unity.—Further Solutions.—Ezamples
on Chapter VI, '

46. In the foregoing chapters will be found the
most essential points that the beginner of Algebra
must master. Let him go carefully through this
little work, conquering as he goes, and, although
there will be difficulties to overcome,—where would
be the pleasure if there were no difficulties P—he will
find, in the end, that he has amassed such a store of
really scientific knowledge, that, virtually, he will be
far ahead of him who has gone through more ad-
vanced parts, without what has been here given at
his “fingers’ ends.” It is the very pith of the sub-
ject, the hinges on which the science hangs, and can
by no means be neglected by one who wishes to get
up his Algebra thoroughly.

47. In the following pages a few additional hints
will be thrown out, which the student will do well
to remember and apply. The advantage of knowing
them is great, and the use of them may be made a
touchstone for the discovery of either real or some-
what superficial knowledge.

48. With regard to resolution into elementary
factors, concerning which much has already been
said, it may be here remarked, that—

a? -0, a3+ b3, and a8 - 38
are very important types of quantities capable of
being resolved. But there is another resolution to
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be mentioned, about which nothing has yet been
said ; and— .
#*+ (a+b)z+ab=(z+a) (x+Db)

is an identity representing the various expressions
now to be considered.

The above trinomial will yield, on analysis, a rule
;vhich is applicable to all other quantities of the same

orm.

48 (a). It will be seen,—
1st. That the coefficient of the 2nd term of the
trinomial ts the suM of the two last terms of the
binomial factors.
2nd. That the last term of the trinomial 78 the
PRODUCT of the same two terms.
Applying this process to other expressions, we see
that since—
a?b? + aba? + aby? + 2?*
= a?b? + ab (2? + y2) + 2%)?,
the above law is here also involved ;
. a?b?+ab (2 +9?) + %3
= (ab + z?) (ab+32).

Again,—

22+ 152+ 36=(z+3) (z+12);
and the student may usefully exercise himself by
resolving other examples, and forming other products
that shall be capable of resolution.

49. Here, however, it will be necessary to introduce
a somewhat different specimen of the same process;
as, for instance,—

22-152+50=(z-5) (z-10).

In this example the signs require a little obser-
vation. Since the sign of the 2nd term of the
trinomial is minus, there must be, at least, one minus
in the binomial factors, as two plus signs, on addition,
would give no minus for second term. Thus far all
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will be clear, but what about the sign of the other
binomial factor? We will turn to the sign of the
third term of the trinomial; it is plus. Now we
know that the third term of the trinomial is the
product of the two second terms of the binomial
factors, and that one sign of these is minus. What
then? Why it follows, of necessity, that they must
both be minus, since the product of a plus and a
minus cannot give a plus. The learner must go
through this again and again, until he has thoroughly
mastered it. It requires a little care, but is very
easy. Similarly,—

(1.) #—192%+ 18 = (2?-18) (2?-1)

=(22-18) (z-1) (z+1).

(2.) a®-18ab+42b2= (a—6d) (a-"7b);

and so on.

50. Again;
2—-7z—-44=(x-11) (= +4).

Here is another variation, but one just as easil

manipulated as the preceding. The sign of the third
term of the trinomial, being the sign of a produect,
shows that one term of the binomial factors must
have a minus sign, and the other a plus; while the
second term of the trinomial indicates that the minus
quantity must be seven greater than the plus. Thus,

2-7z-44=22+ (4-11)x - 44,

according to the law deduced in 48 (a), viz., that the
two secoud terms of factors added together make - 7,
and multiplied make — 44.

51. The student must make the case of a trinomial
having a numerical coefficient in the first term, the
subject of special notice for himself, as he will find
that the coefficients, which will appear in the first
terms of the binomial factors, will also influence the
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second and third terms; and the law of sum and
product, as given above, will, . consequently, be
greatly modified. Thus,—

(L) 1224+ 2% — y4= (322 + %) (42? —¢?)
= (3w2+y2) (2w +y) (22 -y).
(2.) 9222 — 3ab® — 6b*
= 3b% (3a - ab — 2b6%) =3b%(3a +2b) (a— b)

52. A few examples will now be added to illustrate
the usefulness of this important resolation.

2*+ 3z +2
(1.) Simplify 60t E

#+3z+2 (z+2) (z+1)_ =z+2
a:’+6w+5 (#+5) (z+1) =z+5

@)Y -10y+21 (y-3)(y-7) ,y -7
y+10y -39 (y-3) (y+13) y+13

(3.) Find the L.C.M. of «® - (a+b)z+abd;
22— (a+c)e+ac; and 22 - (b+c)z+ be.
—(a+b)z+ab=(xz—a) (z-0);
~(a+c)ztac=(x—a) (z-c);
B—(b+c)z+be=(x-0) (x-c¢);
oo LOM.=(z-a) (z-0) (x-c).
(4.) Find the L.C.M. of—
y*+3y+2; y>+4y +3 and y2+ 5y +6.
y?+3y+2=(y+2) (y+1);
Y +4y+3=(y+3) (y+1);
y2+5y+6 (y+3) (y+2);
. LOCM.=(y+1) (y+2) (y +3)-
(5.) Find the G.C.M. of
y*+y%-6 and y+— 3y%+2.
g 6o ) (= 9);
3y’+2 (92 - 1) (¥*-2);
o GCM, =92 -
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(6.) Divide (4% -3y +2) (y - 3) by y2— 5y +6.

(*-3y+2) (y-3) (y-1) (y-2) (y-3) _
y? -5y +6 y-2)(@y-3) 7Y
(7.) Resolve (z+y)2+(a+d+c) (z+y)+ (a+d)c
into factors.

A substitution may here take place, which will
simplify the expression. Thus,—

Let (z+y) =m,
and (a+b)=n.
Then (z+y)2+(a+b+c) (z+y)+ (a+b)o

=m3+ (n+c)m+nc=(m+n) (m+c)
=(z+y+a+b) (z+y+c).
The substitution, in this case, only simplifies by
reducing the size of the expression, since the carefal
student will easily see that a+ b+ ¢, the coefficient of
the 2nd term, is the sum of the same quantities
which have for their product (a+b)c, the third term
of the trinomial.

-1.

53. After the resolution of Algebraic quantities
into elementary factors, it frequently happens that a
single expression has the same term or terms enterin
as a factor into one or more quantities, as in 41 (3),

which example will here again be noticed.
Thus,—

(P -+ -p3=(p-9q) (p-9qP-(*-¢%
=(p-9) (P*-2pq+¢*) - (p-9q) (P*+pq+42).

Here the factor, p - ¢,1s contained twice in the given
expression, and has to be multiplied by two different
%uantltles, viz. by (p?-2p¢ + ¢%) and - (p% + pq + ¢?).
ow the student will doubtless remember that
in multiplying out of brackets, each term of the
multiplicand is multiplied by each term of the multi-
plier. Therefore, each of the terms, p and q, must
be multiplied separately by p? - 2pq, ¢% - p%-pq, - ¢*
Such being the case, it is evidently a waste of
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time to wnte P—q twme, and quite useless to have
p? and - p?, ¢® and — ¢? occurring, and —2pq and - pq
in two different terms. What then shall we do to
avoid this loss of time and space ? The remedy is
found in what is called the collection of factors; and
80 (p-q) (P*-2pq+¢*)-(p-q) (P+pg+¢’) is
written thus,—

(p-9) (P*-2pq+¢*-p*-pg - 0%,
which equals—-3pg (p—gq); certainly a shorter and
more convenient form than the original. In sach a
case as this, the beginner is often Ted to ask how a
single multiplication by p~g¢q, can be the same as
multiplying by the two factors p—q. The careful
consideration of the above will answer the question ;
and he will at once see that if a has to be multiplied
by b+c~d—e+f+g—h, it is far more convenient to
write one @, and say

a(b+c—d—e+f+g-h),

than either ab+ ac - ad — ae+ af + ag —ah,
or a(b+c)-a(d+e)+a(f+g-h),
or a(b+c—d)-a(e-f—g+h),
&c., &c.

54. It will only be necessary to subjoin a few
examples to show the immense importance of this
collection of factors, without which many ver
simple expressions would become intolerably Jong
and tedious.

(1.) Show that (e+y+2)3-a3-93-23
=3(z+y)(y +Z)(a'f+3)

(z+y+2B3-B-yPP-B={(z+y) +2}3-a3—¢5-28

= 3 + 3%y +3:uy2+y + 32?2 + 6zyz + 3y? z+3;cz~

+3yz2+2° — a:3 -7

=3(z%y + zy? + w~z +2zyz + Y%z + x2% + y2?)

=3{z(zy+zz+yz+22)+y(ay+axz+yz+ )}
=3{(z+y)(zy + 2z +yz+2°)}

=3[(z +y) {y(z+2) +2(z+2)}]

=3z +9)(y +2) (& +2).
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This example has been thus worked out, for the
purpose of giving prominence to the collection of
factors. Itis easily seen, at commencement, that the
3 is contained in all the terms, and in the required
form ; therefore its factors are collected. We next
notice that z + y is another factor; consequently, we
try to take the # out of such terms as will leave
exactly the same factors by which to multiply it, as
will be left for the y, when this latter is taken out of
certain other terms. It will also be observed that
2zyz has been divided into #yz and zyz the z being
taken out of one to leave the term yz, and the y
out of the other to leave xz, both of which are re-
quired. This step detracts somewhat, perhaps, from
the value of the foregoing method of solution, but
would be by no means disallowed. There is no
difficulty whatever in seeing that « and y must each
be maultiplied by (zy+2z+yz+2%), since the two
binomials remaining in the required form, after (z+1v)
has been removed, give exactly this expression; so
that the resolution into elementary factors is really a
very simple process. A careful study of the above
exercise will render all the others comparatively
easy.

54 (a). In the manipulation of Algebraic ex-
pressions, especially in the case of rather formidable
cxamples, like the one now under notice, it is useful
to bear in mind that it is desirable not to alter, if
possible, the form of any part of an expression, if
that very same forin occurs in the required result.
Judgment must be tused in determining whether the
alteration of form is necessary or unnecessary.*

In the above example, for instance, the (z+y) has
been completely changed, and then brought back to
cxactly tho same form again; whereas it is quite

* 8ee solution and “ N.B.” on page 16.
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possible to simplify the expression, and retain the
(#+y) as an unaltered factor. Thus,—

(+y+2)® —2P—9® - PB= {(e+y+2)} -}

_(w3+y3)

=(z+y+z—2)(a®+y® + 22+ 22y + 222+ 29z + x2z
+yz +22+2)¥— (2 +y) (2 -2y +4%)

= (z+y)(2®+ 9 + 322 + 22y + 32z + Byz—a® + zy—y?)

(z+7vy) (322 + 3xy + 3zz + 3yz)

3(z+y) (B+wy+xz+yz2)

3(z+y) {y(z+2) +2(2+2)}

3 (2+y) (y+2) (z+2).

54 (b). Further examples on the collection of
factors will now be appended. -

(2.) Show that
(2-y3°+ (y - 2)*+ (s - 2)3 = 3(z - @) (y-2)

(z-19).
(2-9)+ (y- 29+ (2 - )"

= {(2=9)P+ (y-2)%} + (2~ 2)®

= (z-y+y-2) (- 2oy +y2—ay+ 22 + 97 -yz—y°
~2yz+2%) + (2 — z) (2 —)?

=w(z-2) (2®°-8zy + 3+ 2z—-3yz+22)+ (2-2)
(% - 2wz + o)

=(3-2) (- 2>+ 82y -3y® — 22+ 3yz — 22+ 72 - 2z
+ z2)

= (z-2z) (8zy - 3y® - 3az + 3yz)

= 3(z—2) (oy — y*— 2z +y2)

- 3(z =) {y(a—y) ~2(z-9) }

- 3(s-2) (y ~2) (2-9).

This identity may be proved in other ways, and the
work of this method may be shortened; but the
collection of factors has been made the prominent

* By imitating the factors of a®—b%; (z+y+2) standing in
the place of a, and 2 in the place of b.
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point, and therefore it has been solved so as to ensnre
the success of the beginner, by proceeding gently
step by step. This plan will always be found, at first,
to be the safest; large steps often cause little blunders.
It should be pa.rtxcularly noticed how easily (z-y)3
+(y ~2) has been solved by using the factors of
a®+ b3, since z-y stands for @, and y -z for b.
The + (:v — z), of the 3rd line, has been changed into
- (z—x), in the 4th, so as to make the (z-2)
common, and thereby enable its factors to be collected,
the required form containing z - z.

3.) y(@B+A)+2z(P-)+2(x+2)+ (2+y) (2 +2)

_y(z+32) (2* — 22 +2%) + 22(z - z)(:c+z)+z3(z+z)
(z+y) (z+2)

(w+z){y(a:2 —-z2+2%) +2(a® — w2+ 2%)}
(z+y) (z+2)

_(ty) (FP-zztd)
- z+y

(4) Show that
z+2y)ad - (y+22)y3 = (2-y) (z+9)3. .
§z+2§$3@s 8+2w§§3— ( +gz335 yy) Qzy8
= (24 ~y*) +2ay (2*-
= (22 - y%) (2® +4%) + 22y (2® -
= (2%~ 2) (@®+2zy+9°) = (z- y) (2+y) (2+y)?
=(z-y) (=+y)®

22—z +2

(5) 823 - 322y + zy® - y3= 323(z-y) +4(z~y)
Y 4y - Syt y(4a*-5zy +y%)
(3:59 +92) (z-y) _32*+3®
“y(@-y)(dz-y) y(=z- y)

(6.) ¥+ +20 _ (y+5)(y+4)
VP72 +148+y . 3+ 28+ Ty(y+2)
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(y+5)(y+4) __ (y+35) (y+4)

TG+ (P2 + M)+ Ty(y+2) (y +2) (30 +5y +4)
(y+5) (y+4) _ y+5
(y+2)(y+1)(y+4) (y+2) (y+1)

(7)( ~ +b2+"’+b) _+-

bsao( 5)+(;+2)
(o Y- GGG

G @red-gin)
a

-t -
b a

e‘lQ

(8.) Show thatp(p -29)3-q(g-2p)*=(p-9)

+¢)3
p(p-29)°-9(q -2 )8
=p(p®- Gp”q;mpq” - 848) — q(q® - 6pg®+12p%

8)
=ph— 6p"q+121;22q — 8pg® — ¢* + 6pg® - 12p%¢?
crogg L
=p*+ 2p3q - 2pg’
=(p*-q*) +2pq(P*- ¢*)
((P )(pg+ 99)+ 2 2p)q(p -¢%)
P~ %) (P*+ ¢ +2pq
-(p'-q)(p+q)(p+q)’=(p-q)(r+q)’-
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55. If careful and intelligent attention be given
to the foregoing methods and remarks, there will be
little else that the learner need trouble hlmself about,
in order to thoroughly understand and enjoy his
subject. Bunt he must be continually on the look-
out for the introduction of any little mancenvre that
may shorten labour, and, contrary to general rules,
must lake rather a delight vn scheming, This is mno-
where more clearly shown than in some few exercises
that will follow ; but the artifice employed therein is
only & specimen of others that may be applied in
different cases.

Yy
(1.) Find the value of — 22: % 2y_ T
In addition of fractions, it is, of course, necessary
to find the least common denominator; and at first
sight, it appears evident that the one for this example

18
(2z - 2y) (2y - 2z) ;

but it requires not much penetration to see that, if by
any means 2y —2z can be changed into 2z — 2y, the
L.C.D. will be one of the quantities instead of both;
and this very much to the advantage of the solution.
Now, it is well known, that if the numerator and
denominator of a fraction be both multiplied by the
same number, the value of the fraction is not altered,
since the process is eqnal to a multiplication by unity.

ty -1 -y __-v
Thus’Zy—2zx -1 -2y+22 22-2y
L S M. —
"22-2y 29-22 2z-2y 2z-2y
2=y 7Y .

“2z-2y 2(z-y) =3
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This change of form will admit of other expla-
nations, but of none shorter or clearer than the

above.
83+2y 2-3y  16y-92
2. y_ 4 Y=y
()2_y 2+y+y2—4
3+2y 2— 3y+y2 16y
2—-y 24y 4-4?
_(2+y) B+2y) - (2-y) (2-3y)+y*—16y

4 — 92
_6+7y+242—44+8y-342+42-16y
4 — 2
2-y 1
-y @+y) ¥y
. q 1 1
(3.) Simplify D) (a—c)°+ DI
1
*o=a) -ty

As the factors stand here, the L.C.D. will be

(a—b) (a-c) (b-a) (b-c) (c—a)(c-b);

but (a-b) and (b-a), (a—c) and (c—a), (b-¢)
and (¢ -b), are factors differing only in sign; there-
fore if we change the signs of one of each pair by
the former method, three of the factors will be the
L.C.D., instead of all the six, since

+1 -1 +1
=2 =5 "G5 =y " ma) =)
becomes +1

@=2) =0y This needs some explanation,
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which the student must clearly understand. The
first may be seen withount difficulty to change thus,

+1 _ 1 1 1 _-1_1

(®=a) (b—=c) b—a b-o b-a =1 b-o
_ -1 x 1 _ -1 .
-b+a b-¢ (a-b) (b-¢c)

but the second has two factors to change, and, there-
fore, each must be multiplied by the changing quan-
tity, as follows :—

+1 21 1 _1 -1.1 -1
(c-a) (¢c-b) ¢c-a ¢-b ¢-a -1 ¢-b -1
e -1 -1 _ +1
-c+a =-c+bdb (a-c¢)(b-c)
. 1 + 1 + 1
@0 @0 -0 G-9)  (c-a) (c-b)

o 1 _ 1 + 1
@5 @-0) @b @G-9 @-9G-9
b—c—a+c+a-> 0

") @-) G-

(4) 1 + 1 + =
z(z-y) (z-2) y(y-2)(y-2) 32(a-z) (z~y)
1 1 1

“a@—y) (z-2) -9 (z-9)  #Hz-2) G-3)
_yz(y—2) —zz(z—2) + zy(z - y)
zyz(z-y) (z-2) (y -2)
_y(yz -2+ 2* - zy) - 22(z—2)
- aya(z-y) (z-2) (y-32)
au{(z-z) (z+2)~u(z-2)} ~ z:(z - 2)
zgz(z-y) (z-2) (y-2)
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Y(@-2) (z+2-y) -az(z-2)
zyz(% - y) (z=2) (y - 2)
_(z—2) (zy +yz -y —22)
zyz (x-y) (z~2) (y—2)
=2 (y-2)-y(y-2)
zyz (2 -y) (y —2)
= (2-y) (y-2) _ 1
ayz (e—y) (y-2) ays
The above example is worthy of much study;
indeed, it must not be passed over until it is scen that
each step is both clear and easy. The following

-solution demands similar attention, and is quite as
simple and scientific.

1 1 1
z(@-9)(7-2) y@-2) G-2) 2(G-2) z-9)
1 1 1

@92 J-9@-9) @G- F-9)
w2 (y—2)-—az(2-2)+ay (x-y)
o3 (5-9) (5= 2) (y - 9)
Y2 (y —2) - &z 4 222 + 2% —2y?
zyz (z—-y) (@-2) (y - 2)
- Y2 (y —2) +2%(y - 2) —a(y? - %)
zyz (& —y) (z—2) (y - 2)
Y2 (y—2)+a (y—2)- w(y+2)(y-z)
: zyz (2 —y) (2 -2) (y =)
o (Y —2) (yz+ 2~ ey — a2)
eyz (e—y) (e -2) (y-2)
z(w 2) — y(w—z) (z-9) (z-2)
ayz (- y) (z—2) z];a./z(w y) (z—2)

o—
o ~ ——

xyz
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(5) Show that
(a-b) (z-a) (e-b)+(b-0) (z-b) (z—c)+(c—a)

(z-c) (z-a)=(a-c) (a-b) (b-o)

(a-b) (z—a) (z-b)+(b-c) (z-b) (z-c)+
(c—a) (2-c) (z—a)

=(z—-0) (ax —a*- bz + ab + bz — bc — cz+¢?) +

(c-a) () (2—a)

=(2-b) (az—a?+ab-bc—cz+c%) +{c-a)(z-¢)

(z-a)

=(z~b) {(c+a) (c~a) = b (c-a)~z(c-a)} +

(c-a) (z-¢) (2-a)
=(z-b) (c+a-b-z)(c—a)+(c—a)(z—c) (z—a)

=(c-a) (cz+az — bz —a?~bc — ab + b2 + bz) +
(c-a) (z-c) (z-a)

=(c—a) (cxt+ax—a*—bc—ad+ P+ 2% -azx— cx+
ac)

=(c-a) (—bc—ab+b+ac)
. =(a-c) (bc+ab-b%—-ac)

=(a-c) {a(b-c)-b(b-c)}

=(a-c) (a-08) (b-c).

Enough has been said and done to show the prin-
ciple and value of the collection of factors. Each
example given is a complete study for the beginner;
and, would he mount with ease to the height of suc-
cess in this important and interesting work, he must,
on no account, disregard the little steps by which
alone he will be able to secure for himself a footing
both safe and permanent.

56. Subjoined are a few examples which embra
the substance, and illustrate the utility, of Chapt
VI
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Resolve the following expressions into elementary

factors :—
m2 + 29mn + 21002,
2%y% + 372yz + 34222,

Pt - 21pPgir + 10442,
a®? — 19a%p?z + 18p*.
a2 — 19atp?z - 20p4.
boy422 + 1103y2q% — 24244,
a®+ (m+n) a+mn.
(p+9)?+13 (pz+py + gz +qy) +42 (2 +1)>
. 3a®m? — 42amq + 12042.
10. 2(m+n)2-7 (m+n) (z+y)+3 (z+y)>
11. p%¢% - 130pgzy + 129222,

‘°9°."9S"?‘9°.‘°!“

12* 2-3-(3-2) (z+1) =2 (¢-3)+8.

z1 21 21 2 1

13. 337335 5 66

Find the value of

w2+l3m+36
14. 22+ 16z + 63 -
1 + 1
15. PP~ (a+d)p+ab p?-(a+c)p+ac
1

+p‘~’- (b+c)p+be
12m#* 4 m2n2 n‘f
Im* + 6m3n? 4 nt

16.

* Be careful to COLLECT FACTORS whenever the process
will be of advantage.
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1 1 1
_ + + ‘
V. G -2 G=o) Gg=9) ' Gz=2) c=9)
18 P2 - pm - pn +mn
" P*-pg—pm+mq
19 2023 + Samy + 2%
" 6a%? + 7azy + 2y4°
00, 2(P=29)*~y (y—2p)°
© PS4+ 8p% 4+ 8pyP 448
(z+y)2-1lc (e +y) +30c®
. z—oc+y

21

Change the left-hand member of each of the
following six examples into the form of the right-
hand member :—

22. gp-qgu(q-m)3+(m-p)3=3(m-p)(q—m)
p—9)-

23. (p+q+n)P-pP-*-r=3(p+9) (g+n)(p+7)

24. (a-b) (z—a)(z-b)+(b—c) (z-0) (-¢)
+(c—a) (z-c) (®-a) =(a-d) (b-c) (a-c).

25. (z+y+2P-(y+2-2f-(2-y+2)5-(z+y-2)

= 24ayz.

3+2 2-32 16zx-—-22 1

26. o—z 2+t P_4 “z+2
B P 2P P oz oy
LS+
g, ¥ P P E y 2 Y 2y
z vy y” x? Yy @
_+...
y @

Find the L.C.M. of

28. 2?-13z+42, 22— 9z + 14, and 2? - 122 + 85.
29. a*-144, o*— 252 + 156, and a* - 5z - 84.
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80. p8+20p%+19, p® - 361, p° + 19p% and pbq + 18p%q

~19¢.

31.* 4%2 — 9y3, 442 - y”, 442 — 8ky + 8y?, 4k2+4ky
- 3yd, 4k — 4ky — 3y?, and 4k2+8ky +3y

Find the G.C.M. of

32. 22~ 4z +4, and 22 - 7z +10.
33. 2z* — 288, and xty?—112%2 — 128,

34. p +"1pq+110q, P>+pq-904¢% and 2q2 —-2pq
— 22042,

# Science Examination, May, 1870,
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CHAPTER VII.

Important Formula for high Expansions.—Application
of Formula.—Ezamples.—Useful Formula for
Multiplication.—Fully-worked llustrative Ezam-

 ples.—Remarks on Manipulation.—Hinis on
symmelrical arrangement.—Remarks amnd Exam-
ples on Division.— Observations on correct study.—

Important Mathematical Theorem.—Illustrative
Ezamples.

57. In addition to the formule already given, and
so urgently pressed mpon the student’s attention,
without a command of which an Algebraist can have
but a superficial knowledge of his subject, various
important points require notice; and to these some
little space will now be devoted. One or two
formule will also be mentioned, which, although of
less value than the foregoing, nevertheless require
careful and studious consideration.

58. It is not unfrequently the case, that the
learner finds some little difficulty in expanding an
Algebraic expression, beyond a certain low power to
which he has been accustomed. Of course a high
expansion may be accomplished by various combi-
nations of the lower powers; thus,
(a+bd)*={(a+0)*}?
(a+b)s=(a+b)?(a+0)3,
(a+b)8={(a+b)}?,

and 8o on; but the process is frequently long and

tedious. The difficulty, however, may be altogether

removed, by the application of the following formula,

viz., that (m-1) .

m_my M m1 m\m — m-2,.9
(x+y) =2 L A R oy il
m(m-1) (m - 2)41:""8‘.'/3‘1‘— 4y

LIS PV yor
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the form of which alone contains any element even of
apparent difficulty. Let us apply it, and find the
expansion of (a+b)%. Here, then, m =6, and thus
we have, by a close imitation of the a.bove,

6 5 6x54, 6x5x4 4
AR TR s

6)(0)(4)(324 6)(5)(4!)(3)‘2 5 6
lxzx3x4, b+ 1x2x3x4x5 ab®+b

= a8+ 6a’b + 15a%d? 4+ 20a3b3 + 15a2b* + 6abd + bS.

(a+b)8=ab+

In expanding (a-?)% every term containing an

odd power of — b, must evidently have a minus sign,
(Art. 88) ; and, therefore,

(@ - b)® = ab - 6a%h + 15a%b® — 20a%6® + 15a%bt
~6abd + b8,

Again, (2z+ 3y)*
4x3x2

3%
(3y)® + (3y)*
=162* + 962%y + 2162%2 + 2162y3 + 81y*
Also, (u+b+c)s = {(a+Dd)+c}b
5x4«
=(a+b Tx
5x4x3 g 5x4x3x2 5
+1x2x3(a+b) c3+1x2x3x4(a.+b)c“+c

= a’+5a*b + 10a%h? + 10a208 + Sab* + bb
+ 5c(at + 4a3b + 6a%b? + 4abd + b%) + 10c2(ad + 3a2b
+ 3ab? + b3)
+10c3(a? 4 2ab + b2) + 5c*(a + b) + 5,

which, for simple and entire completion, needs now
only to be taken out of brackets.
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59. The above illustrations will be quite sufficient
to impress upon the mind of the pupil the desirability
of understanding and applying the symmetrical ar-
rangement contained in the preceding identity; and
the few following examples, for practice, will make
the formula clearer and easier than many words.

1. (a+y)* 2. (2a -y)*

3. (2z+ 3a)s. 4. (a-4z)".

5 (z+y+2)8 6. (z—vy+2)8

7. (a-Db)7. 8. (a-b)8.

9. (4a+6b+1)8.  10. (y+3)".
11. (m 4+ )% 12. (m - n)1o,

60. Again, in Article 48, it has been brought
before the student’s notice, that

(z+a) (x+0) =2+ (a+b)z+ab;
and it may be shown, by actual multiplication, that

(z+a)(z+b)(z+c)=2*+(a+b+c)a® + (ab + ac + be)z
+ abe;

&c., &c. A high process of reasoning, called mathe-
matical induction, shows that this symmetrical ar-
rangement holds good for any number of binomial
factors ; and, therefore, it becomes a very useful
formula for finding the product of a factorial expres-
sion, corresponding, in form, to the left-hand member
of either of the above identities. The process is
contained in the following examples :—

(1) (z+2y) (x +3y) =2*+ Ry + 3y)z + 6y2 = 2?4
oy + Gy*.
(2) (z+3y) (z+9%y) (z+5y) =23+ (By + Yy + 5y)a?
+ (2792 + 156y + 45y*)2 + 135y3
= a3 + 1722 + 872y° + 13533,
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(3) (4p—2g) (4p—62) (4p+m)
= 64g8 — (2q + 62 —m) (4p)" + (12q2 — 2gm — 6ma)
(4p) + 12¢mz

= 64p% - 16 (29 + 62~ m) p*+ 8 (692 — qgm — Im=)p
+12gme.

61. Every possible use mnst be made of this
combination ; and the student must avail himself of
its assistance in the solution of any examples into
which it can be satisfactorily introduced. Of course,
the complete mastery of a formula is shown only by
an ability to apply it whenever it can possibly be
admitted with ease and advantage. Thus:—

(1) 22+ (a+Db +c)2®+ (ab+ ac+be)z + abe
+ @*+(a+b)x+ab
_(z+a) (z+b) (z+¢)
B (z+a)(2+D) =2+o.

1 1

(2) P?+ (m +n)p+mn +p2+(m-n)p—mn
1

P>+ (m+q)p+mgq
_ 1 N 1 N 1
(p+m) (p+n) (p+m) (p-n) (p+m) (p+q)
_p+d(p-n)+(p+(+n)+(p+n)(p—n)

@+m)(p+n)(p-n)(P+q)
_(p+@-n+p+n)+p?-n?
- (p+m)(p+n)(p-n)(p+9q)
__ Zp(pt+g)t+pP-n? |
(p+m)(p+n)(p-n)(p+q)

62. Much notice must be taken of the form of
the foregoing identities, so that they may be firmly

+
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fixed on the mind; but, on careful examination, the
pupil will find their symmetrical arrangement to be
so easy and regular, that he will not experience the
least difficulty in remembering and applying them.
No hints to that effect need here be given.

63. Show that—

(m® +1%) (9° +¢*) = (mp +ng)® + (mq ~ np)®.
(n? + %) (p* + ¢%) = m’p® + m?g* + n’p? + n2¢?
= mp? + m?q? + np® + nd¢? + Cmnpq - 2mnpq
= (m%? + 2mnpq + n2q?) + (Mm?q? - 2mnpq + n?p?)
= (mp +nq)*+ (mq - np)?.

This last example includes a device, which the
careful student must have noticed, when + 2mupq and
- 2mnpq were added to the expression. Now, it is
evident that the value cannot be affected by such an
alteration ; but what is there to suggestit? Why,
. the right-hand member of the identity, on being
mentally squared, gives these two terms in addition
to the ones obtained by the multiplication of the
left-band factors : and, therefore, they are required to
complete the form, although they in no way affect
the value. This is merely another specimen of the
allowable and interesting schemes, which the in-
genuity of the student must ever be on the alert to

apply.

Of course it would have been quite sufficient fo
the establishment of the equality, if the right-hand
member of the identity bad been converted into the
form of the left-hand factors, as below ; but, in many
cases, it is not possible to determine, at a glance,
which is the better process for manipulation, and then
it i8 more natural to commence at once with the side
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of the identity first given. Beginning with the right-
hand member, we have—

(mp +nq)? + (mq — np)?
= mp3 + 2mapq + n3¢g3 + miqd — 2mnpq + np?

64. One very important observation will now be
made, relative to the working of certain Algebraic
examples which contain terms having regularly"
ascending or descending powers of some common
letter. The student should bear in mind that it is
generally desirable, and in some instances necessary,
to arrange the terms in the order of the indices of
the common letter: at the least, it is awkward not to
do 8o, and ill becomes a good Algebraist.

Thus,—
(=t - 15y* - 8z*y3 + 23y + 19z43) + (3zy - 5y? +2?)

is very badly arranged for division, and, as it stands,
would be likely to defy the utmost endeavours of the
learner to solve it. The dividend and divisor should
imitate one another in the position of the terms; and,
since it will be very convenient to arrange according
to descending powers of x, the above example will
nicely become—

xt + 23y — 822y® + 192y — 15y%) = (22 + 32y — 542
Y Y TY = 9y%),

the solution of which will present no element of
difficulty.

65. Not only is this the case, but, still more
tmportant, the first term for each successive division
must be brought down also in the order of the
indices of the common letter which has been selected
to govern the arrangement. Thus, if z* be the first
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term in the dividend, and 2 the first in the divisor,
the next line for division should commence with a
term having in it a3, the following 3, and so on;
unless, indeed, the qnantities thus noticed have
disappeared in the ordinary working of the sum.
The meaning of these remarks is far too evident to
need illustration ; experience will make their import-
ance manifest.

66. It frequently happens, however, that there
will be more than one term containing the power of
the quantity which bas to be brought down, thus,
if #3 be the letter to appear in the first term of the
line, there may be two, or three, or even more terms
having the 23 in it. 'What then is to be done? Is
the «® to appear for so many following divisions, in
order to get rid of all the terms containing it, and
thus proceed to the z?? By no means. The tyro
may do this, but the process would at once discover
the standard of the operator. Let the coefficients of
the 23 be collected, and thus, by a kind of compound
term in the quotient, the division for this power will
be immediately accomplished, and the progress
through the example be made short and sure. A few
illustrations will remove all doubts and difficulties.
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(1.) (ad®+ 2% —al?c+abc® - a3 —2bc3 + ac—ac®) + (b+c-a)
= {83(a+2c) - ab¥c +b(act - ad - 2c%) +a¥c—ac’} + (b+c—-a)

b+eo- a] b3(a +2¢) — ab% + b(ac® — a® — 26%) + a%c — ac® [bﬂ(a +2¢) +b(a2 - 22) — (afc 4 ac?).
b3(a +2¢) +b%c(a + 2¢) — ab*(a +2c)

{ = 2ab% — 2h%2 + a?b? + 2ab%c
= bg(a«2 - 202)
b*(a? - 2¢%) + be(a® — 2¢%) — ab(a® - 247)

— a?bc — abc?
{ = —b(a%c+ac?)
- b(a’c+ ac?) — c(a?e +ac?) + a(a*c +ac?)

‘ATINVIE FALIVELSATII dINIOM X11nd

L
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In this example the terms are very easily arranged
in the order of the descending powers of b, the
factors being collected where more than one term
contains the same power of the letter. The student .
should very carefully work this through, and
altogether satisfy himself concerning every term and
step in the process. Where necessary, the terms of
each subtrahend must be mentally taken out of
brackets, and, when they do not cancel others, be set
down in the remainder, in readiness for the next
division. A careful analysis of the above work will
impress the method more thoroughly on the memory
than a page of explanation.

» 8 4. 8,2 24 pS a®+a(2b-c
(2)* a+b+c]ab+8a%+3ab b0+ 4 LA~
a8+ a?b + a’c

_ 2a% - a’c
=a?(2b-c¢)

a?(2b - ¢) +ab(2b -c¢) + ac(2b-¢)

ab? - abc+ ac®
=a(b® - bc+c?)

a(b? = be +c?) + b(b3 —be+ c?) + c(8% - be + ¢%)

See Article 44, where a preferable method of Solution is adopted.
This form is given here to illustrate the subject in question.
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66
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67. The following hint is not unworthy of notice,
gince it induces an insight into the nature of Alge-
braic expressions, and is calculated to promote free-
dom of manipulatipn. Suppose it is required to find
the G.C.M. of

@?~3x—-70, -39+ 70, and 23 ~ 48z + 7.

Now 28 -32-70=(2-10) (#+7), and the student
can see at once that # — 10 can, by no possibility, be
contained in &° — 484 + 7, since 7 is no multiple what-

ever of 10. ,
c.GCM, =247,

Numerous similar examples may be adduced, but a
careful consideration of the above will be sufficient.

68. There is no part of a beginner’s Algebra that
is more systematically slighted, and this, too, not
unfrequently, with the knowledge and consent of
his teacher, than those pages of introduction which
usually accompany the commencement of a chapter,
and precede a set of examples. They are, to him,
often nothing more than waste paper; and the only
interest attached to them is that they serve, without
trouble, to bring him so much nearer to his goal—
the Finis. But these pages are the muscles of the
subject—the exercises tend simply to develop them—
a.nd] they cannot be disregarded without entailing
puny growth, and weak and meagre progress. It is
a mental training of the highest character, to read
and understand them ; it is a sure mark of failure to
omit them. The proofs of rules, for instance, con-
tained therein, need the most thorough mastery;
without which, the working of the examples is simply
a groping in the dark, where one may get along
while the way is straight and smooth, but where
no difficulty can be encountered with certainty, or
guidance given to others,
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69. As a specimen of the work referred to, the
pupil should carefully study the following proposition,
until its method and meaning are to him both clear
and simple. It is a very important mathematical
theorem, ever and absolutely true, and even for this
reason alone is worthy of the minutest investigation.
It may be stated as follows :—

Any -measure of two quantities must also be a
measure of the difference between them ; and, conse-
quently, must either be this difference itself, or a factor
of it.

Thus, let A and B be two Algebraical expressions,
of which B is the greater, the difference between
them being «; and let m, their greatest common
measure, be contained n times in 4. Since it is the
G.C.M.,, m must also, of course, be contained in B,
that is,in 4 +®, or in mn+2. Now m goes evenly in
mn + 2, and also in mn ; therefore m must be contained
evenly in z, the difference between 4 and B; and it
is evident that m cannot possibly be contained in =
LESS THAN ONCE ; therefore m cannot be greater than,
®. Thus the truth of the proposition is established.

69 (a). The few following examples will clearly
and correctly illustrate the above theory.

(1.) Find the G.C.M. of
23 + 16a® - 452 + 228, and 23 + 1823 — 512 + 252,

Now the difference between these two expressions

=5 + 1823 — 51z + 252 — (a3 + 1623 - 452 + 228)
=24% -62+24=2(2*-3z+12);

and it is evident, from inspection, that 2 cannot
possibly be the G.C.M., or a factor of it, since the
coefficient of 23, in each case, {8 unity, and will not
therefore admit of integral division by 2.
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Also, 22~ 3z + 12 is elementary, as the sum of no
two numbers whose product is 12, can possibly
equal 3.*

. G.CM, =22-3x+12,

(2.) Find the G.C.M. of

28+ 8% -8z - 1, and 28 + 3222 + 208z + 23.
28 + 322% + 208z + 23 — (28 + 822~ 8z - 1)
=242 + 216 + 24 = 24 (® + 9z + 1).

s GCM =224+92+ 1.

(8.) Similarly, the G.C.M. of
p3-41p-380, and p3-11p®+25p +25=p2 - 6p - 5.

(4.) Again,

2m3 + 49m? + 344m + 585 ~ (2m3 4 44m2 + 262m + 364)
= 5m? + 82m + 221 = (5m +17) (m +13).
.*. The G.C.M. of these two expressions =m + 13.

* Seo Article 48 (a).
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CHAPTER VIII.

Remarks on Easy Manipulation.—FEaercises for Easy
Manipulation.—COonclusion.

70. The student who has carefully gone through
the various sections of this little work, must bave
been more than once impressed with the exceeding
importance of an easy manipulaiion of Algebraic
expressions. And he may rest assured that there is
no faculty which will render him more assistance and
pleasure in the prosecution of this entertaining study,
than the ability to discover, without delay, the surest
method of attack, and the shortest and safest plan for
the application of this method. It will be far from a
waste of time for him to endeavour to solve many of
the problems that will come under his notice, in more
ways than one; and it is not unfrequently the case,
that, during a moment of leisure, when an example
is being carefully turned over in the mind, an easy
plan of solution will be suddenly hit upon, so that
difficulties, which before seemed almost insuarmount-
able, will at once vanish before this, perhaps, new
application of & formula. It is the acquirement of
this power of easy manipulation, which alone can
materially and usefully shorten the beginner's work,
and eventually conduce to that complete mastery over
the subject, which every good teacher will aim at
imparting, and every real student endeavour to
attain. Since there is no “royal road ” to such a
goal, and practice and familiarity with the work are
the only training that can make perfect, the dili.
gent study and imitation of a few good examples will
neither be out of place nor useless.
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(1.) Find the G.CM. of mS—mb+2m*—m3+2m?
-m+1and m8-1.

M —mS 4+ 2mt—m3 4+ 2m3—m 41
=mS-mS+m* +mt-md+mBimi-m+1
=mA(mt—m+1) +m*(m? —-m+1) + (m?-m + 1)
=(mi-m+1) (m*+m?+1)
=(mi-m+1)(m+m+1) (m2-m+1).

Also, mt—-1=(m3-1) (m?+1)
=(m-1) (mP+m+1) (m+1) (m2-m+1).
" GCM.=(m-m+1) (mP+m+1)=mt+m2=1.

(2.) Find the G.C.M. of m7-3mb+m%—4m2+12m
—4 and 2m*— 6m? + 3m? - 3m + 1.
m? - 3mb+m® —4m3+12m — 4
=m(m2-3m+1) —4(m? - 3m+1)
=(m*-4) (m*-3m+1).
Also, 2m* — 6m3+3m?—-3m +1
=2mt—-6m3+2m2 +m?2-3m +1
=2m3}(m?—-3m+1)+ (m*-3m+1)
=(2m?+1) (m?2-3m+1).
. G.CM.=m2-3m+1.

N.B.—After the resolution of the first expression,
it will be evident to the careful student that
m?—3m + 1, or unity, sust be the G.C.M. ; therefore
the breaking up of the second quantity becomes a
matter of increased simplicity.

@) Simplty i

-3 +2¢ - (PP-4°)-3pg*+3¢®
2P+ pq PP —4F 2P-2P+ P +pg - 28
_p-9(@P+p1+d)-3¢*(p-q)

2(p* - ¢*) +9(P* + pa - 2¢%)
(-9 (P’ +p1+¢*-37°)

2(p PP +p+3)+9(p +29)(p-9)
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(p-9)(p® + pq—2¢%)
(- 9) (2P +2pg + 24 +pg + 29°)

_ P+pe-2¢ (p+2¢)(p-9)
2p8+3pq +4¢® 2p2+3pg +44q°®

(4.) Find the L.C.M. of m?—4n?;
m3 + 6m*n + 12mn2 + 8n%, and m3-6m*n + 12mn3-8nd
—4nd=(m +2n)(m —2n) ;
m3 + 6m?n + 12mn? 4 8nd
= (m3 + 8n3) + 6mn(m + 2n)
= (m + 2n) (m? — 2mn + 4n®) + 6mn(m + 2n)
= (m + 2n) (m? + 4mn + 4n?) = (m + 2n) (m +2n)3
= (m+2n)3;
m® — 6mn + 12mn? — 8n3
= (m®— 8n3) — 6mn(m —2n)
= (m ~2n) (m3 + 2mn + 4n?) - 6mn(m —2n)
= (m — 2n)(m2 — dmn + 4n?)
=(m —2n)(m—2n)%= (m - 2n)3.

Now it is evident, from inspection, that the L.C.M.
of (m—2n)(m+ 2n), (m+2n)3, and (m - 2n)3
=(m+2n)%(m~2n)} = (m? - 4n?)3.

18(q7% + pPr 4+ pg®)-12(q% + pr® + p%¢)-19pqr

(5.) Simplify
18(g7® + pPr + pq®) —12(¢% + pr? + p*q) — 19pgr
2p -3¢
__18¢r® +18p*r + 18pqg®-~12¢*r— 12pr* - 12p°¢-19pqr
2p - 3¢
_—6r%(2p —39)-6pq(2p - 3q) +r (18p*-19pg-124¢?)
2p - 3q
_—67%(2p—3¢)-6pq(2p - 3932 +7(2p -3¢) (9p + 4q)
-3q
_(2p-39)(—6r*—6pq + Ipr +4gr)

2p -3¢
= = 6r2 —6pq + 9pr + 4qr.



EXERCISES FOR EASY MANIPULATION. 73

(6) Reduce a®+11a? + 30a

1 L]
93 + 534% - 9a — 18 to lowest terms

a3+11a24+30a _  a(a®+1la+30)
9a3 +53a2 — 9a - 18 9a3+ 53a2 - 94— 18

_ a(a+5)(a+6) - a(a+6)(a+5)
Ya? + 540~ (a® + 92 +18) 9a?(a+6)—(a+6)(a+3)

_ a(a+6)(a+5) _ a(a+3)
(a+6)(9a-a-3) 9a2-a-3

N.B.—In the above example, the numerator
resolves easily, the denominator is more difficult. As
soon, however, as the factors of the numerator are
obtained, it is at once evident that a 46 is the only

ible common factor ; and, therefore, any scheme
which will get the a + 6 contained in one part of the
denominator must leave it as a factor in the remain-
der ; hence the resolution becomes both interesting
and easy.

(7.) Similarly,
27a322 - 184422 — 93,2
36atsZ — 1%a°22 - 27a'22 4 9a3 3

_ 9a322(3a2-2a-1)
= 9P (4245 —%a+1)

_ (Ga+Dla-1) _ (32 41)a-1)
40 40’4+ (2a*-3a+1) 40> a-1)+(a—1,(24_1)

__Batlyfa-1) _ 3241
T2 r2a-1) 4ty 2a-1
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(8.) Again,

4+ p*g* + ¢
P4+ 2p% + 3p%¢% + 2pgd + ¢*
__ (P+pe+¢®) (PP -pg+4%)
P +0%% + ¢* + 2p%q + 2p°¢ + 2pg°
(PP +pg+¢®) (PP —pg+ %)
(P +P) (P-pe+ D) + 209(PP +pg + )
_(PP+pg+¢*)(P*-pg+4®) _p*-pg+ q
C(PHpg+ (P rpg+ P Prpg+ g

(9.) Find the G.C.M. of

#t= (p*+1) 22 +p? and 24— (p+1) 223
+2 (p+1)pz-p.

- (pP+ 1)+ pd = (22 —p?) (22 -1)

= (z- P)(3+P)(z-1)(w+1),

- (p+1)%2+2(p+1)pz - p?

= 24— {(p+1)22®-2(p +1)pz +p}

= 2¢— {(p+1)z~-p}

= {«*~ (p+1)2+p}{z+ (p+ 1)z - p}

= (wap)(w—l){zg+(z’+1)f6 -p}s

M. = (2-p)(z-1)
(10.) Also,
2p% + 13p%q - 15pq 126q 2p + 19p%q + 85pq®
PPq +6pg® - * P —pg - dpg - 68
L 2P +5 5pq
rq-¢°

_ (2p*+ 7pq) + (6p%q —15pg® - 1264°)
q(p* +6pg - 7¢°)
p(2p? +19pq + 35¢%) « 1(Pp-9q)
* (#5-3p%) + (2p° - 4p¢®-64%)  p(2p +59)
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_pP*(2p +7q) + q(6p® - 15pq —1264%)
g(p+7¢)(P—9)
« _ P(p+79)(2p+5q) 9(r-9)
P*(p-3q) +2¢(7*-2pq -3¢") " pRp + 39)

_PP(2p+79)+q(2p+79)(3p-18q)
P’(p-3¢)+29(p-39)(p+9)
_ (2p+79)(p* +3pq — 13¢%)
(r - 3¢) (PP +2pq +2¢°

_(2p+79)(p+69)(p-3q) _(2p+79)(p+6q)
(P-39)(PP+2pq+2¢°) ~PP+2pq+2¢°

) (r-5r5)+ (Eieats)

(c—=b)(2—cb+b%) — (c— b)(A+cb+b°)
(c+b)(A—cb+b?)
(c+b)2+c2+ b3
(c—-b)(c+Db)
(c=-b)(A-cb+b2-A—-cb-b?)

. 3 —cb+ b3
2(c® + cb + b2)
c-b

. —=2cb(c—-b)3 _—cb(c-d)?
T (P +cb+b)(P-cb+ %) o4+ %3 + b4

12.) S —min —mnt+n5 _ m4(m—n) —nt(m-n)

(12. m4 —mSn — m3u3 +mn®  m3(m —n) — mn(m—n)
(m-—n)(mt-n*) (md+n%)(m?—n?) m?+nl
= (m-n)(mB-mn3) m(md—n3) m
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(13.) z - :
1 - ¢ 1- S
lige2 (atD)(e*a+l)+a
tet T e+ a? a?-a+1l
_ a _ a
% ad-al+a
- —ra+1 1- g
P atl at+a+1l
@
_ a 1 _a(ad+a+1)
“dtat+tl-d+ai-a a+1 a?+1
ad+a+1 ad+a+1

71. A few illustrative Simple Equations will
conclude this set of examples; and the student is
desired to see clearly that each step is easily de-
ducible from the one immediately preceding it.

-

(1.) (z-a)(z-b)=(x—-a-b)*?
(z-a)(z—-b)=(x—a)?-2b(x~a) + b?
(z-a)(x-b—2z+a+2b)=0b?
(z—a)(a+b) =02
az+bz—a®-ab=0b?
z(a+b)=a+ab+ b3

_a*+ab+b?

-
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2.) 1 a-b
z-a z-b z°-ab
(22 -ab)(x-b) -~ (z—a)(«®-ab) =(a-b)(z-a)
(22— :b;(z b—z+a)=(a-b)(x—a)(z-b)
(a:“ -ab)(a-b)=(a-b)(z-a)(z-D)

2~ab=22-br-ar+adb
z(a+b) =2ab
2abd

= e—

a+b

) G+ +2)(y+3)=(y-1)(y-2)(y-3)
+3(dy-2)(y+1
P +6y2+11ly+6=93 - 6y2+11y-6+12y2+6y -6
6y=18; ... y=3*.

(4) (2-9)(2-5)(2-1)=(2-2)(z~4)(-6)
(z-10)

- 2223 + 16423 - 4582 + 815
= 2% - 2223 + 164a? - 4882 + 480
302=165; 22=11; .. z=5%".

3-22z 2-5 422-1
(5)1 2% Sz—7 1_7 162 + 422
22-3_22-5 7- 162+ 428 — 422 +1
92—1 2m~7 4ot - 1624+ 7
-8(2z-1)
(Zm 7)(2x-1)
260-3 22-5 -8
22-1 2-7 22-7
2w-3=2z-13
-1 2¢-7
(z-3)(22-7)= (ga: 13)(2z-1)
422 - 20z + 21 =4z -28:c+13
8rx=-8,..2 = —-1.

* This Solution is founded on the theory contained in Article 69.
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Or, thus,
8-22 22-5_ , _ 42-1
1-2¢ 2z-7 7 - 16z + 423

2z-8 2:6—5_1 (2z+1) (22-1)
9z2-1" 22-7 ~ (22-7) (2z-1)

(22-3) (22-7) - Ez-5) (22-1) =(2z-7)
(2z-1) - (2z+1) (22-1)

(22-7) (22-3-22+1)=(22-1) Rz -5-22-1)
2(2z - 7) =6(2z-1)
2 -7=6x-8; dx=—-4; ..e=-1.
—n -n-1 y-m y-m-1
(6.) yg-l-n—l—z—:-2=y—m-l—y-m-2
(y-n) (y—-n-2)-(y-n-1)3
(y-n-1) (y—-n-2) B
(y-m) (y-m-2) - (y—-m-1)3
(y-m-1) (y-m-2)
(y-n)2-2(y-n) - (y-n)*+2(y-n) -1
(y-n-1) (y—-n-2)
=_(_g—m)’—2£y—m) -(y-m)3+2(y-m) -1
(y-m-1) (y-m-2)
-1 _ -1
(y-n)2-8(y-n)+2 (y-m)’-3(y -m)+2

Y3 —2ny +n3 - 8y +3n+2=9y* - 2my + m? -8y +
3m+2

2y(m —n) =(m - n)(m +n) +8(m -n)

m+n+3
2 L ]
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(7.) ‘5e-2="25z+2z—1
LY. 26 2z
1072 =100+10~}
/] r &
§—2=E+3—1
10z — 40 =52 + 4a — 20
. =20

(8.) (z+a)(z+b+e)d=(z+b)(2z+a+c)?
(z+a){(82+06)3+2b(22+c) + b3}
= (2+6){(22+ )2+ 2a(22 +c) + a3}
(2z+c)*(z+a—a-b) +2(22«+0)(bz+ab —az —abd)
= afz + a®b - bz — ab?
(22 +¢)*(a-b) - 22(2z+c)(a—b) =z(a + b)(a-b)
+ab(a-b) .
4a? + dex + ¢* ~ 423 — 2= az + bz +ab
#(2c-a-b)=ab-¢*
. ab-c
P 8% —a-b

9.) y-3-@B-y)(y+1)=(y-3)(y+1)-(y-3)
2(y -3)3;-0
. .'.y= N
(10.) V(62) + v/ (6z+45) =15
V(62 +45) =15—./(62)
62 + 45 = 225 - 30,/(6<) + 62
30./(6z) =180
v/ (62)=6
62=236

s 2=06.

(11.) V(a +14) +/(a-14)=14
V(a+14)=14-/(a - 14)
a+14=196-28/(a—-14)+a-14

28/ (a —14)=168
v (a-14)=6

a-14 =386

e a=50.
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(12.) V(y- n)+~/y m)=+/(n—m)

y - n+2/y n) (y m)+y m=n—m
2¢/(y —n)+/(y ~m) =2n -2y -

y2 -y — ny + mn=n?~ 2ny +4?

ny — my=n? —-mn

y(n—m)=n(n—-m)

Sy =n.

72. As the student advances from the more elemen-
tary parts of his Algebra, he will find the foregoing
formule and remarks continually coming to his aid ;
and, having thoroughly understood them, he will be
able the more readily to comprehend and apply the
many theorems that will, after this, be presented to
his notice. Let him carefully and completely master
the contents of this little work, and he will not only
have made great progress in the subject, but will
also have the satisfaction of knowing that he has
begun it in the only way in which Algebra can
possibly be made a scientific and delightful study.
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ANSWERS TO EXAMPLES.

CHAPTER 1II.

a? + c2 + 2ac.

d?+ & + 2de.
g%+ h? +2gh.

m?+n? + 2mn.

P+ ¢ +2pg.

m? + g% + 2mg.

169 + 81 + 234 =484.
121 +64+176=361.
289 + 324 + 612 =1225.
22522 + 16942 + 3902y.
49y4 + 6422 + 1124%,
a?2? + b%y® + 2abzy.
P + 48% + 4pqs.

ot +yt + 2275,

@8 + 4y8 + 423>,

362%y? + 16a%b® + 48abzy.
a?*h® + Ad? - 2abcd.

28 + 98 — 2283,

sl



19.
20.
21.
22.
23.
24.
25.
26.

27.

28.

29.

30.
81.

32.

34.

35.

36.

38.

39.

ANSWERS TO EXAMPLES.

z%y? + 22 - 22y,

Y3+ 2%2 - 2ayz.

42* + 16y3 + 16yz.

1602 + 3662d2 + 48bed.

m2p® + 40392 — dmnpq.

49m¥z? + 95242 + 42msta.

a?+ b3+ ¢4+ 2ab - 2ac® - 2bc.

a®+ 22 + 4b% + 442 + 2az - 4ab - day - 4bz - 4ay
+ 8by.

o+ 92+ 36 + 2% - 2oy - 122 + 222 + 12y - 292 — 122,

4a® + 962 + 16¢% + 25d? + 12ab + 16ac + 20ad
+ 24be + 30bd + 40cd.

P +4¢> + %+ 9mP-4pq + 2pr - 6mp — 4qr + 12mgq

- 6mr.

1 -4a +10a®-16a® + 19a%*- 1645 + 10a®— 4a7 + a8.

28 + 2aTy — ab%® — daby® + Bty + 6255 — 3a¥yS
- 4y’ + 498

at + 4adz + 642> + 4aad - 4.

16b* + 96b3%¢ + 2160%¢2 + 21608 + 81ct.

o + 8Ty + 28a20y® + 56z5y3 + 70zty* + 56z5yS
+ 282%° + 8y + 48,

4a® + 402 4+ % + d® + 8ab — dac + 4ad 4bc + 4bd
~ 2cd.

b3+ 2+ A+ 22+ 2+ 2bc + 2bd + 2bz—2by + 2cd
+ 2cx — 2cy+2dz 2dy — 2zy.

3 ad

@+§+&
2

3+ £:+3_/§+_2_m+gg
z Yy

(‘”“) + (30 +2
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CHAPTER IIL

8% - 48,
zt - ct,

at — 164,
4pd - gd,
z(a% — z4).
2929y

45 ~ 166
a8 + 24 — 2a23,
z16 4 16 — 24828, .
(2 +8y) (2* - 99).
(z¢+1) (2+1) (z+1) (z-1).

. (£*-8) (2*+8).

(1-152%) (1+1529).

2 2
e
(a-2) (a-0b) (a+Dd) (a+D).
a®(z+y) (z-y).
Go—1b) e +1d).
(22?22 +1) (2yz+1) (zyz - 1).
(162* +25y%) (4= + 5y) (4= - 5y).

. (a®8+c*) (al®+cP) (abd - 9).

ap(m + n?) (m — n?).

. ¥-2)(y+2) (¥¥*+4) (y+3) (y-3)=(y*- 4
’ (y’+4)(y’-9)=(y‘-16)(§l%—9)- wi-4
. ot —at+ 40% — 6a%h? + 4abd — 1A,
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23.

24.

26.
27.

28,

29.

30.

31.

82.
33.
34.

ANSWERS TO EXAMPLES,

) G+

a8 4 b8 — 2abs.

1
a8 + b8 + atht
zt -yt
(= +256) (z4+16) (#®+4) (z+2) (z-2).
1 - x3 1-2z 1-22

i—2%-2 1-22+4 (1 z)¥
z? +y*
»

1
(a+2)?
2:59

(a+2)? -

-1+

Pty ra

a®+ b2+ ab.
{(a+b)*>+¢*} {(a+b)"+c“}{(a+b)"- 1.
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CHAPTERS 1IV. & V.

(m*+nt) (mP+02) (m—n).

a8 — b9 = (a%)3 — (B3)® = (a®— B3) (a? + afbS + b%)
= {(a")° — %} (a1® + afb® + 1)
= (a®—b) (a*+a%b + b?) (a'? + a®b3 + 1S).

al®+b°  (a®+1°) (a'?—ab®+1")
at —ab + b? a* - a?b + b*
_ (a®+b)(a* - a®b + b) (a!® — a%% + b5)
at—a% + b2
= (a®+b) (a!? — a%h® + bS).

(12— 2p%¢° +9'*) (p1*+2p%° +¢"%)

(° -2+ %) (2% + 2°C + ¢°) (* + 2°¢* + ¢¥)
- (P*- PP +4%?

(2’ - (PP + ) (2 + )
_ (P - % PP+ @)(p* - P’ + ¢*)*

(pﬁ — qﬁ)ﬂ(pi + qﬁ)s

= (p*-P¢+ ¢
28+ 3ety® + 322yt + o0+ mS _ (22 +92)% + (mP)S

m? + y2 + 22 2%+ y% + m?
_(#+ 42+ m?) (24 + 22% + o —-m2® — m¥y? + mt
22 +y2 4+ m?

= m4 + 22(2? + y® — m?) + Y (22 + 42 — m?3)
=m*+ (22 + y2 — m?) (2* +9?).

a(a+b).
2%~ yg.‘
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10.

11.

12,

13.

ANSWERS TO EXAMPLES,

m8 + Imind + 3m2nt + nb — ab + 3ats? — Salat + 28

_ (m3+1n3)8 — (a - 22)3 _
T mi+nf—af 4 e’ [+ (a®-22)3}
_ (m®+nP—a?+ 2?) {(m3® + n?)2 — (m? 4+ n?) (a?—=?)
- m3+n2 - a®+ 2® !

= (m¥+n?)? - (m? +2?) (a® - 2?) + (a® — 2?)3.

8m3 + 23 + 32y + B2y + 43 _ (2m)3+ (2 +y)3
y+2m+a T 2m+az+y
_Cm+z+y){(@m)-2m(z+y)+(z+y)®}
2m+z+y
=4md - 2m(z+y) + (z+y)>

(2q)12 - (pg)'mn + (pg)1°(mn)2 - (pq)?(mn)3
+ (pq)8(mn)*

- (p%)”’(f;zsn)‘ + (pq)8(mn)8 — (pq)®(mn)7 + (pg)*
mn

-(pg)3(mn)® + (pg)*(mn)10~(pq)(mn)1 + (mn).

7292%! 4- 343¢% = (927)3 + (7¢°)3
= (927 + 7¢%) (8lzM* - 6327¢% + 49¢18).

(z+y)3-(z+y-2)° '
= ( i 3(/z—+zy—_ z;);}z) {(z+y)2+(z+y)(=z+y-2)
= z{(ﬁ_-l-s!i)g +(z+y)i~(z+y)z+(z+y)-2(z +y)2
=z{8(2+y)*-3(z +y)z+2%};

or
=(z S~ {(= —z}3
= Ew I 333 - ({ag ++;z-/§l3)+ 3(}:5 + zg)’z -3(e+y)z2+ 42
=2{3(z+y)3 - 3(2 +y)z + #°}.

2(23 + 2% +zy?) — 2P +4°

=2x(23+ 2y +1%) - (2* - y*)
=2z(z®+2y + y?) — (z—y) (2 + 2y +4?)
=(B+zy+y¥)(Rz-2+y)=(z+y)(@®+zy+1%).




14.
15.
16.

17.

18.

19.
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{P-9)-(+9)}3=(-2¢9)%= -8¢>
ki - 1).

m18 — w18 = (m? + n8) (m? — nS)
= (m3 + n?) (m3 — mPnd + n4) (m3 — #?) (M8 + mn?
+ nt).

(a+b+c)b={(a+b+e)3}2=[{(a+D)+0}%]3
= (a8 + 3a?b + 3ab? + b3 + 3a’s + Gabe + 3b%¢ + Bacd
+ 8bc® + ¢3)3.

(a +2b)3 + 3(a + 2b)2(30 + 4d) + 3(a + 2b)(3¢ + 4d)?
+ (3¢ + 4d)3

=a’ + 6a®h + 12ad3 + 8b% + 3(a% + dabd + 419)
(3¢ + 4d) + 3(a + 2b)(96* + 240d + 1642)
+ 27¢3 + 108c%d + 14ded® + 64d3.

1784133 = (17 + 18) { (17) - 17 x 13 + (13)%}
=30(289 - 221 + 169) = 30 x 237 = 7110.

108 - 143 = (19 - 14) {(19)3 + 19 x 14 + (14)?}
= 5(361 + 266 +196) = 5 x 823 = 4115.
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CHAPTER VL

(m +15n)(m + 14n).

(2y 4+ 192) (zy 4 182).

(p%¢* - 13r)(pP¢* - 8r).

(a*z - p?) (a*z - 18p8).

(a*z + p?) (atz - 20p2).
(B3y% + 22¢%) (b%y%z — 11¢2).
(a+m)(a+n).

(p+9)P*+13(p +g)(z+y) +42(z +y)?
={(p+Q +6(z+y)} H{(p+9) +7(z+y)}
=(p+q+6x+6y)(p+q+ 72+ 7y).

(Bam —12q)(am - 10g).

{2(m +n) - (2+9)} {(m +4) - 3(z+y)}
=(@2m+2n-2-y)(m+n-3z-3y).

(pq - =y)(pq - 1292y).

(#-3)+(z-3)(z+1)=a(x-3)+8
(w—‘3)(1+z+1—w)=8

2—3=4; .. .x=7.

-~

2(3-1-++3D =G-3i-3+P; sz=1L

(z+9)(z+4) _x+4
(z+9)(z+7) «+7

1 + 1 + 1
(p-a)(p-b) (p-a)(p-o) (p-b)(p-c).
_p-ct+tp-btp-a
(p-a)(p-b)p-o)
_ p—a-b-¢
(p-a)(p-b)(p-c)
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16. (Bmi+n?)(4m2—nf) dm?—nd

(Bm®+n?)(Bm2P+n?)  3mP+nd

1 _ 1 1

GE-9)@-2) @-9)F-2) @-)@F-2
_Yy-z-stzta-y ~0.
~(z-y)(=-2)(y~2)
18. (p=—m)(p-n)_p-n

(p-m)(p-9) P-g

19 | (2az + y) (az + 2y) _ az+2 )

" (2az+y)(Bax+2y) Bax+2Y
90, P(PP—6p%y +12py*-8y*)-y(y® - 6py® + 12p%y-Ep*)

(p+y)?
=pi-6p'y + 12p%°2 - 8py® — y* + 6py® - 12p%° + 8pPy
(p+y)?
_ =+ 20%-2p93 _ (PP (9% + %) + 2oy (PP°) |
(p+y)? - (p+7°)
_@- )PP +2y+9®) _(p-y)(p+y)? ~p-y.
(p+y)® (p+y)?

91 1(z+y) ;ic!},{_(;;y) 6 z4y-6e |
See Art. 54 (b), (2).
See Art. 54 (1), and Art. 54 (a).
See Art. 55 (5).
{(z+y) 42}~ {(2+y)-2}~{~(2-y) +2}3

~{(zy)+2}
%(z-i- Y)3+3(z+y)22+3(z+y)2+ 23

17.

SR8

—(z+y)3+3(z+y)%2-3(z+y)2+

+(z-yP-3(z-y)22+3(z-y)2 -3

~(z-y)?-3(z-y)z-3(z-y)2 -2
=6(22+ 2zy + 12— 22+ 22zy — 1*)z = 24zy:.
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26.

27.
28.

29.

30.

31.

32.

33.

34,

ANSWERS TO EXAMPLES.

See Art. 55 (2).
See Art. 54 (b), (7).

(#-6) (8-7); (@-2) (2-7); (2-35) (&= 7)
W LOM.=(z-2) (z-5) (z~-6) (z-7).

xt—144= (2?-12) (22+12);

ot — 2527 + 156 = (22 - 12) (22 -13);

zt— 522 - 84=(2*-12) (22 +7);

S LOM. = (22+7) (22+12) (22-12) (a*-13).

(»®+19) (°+1); (93 +19) (p® - 19); p* (p® + 19);
g(¥*+19) (p*-1);
- LOM. p?q(p+1) (p* - 1) (p®+ 19)(p® - 19).

(2k+3y) (2k—-3y); (2k+y) (2k~y);

(2k-3y) (2k-y); (2k-y) (2k+3y);

(2k+y) (2k-3y); (2k+3y) (2k+y);

. LLC.M. = (2k+8y) (2k-3y) (2k+y) (2k-yv);
or= (442 — 9y®) (4%* - ¢%).

(z2-2) (2-2); (#-2) (x-5);
G C M. =2-2.

2(22+12) (22-12); i(a-12) (A+1);
s GCM. =22-12,

(p+11g) (p+10g); (p+10q) (p—-99);
2(p-11¢) (p+10¢); ... G.C.M. =p +10q.
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CHAPTER VIL

. a*+4ady + 6a%y? + dayd + 92

16a* — 82a8y + 24a%y® — 8ay® + y4.

3225 4 240axt + 720a23 + 1080a322 + 810atx
+ 243ab,

a® — 20a%z + 1604%23 - 640023 + 1280az* — 1024a5.
See (a+b+¢)® on page 53.

. (B=y)0+6(z—y)’2+ 15(x — y)%?¥+20 (v —y)33

+15(z —y)3* + 6(= — y)z5 + 28,

. a —7a8 + 21 a%6% — 35a4b% + 35a%b* — 21a?b5 + 7abd

- bl.

aB — 8a’b + 28ab? — 56a5b3 4 70asb? - 56a3b’
+ 28a%b8 — 8ad” + bS,

{4a'+ (6b +1)}3 = 64a’ + 4842(6b + 1)
+12a(6b +1)3+ (66+1)3

= 64a3 + 288a%b + 48a? + 12a(360% + 126+ 1)
+216634+-108b%+18b+1

= 64a3 + 288a%b + 4802 + 432ab* + 144ab + 122
+2165% 4-1086° +18b + 1.

y7 + 21y8 + 189y5 + 945y 4 + 28358 + 51033
+ 5103y + 2187.

m9 4 ImBn + 836m n2 + 84mSn3 + 126m5nt + 12645
+ 84m3n8 + 36m™7 + 9mnd 4 n?.

m10 — 10mn 4+ 45m8n2 - 120mn8 + 210m8n*
- 252mbnd
+ 210m*n8 - 120m3n7 4+ 45m®n8 — 10mn® + nl0.

Batler & Tanner, The Selwood Printing Works, Froiune, aud London



ENGLAND Asia SCOTLAND

EvRroPE AFRICA IRELAND

BriTisH COLONIES N. AMERICA CHART oOF Geko-
E. HEMISPHERE S. AMERICA GRAPHICAL TERMS.

W. HEMISPHERE

Each 58 in. by 50 in., mounted, canvas, rollers, and varnished. Price
14s. each. The Maps are specially designed for Class Teaching,
The Map of the Colonies consists (1) of an Index Map to all the
British Possessions, and (2) Maps of each Colony on a scale suffi-
ciently large for Class Teaching.

The Schoolmaster says : *‘ For school pu s there could be no better. Boldly

Wmted, clearly coloured. They deserve a p on the walls of every schoolroom.
e can say in a single word—excellent.” N

*The British Colonies is a necessity in every school that takes the Geography of
the Colonies.” L.

The School Guardian says: ** Distinguished by many features of great merit.
Shows great discrimination. Good school maps.”

Oneof H.M. Inspectors states ;: ** Certainly the best for school purposes that have
been produced.” .

The Educational News says: ‘‘ The peculiarity of these maps is the strikingly
bold and distinct appearance they present hung up against the wall. There is no
attempt to overload them with names, while no important feature is omitted.”

The School Board Chronicle says: *‘ These are clear, open maps. For teaching
the}' k:"; very useful.”

rish Teackers Yournalsays: ‘‘ What strikes us most in these excellent
maps is their boldness. There is no overcrowding, a fault of most maps.”

Moffatt’s Chart of Geographical Terms. Canvas, rollers,
and varnished, 14s. -

Moffatt’s Picture of Geographical Terms. This is the
pictorial portion of Moffatt’s ¢‘ Chart of Geographical Terms.”
Mounted canvas, rollers, and varnished, 7s. 6d.

The Teacher says: “‘Moffatts Chart of Geographicnl Teyms is the alpha and
omega, the beginning and the end, the abstract and brief chronicle of Second Standard
Geography. It is divided into six different parts. The most important is a map of
Europe, with not the distinctive, but only the general names of its various Earts
Thus, the right little, tight little piece of earth we live on is not marked ‘ Great
Britain,’ but simply * Island.’ This is an excellent R_l:n, for by it the definitions are
just as well illustrated as by ‘fancy’ drawings. e lower half of the chart is a
pictorial illustration of the various definitions, and by comparing it with the part
already described, children will clearly see the difference between a map and a
picture. . Diagrams are also given in explanation of the various terms used in mathe-
matical geography.”

Moffatt’s Test Map of England.

Moffatt’s Test Map of Europe. g

Moffatt’s Test Map of British Colonies.

Price 10s. each. §8 in. X 50 in., mounted, canvas, rollers, and
varnished.

These Maps will be found useful for examining classes in geography ;
the physical and political features are given in-bold outline, and zke
names are prinled in suck a way that only the examiner can read them.

“ Large and beautiful maps. Looked at closely they are seen to differ from other
Test Maps in having the names so that only the examiner can see them. This is a
novel feature, and most people will consider it an excellent one.”—74he Teacher.

Moffatt’s District Map of Middlesex, Surrey, Kent,
Sussex, Buckinghamshire, Hertfordshire, and Essex. Canvas,
rollers, and varnished. Size §8 in. X 50 in. Price 14s. This
Map is intended for a County Map. It is on a scale sufficiently
large to show the geographical features of each County very plainly.

The Animals of the World, arranged according to their
geographical distribution. Size 60 in. X §4 in., mounted, canvas,
rollers, and varnished. Price 16s.

*.* This will be found most useful for illustrating all lessons and
references to Natural History,

Mofiatt &» Paige, 28, Warwick Lane, Paternoster Row, London.
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MOFFATT’S COPY BOOKS.
ADOPTED BY THE LONDON ScHOOL BOARD.
Specimen sent post free. In ordering, guote the number only.
Nos. 1 to 15, 2s. per doz. ; Nos. 16, 17, 18, 3s. per doz

Nos. 1, 2, 3, *4, for Standard I., Initiatory, Capital and Small Letters,
Short Words.

»s 5y 6, *7, for Standard II., Large, Half Text, Small, Sums.

» 8 9, *10, for Standard III., Small Hand, Capitals, Figures, Large
Half Text, Sums.

» 11, 12, *13, for Standard IV., Improved Small Hand, Addresses,
Sums, etc. :

» 14, *15, for Standard V., Notes, Poetry, Sums, etc.

»» T16, 27, 18, for Standard VI., Notes, etc., Graduated, Oma-

mental,
* Suitable for Examination Books.

1) The letters, both small and capital, are tanght on the amalytical and synthetical
mc(: od, such as an inbtggﬁent tucge.r would exgployin a eou;euofwritinygnlessons
given from the black .
(2) Every difficulty is analysed.

The combinations of letters are progressively taught, and special exercises in

t combinations are given.

(4) The principle of recapitulation has been freely used. ,
(s) The shape of the letters and the style of writing are plaims, and mmiforme
throughout the series.

(6) The Copy Books are adapted to the standards of the Code. There are given
progressive exercises in the arithmetic of all the standards, exercises in transcription,
m heading examination papers, and in addressing and writing notes.

(7) The copies are beautifully engraved on copper plates, and carefully lithographed
on good paper.

'iﬁ) The ornamental writing is taught in progressive lessons. Copy Book No. 16
be found useful in teaching italic writing tor mapping purposes,

(9) Variety and usefulness have been carefully considered throughout the series.

(20) These books will be found specially well adapted for teaching the pupil to set
out an Examination paper attractivelv.

. REVIEWS.

The Schoolmaster says: * The style of wnta:l\é is bold and beautiful. The chief
roint of excellence is the graduation. Every difficulty is analysed. Without such
essons there can be no certainty of success. . . . Printed in excellent st.yle.

« » Sure to command the attention of teachers. Decidedly among the best.’

The School Guardian says: * Fulfil the requirements of a good series of writing

ks. . . . FPapergood, copy-heads bold, and the right amount of assistance is

. given.” ,

The Pupil Teacker says: ‘‘ These are an excellent series, in which the elements
of the letters are taught separately, and then conjoined. This will, doubtless, lead
to a far better penmanship than is obtained by most others yet published.”

The Teacker's Assistant says: * These y_ books have several valuable
characteristics. They have no unnecessary and difficult flourishing. We strongly
recommend them ; they deserve to be extensively used.”

The Educational Times says: ‘‘ An excellent series of copy books; the various
processes of arithmetic being combined with the writing copies—a good idea, we

The Educational News says : * It is difficult to conceive of a youth patiently aad
carefully working through this series without becomjng a good writer.,”

The Teacher says: *‘ The writing is round, readable, and withal pretty. The
head-lines are set by one used to teacag The paper is good. We doubt whether
there is a better series.”

Mopfiatt & Paige, 28, Warwick Lane, Paternoster Row, Lor:don.



SPECIAL PUBLICATIONS FOR PUPIL
TEACHERS, STUDENTS, AND TEACHERS.

Moffatt’s Pupil Teacher’s Course. Adopted by the South.
wark and other Pupil Teackers Examination Societies,

s. d. s. d
Year Io PYYY vee e 4 O Year III- Y ese Y 4 (V]
Yeal’ II- o0 (XY ] oo 4 o Year IV. (X1 00 (17 ) 4 o

These books contain the whole course of instruction for Pupil Teachers.
They are carefully and fully written. Examination Papers in each
subject are set, and practical hints to Pupil Teachers are given.

¢ We can give very high praise to this compilation. Books of this kind are not
enerally very well done, but the present work is excellently drawn up. Pupil
eachers will not need other books.”—7Tke National Schkoolmaster.

¢ Will be a boon to the class for which it is intended.”— The Ifvish Teacker’s
Soxrnal. '

‘“‘The subjects of instruction for Pupil Teachers are treated in an able ard
larly manner. We heartily recommend the volumes ; they will form excelleat
text-books for each year of the Pupil Teacher’s course.”— The Sckoolmaster.

Moffatt’s Reprint of Pupil Teachers’ Questions set

by the Education Department in 1874, 1879, 1880, 1881, with
Answers to Arithmetic and Algebra. Price 1s. 6d. for each year.

*.* These are a reprint of the official questions given by H.M.
Inspectors at the Monthly Examinations of Pupil Teachers.

Moffatt’s Answers to Scholarship Questions, 1879,
1880, and 1881. Price 2s. each. These books contain full and
complete answers to all the Scholarship Questions, with particulars
of Training Colleges, and instructions and hints for Candidates,

'Moffatt’s Reprint of Certificate Questions, 1880. Price

2s. With answers to Arithmetic, Algehra, and Mensuration ; also
Model Answers to Questions selected from the papers set at
Christmas, 1879. Solutions to Exercises in Euclid given in 1880.
Syllabus for Scripture and Certificate Examinations, 1881.

Twelve Years’ Scholarship Questions, 1870—188l.

Price 3s. With answers to Arithmetic, Algebra, and Mensuration.
An invaluable book to Students preparing for the Scholarship
Examination,

Queen’s Scholarship Questions, July, 1880. 6d.

Queen’s Scholarship Questions, July, 1881. 6d.

With answers to Arithmetic, Algebra, and Mensuration. ‘¢ No
better exercise for those preparing for a Scholarship will be found than
in answering these questions.”

Mopfatt &» Paige, 28, Warwick Lane, Palernoster Row, London.



THE PUBLICATIONS
or

MESSRS. MOFFATT & PAIGE.

Reading—
Livesey’s How to Teach Reading
Moﬂ'at{s Alphabet Card..
Moffatt’s Iniant School Readmg

Cards—extra hlif:a?e':;—

The Explanatory
Primer II.

s d.
PrimerI. o 2§
Stand. I. o 6 Stand. 11.
uSund Vk a2 o Stand, VI.
offatt’s Explanatory Poetical
Reading Book .
The Tri Soene—“l(erchantot
Venice” .. . .o .o

Writing—
Moffatt’s Large Manuscript Al-
“phabet on card, white on black
oﬂ'attsCopyBookaNos 1to1s
” os. 16 to 18

Moffatt's Ari
1L, I11.,IV,, V., and V1., each
Dltto, inclothcovers .. ,,
Answers to all Standards »
The Standard Course of Mental
Arithmetic, Part I, for Stand-
ards1,. II., and I11., price ad. ;
Part I. for Standards IV., V.,
and V1., ad.; cloth ..
Answers to Mental Arithmetic v
Moﬂ'att s Antl:}letlul Test Ca.rds
in packets 25 cards, with
in three sets, A, B, C.
SetA.—Mcchamcal Rules. Stan
%:itds 1., 11,111, IV,, V,, and
Set B.—Mxlcmlé' Problane
Standards 1., 1L, 111, IV., V.,
and VI. .. each
Set C.—Pnblcm Su.ndards 1.,
Motis 1 IV, V., s0d VI, cach
att's s lest
in packets of 25 Cards, with
Answers. Sundards I, I,
111.,1V., V.,and VI. .. ’ each
Ma:hews' Unexcelled Anthmetnc
Test Cards, io
Cards. Stan ll., II
lv v.. md vI * 0
Moffatt’s Pupil Teacher’s Test
Ca.rda—Anthmeuc. Candi-
dates 1s.; Years 1, II,, J11,,
and IV. ., . .. each

i s How to Teach Grammar
Mand T, o peper covers, 10

W.,\.fmmc? vI. ?:rpupereovus,
u&?ﬁw&l’&m

Grammar. Standards I?..m

s d.
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111., one packet, 8d.; Standard
1Vv., onv)acket, 8d.; 'Standards
V. and V1., one packet, 8d.
Moffatt’s Outlines of Grammar..
The H:sto and Grammar of the
gua
'I'he nrccs and wth of the
English Language .. ..

Geography—

Readings in Geog. for Stand. H
uoéan's Chart of Geographical

Moﬂ'att s School Maps—Enghnd

B o S

E. Hemisp h
sphere, Sootland, Ireland each
Moﬂ'att’s Test Map of Engla.nd
and of Europe
Moﬁatt s District Map of dedle-

Kent, Sussex
Essex :L and Herts .
Moﬂ'atts Geography, J Stand II

m covers,
papsf'md 1L, 1v

V1. papetcoven, 2d cloth, 3d.

Moﬁ'att s Outlines of t'p

Moffatt's Brief Geogra o the
World, paper cover?

Moffatt’s the ﬁnush
Colonies ..

The Geography of the Oceans .

Moffatt’s Inspector’s Test Cards

Standa.rda I1.,

II1., > and VI each

Moﬂ'att s nny Atlas .

<crown Atlas ..

mltory
Moffatt's History, Stand. IV, in

covers, ad. ; cloth, id.
cloth, 4d. * Biand. V1, pape

loth,
Moﬂ'att s 6uth§e2 of f-hstory

Specific Subjecta—

M%fll;att sl est SCards—iAnnlnlal
o es I,
m:agryds in et:.%h, per’ pckt.

Plzswal Geography (E.

Mathews’ Test Cards—Phys ical
Geography. Set A, forSta el
Set B, forStagesII "and I1L. ..
Moffatt’s Domestic Economy,
Stages 1., I1., and II1.,, paper
covers, each d. ; clo .
Mathews' Test Cuds—f)omestic
Economy. tage 1.,
n. Set B, Sugu il and 111,

Mo s Songs for Elem
Sﬁ I.and II.,

Chev€'s Theory of Music -~ ..
Chev€’s Course in One Volume..
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PUBLICATIONS (Continued).

s. d

Music (continued)—
May Blossoms—No. 1 ., each
Silver Bells—Nos. I., II., III.,
1V., V., VI, each

Silver Cymbals—Parts I. ’1'1 II1.,

1Vv. V YL, ,VIL VIII., lX cach

Silver Bugles—ByW M. Miller.
Part I. .

The Song School—Part L - ..

Drawing—
Moffatt’s Infant Drawing Copies
Moffatt’s Ontlines of Models
Axt Student’s and GmdeGeometry
Moffatt’s and Grade Freechand .
Moffatt’s Test Papers—ut Grade
Freehand
ditto xst Grade Geom,
ditto 1st Grade Model
ditto 2nd Grade Free
ditto 2nd Grade Geom.
ditto and Grd. Perspe-.

Ditto

The South XKensington
Dra Cards — Elemen-
tary Outlines for Slate Pencil
Practice, 20 cards printed white
on black ground..

First Grade Roman and Greek
ornament, 2o cards

First Grade Egyptian and Ttalian
oipament, 20 cards

First Grade Leaves and Vases,
20 cards ..

First Grade Outlins of Animals
and Common Objects, 20 cards

First Grade Examination Packet,
20 cards ..

First Grade Assorted. 50
cards selected from the
above .. .o

8econd Grade Roman and Greck
Ornament, 12 cards ..

Second Grade Egyptian and
Italian ornament, 12 car .

Second Grade Leaves and Vases,
12canls .

Second Grade Perspectwe Prac-
tice, 12 cards, comprising ex-
am les in block letters, figures,

familiar subjects ..

Second Grade Examination
Packet, 12 cards e

Second Grade Asaortod.
Packet of 30 cards, se-

lected from the above ..
Sclence—
Physical Geography, by E. Lewis

Lessons for Infants—
Moffatt’s Metal Clock Face ..

Ditto
Ditto
Ditto
Ditto

[+

[ I -

LR RN N W]

Moffatt’s Box of Form and Colour 15

Box of Letters and Figures ..
Box of Coloured Cards .. .
C‘ldo‘pom s oo ae
Card of Colour .. . .o

A0 OO ONO OO -

oa0OOS

Registers—

Moffatt’s Class Register, paper
covem o a0 - o
Ditto  ditto, stiff covers
Ditto Summary do. for 2 years
Ditto ditto cloth
Ditto Admission do., 2000 names

Moffaet’s Child’s Book, perpacket
of 50, post free HA .o

s d.
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8pecial Books for Pupil Teachers’

Students, &o.—

Twelve Years’ Scholarship Ques-
tions, 1870 to 188z, with Answers
to Arithmetic, Algebra, and
Mensuration

) 3
The Sources and Growth of the

English
Answers to g:ha ﬁarshnp Qucs-
tions : 1879, 1880, 1881, 1882,
each
Reprints of Pupil Teachers’ Ques-
tions, 1874, 1879, and 1880, each
Livesey's How to Teach Arith-
metic
Livesey’s How to Teach Radmg
Lwesey's How to Teach Gram-

Moﬁ‘att s Arithmetical Test Cards
for Pupil Teachers, Candidates,
1s. ; Years I, IL, III., IV, each

Moffatt’s Outlines of Hlstory .

Moffatt’s Outlines of Grammar ..

Moffatt’s Qutlines of Geography

Lewis’s Physical Geo X phy ..

Moffatt’s Half-crown Atlas .

Physical Geography of Mountains
and Rivers

Ditto for Female Puptl Teachers

Amner's Model Solutions in Eu-
clid, Algebra, and Mensuration

Deductions from Euclid and How
to Work them ..

Moﬂ'atts Pupil Teachers’ "Course.

L, 45.; Year Il., 4s.;
Year IIL,

Moffatt’s
Oceans ..

Amner’s Complete Guide to Cer-
tificate and Scholarship .

Notes o}tl' Lessons, How to Pre-

m .
The Difficulties of Algebra made

The X.rt Student’s Second Grade
Geometr{‘

Papers fo eachers and Students
-Mondlly [y (Y] (33

Needlowork—

The Needlework Handbook ..

Burke's How to Teach Needle-
work to Beginners

Burke's Printed Calxoo,petpackﬁ
with instructions .e

Ditto ditto, per ynd .
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THE PUBLICATIONS

Messrs. Moffatt & Paige,

Including those which are adopted by the London and
other Principal School Boards.

P ——— ——

READING.

Moffatt’s How to Teach Reading. Price 1s. 6d.

The Irish Teackers' Yournal says: *This is a very interesting book, and is
evidently the production of a master-hand. Under the heading ¢ Methods of Teach-
ing Reading’ the author deals systematically, and in a clear and incisive style, with
the alphabetic, the phonic, the phonetic, the look-and-say, and the mixed methods.
Under all the subdivisions the author gives full illustrations, with the arguments for
and against each particular method. Subsequent chapters deal exhaustively with
the first stages of reading, and the qualities of good reading, under the subheads
of enunciation, pronunciation, fluency, intelligence, expression, and feeling. The
practical steps in a reading lesson, and a seriesof elaborate Notes of R eading Lessons,.
complete the work. We are bound to say it is an admirable treatise.”

The Ivish Edwucational Fousnal says: ** We have perused the book with the
greatest pleasure, and we confidently say it is the best work on the subject we have

met.”
The School Guardian says: ‘‘ It is a thoughtful effort to simplify the hardest
task a teacher has to discharge.”

Moffatt’'s Alphabet Sheet, printed in two colours, red and
black, Price 2d. ; neatly mounted on cardboard, 8d.

Moffatt’s Infant School Reading Sheets.—Perset, 2s. 6d. ;
mounted on cardboard, 6s. The type is extra large and very
distinct. The set is strictly graduated; the subjects and language
are specially adapted to infants. There are twenty lessons in a set,
which correspond to the first lessons in Moffatt’s ‘¢ Explanatory
Readers”—Primer I.

The Schoolmaster says: ‘“‘The reading sheets are cxtremelg well adapted for
the use of infant classes. The type is bold, the mounting neat and strong.”

Shakespeare and Milton Reader. Fully illustrated. Price
1s. 4d. Prepared specially as a reading book for Standards VI.

and VII. Play of Shakespeare, Selections from same Author.
Selections from Milton. Biographies of Shakespeare and Milton.
Careful Notes to the Selections. '

Note.—Meossrs. Moffatt & Paige revise their publications to meet al
changes of the Code.



2 Mofatt & Paige, Warwick Lane, Palernoster Row, London.

MOFFATT'S EXPLANATORY READERS.

Primer 1., 23d. ; Primer II., 4d.; Standard L, 6d.; II., 8d.; III., 18.;
IV., 18. 6d.; V. 2s.; VI, 2s. 6d.

STANDARD VL is specially Epa.red for Code 1883. It contains
selections from Shakspeare, ton, and other standard authors,

Shakes 's Historical Play of Henry VIIL, etc. Every lesson is
carefully noted. i

REVIEWS.

Primers L. and IL—“ These Primers are got up in & superior style, adapted for
cultivating a taste for reading, even with pupils of the tender atge for which they
are suitdd. If they were introduced into the National Schools, the children could
be taught to read with one half the difficulty at present feit,"—7k¢ Irisk Edsuca-
tional Fournal. ‘

Standard L—‘ The wnter of this First Standard Reading Book has evidently a
keen eye and ear for the kind of words and sentences most suitable for young children.
There is 2 happy mixture of the useful and the amusing, the childish simplicity and the
instructiv%hat all times welcome to the opening mind. The lessons are short and
telling. ere are many pretty illustrations, gevcn.l al spelling lessons at the end

ill found useful in a vanety of ways. This is an excellent little book for
beginners.”—The Schoolmaster.

Standard IL.—‘ ‘ The Explanatory Readers,’ of which this is the Second Standard
promise to be among the best, ifnotthcverybest,seriesofclass-booksasyetissue(i
to meet the requirements of the Code. The lessons are interestingly told in simple
lan ; they are certain to arouse the attention, while they add to the pleasure
anm;mation of the little readers. The poetical pieces are excellent in their way,
and of such excellence as to catch the eyes, ears, and hearts of children of tender
years. We congratulate the publishers on the fine course they have evidently marked
out for themselves.”—7ke I7isk Teackars' Fournal.

Standard III.—‘* The same brightness of style which marks the earlier parts of
is series is conspicuous here. e compilers have clearly a vivid idea of what
children like to read. The book is well adapted to cultivate the finer feelings,

while paving the way to a fluent style of reading. There are numerous illustrations
in keeping with the text.”—7 ke Schoolmaster.

Standard IV.—* Nea..rlg three hundred pages are filled with a variety of most
interesting matter—the kind of thing suited to the taste of children. Little scra
of adventures, stirring stories of domestic life, brief biographies of men who ought
to be well known, and interesting sketches of natural phenomena, are all blendedgin
an harmonious whole. The has been selected with equal taste. Light and lively,
touching and tender, moral and patriotic, the pieces are all likely to take,root in
memory and to act on the imagination. The meanings of difficult words and phrases
are placed at the end of the lessons, and are more copious than in the former books
of the series, as befits the wing intelligence of the pupil. In an appendix of
twenty pages there is much ‘solid information about famous men and places, re-
markable natural products, and other interesting subjects. The illustrations are
appropriate and numerous. This Fourth Reader keeps up the high character which

e series has already gained for suitability in every way for use in elementary
schools.”—The Schoolmaster.

Standard V.—*The compiler of this book has valid claims to have this volume
accepted as displaying points of excellence which are not to be found elsewhere. We
recommend this reader to those who are on the look-out for text-books. We believe
it will be extensively adopted.”—7ke British Mail.

Standard VI —Beautifully written, beautifully illustrated, beautifully got up;
just what a school book should be.

The Series.—‘ This is an excellent series of reading books. Intemstiniﬁs
are not crowded out to make room for dry, uninteresting science, and history
nor is space taken up with arithmetic and copy-setting examples. The exp i

ven are short, clear, and sufficient. The paper, printing, and are all
ﬂnt could be desired. If the publishers obtain the success they deserve, t'hey will
have a rich reward.”’—7Ae Teacker.

‘ Everything has been done by compiler, illustrators, printers, binders, and pub-
lishers, to ¢ these books rank among the best of their kind. The 'It{pe is very
Clear ; the lessons are carefully graduated, interesting, and suitable. e illustra-
tions are specially good, and enliven the books very much ; some of them are likely
to become great favourites. The destructive tendencies of children have not been

fo! en by the binders ; scholars bent on asalyss: the backs of their reading books
will here find a stiffer task than usual "—Pagers sors Toachers.
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SPECIMEN PAGE.
THE EXPLANATORY POETIOAL READER. - 9

THE SOLDIER’S DREAM.—Campbell,

Ovur bugles sang truce,’ for the night cloud had lowered,?
And the sentinel stars set their watch in the sky;

And thousands had sunk on the ground overpowered—
The weary to sleep and the wounded to die.

When reposing that night on my pallet of straw,
By the wolf-scaring fagot,® that guarded the slain,
At the dead of the night, a sweet vision* I saw,
And thrice ere the morning, I dreamt it again.

Methought, from the battle-field’s dreadful array,
Far, far I had roamed on a desolate® track ;

*Twas autumn, and sunshine arose on the way
To the home of my fathers, that welcomed me back.

I flew to the pleasant fields traversed® so oft

In life’s morning march,” when my bosom was young :
X heard my own mountain-goats bleating aloft,

And knew the sweet strain, that the corn-reapers sung.

Then pledged we the wine-cup, and fondly I swore

From my home and my weeping friends never to part ;
My little ones kissed me a thousand times o’er,

And my wife sobbed aloud in her fulness of heart.

Stay, stay with us!—rest; thou art weary and worn :
And fain® was our war-broken soldier to stay—
But sorrow returned with the dawning of morn,
And the voice, in my dreaming ear, melted away.

Y  —

! Our bugles sang truce, gave the signal to cease fighting for a
time. A bugle is a musical instrument, * ZLowered (pronounced
g0 a8 to rthyme with overpowered, third line), appeared stormy,
gloomy or threatening. * Wolf-scaring fagot, ges lighted to
frighten away the wolves. * Vision, a dream. ° Desolate, dreary,
golitary, uninhabited. ¢ Traverssd, wandered over. 7 Life's
morning maroh, the days of childhood. ° Fain, glad, happy.

The Explanatory Poetical Reader.—Price 1s. Adopted by

the London School Board, for reading and repetition in Standards IV.,
V., VI., VII., and Literature of Code.

The Schoolmaster says : * Altogether it is an admirable little volume.”

Note.—~Meossrs. Moffatt & P revise their publications to m
. ciiafiges of the Gode. " set all ‘
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WRITING.
MOFFATT’S COPY BOOKS.

ADOPTED BY THE LONDON SCHOOL BOARD.
Specimen sent post free. In ordeving, guote the number only.
Nos. I to 15, 2s. per doz. ; Nos. 16, 17, 18, 3s. per doz.

Nos. 1, 2, 3, *4, for Standard I., Initiatory, Capital and Small Letters,
Short Words,

»s 8, 6, *7, for Standard II., Large, Half Text, Small, Sums.,

vy 3, 9, *10, for Standard III., Small Hand, Capitals, Figures, Large-
Half Text, Sums.

»s 11, 12, *13, for Standard IV., Improved Small Hand, Addresses,
Sums, etc.

5 14, *15, for Standard V., Notes, Poetry, Sums, etc.

,, *16, 17, 18, for Standard VI., Notes, etc., Graduated, Orna-
mental. '
* Suitable for Examination Books.

(1) The letters, both small and capital, are taught on the analytical and syntheticak
method, such as an intelligent teacher would employ in a course of writing lessons
given from the black board.

(2) Every difficulty is analysed.

d:.g) The combinations of letters are progressively taught, and special exercises in.
ificult combinations are given.
(4) The principle of recapitulation has been freely used.

(s) The shape of the letters and the style of writing are plim, and umiforws
throughout the series.

(6) The Copy Books are adapted to the standards of the Code. There are given
progressivc exercises in the arithmetic of all the standards, exercises in transcription,
in heading examination papers, and in addressing and writing notes.

(7) The copies are beautifully engraved on copper plates, and carefully lithographed
on good paper.

“ﬁ) The ornamental writing is taught in progressive lessons. Copy Book No. 16

ill be found useful in teaching italic writing for mapping purposes.

(g9) Variety and usefulness have been carefully considered throughout the series.

(20) These books will be found specially well adapted for teaching the pupil to set
out an Examination'paper attractively.

REVIEWS.

The Schoolmaster says: *‘ The style of writing is bold and beautiful. The chief
point of excellence is the graduation. Every difficulty is analysed. Without such
lessons there can be no certainty of success. . . . Printed in excellent style.
. « o+ Suretocommand the attention of teachers. Decidedly among the best.”

The School Guardian says: ‘‘ Fulfil the requirements of a‘good series of writing
bgoks.” . + « Papergood, copy-heads bold, and the right amount of assistance is

given. .. .

The Pupil Teacher says: *‘ These are an excellent series, in which the elements
of the letters are taught separately, and then conjoined. This will, doubtless, lead
to a far better penmanship than is obtained by most others yet published.”

The Teacher's Assistant says: “These copy books have several valuable
characteristics. They have no unnecessary and difficult flourishing. We strongly
recommend them ; they deserve to be extensively used.”

The Educational 7imes says: ‘‘ An excellent series of copy books; the various
r{pc:s,ses of arithmetic being combined with the writing copies—a good idea, we

ink.”

The Educational News says: “It is difficult to conceive of a youth patiently and
carefull;‘ working through this series without becoming a good wnter.”

The Teacker says: ‘‘The writing is round, readable, and withal pretty. The
head-lines are set by one used to teaching. The paper is good. We doubt whethex
there is a better senes.”

Note.—NMessrs. Moffatt & Paige revise their publications to meet all
changes of the Code.
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MOFFATT'S FAVOURITE COPY BOOKS.

24 Nos. 2s. per doz.

1. Initiatory and Small Letters,
in faint writing

2. Ditto, - ditto,

writing,

Letters and Short Words, in

faint writing.

Ditto, ditto,

writing.

Easy Words in Wide Double

Small and Med. Large, in
faint writing.

Ditto, ditto, ditto, without faint

writing.

7. Words and Easy Introduction
to Capital Letters, in faint
writing. -

8. Ditto, ditto, ditto, without faint
writing.

without faint

without faint

A S

o

9. Wide Double Small, Words
and Cap. Letters and Figures,
in faint writing.

10. Ditto, ditto, ditto, without
faint writing,

11. Large, Round, and Wide
Double Small, in faint
writing.

12. Ditto, ditto, without ditto.

13. Wide Double Small, in faint
writing.

14. Ditto, ditto, without ditto.

15, 16, and 17. Narrow Double
Small, Figures and Capital
Letters.

18, 19, 20, 21, 22, and 23. Head
Lines, Small Hand.

24. Girls’ Finishing Small Hand.

~*» This set of Copy Books is only now ready. The system of giving faint writing

in one book and the same copies without faint writing in the next will

found very

practical. The style of writing is plain and uniform.
Moffatt’s Prepared Examination Papers, per packet of

50’ ls: 4d0 ) ‘
A packet, ruled single lines for Dictation, and close Unes for Arithmetic,
B packet, ,, wide dowble small ,, and close lines »
Q© packet, ,, marrow double ssmall for Dictation, and sgxares ”»
D packet, ,, wide doudle small » and sguares »
E packet, ,, single lines » and sguares »
P packet, ,, marrow dowble small » and close ”»
@ packet, ,, ordina » and close »
H packet, ,, round hand » and sguares ’
I packet, wide double small and sgnares small ,,

J packet, 25 double sheets, ruled simgZe smeall ,,

and close »

Moflatt's School Pen, a strong durable shoulder pen, 1s. per gross,
Mofiatt's Fine Point Pen, No. 351, 2s. per gross.
Moffatt's Medium Point Pen, No. 352, 2s. per gross,
Moffatt's Broad Point Pen, J pen, 2s. per gross.
Moftatt's Swan Pen, white, Is. per gross.

Moffatt’'s Manuscript Alphabet, neatly mounted on card-

board, white letters on black board, 1s. 4d. The style of writing is
g})ain, and the same as in Moffatt’'s Copy Books. The letters are
ld and plain, and suitable for class teaching.

~ ARITHMETIC.
How to Teach Arithmetie. 2s.6d. This book is written by

T. J. Livesey,
iniiColle e, and
6¢

offatt’s Scholarship Answers,” etc.
NoTes oF LESSONS every rule of Arithmetic.

great service to all teachers,

. Professor of Education in Hammersmith Train-
uthor of ¢‘Moffatt’s How to Teach Reading,”

It takes up in a series of
It will be found of

The Schoolmaster says: *‘ The work will be specially useful to pupil teachers and

students in training.”
The Teacher's Assistant sa

¢ “We have given this book a longer notice than

usual, as it is a work peculiarly suitable to our readers, As a practical work, it is

decided}y one of the best we have seen.”
The

uptl Teacker says: ‘‘ Mr, Livesey has left nothing to be desired in the
excellent way in which he has taught teachers * How to teach Arithmetic.’”
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Moffatt's Halfpenny Table Book.—This table book is care-
fully compiled and arranged, It contains sufficient for pupils to
work their sums, and no more,

Moffatt’s Arithmetiec.—Standards I., II, IIL, IV., V., paper

covers, Frice 1d. each; in cloth covers, 2d. each. VI. and VII.
(one vol.), paper, 2d.; cloth, 3d.

These books have betn written on a plan to give numerous exercises
in the mechanical operations of Arithmetic, as well as exercises in
numeration, and little problems suited to the capacity of those who
have to use the books. Special care has been taken in printing.
Frequent revisals in the rules are given, and appended to each gta.ndaxd
are examination questions, Revised for Code 1882.

Moffatt’s Answers to Arithmetiec. The answers to each

Standard are given in a separate book, price 2d. each. They will
be found perfectly correct.

*.} These Arithmetics are carefully revised immediately changes are
made in the Code.
The mel:mﬁ:&:m& says :l;Moﬁutt’s.Aﬁ&thl:letics are E}ﬂe works which
3 mechanical t School
b ._'0{7 (] ey are are mos emenmy
Moffatt's Mental Arithmetic for the 8tandards. PartL

for Standards I., II., and IIL., 2d. Part II. for StandardsIV,, V.,
VL. and VIIL, 2d. Answers to ditto, cloth, 6d.

Mofiatt's Arithmetical Test Cards, in packets of 25 cards,
sn cloth lined cases, with Card of Answers, price 8d. per packet,
There are three graduated sets. Revised for Code 1882.

SET A, Mechanical Rules, Standards 1., II., IIL, IV,, V., VI, with
Answers, price 8d. each.

SET B, Rules and Problems, Standards 1., IL,, IIL, IV., V., VL,
with Answers, IP:.? 8d. each.

SET C, Prodlems, Standards L, I1., IIL., IV,, V., VL, with Answers,
price 8d. each. .

The Schoolmaster says : *‘ Prepared with much care, and so0 varied that success
seems certain.” .

Moffatt’'s Inspector's Test Cards—Arithmetie, in
Packets of 25 Cards, s» cloth limed cases, with Card of Answers,
Standards L., IL., IIL, IV,, V,, VI,, price 8d. each., The answers
will be found reliable, These Cards contain questions which have
been actually set by Inspectors, and are therefore excellent models
of tests which may be given, Revised for Code 1882,

®.* These Cardsare revised immediately changes are made in the Code,

. The Schoolmaster says: * They contain questions which have all been mz

zsd;;lctgnmschooh ey give a capital idea of what is wanted for the ann

Mathews’ Unexcelled Arithmetical Test Cards.
Standards II., IIL., IV,, V., and VI. Price 1s.each. In ets of
50 Cards, with Answers. Teachers will find this set of Cards in
accordance with the New Code, 1880, well arranged and well
adapted to prepare pupils for H.M. Inspector.

Note. —-Meonars, Moffatt & P revise their '
ots alge vise publications to meet alt
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All The Year Round Test Cards in Arithmetic.—
By GEORGE CoOLLINS, Borough Road Training College, London,
and DAVID SALMON, Head Master, Belvedere Place School;
London School Board.

In packets of 25 Cards, with Answers ; strong cases. The cards are
printed both sides :—

Bet A, for Standards I, III., IV., V., and VI., each Standard, 1s.

Bet B, for Standards II., III., IV,, V,, and VI, ,, ’ Is.

Bet A contains questions on one side of card for first three months of
the school year, and on the other side questions for first six months.

Bet B contains easy revision on one side of card for year’s work, and
on the other side more difficult revision of the work of the year.

- GRAMMAR.

Livesey’'s How to Teach Grammar. Price2s. This book
takes up seriatim, in the form of Nozes of Lessons, the whole of the
subject of English Grammar.

¢ The work of a practical man, who knows his s:xvlisfect thoroughly ; it is well con-

ceived and skilfully executed. His suggestions will be highly appreciated. We
direct special attention to it."— ke Sckoolmaster.

Moffatt’'s Grammar.—Revised for Code 1882.—Standard IL.,
paper, 1d., cloth, 2d.; Standard IIl., paper, 1d., cloth, 2d.;
Standard IV., paper, 2d., cloth, 3d.;" Standards V., VI., and VIL
(bound in one vol.), paper, 3d., cloth, 4d. These Grammars are
very practical, the exercises are numerous, and carefully graduated.

The Schoolmaster says: ‘‘ Moffatt’'s Grammars are exceptionally good books.
They are graduated with much care, and have evidently been written by one who
knows the exact difficulties that beset the learner, and who is familiar with the
limglut and most effective means of helping him onward. The pupil must indeed
be dull, and the teacher unskilled, who could use these grammars without profit.”

Moffatt’s Outlines of Grammayr, Price9d. This comprises
the whole of the Standards bound in one volume. It will be found

to be a good text-book for Pupil Teachers; special care has been
taken to teach parsing, and the amalysss of sentences. The exercises
on every rule of syntax are carefully graduated, and very numerous.

Moffatt’s Inspector’s Test Cards—Grammar, Set A, for
Standards Il. and III., one packet, 8d.; Set B, for Standard IV.,

one packet, 8d.; Set C, for Standards V. and VL., one packet, 8d.
. *4* These Grammars are carefully revised immediately changes are
made in the Code.

The Sources and Growth of the English Language.
Price gd. 'Written specially for Pupil Teachers.

The History and Grammar of the English Language.
Price 2s. 6d. For the use of Pupil Teachers and Normal Schools,
written by I. L. REYNOLDSs. ,

Exercises in English Grammar and Composition.
Price 9d. A usetul companion to any text-book "of English

+ - Grammar and Composition.

The Schoolmaster says: “It is a systematic course of exercises suitable to any
text-book in English Grammar and position, prepared with much skill. We
heartily recommend it.”

Note—Messys. Moffatt & Paige revise their publications to meet all
changes of the Code.
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GEOGRAPHY.

Moffatt's Readings in Geography. ‘
JPart I.,First Lessons, for StandardI1. gd. | Part II., England, for Standard III. rod.

Moffatt's Geograph!. Revised for Code 1882 (adopted by the
London School Board). Standards I. and II. (one vol.), in paper
covers, 2d.; in cloth covers, 3d. Standards III, IV, V., VI, in
paper covers, 2d.; in cloth, 3d. each. VII., paper, 4d.; cloth, 6d.

Standards I. and I1. The plan of school and pla fround; four cardinal points;
cmeaning and use of a map ; size and shape of the world ; explanation of ieographical
terms, with illustrations from map of England ; physical geography of hills and rivers,

Fully illustrated with maps and diagrams,

Standard I1]. Physical and Political Map of England, witk 3 mags.
Standard IV. Physical and Political Geography of British Isles, British North

America, and Australasia, with account of productions ; witk wmaps and diagrams.

Standard V. Physical and Political Geography of Europe ; latitude and longitude ;
day and night ; the seasons. Fully illustrated with maps and diagrams.

Standard VI. General Geography of the World, specially of Colonies ; inter-
change of productions; circumstances which determine climate. Fully illustrated
with wmaps and diagrams

Standard VII. The Ocean ; currents and tides ; &eneral arrangement of planetary
-system ; phases of the moon. Fully i/lustrated with maps and diagrams

‘¢ If any child masters each of these Standards, we do not see how he can tEossibl
fail. The geography for Standard II. is admirably done. It shows a thorou

knowledge of children, and the author adapts his language to their capacities, e

have much pleasure in recommending the series.”—7Ae Natsonal Schoolmaster.

“These are excellent books. The language is terse and simple, and the arrange-
ment is excellent. They are the work of a practical teacher. e are confident,
from actual trial, that these books will be liked by the pupils, and prove an excellent
means of preparing them for their examination.”—7&e Sckoolmaster,

Moffatt’s Geography of the British Colonies. Price 6d.

‘ Written with special view to wants of Pupil Teachers. It is in convenient form
for examination purposes. The is very clear, and the whole work has been so
drawn up as to give the student as little trouble as possible.”—~/Pagers for Teackers.

Moffatt's Geography of the Oceans, price gd. Written
specially for Pupil Teachers. ’
Moffatt’s Brief Geography of the World. In paper
covers, 2d., in cloth covers, 3d. This is specially useful for revising
the Geography of the World. Great pains have been taken to
e the subject so as to make it easy for the pupil to acquire a
good general knowledge of the Geography of the World.

Moffatt’s Outlines of Geography, price 1s., will be found
useful to Pupil Teachers, Students in Training, and Candidates for
the various Public Examinations. ‘

The Physical Geography of Mountains and Rivers.
Price 1s. Written specially for Pupil Teachers. Reprinted for
Pupil Teachers’ Course.

Moffatt’s Inspector's Test Cards—Geography. These
cards are 25 in a packet, c/oth lined cases. There is a packet for each

Of the Standards II.’ III.’ IV-’ v.’ md VID Priw 8d- ucho
*The questions have all been set by Inspectors in Government Examinations, they
give a capital jdea of the kind of work to be aimed at, as a preparation for the annual
ml. tl;e'y are abundant in number, well arranged, and clearly printed.”—Z74¢
choolmaster.

*«* The Geographies and Test Cards are carefully revised when
changes are made in the Code.

Moffatt’s Penny Atlas. Fifty-five Maps for One Penny.
Moffatt's Threepenny Atlas.

Moffatt’s Sixpenny Atlas.

““ Each of these candidates for popular favour contains sixteen well-selected maps,
nqu engraved, and very carefully There i isti which

y coloured, ere is a distinctness
[ N facilitates reference. We commend these cheap Atlases.”—Tke Schkoolmaster.
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Moffatt’'s Half-Crown Atlas. Comprises 32 Maps, beautifully
engraved and printed in colours, constructed from the most recent
authorities, It is very well adapted to the Pupil Teacher’s Course,
as it contains Maps of the British Colonies, as well as of the countries
of the world.

Moffatt's School Maps. Adopted by the London School Board.

ENGLAND ASIA SCOTLAND

EUROPE AFRICA IRELAND

BRITISH COLONIES N. AMERICA CHART OF GEoO-
E. HEMISPHERE S. AMERICA GRAPHICAL TERMS

W. HEMISPHERE

Each 58 in. by 50 in., mounted canvas, rollers, and varnished. Price
14s. each, The Maps are specially designed for Class Teaching.
The Map of the Colonies consists (1) of an Index Map to all the
British Possessions, and (2) Maps of each Colony on a scale suffi-
ciently large for Class Teaching. :

The Schoolmaster says : *‘ For school purposes there could be no better. Boldly

rinted, clearly coloured. They deserve a place on the walls of every schoolroom.

e can say in a single word—excellent.”

““ The British Colonies is a necessity in every school that takes the Geography of
the Colonies,” .

The School Guardian says: *‘ Distinguished by many features of great merit.
Shows great discrimination. Good school maps.”

One of H.M. Inspectors states : *‘ Certainly the best for school purposes that have
been produced. * i ] .

The Lducational News says: ‘‘ The peculiarity of these maps is the strikingly
bold and distinct ap ce they present hung up against the wall. There is no
attempt to overload t.tcm with names, while no importaat feature is omitted. Every-

ing presented is shown with a clearness that gives the maps, at a distance, something
of the appearance of raised surfaces, while the avoidance of undue crowding enables
children to receive accurate impressions without anﬁ of that confusion which results
from the elaboration of details. These maps are well worth the attention of teachers.”

The School Board Chronicle says . * These are clear, open maps. For teaching
they are very useful.”

The Irish Teackers’ Yournal says: ‘ What strikes us most in these excellent
maps is their boldness. ere is no overcrowding, a fault of most maps. They will
be found most useful, and we recommend them for schools and colleges.”

Moffatt’'s Chart of Geographical Terms. Canvas, rollers

and varnished, 14s.

Moffatt's Picture of Geographical Terms. This is the

pictorial portion of Moffatt’s “Chart of Geographical Terms.”
Mounted canvas, rollers and varnished, 7s. 6d.

The Teacher says: “‘ Moffatt's Chart of Geographical Terms is the alg)ha and
omegg, the begi g and the end, the abstract and brief chronicle of Second Standard
Geography. It is divided into six different parts. The most important is a map of
Europe, with not the distinctive, but only the general names of its various E‘:;
Thus, the right little, tight little piece of earth we live on is not marked *
Britain,’ but simply ‘Island.’ This ts an excellent plan, for by it the definitions are
just as well illustrated as by ‘fancy’ drawings. The lower half of the chart is a
pictorial illustration of the various definitions, and by comparing it with the part
already described, children will clearly see the difference between a map and a
picture. Diagrams are also given in explanation of the various terms used in mathe-
matical geography.”

Moffatt’s Test Map of England.,
Moffatt’s Test Map of Europe.
Moffatt's Test Map of British Colonies.

Moffatt's Test Map of Western Hemisphere.

Each Map B8 in. by 50 in., mounted canvas, roll and varnished
price 108 onch. h TOLOTS

These Maps will be found useful for examining classes in geography 3
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the physical and political features are given in bold outline, and ke
names are printed tn such a way that only the examiney can read them.
* Lerge and beautiful maps. Looked at closely they are seen to differ from other

Test Maps in having the names so that only the examiner can see them. This is a
novel feature, and most people will consider it an excellent one.”—7Ae Teacker.

Moffatt's District Map of Middlesex, Surrey, Kent,
Sussex, Buckinghamshire, Hertfordshire, and Essex. Canvas,
rollers, and vamnished. Size §8in. x 50in. Price 14s. This
Map is intended for a Coumty Map. 1t is on a scale sufficiently
large to show the geographical features of each County very plainly,

The Animals of the World, amanged according to their
geographical distribution. Size” 60 in. X by §4 in.,, mounted
canvas, rollers, and varnished, Price 16s.

*+' This will be found most useful for illustrating all lessons and
references to Natural History,

Moffatt’s Natural History Pictures.

(Adopted by the London School Board.) & d.
Each picture is 34in. by 26in.: price in sheets.. . . s 6
mounted canvas, rollers, and varnished, each 4

°

(x) These pictures are undoubtedly works of art. They have been produced regard.

less of expense, from the drawings of eminent natural history painters. Each animal

is depicted according to its life and habits, .

(3) They will be found most suitable for lessons in natural history, and the details
are sufficiently distinct for illustrating object lessons, '
The series comprise— )

Picture ii.—THE LONG-EARED BAT, on the wing, x4 natural size; the same creep.
ing ; the same natural size. THE Common émuzw, 1§ natural size ; the same
natural size. THE CommoN HEDGEHOG, 1§ natural sire, Tue CommoN MOLE,
1§ natural size ; same nataral size ; sketch of Mole-hill ; section of Mole-hill

Pictuye iv.—THE LioN, § natural size, with Lioness and Cubs at play.

Picture v.—THE LEOPARD, } natural size. Tur TIGER, { natural size.

Picture xxxiv.—THE GOLDEN EAGLE,  natural size ; foot of same, natural size,

Picture xxxvii.—THE BLaAck WOODPECKER ; the Black Woodpecker (female), natural
size ; the Green Woodpecker, natural size; the Great Spotted Woodpecker,
natural size. THE Cuckoo, natural sirze. THE KINGFISHER, natural size

Picture iii.—THE WiLD CAT, { natural size. Tur CommON LyNX, § natural size,

Picture vi.—THE DoG (POINTER), § natural size. THE PoobDLE, ¢ natural size.

Picture xix.—THE HoRrsz, onefifth natural size, group.

Picture xxxvi.—THE SPaARrRow Hawk, natural size, Trx LiTTLR Owi, natural
size. THE BARN OwL, natural size,

Picture xxxviii.—THe GReaT HORNED OwL, natural size,

Picture i.—THE ORANG-UTANG, § natural size.

Picture viii.—Tug CommoN WoLr, § natural size, Tur COMMON JACKAL, § natural

size.

Pictsre ix.—THE Common Fox, § natural size. THE STRIPED HY2ENA, § natural size,

Pictrure x—THE WERASEL, size. THx CoMMON STOAT, natural size (summer
coated and winter coated). Txr CoMMON POLECAT, natural size, .

Picture xxxv.—THE KRSTREL, natural size. THE GosHAWK, natural sire. TH=R
Common KiTE, natural size,

Moffatt’'s Pictures of the Vegetable Kingdom.
(Adopted by the London School Board.) s d.

Each picture is 34 in, by 26in. : price in sheets .. e« e oo each 2 6

P mounted canvas, rollers, and varnished .. .e . e 4 O
(1) These pictures are undoubted! works ofart. They have been produced regard-

less of expense from the drawings of eminent artists. . .
(2) They will be found most suitable for class teaching, and for private studeats in
botany. late not only ts the plant, but portions of it, and shows its asek,
Picturs ix.—Tur OLive. (s) Branch of the inflorescence ; (§) flower buds, enlarged ;
(c) flowers and stamens, enlarged ; (d) section of flower, enlarged ; (¢) calyx, with
ovary, style, and stigma, enhrged, branch

H longitudinal section of same ;

of unripe fruits; (&) ripe fruit ; () the same, with half the pulp taken away, and

the shell of the k laid bare; (#) the seed, with (, m lonsxt:dmalm;
nn tha wnnd .

fa\ lanvitnndinal cantinn Af tha wnnd and (1) trancverea eartt
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Picture x.—THe SPRUCE OR RED FIR. (a) Embryo still enclosed in the husk ; (5)the
same with the seed removed ; (¢) branch with fully-developed cones ; (d) male
catkins ; (¢) female catkins ; (/) apex, base and section of needle-like leaf, enlarged ;
(£) inner surface of scale of cone with seed ; (k) the same without seed ; (7) guter
surface of scale with the very small bract at the ; (%) seed with wing ; (/) wing
separate ; (»r) longitudinal sectionof the wood ; (%) transverse section of the same.

Picture xv —PYRAMIDAL POPLAR.- (a) Branch with leaves; (5) male catkins; 5::)
female catkins ; (d) male flowers, enlarged ; (¢) female flowers, enlarged ; (/) H
(£) longitudinal section of w s (%) transverse section of same.

Picture xviii,—THE Oax. (a) Embryo; (&) perfect leaves; (c) inflorescence ; (d)
branch with acorns ; (¢) leafless branch in winter, showing buds ; (/) male flower
with all the stamens removed but one, enlarged ; (£) fem:se flower, enlarged ; (%)
longitudinal section of wood ; (7) transverse section of same.

Picture xix.—THug BRECH., (a) Embryo; () twig with upright female and pendulous
male flowers ; (¢) stamens enlarged ; (<) involucre and ripe fruit; (e) ripe fruit
(seed); (/) section of same; (g) leafless twig, showing buds as in winter; (&)
longitudinal section of wood ; (7) transverse section of wood.

Moffatt's Picture of Flowers, etc.

Picturei. BLUER HEPATICA (Anemone hepatica), (a) three-lobed leaf ; pistil, with
stamen. WooD ANEMONE (A nemone nemorosa), (a) pistil and stamen ; (f) seed
vessels ; (¢) section of same. MaRsH MARIGOLD &;‘dm palustris), (a) pistil ;
(5) section of same; (c) seed-vessel dehiscing. ALL FLOWER (Cheiranthus
cheiri), (a) stamens and pistil ; (8) calyx ; (c) bursting ; (@) pod ; (¢) pod;

seed ; (g)section of same. GARDEN Porey (Pagaver somnsfersm), (a) pop
s::lapsula.r fruit) ; () same, opening by pores ; (¢) cross section of same ; (&)
seed, highly ihed. GARDEN PINK (Dianthus “’yzf{”“)' (a) stamens
and pistil ; (5) petal. HEerBAacEOus COTTON (Gossypinm acexm), (a) m :
&) capsule, opening ; (c) fully developed fruit, dehiscing ; (d) seed, with hairs ;
e) single : (/§ section of same. CHINESE TEA SHRUB (Thea chinensis), (a)
pistil ; (8) section of ovary ; (¢) fruit. .

Picture il. SHEPHERD'S PURSE (Cagsella bursa pastoris). Meapow BuTTERCUP
Ranunculus acris). MONKSHOOD (Aconitum Nagellus), (a) section of flower ;
3) stamens, pistil, and nec (petal); (¢) young fruit; (d) section of same.

1ELD VIOLET (Viola arvensis), (a) stamen ; e;o stamen ; (¢) pistil ; (d) capsular
fruit dehiscing; (c) seed bighir magnified. SwaET VIOLET (Viola odorata);
#a stamen ; (4) stamen ; (c) K'nsti s (d) :fsule dehiscing ; (¢) capsule dehiscing,
ully opened; (/) seed, highly magnifi PasQure FLOWER (Anemone pulsa-
tilla), (a) stamens and pistil ; (8) young awned fruit ; (‘?» stamen, MEgADOW
ANEMONE (Anemone pratensis), (a) fruit—to' the right a blooming plant, with
cluster of fruit. MIGNONRTTE (Reseda odorala), (a) flower ; (8) petal ; (¢) fruit.

Picture iii. APRICOT TREE (Prunus Armeniaca), (a) inflorescence ; (8) section of
flower ; (c) section of fruit. CURRANT BusH (Ribes rubrum), (a) inflorescence ;

5) flower ; (c) stamen ; (d) pistil. STRAWBERRY SF & vesca), (a) section of
ruit. GOOSEBERRY BusH (Ribes grossularia), (a) inflorescence ; (3) corolla, cut
open to show stamens ; (¢) section of fruit. RASPBERRY BUsH (Rudus /daus),
to the left the inflorescence, to the right the fruit ; Sa) section of flower ; &6) section
of fruit. ALMOND TREE (Amygdalus communis), (a) inflorescence ; () section
of flower ; (¢) fruit, with green husk half removed.,

Picture iv. I;AR.SNIP (Petroselinum sativum), (a) root with radical leaves ; (4) section
of root ; (¢) inflorescence ; (4) flower ; (ef fruit ; (/2 section of fruit. CARROT
Dancus Carota), (@) root ; (8) cross section of root ; (¢) inflorescence ; () flower ;
¢) fruit ; (/) fruit. VINR (Vitis vinifera), to the left the inflorescence, to the
right a bunch of fruit ; (a) flower bud ; (8) flower opening ; (c) flower showing
mode of detachment of the corolla; () berries ; (¢) cross section ; (/) longi-
tudinal section of same ; (g) seeds ; (%) seeds.

Picture v. MusurooM (Agaricus campestris), (a) group of young mushrooms ; (5
longitudinal section of mushroom ; (¢) older mushroom ; (d) older mushroom ; (¢

oung specimen ; (/) longitudinal section of an older mushroom. EbisLe
OLETUS SBout.u: edulis), (a) pileus or cap seen from above ; (5) the same, from
below ; (¢) longitudinal section of boletus, CoMMON CHANTARELLE (Cantha-
rellus cidarius), (a) group; (8) section of one chantarelle. HONEY-COLOURED
Acaric(Agaricus mellens)(a up;(5) longitudinal section of an agaric. EpiBLE
HEeLVELLA (Helvella esculenta), (a) group ; (8) longitudinal section of helvella.
FLY ALGARIC (Amanita, agaricus muscaria), ia) p; (&) fungus seen from
below ; (¢) longitudinal section. MoReL (Morckella esculenta var. comica), (a
group ; (4) longitudinal section of a morel. ERGoT (Sclerotinm clavus @n
Clavicegs purpurea), (a) two ears of corn with ergot ; (4, ¢, 4, ¢,) a single grain,
natural size ; , and %) the same magnified, and at the tip a little cap pro-
ducing spores ; (z‘fergot, sprouting ; (4) ergot, magnified ; (8 section of same.,
INDEER Moss, or LiIcHEN (Cladonia rangiferina). IcRLAND Moss, or LicHE®
(Cetraria islandica), .
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Moffatt’s Picture of S8ummer. '

In sheet . .o . .
}nvu, rollers, and varnished .. ..

HISTORY.

Moffatt’'s Stories from English History, simply told.
Beautifully and profusely illustrated. Price 10d.

Moffatt’'s History.—Standard IV., paper covers, 2d., cloth, 3d.;

V., paper covers, 3d., cloth, 4d.; VI., paper covers, 4d., cloth, 5d.

# Teachers might search a very long time before they would find any histories so

admirably arranged, and so well adapted for standard use.”—7ke Teacker’s Assistant.

“ These books are carefully arranged, and prepared in a form most suitable for

class work. For standard work these books will be found thoroughly suitable.”—
The Schoolmaster.

Moffatt’'s Outlines of History. Price 1s. This book will be
found useful for Pupil Teachers, Students in Training, and Candi-
dates for the various Public Examinations.

SPECIFIC SUBJECTS.

Moffatt’'s Explanatory Poetical Reader. Pricers. Itis
well adapted as an alternative reading book in the upper classes of
schools, and also for a text-book in English literature.

¢ Altogether it is an admirable little volume.” —~Zke Schkoolmaster.

Euclid and Mensuration.—Stages 1. and II., Moffatt’s Euclid,
Book 1., with Notes and worked-out Deductions. Price 6d.

Euclid and Mensuration.—Stzgce 777, Euclid, Books I. and I1.,
with Notes and worked-out Deductions, and Mensuration. Price
1s. 6d.

Principles of Agriculture. By C.A.BUCKMASTER, Esq., M. A,
Oxford. Stage /.—Principles influencing supply of plant food in
the soil, necessity for cultivation, and circumstances making tillage
more or less successful. Price 2d. Stage 7/.—Principles regulating
the more or less fperfect supply of plant food ; manures as supple-
mental sources of plant food. Stage ///.—The principles regu-
lating the growth of crops, and the variations in their yield and

" quality. -

Moffatt's Test Cards In Physiology.—These are done in
three packets at Is. each, There are 20 cards in a packet, clofk
lined cases, and each packet corresponds with Stages L., 11., and III.
The envelopes are bag shaped and cloth lined.

Mathews’ Test Cards in Physical Geography.—Set A,

Stage I, ; Set B, Stages II. and III. Each set contains 20 cards,
Price 1s. '

Mathews’ Test Cards in Domestic Economy.—Set A,
Stage I.; Set B, Stages IL. and I1I. Each set contains 20 cards.
~ Price 1s,
Moffatt’s Domestic Economy.—Stages I., II., III, each in
Baper, 2d., in cloth, 3d. These little books are written by J. C.
uckmaster, of South Kensington, and are suitable for girls taking
Domestic Economy.

% These little books are excellent, and the author gives much really valuable
information.”—JZ7ishk Teachers' Fournal.

Moffatt’'s Domestic Economy.—Stages I., IL, III., bound in
one vol., cloth, od.

Physical Geography. By E. W. Lewis. Specially adapted to
the University Local Examinations, Price 1s,

d
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MUSIC.

Morgan’s New Songs for Schools,—Parts I. and I, price
2d. each, The words and music of these little books are suitable
for public elementary schools.

THE CHORAL COMPANION to the Chevé Method. A series of graduated
Part Songs, S.C.1".B., for Choral Societies, Parts I. and II. .. each

THE SCHOOL CHOIR. Series 1. A selecnon of Secular Songs in three
parts. Chevé Notation .. .

THE SCHOOL CHOIR. Series 1, Staj' Notatzon . . ..

THE CHURCH CHOIR. Series1. A selectxon of Sacred Musnc in four
parts. Chevé Notation . o 6

SILVER CYMBALS. A selection of Sacred and Secular Songs in the Sol-
Fa Notation, suitable for the Infant and otheg Departments of Public and
Private Schools. By W. M. Miller, Instructor of Music of the Glasgow
School Board. Parts L, IL,IIL, IV, V,, VL VIL, VIIL, IX, each o »

SILVER BUGLES. A selection of Simple and Beautiful Melodles in the
Sol-Fa Notation, suitable for Public and Private Schools. By W. M. )
Miller, Instructor of Music of the Glasgow School Board. Part I. .. O 13

THE SONG 8CHOOL. Chord by chord method of teaching to sing from the

old notation, containing a selection of chordal exercises and tunes pro-

gesswely arranged. y W. M. Mxller, lnstructor of Musxc of t.he
asgow School Board., Part 1. .. o 3

SILVER BELLS. A selection of Songs in two-fart harmony, in Tomc Sol-
Fa Notation. By W. Miller. PartsI., I1., III,1IV., V. & VI... each o =

MAY BLOSSOMS. A selection of Sacred and Secular Pieces in Sol-Fa
Notation, in three-part harmony. Nos. 1,3 .. . . R ¢

. d.
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DRAWING.

Moffatt's Infant Drawing Copies—Per set, 2s. 6d, ; neatly
mounted on cardboard, 6s.
*.* These are 20 lessons boldly drawn, of large size, for infant classes
to copy. The drawings are very simple, and of such objects as will be
pleasing to *‘our little ones.”

MOFFATT'S OUTLINES OF MODELS.—1st Grade, in packet.s of 36 cards, Price

28,
*<* These Outlines of Models are a careful selection of the subjects set b! South
Kensmgton They will prove an excellent introduction to drawing from models.

MOFFATT’S PERSPECTIVE TEST PAPERS.—Full Government size, 13 varie-
ties. 24 papers. Price 1s. 6d

MOFFATTS SECOND GRADE FREEHAND TEST PAPERS.—12 varieties.
36 papers. Large size. Price 1s. 6d.

MOFFATT'S S8ECOND GRADE GEOMETRY TEST PAPERS.—ia varieties,
36 papers. Large size. Price 1s. 6d.

MOYFATT'S FIRST GRADE FREEHAND TEST PAPERS.—325 varieties, 100

papers, printed one side. Price 1s. 6d.

MOFFATT'S FIRST GRADE GEOMETRY TEST PAPERS.—25 varieties. 100
papers, printed one side. Price 1s. 6d.
MOFFATT'S FIRST GRADE MODEL TEST PAPERS. Per packet, 1s,

*.* All these Test Papers have been carefully revised to meet the recent great
changes of the Department.

€& These popular Test Papers have been greatly improved, revised to meet the
latest requirements of the Department, enlarged in size, and increased in number.

“‘ These popular test mers are abundant in quantity, ¥ood in quality, and cheap
in price. ey are within the reach of all kinds of schools.”—T ke Schoolmaster,

Note.—Meossrs. Moffatt & Pa.ige revise their pubnca.tions to meet all
changes of the Code.
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THE SOUTH KENSINGTON DRAWING CARDS.

Elementary Outlines for Slate Pencil Practice, 20 Cards printed white on 5. 4.

black ground .’ . .e . .e . s I O
ﬁmGndeRommdereekOmament,soCards .e .o .o e I O
First Grade Egyptian and Italian Ornament, so Cards .. . . .. X O
First Grade Leavesand Vases, 20 Cards .. .. . e T O
-FirstGradeOutlmesofAmmalsandCommonObjecu,soCards . e XT O
First Grade Examination Packet, 20 Cards . .o . s X O
First Grade Assorted, so Cards selected from the above .e . .. 2 6
Second Grade Roman and Greek Omament, 12 Cards .. ve e .« T ©
‘Second Grade Egyptian and Italian Ornament, 12 Cards . e 1 0
Second Grade Leaves and Vases, 12 Cards .. . . . 1 0

Second Grade Perspective Practice, 12 Cards, oompnsmg Examples in Block
Letters, Figures and Familiar Subjects.. .. oo

Second Grade Examination Packet, 12 Cards . e
Seocond Grade Assorted Packet of 30 Cards, selected from the above . 2

¢ It is impossible to avoid recommending these drawings.”—7ke Sciemtific and
Likmyy Review.

¢ We are able to speak of these drawmgs in high terms of approval. The d

~

-
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are chaste, yet not over elaborate. make excellent examples,”—
Schoolmaster.
MOFFATT'S BOX OF FORM AND COLOUR. 15s.

s.d s. d

Moffatt’s Alphabet Card .« « 08 Moffatt’s Card of Colour.. .. .. 20

Moffatt’s Box of Letters and Fi 2 o Moffatt’s Metal Clock Faoe, very

Moffatt’s Box of Coloured ‘e z o durable .. .. .. ..'.. .. 26

Moffatt’s Card of Form .. ..

The School Board Chronicle sa n.dys : “ We are not surpriséd to learn that the Box

of Form and Colour has been ed by the London School Board, and by the
Home and Colonial School Socxety

The Art Student's Second Grade Practical Geo-

metry. By JoRN Lowres. Price Is.
+*+ New Edition carefully revised and enlarged, with chapters added
on Scales and Orthographic Projection.

The Schoolmaster says : “Amngement excellent. , . . Methods neat and accu-
rate. Explanations simple and clear.”

The School Board Chromicle says: * No care or thought has been spared, and
the work ought to come largely into use.’

The Sckoal Guardian says: “ Solid geometry particularly clear. . . . Complete
SPECIAL PUBLICATIONS FOR PUPIL TEACHERS,
STUDENTS, AND TEACHERS.

Moffatt’s Pupil Teachers Course, Adopted by the South-
wark and other Pupil Teachers' Examsnation Societies.

s d. s. a.
Candidates . . e a 6 IYea.rIII .e . . . 4 O
YearI. .. . . . 4 o lYearIV . . ve . 4 ©

Year II. .. . .

These books contam the whole course of instruction for Pupil Teachers.
They are carefully and fully written. Examination Papers in each sub-
ject are set, and practical hmts to Pupil Teachers are given.

“We can give very hli praise to this compilation. Books of this kind are not

generally very well done, but the present work is excellently drawn up. Pupil teachers

will not need other books."—Tke National Schoolmaster.

9'“ Will be a boon to the class for which it is intended.”—74e Jrish Teackers’
¢“The subjects of instruction for Pupil Teachers are treated in an able and scholarly

manner. e heam&recommend the volumes ; they will form excellent text-books

for each year of the Pupil Teacher’s course.”—7 ke Schoolmaster.
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Moffatt's Reprint of Pupil Teachers’ Questions set
by the Education Department in 1874, 1879, 1881, with Answers
to Arithmetic and Algebra. Price 1s. 6d. for each year.

*.F These are a reprint of the official questions given by H.M.

Inspectors at the Monthly Examinations of Pupil Teachers.

It is just the sort of book a teacher finds useful for : nffo:lenmnation
Save in one or two minor particulars, thequesﬁonsa:easmbeto Scotland as to
En’hnd."—Thc Educational News.
*“Pupil teachers and others will find the work of;rmwne, and we would urge
them to secure a copy. The price is but a trifle.”’—Tke Irish Educational ¥onrnal.
¢ Candidates pupil teachers will find in these volumes much valuable informa.
tion and man n:’gfwtive hints on all the subjects in which they will be examined,”—

The School &a ian. .

*The whole work forms an excellent compendium, and is brought out by the pub-
lishers with great taste and neatness.”—7The Educational News.

Moffatt's Answers to Scholarship Questions, 1879,

- 1881, and 1882, Price 2s. each. These books contain full and
complete answers to all the Scholarship Questions, with iculars
of Training Colleges, and ihstructions and hints for Candidates.

The Schoolmastey says : *‘ To those looking forward for the scholarship examina-
tions this will be a friend in need.”

The Pupil Teacker says: ‘‘ Excellent model answers. . . . Extremely usefal
as a guide and model.”

Public Opinion says : “‘ The answers are models indeed.”
&fh W Sckoolmaster says: * Replete with information. ., . . Valuable

ts hints.

Yl'lu School Board Chronicle says: ** .Pil teachers and students will, we imagine,
make a rush for this opportune little book.

Moffatt’s Reprint of Certificate Questions. Price 2s.
With answers to Arithmetic, Algebra, and Mensuration ; also
Model Answers to Questions selected from the papers set.
Solutions to Exercises in Euclid.

Twelve Years’ Scholarship Questions, 1870—1881.
Price 3s. With Answers toArithmetic,Aliebra, and Mensuration. An
invaluable book to Students preparingforthe Scholarship Examination

Queen's Scholarship Questions, July 1880, July 1881, July
1882, 6d. each year,

With answers to Arithmetic, Algebra, and Mensuration. ¢ No better
exercise for those preparing for a Scholarship will be found than in
answering these questions,” .
Moffatt's How to Prepare Notes of Liessons. Price2s. 6d.

Contains : Model Notes of Lessons ; Skeleton Lessons; Lists of
Subjects for Lessons; Hints and Directions for taking up the
various subjects which are usually comprised in Notes of Lessons.
Among the Lessons will be found Full and Skeleton Notes on
Common Objects, Natural History, Sanitary Science, Social
Economy, Thrift, Reading, Writing, Arithmetic, Grammar,
Geography, History, etc., etc.

Moffatt's Arithmetical Test Cards for Pupil Teachers.
In packets of 20 Cards, cloth lined cases, with Answers. Price 1s.

per packet. Candidates, price 1s. Years I, IL,, III., IV., price Is.
each year.

*.* The questions given on these cards have been compiled with great
care, and it is believed that the answers will be found perfectly correct.

The Difficulties of Algebra made Easy. By H.C. Tam.

Price 1s.

The Schoolmaster says: “‘ The puyil stumbles over the brackets, converting a
complex into a single expression, resolving a single expression into simple factors,

plifying equations, etc., etc, . , . is book is written to clear up difficulties.
.. « . Itisnotintended as a substitute for other text-books, but rather to show how
thejgu‘lluect should be taught, and the special difficulties overcome, . . « We

and 2a P
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Amner’s Model Solutions in Arithmetic for Male
Pu;g}i‘ Teachers and Candidates for Queen’s Scholarships. Price ‘ Y
2s. |

¢ We advi il H H R "__ o i

Sc&al:cat::e pup teacherstoa:ld this to their school-books.”"—T ke National

Amner’s Model Solutions in Euclid, Algebra, and

. Mensuration. Price 2s 6d.

Bmi)kg’s How to Teach Needlework to Beginners.

rice 1Is.
Miss Burke, the author of this book, was winner of the #£»s¢ prize of the London

Associasti?ll‘lmfg Improvement of Needlework. She is mistress in one of the London
Amner's Model Solutions in Arithmetic for Female
Pupil Teachers and Candidates for Queen’s Scholarships. Price

2s. 6d,
“This book will be found an invaluable help to female pupil teachers.,”—Tke
Teacker's Assistant.

Amner's Complete QGuide to the Certificate and
Tﬁgholarship Ex?minations. Pr}_ce 2s. 6d.
‘¢ This book ht to be in the lib: il teacher in hi
of every actingotzgchez”— }‘nlxe lgu;il eaochi‘r’fry PPt e in his fifth year, and

Deductions from Euclid, and How to Work them.
Price 35. Nearly 200 exercises progressively arranged, and fully
worked out as models. The book will be found of great service to
pugil teachers, students in training, science classes, university, local,
and matriculation examinations.

Moffatt's Euclid. Price 1s. 6d. Books I. and II., with Men-
suration, Worked-out Deductions, Exercises, etc. Specially suit-
able for Pupil Teachers and others.

Papers for Teachers and Students, For Pupil Teachers ;
for Praining Colleges, London Matriculation, and South Kensington
Science Students. Papers, Translations, Exercises in English and
French, embracing the subjects required in the various Examinations
for 1882, by the Editor. Latin, by a Graduate LL.D. (Honours).
Mathematics, by a Graduate (Honours) of the London University.
Science, by a B.Sc. (Honours) London University. Correspondence,
by the Editors. Students’ difficulties in their reading will be fully
replied to in the Intercommunication Column, or by the Editors.
Price 3d. per month ; post free for 12 months 3s. 6d., paid in advance.

MOFFATT'S SCHOOL REGISTERS.

Moffatt’s Class Register, limp covers, price 9d.

Moffatt’s Class Register, stiff covers, price ls.

Moffatt’s Summary Register for two years, price 1s.

Moffatt’s Summary Register, cloth, price 3s.

Moffatt’s Admission Register, for 2000 names, price 6s.

(1) Clearly printed and ruled. (2) Side by side marking, and con-
tinuous ruling. (3) Minimum of labour. (4) Summary columns
arranged specially for convenience of carrying forward the totals,
(5) No fly-leaf. ~ (6) Paper good, size convenient. (7) Copy of
returns in Form IX., and of Examination Schedule. (8) Binding
(cloth jointed) specially strong, so as to secure pages from slipping.
*o* The binding ts very strong.

% The simple fact that this Class Register has already passed through ten editions

will be the best testimony to its general utility. We do not know a better Register ;

its construction is very simple and convenient, the paper and printing are both very
good, and the binding is strong.” — The Scholastic Worid.

TEACHING AIDS. Ffost Free.
A classified list of School Materiai and Educational Works, containing

particulars of MOFFATT & PAIGE’S qu'ljcatiqns, School Books, Needle«
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