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PREFACE. 

Dnring some experience in the teaching of Ele­
mentary Mathematics, it has oontinually occurred to 
the author of the following pages that Algebra is 
more often ~garded by a learner as useless drudgery 
than as a oharming 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 deficienoy in the teaching. When it is placed 
before one as a mechanical and disjointed subject, it 
must inevitably appear dull and burdensome; but 
when ta1;1ght in a soientific and connected. manner, 
its beauties become at once apparent; and, in plaoo 
of wearisomeness and dislike, interest and admiration 
will manifest themselve8. 

The annual examination8 of the Science and Art 
Department have done much towards placing this 
subject before beginners in its proper light; and the 
cases have Dot been few, in which preparation for 
them has been the means by w bich even more 
advanced students have first become acquainted with 
its great and genuine merits. It i8 especially for 
pupils s"tudying 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 its improve­
ment, that may occur to teachers, will be esteemed 
a favour: and here the author must aoknowledge, 
with many thanks, the exoeeding kindness of the 
friend and able mathematician by whom eaoh page 
of the MS. has been so carefully and generously 
examined. 

In p1acing 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. ~rhe object 
bas been to collect in a small and compaot form the 
simple 6cienc6 of the early parts of the subject, and 
to place it before the learner in suoh a way that this 
little work may not only be a companion to his other 
~gebra" but may also easily enable him intelligently 
to read up that portion whioh must be thoroughly 
mastered, in order that real profioiency may be at­
tained. 

I t now only remains to test the usefulness of the 
work by trial; and this, it is confidently expected, 
will procure a verdiot in its favour. 

DBVONPOBT, 

S,pt. 17th, 1874. 

H. C. TARN. 
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THE DIFFICULTIES 

01' 

ALGEBRA MADE EASY. 

CHAPTER I. 

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 8.8 he 
ad vances, and make himself perfeot master of the 
various terms and ~teps that will oocur in the very 
beginning of its most elementary parts. 

There should be no confusion in his mind &8 to the 
nse of signs; he should cle8;rly comprehend the mean. 
ing of such technicalities as factor, term, power, index, 
coefficient, etc., eto.; the intricacies of brackets should 
be made simple; and th~ reason for changing all the 
signs inside a bracket having a minus sign before it, 
when the bracket is removed, should be completely 
mastered. Proofs of roles, and of various formulm 
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 upon ac· 
cordingly, but made so clear that the student himself 
could, without doubt or hesitancy, explain the process 
to another. • 

9 
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10 INTRODUCTORY DllARKS. 

2. It has not been thought necessary in this early 
stage of the subject to introduce proofs and defini. 
tions, 88 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 formulm, the value of 
which it is imposatible to over-estimate. Various 
methods of application will be shown, and it 1!ill be 
afterwards found by anyone 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 would otherwise occur. 

3. After much experience in teaching, it has been 
found that the application of these formulm 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 "po", 
asinorum" of Algebra, and are, therefore constantly 
obliged to perform a deal of mechanical dtudgery 
which an intelligent use of the formulm 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 . 

• 
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CHAPTER II. 

The Squa'1e of a Binomial.-E~ample8.-Th8 Square 
of a Trinomial, etc.-Ezample8.-0hanging the 
Form of an Ezpre8sion.-The Form of a Perfect 

5. 

8quare.-Ezample. . 

a+b 
a+b 

a2 +ab 
ab+b2 

It is here shown by actual mUltiflication that 
(a+b) (a+b) or (a+b)S=a2 +2ab+b. Thislatter 
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 = a2 + 2ab + -h2 may be written thus, (1st + 
2nd)2 = lst2 + 2 x 1st x 2nd + 2ru.Z2, and we may soy 
that the square of any binomial equals 

tlte square of tll,e first . • . or lst2, 

tILe square of tlte secon(l . . ,,2nd2, 
and twice the first into tlte second" 2 x 1st x 2n£Z. 

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

1. a + c. 2. d + e. 3. 9 + h. 
4. m+n. 5. p+q. 6. m+.q. 
'1. 13 + 9. 8. 11 + 8. 9. 17 + 18. 

10. 15z + 13y. 11. 7y2 + 8a. 12. a;lJ + by. 
2 4 22 3 3' 13. pq + s. 1 . z + y • 15. z + 2y . 

16. 6zy + 4ab~ 



12 THE SQUA.RE OF A BINOHIATJ. 

8. It must be olearly borne in mind that none of 
these examples must be worked by actual multipli­
cation, but by taking 

tlu~ square of the fi".,', 
tke square of the ,econd, 
and twice tlte first into the second. 

Tbus, (6zy+ 4ab)2 
= the square of tbe first (36z~y2), 
+ the square of the second (16a2b2), 

+ twice the first into the second (2 x 6zy x 4ab) = 
48ab~y . 

.. , (6~y + 4ab)2 = 36z2y2 + 16a2h2 + 48ab~y. 

9. a-b 
a-b 

a2 -ab 
- ab+b2 

a2 - 2ab + b2, 

Atter going carefully through the first formula, 
and working its examples in strict accordance with 
the mental process contained therein, tlie above 

. identity needs not to be enlarged upon. The signs, 
however, deserve much attention, a.nd it will be well 
to square the few following binomials for the purpose 
of creating familia.rity 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. ~ - yS. 19. - zy + I, 

20, -y+~z. 21. -2z-4y. 22. -4b-6cd. 
23. - fnp + 2nq. 24. - 7m", - 3st. 

10. We shall now give an extension of the above 
formulm, and show how easily they may be applied 
to ot,h~r and more important cases. For example, 
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suppose we require to square the trinomial z + y- z, 
we may put p for 11- z, and proceed thus-

(z + y - z)2= (z + p)I=~2+p2+ 2pz. 

Here we must substitute the 'II - z for the p, and 
say-

~2 + p2 + 2~ = z2 + (y - z)2 + 2z ('II - z) 
= ~2 + 'II'J + zl - 2yz + 2my - 2=. 

11. This process of substitution, however, needs 
toot to be resorted to, 88 the peculiar faculty of 
hrackets to convert any number of terms into one 
quantity may be more conveniently employed. Thus: 

(z + y - zr'= {(z+y) - z}2. 
Here (~+ y) is the first term of the binomial 

{(~+y)-z}9,and must be subjected to all the pro­
cesses which were previously applied to ~he a in 
(a + b )2. 

. .. {( z + y) - z } 2 = (z + 11) 2 0+ z2 - 2 (z + 'II )z 
= ~2 + y2 + 2zy + z2 - 2zz - 2yz. 
= ~2 + 92 + .'J + 2z1l- 2~. - 2yz. 

(N.B. This last step has been taken for the sake 
of reference.) 

Again (a - b - c + d)2 
= {(a-b) - (c-d)}2 == (a-b)2 + (c-d)2 

- 2 (a - b) (c - d) 
= a2 + b2 - 2ab + c2 + d2 - 2cd - 2ao + 2ad + 2bc - 2bd 
== (as above) a2 + b2 + c2 + d2 - 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
Illent 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 eao'" term into every one that foUows 
it; " 
sotbat (z+y-z+p_q)51 
==z'J + 'II'}, + z2 + p'J + q"J + 2zy - ~z + 2pz - 2qz - 2yz 

+02py - 2qy - 2pz + 2qz - 2pq. 

13. 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 ao-

. swer has no effect whatever on the va.lue. 

25. (a+ b - (2)51. 26. (a+z - 2b - 211)2. 
27. (z-y-6+z)2. 28. (2a+3b+4c+5d)2. 
29. (p-2q+r-3m)i. 
30. 0(1- 2a + Sa'J - 2as + a')i. 
31. (~+ zSy - z2y2 - ~s + 271')2. 
32. {(a+z)2}'J. 33. {(2b+80)2}i. 
34. [{(z+y)2}i]2. 
35. [a+b- {c-d- (a+b)}]i. 
36. [- (a + b) - {c - (a - d) + z} + 11 }'. 

37. (~ + ~)2. 38. (1 + ~ + ~)2. 
a z . 11 z 

39. (z+ a + (#- tI)2. 
z-a z+a 

14. Again suppose it is required to write down the 
quotient of 

(z+y)51+2 (z+y)z+z2+z+y +-e. 
It is not here at all necessary to make a long divi­

sion sum of tbe work; but careful obsettvation will 
discover that in the dividend there is 

the .quare of a first, 
the 'quare of a second, 
and twice the fi,"st into flUJ sec01ld ; 
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the first being (z +y), the second z, and the product 
of course 2(~+y)z; so that the expression 

(~+y)5I +2(~ + y)z +ZI 
is at once written down as {($+Y) +zp'. 

.. . The problem runs thus 
(~+y)i+2(~+y)z+zi {(z+y) +z}i 

-z+y+z z+y+z 
=~+Y +z. 

15. The superiority of ready fl1-ental work over 
mecllanioaZ is so great, and the advantages involved 
so 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. to 
another. Thus let him show that . 

(a + b)9+ 2(a+ b) (0, - b) + (0, - b)i::: (2a)i. 

This identity, by a beginner, would generally be 
proved 8S follows :-
(o,+b)i+ 2(a+ b)(a-b) + (a-b)2=ai + 2ab+b2 

+ 2a2 - 2ab + 2ab-2b51 + a2 - 2ab + bi = 4a2 = (2a)2; 
and, of course, the required result would be obtained; 
but the method employed is far inferior to 

(a+ b)2+2(a+ b)(a- b) + (a - b)2 
= {(a+b) + (a-b)}2= (2a)51. 

Indeed, the very form in which the right-hand 
member of the identity appears in the original, viz., 
as (20,)9, would suggest that the latter method of 
solution was the one intended. 

17. The learner must carry continually in his 
mind the form oJ· 0, perfect 'quare, as he will then be 
enabled, without difficulty, to colleot into some 
definite form, certain quantiti~s which may otherwise 
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Jess readily convey an impres8!on ot their nature. 
Thu8, show that 
(a + b + 0)2+ a2 + b2 + 02 = (a + b)1 + (b +0)2 + (0 + a)2. 

In working 8uch examples &8 these, ibe left-hand 
member must be taken as it stands, and gradually 
changed until it easily &Ssumes tbe form of the right­
hand member-this latter being altogether unused 
throughout the operation. Or, the process may be 
reversed . 

. • . ( a + b + 0)2 + a'J + b2 + 051 

- {(a+b) + c}2+a2+ b9+02 
- ( a + b )2 + 2 (a + b) 0 + cI + at + b'J + oj 
- (a+ b )2+ 2ac + 2bc + ci + a2+ bi + c2 
- (a + b)2 + (b i + 2bo + 02) + (09-+ 2ac + a2) 
- (a+b)2+ (b+o)'J+ (c+a)i. 

N.D.-The (a + b)2 is retained 'U/nalte,.ed since it occurs 
in the same form in the answer. 

18. Other' examples may readily be found in any 
good Elementary Algebra for the purpose of facili .. 
tating the use and application of these formulm. 



17 

CHAPTER III. 

TILe Product of a Sum and Differenoe.-EzamplBIJ.­
Itt.version of (a + b) ( a - b) :::z a2 - b2 .-E~amples 
-Eztended Application of (a + b) (a - b) = a2 - b2• 

-Fully-toorked Rlu,strati1JB E~amplea.-Bssolu-
tion into FactOTB.-E~amplea. 

19. a+b 
a-b 

a2 +ab 
-ab-bJ 

at -b2 

The next theorem for consideration is 
(a+ b)(a- b) = a2 - bi. 

• 

This is a very important proposition, and enters 
laT'gely into the formation of Algebraic expressions. 
The amount of work that may be saved by its 
application is almost beyond belief, whilst tbe most 
unlikely-looking quantities are often with care COD. 

verted into the form of one or the other of its parts. 

20. The formula may be thus expressed in words: 
When tke ,um of two quantities 1:' multiplied by the 
difference of the Bante two, the product eq'UQ.ls the 
difference oj ths squares. 

This sbould 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 hia 
factors ~o that the first and second tenus of each are 
re8p{'cti~ely the same, but the signa different. If the 
expressions are capable of arrangem~t't in this man-

" 

• 
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18 APPLIOATION & INVERSION OF (a+b) (tJl-b) = a2- b2• 

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 inside a bracket Q/nJ, 

thus p)·actioally form only ONE term. For instance, 
o,+b-c+d consists of four terms, (a+b) -(0-0,) 
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 (~+ y) 
(~-y) = ~2 - y2, and (m + n) (m - n) = mi - n2, 
because they so clearly correspond to (a + b) (a - b) 
= ai - bl • 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. 

" 

22. Inverting the above process, of course it will 
be instantly perceived that if (a + b) (a - b) = 0,1- bl , 

• •• 0,2 - bl = (a. + b) (a - b). 

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

:. 9~ - 4y2 c::: (&t + 2y) (Sz - 27/). 
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The student should caT'efully remember and imitate 
this breaking into factors, by resolving any appro­
priate examples. Subjoined are a few. 

9. :r' - 81yi. 10. z8 -1. . 11. z' - 64. 
z' y'. 12. 1- 225~4t. 13. 1.12 - bi 

15. a2z1 - a2y'J. 16. la9 - tbJ. 
18. 256z4t- 62511'. 19. a,4b1i -08. 

14. (0,2- b2)9. 

17. z'y'~-1. 
20. a,m2p - an'p. 

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,-

zS-81y8+ z2+3y'J (z4-9y') (~'+9y4) 
- z2+3y2 

(z2- 3y2) (~2+3y2) (g,4+ 9y4) 
c:: aJ2 + ::Jy2 

= (z'J- 3y2) (~4t + 9y4t). 

Again the G.C.M. of- · 
a2b - ab2, 0,2 - bi , and (a - bra, is at once dJscovered 
to be a -b. 

24. Numerous other instances of the value of the 
above formulm will continually occur in practice, 
indee4 it would be quite impossible within the limits 
of a. small book, to exhaust the examples that any 
good Algebra will furnish. 

25. We will now proceed to apply­
( a + b) (a - b) == 0,9 - bi 

in an extended manner, and to introduce 80me Im­
. portant and noteworthy illl1strations. 

26. It is required to find the product of­
(a+b-o) (a+b+c). 



20 FULLY-WORKED ILLUSTRATIVE EXAMPLES. 

Here the factors may be arranged 88 follows :-
{(a+b) -o} {a+b) +o}, 

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

:. (a+h+o)(o,+h - c) == f (a+b) +o} {(a + b) -o} 
-= (a + b )1 - c2 =- a'J + 2ah + bl - c'J. 

27. The student must carefully follow for himself 
the arra.ngement and solution of the following ex­
amples, and this he wi)] have no difficulty whatevel· 
in doing, provided he has thoroughly mastered the 
preceding work. 

(1.) (a+h+c-d) (a+b-c+d) 
= {( a + b) + (c - d)} {(a + b) - (c - d) } 
= (a+b)2- (0 - d)2 
E: a2 + 2ab + b2 - 02 + 2cd - d2. 

(2.) (z+2m.-Sz) (~-2m+Ss) 
.. {$+ (2m - 3s)} fz - (2m- 3z)} 
== z2 - (2m - 3J1)2 
= z2 - 4m2 + 12m. - 9,2. 

(3.) (z'J - az + at) (~'J + lIZ + as!) (z4 - a,S!z2 + 0,4) 
= { (z2 + 0,2) - az} {( ",2 + a2) + az} (~4 - o,2z'J + 0,4) 

.. (~+ o,2z 2 + 0,4) (z4. - a2z 2 + 0,4) 

= {(z4+ o,') +o,2z2} {(z4+ o,') -a2~} 
_ (~+ 0,4)2 - o,4z' 
-= z8 + 20,4",' + 0,8 - a¥ 
_ ~ + o,4-~ + a8• 

( 4.) (P' - 2# + 3pl- 2p + 1) (P4 + 2p8 + 3p2 + 2p + 1 ) 
III: {(p' + Bpi + 1) - (2p S + 2p)} {(P'+ Bpi + 1) 

+ (2pS+2p)} 
= (p4. + Sp2 + 1)2 - (2p S + 2p)'J 
= p8 + 9p4 + 1 + 6p6 + 2p4 + 6p2 - 4p6 - 8p4 - 4pl 
= p8 + 2p6 + 3p4 + 2p2 + 1. 
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28. What has previously been said relative to 
the breaking up of expressioDs resembling (a2 - bl) 
into factors resembling' (a + b) (a - b), is, of con~se, 
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.) a2 + 2ab + b2 - c2 

= {(t + b ) 2 - 02 

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

N.H.-Since the expression (a + b)2- 09 is the 
difference of two perfect sq nares, therefore it resem­
bles ~'J - y2, and consequently can be made to resemble 
(z+1/) (z-y), the two factors into which z9_ yl is 
divisible. 

(2.) (a + b - c) ( a - b + 0) (b + c - a) + (al - bl - 09 

+2bc) 

_ «(J + b - c) (a - b + c) (b + c - a) 
- { a2 - (b2 - 2bc + c2) } 

_(a+b-c) (a-b+c) (b+c-a) 
- (a-b+c) (a+b-c) 

=b+c-a. 

(3.) az2 -ab2+b2~_~S+(z+b) (a -QJ) 

_ a(z2 - b2) _ ~(~2 - b2) 
- (z+b) (a-z) 

_ (a - z) (z2 - bl) 
- (z+b) (a-z) 

= (a - ~) (z -:- b) (~+ b) == ~ _ b. 
(:r+b) (a-~) . 

• The collection 01 factor. employed in this and other ex­
amples will be afterwards explained. (See 53.) 



22 EXAMPLES 0)1 RESOLUTION INTO FACTORS. 

(4.) Resolve +.z,91l' - (",2 + yl- ,2)2 into fOllr factors. 
~2yl_ (z'J + 'J/2 _ ,2)9 
= {2zy - (",2 + y2 _ z2)} {(2~ + (",2 + y2 - z2)} 
== (2~y - ~2 - y2 +z2) (2~y + z2 + y2 - z2) 
= {z2 - (z2 - 2zy + 'J/2)} {(",2 + 2zy + 'J/2) - z2} 
==(z-z+y) (z+z-1/) (z+y-z) (z+'J/+ z). 

(5.) Show that (p2 + pq + q2)2 _ (p2 _ pq + q2)'J 
== 4pq(p2 + q2). 
(p2 + pq + q2)2 _ (p2 _ pg + q2)2 
== {(p2 + pq + q2) _ (p2 _ pq + q2)} {(p2 + pq + g2) 

+ (p2 _ pg + q2) } 
== (p2 + pq + q2 _ p2 +PfJ _ g2) (p'J+ pg + g2+p2 - pq 

+q2) 
== 2pq (2p2 + 2q2) 
==4pg(p2+ g2). 

(6.) Find the value of ",4 _ y. + (~2 - 1/2)9 
- 2z4t + 2zi/2. 

"'" _ 'J/4 + (z2 - 1/2) 9 - 2z4 + 2",2y2 
= (zi-y2) (z2+y2) + (~-'J/2) (~_y2) 

- 2z2( z2 _ 'J/2) 
= (~- y2) (z2 +yl +z'J _ 1/2 - 2z2) 
== (z-y) (z+y) x 0=0. 

( a'+;;-ct f 
c: a2 -

(a2 + b2 - 02)2 

4b2 

4a2b2 - ( a2 + b2 - c2)2 

4b2 

_ (2ab - a2 - b2 + 02) (2ab + a2+ bl - el ) 

4b2 

{ c'J - (a2 - 2ab + b2)} {( a2 + 2ab + b2) - 02} 
4b2 . == 

== 
(c-a+b) (c+a-b) (n,+b-e) (a+b+c) 

4[.,2 
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29. Similar examples may be supplied, ad infinitum, 
but we will now subjoin a, few important fractions 
involving the a.pplication of these useful formulm. 

~'+alz2+a' (1.) Reduce, S 8 ,to lowest terms. 
z +az - a'z-a 

z'+ a2~2 + a' 
. z'+ a~ - a:iz - a' 

= 

-

(2.) 

== 

(3.) 

(z4 + 2a2z 'l + a') - a'lz9 
(~, - a4) + a~(z2 - a2) 

(~'l _ a'l) (z2 + a2) + a~(z2 - a,'J) 

(z2 + as - az) (z'l+ n2 + ax) 
(z9 - a2) (z2 +a9 + ux) 

~2_ Q,z+a2 

(Z+y)2_(p+q)S 
(z+p)2_(y+q)2 

(~+y-p-q) (z+y+p+q) 
(z+p-y-q) (w+p+y+q) 

:e+y-p - q . 
z+p-y-q 

a2 + z2 + 2a~ - z2 a + ~ + 8 
• 

z2 - a2 - z2 + 2a~ .... z + z - a 

(a+z)2-z2 . a+~+z 
z2-.(a-z)9 ... z+z-a 

(a+z-z) (a+z+z) 
(z-a+z) (z+a-~) x 
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BXlltPLEB. 

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 oecor, for the purpose of introducing into 
his work, if possible, the important aid of these 
formulm. A few exercises are subjoined which very 
plainly involve their use. 

21. Find the L.O.M. of y2 - 4, y' - 16, !l2 - 9, Y + 3. 

22. (a- b+c) (c+b- a) (a2+b2 +c2 -2ab). 

23 . (a4t 
_ b') .!.. (a _ ~) 

• b' a4 • b a· 
24. (a - b)2 (a+ b)2 (a2 + b2)2. 

25. 1 x 1 x I--=-___ 
a2 - ab + b2 a2 + ab + b9 a4 - a2b2 + b4 • 

26. z8_y8+:lJ6y2_~y6+ (z2-zy+y2) (~+zy+y2). 

27. Resolve z16_ 6.5536 into five factors. 

28. Multiply 1 + -1 z by 1- IfIJ . 
-z -z 

:IJ' - y4 fIJ - 11 29. x. 
z2 - 2xy + y2 g;2 + zy 

SO. (a + :IJ)4 - ( 1 ).4 + (a + z)2 +" } ft. 

a + z .. a'" + Z'" + 2az· 

(afJ flJ2 ) (a2 :e2 ) 31. -2 + -2 -1 ;; -"2 + 1 · 
'P Y p. Y 

---:::--.....;. 

32. (fIJ+v'z2+9) (fIJ-v'x2+9). 

83. Multiply. a + a'bt + b by a - a'b' + i. 
34. Resolve (a + b)4ta - C

411 into elementRry factors. 
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CHAPTER IV. 

Tll8 B'um of two Perfect Oub88.-Tlte Differen06 of two 
Perfeot Oubes.-Eztended App lication of Formulm.­
Fully-worked Illustrative Ezamples.-Importa·nt Fao­
lOTia.l Res.olutions.-Resolution by Fraotional Indices.- . 
Easy Deductions from Formulre.-UsefuZ Abstract fur 
HemonJ. 

31. 

a,2 - a2b + ab'J 
+ a2b - ub2 + 1J8 

as +bS 

a2 +ab+b2 

a-b 

as + a2b + a.b2 

- a2b - ab'J - bS 

••• as + b3 = (a + b) (a2 - ab + b2), 

and as -b3={a-b) (a2 +ab+b2). 

Here again ar'e two very important formulm, and 
the student must carefully notice and learn the order 
and nature of the factor's. From what has been said 
concerning the preceding iden tities, there is no 
necessity to enter into a written description of each ; 
suffice it to say, that the binomial factors resemble, 
in, ligns, the terms of the original products. Numer. 
ous examples involve these formulm in combination 
with others, as many of the following illllstrations 
win show. 
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82. With regard to any of the identities 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 p1'oved, which 
sholfld not be carefully analysed for the discovery of 
some hidden formula; and this, wheneve-r it does 
occur, will invariably shorten and simplify the work. 

. The careful attention of the student is called to the 
following exa.mples" 

(1.) Resolve (~+ '!I)S + oS into factors. 

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

. •• The factors will resemble-

(a + b) (a2 - ab + b2). 

N ow 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 + y), in (z + y)S + cS, stands for a in 
as + bS, 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 (~+ y)S + oS 

= (z + y + c){ (z+y)2 - (z +y)o +c2}, 

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

(2.) Divide a6 + b6 - 2asbs by (a - b )9. 

This may, of course, be worked by ordinary division ; 
but such a met~od becomes absolutely wearisome 
after the prettier and more scientific use of formulm. 
Thus,- . 
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= 

a6 + b6 - 2a3bs 

(a _ b)2 

_ (as - bS)i 
- (a- b)2 

(a- b)2(a2 + ab+ b2)! 
(a- b)2 

- (a2 + ab + b2)i. 

All the recommendation needed for the above is to 
understand it. 

(3.) 1 + 8",8 = 18 + (2~)S 
1 + 2m 1 + 2re 

(1 + 2",) (1 - 2~ + 4ro2) 

1+2w 
= 1- 2w+4z2. 

Here 8zS being the second term, and a perfect cube, 
corresponds to the bS in as + b3 ; and, consequently, 
2~, the V8w, stands for the b in a.+ b, the first of 
the two factors into which as + bS is divisible. The 1 
stands both for a3 and a, since 1 is the VI. 

(4.) ",8 _ y8 + ",2y2(~ _ y4) 
(",2 _ "'y + y2) (",2 + "'Y + y2) 

(~4 _ y4)(w4+y4) +~2y2(~' _ 1/') 
ar {(~2 + y2) _ "'9} {(re2 + y2) + ~lY} 

(~- 'Y4)(~'+ y4 + re2y2) 
~--~~--~~~~ 

",4 + y4 + 2~'C2y2 _ ",'ly2 

(~4 _ y4) ( ~4 + y4 + z2y2) 
~- --~4 + ~2y2 + y4 

c:' m4 _ y4. 
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(5.) i(~+y)3+cS+!(z+y)+c 
== { l ('" + y) + c} { t( w + y ra -l (z + 'Y) c + c2} 

!(z+y) +c 
- tCz+y)2_!Cz+y)c+c9• 

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

(6.) 'ln1S - '11,12 (7n8 - 11,') ('ln12 + ,n8n' + fl,S) 

mS + ,.,,2" mS + ni 
(mS - n2)(mS + n2)(m,12 + m8n4 +nS) 

mS +n2 

== (mS - n2)(m12 + m6n4 + nS). 

It is not so easy to see at first that m18 - flU cor. 
responds to as - bS, but it reveals its similarity as 
soon as it is obserTed that each of the terms is a 
perfeot cube, and that the expression may read thuB, 

(m,~)S - (11,4)8, . 

where m6 stands for a, and 11,4 for b. 

(7.) p3+f/+ pq(p2_ q'J) +qS(p+q) 
(1 + q) (p + q) . 

(p + q)(p'J_ pq + q2) + pq(p - q)(p + q) + rf{p + q) 
(l+q)(p+q) 

~ (p + q) (pl_ pq + q2+p2q _ pqi+ qS) 
(l+q)(p+q) 

= 
pl_ pq + q'J + piq _ pq2 + q8 

l+q 
,,2(1 + q) - pq(l + q) + q2(1 + q) 

l+q 
_ (l+q) (p2_pq+q2) =p2_pq + q'J. 

l+q 

The method adopted to get rid of 1 + q, is simply 
suggested by seeing tho 1 + q remaining in the de. 

• 
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nominator. This, of course, can only be done by 
getting the 1 + q to appear a8 a factor in the numer. 
ator, the process for which is very plain and simple. 

33. The very fact that with any of the formulm 
there is a product of factors, together with the 
factors themselves, is sufficient e~idence that expres­
sions of which the G.C.M. or L.C.M. is required, 
must involve their constant use. By the resolution 
ot Algebraio quaJltities into their elementary parts, 
many otherwise rather long examples may be readily 
~d ea.sily solved. 

(8.) Find the G.C.M. of (y2-y+l) and (y8-1) 
y6 - 1 = (yS + 1) (y8 - 1) == (y + 1) (y9 - Y + 1) (y3 - 1) . 

••• y~ - y + 1 =- the G.C.M., b, inspection. . 
(9.) Find the L.C.M. of y2 - 1, y8 + 1, and y8 -1. 

y9-1=(y-l) (y+1); 
1/8 + 1 = (y + 1) (y2 - 1/ + 1) ; 
yS _ 1 = (y -1) (g2 + y + 1) ; 

... TheL.o..M. = (y + 1)(y2 - Y + l)(y -l)(yi+ y+ 1) 
-(yS+l) (yS-1)=y8-1. 

34. When two terms, separated by a ininus sign, 
have each an index which is the sum of two 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 
a2 - b2 or as - bS• 

Thus,-
z8 - y8 c: (~' + 1f~) (ar'J - yS) 

-(z+Y) (z2-zy+y2) (z-y) (a'2+~y+yt) 
= (z + y) (z - !I) { (z2 + y2) - zy } { (z2 + y2) + zy} 
= (z'J_y'J) (z4+z2y2+y4); 

which latter expression is the same result 8S would 
be obtained by using as - bS instead of a'J - bi , as 
above. The 8tudent may employ the reverse process, 
and thus make a. good example for himself; that is, 



80 IMPORTANT DEDUCTIONS PRO. FORlIULE. 

he may resolve w6 - y6 by applying as - b3, and con. 
verb it into the same form as -is obtained by using 
a'J - b2, viz., into the faotors (z3 + yS) (z3 _ y3). 

3S. It may be noticed, in passing, that elementary 
integral expressions resembling, in form, a product of 
factors, can be resolved by the use of fractional 
indices. Thus,-

0-'9= (zl+yi) (wi-gi), 
by imitating the factors of w2 - yi, or 

z - y = (01- yl) (wi + zolyi + 'III), 
by imitating the factors of zS - !Is. 

36. As a, specimen of the reasoning that may not 
unfrequently be applied to Algebraic expressions, the 
following deductiobs from the two preceding identities 
will neither be uninteresting nor useless. Suppose 
it is required to resolve a7 + b11nto elementary factors: 
we proceed thiIs. 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 is an odd number, and so is 3; therefore there is a 
similarity between them. This being 80, we presume 
from a" notice of the two factors, (a + b) (a'J - ab + b'J), 
that the binomial factor of a7 + b7 will have unity 
for the index of each term, and that the resolution 
will therefore be 

a7 + b7 = (a + b) x ~o. 
Thus far all will be clear. Now then for the next 
and more important step. It will be noticed froDJ. 
the other factor,-

1st. That a begins with, the indez ne~t be"!ow that 
b~Zotl,ging to the a in the original product. 

2nd. That the inde:» of a gradually descends. 
3rd. That the indez of b is precisely the reverstJ, 
4th. TiClt the signs al·e alternat& 
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• •. a7 + b7 = (a + b) (a8 - a5b + a'b2 - a3b3 + a2b' - ab5 

+b8). 

So, again, in resol ring all - bll, the factors of as - b3 

must be imitated; and it will be seen that-

all - bIl = (a - b) (0,10 + a9b + a81Ji + a,7lJS + a6b' + a5b5 

+ a4b8 + aSb7 + a2b8 + ab9 + b10). 

These examples may be tested by ordinary multi. 
plication or division, and the rule applied to any 
similar expressions. 

36 (a). From what has been said and done, it 
will be seen-

(a.) That when the index is even and sign minus, 
a'A - z'A is divisible by both a, - z and a + z • 

• 
(b.) When the index is even and sign plus, a"+z" 

is divisible by neither.. . 

(c.) When the index is odd and sign minus, a" - zt' 
is divisible by a - z. 

( d.) When the index is odd and sign plUB, aft + z. 
is divisible by tJ + z. 
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CHAPTER V. 

TI"e Oube 01 a Binomial.-Sche'lne for Remembr(tt~ce of 
FormuZce.-Eztended Application of the Oube of a 
Binomial,-Fully-wOTked Illustrative EzampleB. 
The Form of a Perfect O'Ube.-E~ample8 on Ohap­
tm-s IV. and V. 

87. 
a+b 
a+b 

a2 +2ab +bi 

a+b 
• 

as + 2a2b + ab2 

+ a'Jb + 2ab2 +. bS 

a,-b 
a-b 

a9, - 2ab + bi 

a-b 

as - 2a2b + ab2 

- a2b + 3o~b2 - b3 

The greater the number of formulm 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 expansioDs 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 tke inde~ of the 
~ansion required. 

2nd. That b gradually ascends to that power. 
Srd. That each of tl"e two middle terms has for its 

numerical coefficient the same "u"lber as /ormtJ tl"e 
irul63J above m entionetl. 
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Thus, then, 
(z + y)8 ;;: zS + 3z'y + 3zy2 + yS ; 
(~_y)8=Z8_ 3z2y + 3Z1l2- y8._ 

38. The student should here ask himself 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 (- b )1, which equals - b. 
In the third term it is the 2nd power of a... b, or 
( - b )t, and therefore + bi . The fourth term has - b 
to the 3rd power, or (- b )3, and therefore - bS• It 
will long ere this have been noticed that a.l1 odd 
powers of minus quantities ,have mjnus signs, while 
all even powers have plus signs, according to the 
role that like signs give plu8 in mu,lt'iplication, and 
'Unlike minus. For example,-

( - b)7:: ( - b)2 X (- b)2 X ( - b)2 X ( - b)1 
= b2 X b2 X b2 X ( - b) = b6 X ( - b) .. - b7• 

39. The extension of these formulm 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+q+z)3 
= {(p+q) +z}8 
= (p+q)3+3(p+q)2~+3(p+q)z9+z8 
= pS + 3p2q + 3pq2 + q:' + 3 (p2 + 2pq + q2)~ 
+ Spz2 + 3qz2 + zS 
= pS + 3p2q + 3 pq2 + if + 3p2$ + 6pqz + 3CJ.2~ + Sp~' 

+8q~+zS. 
(2.) (m+n-1I+z)8 

=-{(m+n)-(Y-I)}S 
= (m+n)3-S(m+n)1 (y-z)+3(m+n) (y-.)' 

- (11- s)S 
o 
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= mS+ 3min+3mn9 +nS - S(m9 + 2mn+n9)(y -z) 
+ S(m +n)(y'l- 2yz+z~) - yS + Sy2z- 3yz2+z3 
= mS + 3m2", + 3mn2 + nS-3m2y + 3m'lz - 6mny + 6mu 
- 3n2y + 3n2z + 3my2 - 6myz + 3mz'l + 3ny'l - 6nyz 
+ 3nz2 - yS + 3y'lz - 3yz2 +~. 

4.0. The above expansions have been left as they 
naturally formed tbemsel ves from the simple applica­
tion of the identity at the commencement of the . 
chapter, but they are capa.ble 'of another and more 
symmetrical arrangement. For instance, the expan­
sion of (p + q + Z )8 

=p3+ q3+ z3+3p2(q +z) +3q2(p +z) 
. + 3~2(P + q) + 6pq~. 

This form should be noticed by tbe student; but it 
is not so urgently pressed upon his attention as the 
foregoing, since it is comparatively seldom that tri­
nomials and mnltinomials have to be cubed, and when 
they have, the binomial arrangement is, perhaps, the 
more easily remembered and applied. 

41. A few examples will now be added, which 
must be carefully examined and clearly understood. 

Show that 
(p _ q)3+ qS_Y=3pq(q_p). 

This identity may be proved in the t~o following 
ways, the second of which deserves special attention, 
and will be hereafter referred. to. 

A. (p_q)S+q3_ p S 

=p3_ 3p2q +3pq'l- qS+cf _ps 
lC 3pq2 - 2p2q = 3pq(q - p). 

B. (p_q)s+qS_pS 
~ (p _ q) (p _ q)2 _ (p3 _ q3) 
= (p - q)(p'l_ 2pq + q2) - (p - q)(p'l+pq + 2') 
= (p _ q)(p2 -2pq + qi_p2_pq _q2) _ 
= - 3pq(p-q) 
-3pq(q-p). 
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42. The use of the formo]&) 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 
80ggest itse1f, but will endeavour to combine economy 
of time with the true science of his 8ubject. For 
instance, in multiplying-

(a+ b)2 by (a-b)S, 

the beginner may apply the processes for squaring 
and cubing a, binomial, and then find the product of 
the two results. This method of solution would 
involve the use of two formulm, but it would be a 
very inferior application. Instead of 80 doing, it 
must be noticed that-

(a+b)2(a-b)S 
= (a+b)2(a-b)i(a-b) 
= (a2 - b2)2(a - b), 

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

48. 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)s+ (a+ b)S + S(a - b )(a + b)2+ 3(a -b)2(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 a Drst... .•• ••• ••. (a - b)3 ; 
2nd. The cube of a second .•• ... ••• (a + b )8 ; 
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8rd. Three times a first squared into a second 
S(a - b)~(a+ b) ; 

4tb. Three times a first into a second squared 
3(a-b)(a+b)2. 

What then do these remarks suggest P WIly 
simply that- ' 
(a-'b)S + (a+ b)S + S(a - b)( a+ b)2 + S(a - b )2(a+ b) 

resembles ~s + 3z2y + S~yi + y3, 
but instead of z we get a - b, and instead of 11 we get 
a + b. Therefore the above expression 

= {(a-b)+(a+b)}s= {a-b+a+b}s= (2a)s. 
This example must on no account be lightly passed 
over: it is of very great importance. 

44. The roHowing will also illustrate the manner in 
whioh the knowledge of the form of the perfect cube 
may often shorten work. Thus,-

zS + 3~211 + 3xy2 + 1Is + .s 
z+y+z 

= (z+y)s+zs 
z+y+z 

'= (z+1I+z)f(~+y)2 - (~+Y)I+zsa} 
~+y+z 

= (~+y)i_ (z+y)z+z2. 

This will be 'found far less laborious, and is much 
more scientific, than dividing the numerat.or by the 
denominator, in the form of a.n ordinary long division 
sum. 

45. The student wil1 see tllat there is no assignable 
limit to the manner in which either of the formulae 
may be applied, the amount of work they may save, 
01' the number of examples that may be adduced to 
iHust·rate their use. 
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(1.) 3(aS - 3ci2b + Bab2 - bS) + (a2 - b2) (a - b)Sa 

_ 3(a-b)S =~ 

• (a-b)(a - b)2(a+ b) a+ b 

(2.) Required the L.C.M. of 

(~_y8)(~ _ 3~2y + 3~y2- yS); (~_ y')(z2_2zy +y2) 
and z8 - 3~4y2+3zil4_y8. 

(~3 - yS)(zS - 3~2y + 3~y2 - yS) 
= (~- y)(z2+~y+y2)(z _y)s= (z - y)4(z2+~+y2); 

(~4 _ y4)(~2 _ 2~y +y2) = (z2 - y2)(~2 +y2) (z - y)2 

= ('" - y) s (z + y) ( z2 + y2) ; 
z8 - 3~4y2 + 3z2y' - y8 = (z2 _ y2)8 

= (z- y)S(~+y)8. 
:. L.C.M. = (z - Y)'(z+y)8(z2+y2)(z2+~y +y2). 

This may, of course, be arranged in different wayR, 
and it will be a very good exercise for the student 
to con vert it into the form of 

(z' - '114) (zS - yS)(z2 - y2)2. 

45 (a). Subjoined are a few examples OD Chapters 
IV. and V. 

1. Find the value of mS _""s + m + n. 
2. Resolve alS - b9 into elementary factors. 
3. Simplifyals+b9+a4-a2b+b2. 
4. Reduce 

(pl'J _ 2p 8q8 + q 12) ( pli + 2p8q8 + q12) 
(p6 _ 2p3ct + q6)(p6 + 2p3fJ' + q6)(p4+ 2p2q2 + q") 

to lowest terms. 
-

5. Show that z6+3z4y:_+_3z2?t-!-!l+ n£· 
m2 +y2+z2 

-m" + (~+ y'J - 'Jl,2) (z2 + !/2). 
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6. Find the G.C.M. of a' + 3ash + 3a2b2 + al}J, 
a4 + ab3, a2 + ab, snd a6 - 2a3b2 + ab4• 

7. Find the value of (zt + yi) (zt.- ~l) 
(~-zt9t+yl) (zl+ztyt+yt). 

Simplify the following fractioDB-

8. me + 37n40n2 + 3m2n4 + 11,8 - a8 + 3a4z 2 - 3a2z 4 + z8 
m 2 + 'fI,2 - a2 + z2 

9. 8ms+ zB+ 3z2.1/ + 3zy2+ yS • 

g+2m+z I 

10. pISqIS + m1S11,I3 

pq + mfl,. 

Resolve the following expressions into elementary 
factors-

11. 729z21 -f 343q27 ; 

12. (z+y)3_(z+y-s)S; 
13. 2(z3 + z2y + zy~) -:xii + yS ; 
14. (p_q)3_(p+q)S+3(p2_q2) (p+q) 

. _ S(p2 ~ q2) (p - q) ; 
15. 7cS - ZS - k(k2 _l2) + l(k _l)2; 
16. m18 - nIl. 

Find the value of-

17. (a + b + c)8 ; 
18. (a+2b +3c+ 4d)s j 

19. 173 + 133 ; 

20. 193 -148• c 
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CHAPTER VI. 

Be80l'Utiun 01 Trinomials.-Analysi, 01 Methods oj 
Resolution.-Fully-wOTlced nl'U8trative Ezamples. 
-The Oollectim of Factor8.-Solution of Im­
portant Ezample,.-Oll,ange of Form by Mu~tipli-
cation by Unity.-Further Solutioos.-Ezamples 
on Ohapter VI. . 

46. In the foregoing cbapters 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 
np his Algebra thoroughly. 

47. In the following pages a few a.dditional 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-

a9 - b9, as + bS, and as -1)J 

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 j and- -

z2+ (a+b)z+ab= (z+a) (z+b) 
is an identity representing the various expressions 
now to be oonsidered. 

The above trinomial will yield, on analysis, a rule 
which is applicable to all other quantities of the same 
form. 

48 (a). It will ~ seen,-
1st. That the coefficient of the 2nd twrm of the 

trinomial is the 8UM of the two last termB of the 
binomial factors. 

2nd. That the last term of the trinomial is the 
PRODUCT of the same two terms. 

App1ying this process to other ex pression&, we see 
that sinoe-

a 2b2 + abz2 + aby2 + z2!J2 

== a2b2 + ab (z2 + y2) + z~y2, 
the above law is here also involved; 

•.• a2b2 + ab (z2 + y'J) + z2yl 
== (ab + z2) (ab + 112). 

Again,-
z9+15z+86=-(z+8) (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,-

z'J-15z+50=(z-5) (z-lO). 
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 min us 
in the binomial facto}·s, as two plus signs, on addition, 
would give no minus for second term. Thus far all 
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will be cleat-, but what about the sign of tho other 
binomial faotor? We will torn to the sign of the 
third term of the trinomial; it is plus. Now we 
know that the third term of the tl .. inomial is the 
product of the two second terms of the binomial 
factors, and that one sign of these is min us. What 
then P 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 thorougilly 
mastered it. It requires a little care, but is very 
easy. Similarly,-

(1.) z4t -19z2 + 18 = (z2 -18) (z2 -1) 
= (z2-18) (z-l) (z+ I). 

(2.) a2 -13ab + 42b2 = (a - 66) -(a - 76); 
and 80 OD. 

50. Again, 
z2-7z-44=(z-11) (z+4). 

Here is another variation, but one just as easily 
manipulated as the preceding. The sign of the third 
term of the trinomial, being the sign of a product, 
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, 

z2 - 7z - 44 = z2 + (4 -11)z - 44, 
according to the law deduced in 48 (a), viz., that the 
two second terms of factors added, together make - 7, 
and multiplled make - 44. 

51. The student must make the case of a trinomial 
having a numerical coeffioient in tile first term, the 
subject of special notice for himse} f, 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 a.nd 
product, as given above·, will,. consequently, be 
greatly modified. Thus,-

(1.) 12z' + z9yi - y4= (az2 + yi) (4z2 - gi) 
== (az2 + 112) (2z + y) (2z -11). 

(2.) 9a2b2 - Sabs - 6b' . 
== Sbi (Sa2 - ab - 262) == 3b2(3a + 2b) (a - b). 

52. A few examples will now be added to illustrato 
the usefulness of this important resolution. 

(1.) Simplify. ~!::::. 
z2+8z+2 (z+2) (z+l) z+2 
zi+ oz +5 (z+5) (z+l) = z+S· 

(2 ) 1/i - lOy + 21 _ (1/ - a) (1/ - 7) + 1/ - '7 
· 1/2 + lOy - 39 - (y - 3) (y + 13) 1/ + 13'· 

(a.) Find the L.C.M. of z2- (a+b)z+ab; 
tiJ- (a+c)z+ac; and z2- (b+c)z+bc. 
z2 - (a + b) z + ab = (z - a) (z - b) ; 
z2 - (a + c) z + nc = (z - a) (:r, - c) ; 
tiJ-(b+c)z+bc=(z-b) (z-c); 

•.. L.C.M.=(~-a) (z-h) (z-c). 

(4.) Find the L.O.M. of-
1/2 + a1/ + 2; 1/2 + 4y + Sand 1/2 + 5y + 6. 
1/2+3y+2= (1/+2) (1/+1); 
y2+4y+3= (1/+3) (y+1); 
1/2+51/+6= (1/+3) (1/+ 2); 

... L.C.M. = (1/ + 1) (1/ + 2) (y + 3). 

(5.) Find the G.C.l\{. of 
1/4+ y9- 6 and 1/'_ 3y2+2. 
1/' + 1/2 - 6 = (y2 + 8) (~2 - 2) ; 
y' - 8y2 + 2 = (y2 - 1) (1/2 - 2) ; 

•.. G.O.M. == y2 - 2. 
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(6.) Divide (y9 - 3y + 2) (y - 3) by y9 - 5y + 6. 

(y2-3y+2) (y-3) (y-l) (y-2) (y-3) 
y2 _ by + 6 = (y - 2) (y - 3) = Y -1. 

(7.) Resolve {z+y)9+ (a+lI+c) (z+y) + (a. + lI)c 
into fa.ctors. 

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

Let (z+y) =m, 
. and (a+h)=n. 

Then (z+y)9+(a+b+c) (z+y)+(a+b)o 
-m9+ (n+c)1)l +nc= (m+n) (m +c) 
-(z+y+a+b) (z+y+c). 
The substitution, in t~is case, only simplifies by 
reducing the size of the expression, since the careful 
student will easily see that a + b + c, the coefficient of 
the 2nd term, is the sum of the same quantities 
which have for their product (a + II )c, the tbird term 
of the trinomial. 

53. After the resolution of 41gebraic quantities 
into elementary factors, it frequently happens that a, 
single expression has the same term or terms entering 
&8 a factor into one or more quantities, as in 41 (b), 
which example will here again be noticed. 
Thus,-

(p _ q)s+ qS _ pSc::{p _ q) (p _ q)2 _ (pS _ qS) 
==(p._ q) (p2 _ 2pq + q2) _ (p _ q) (p2+pq + qi). 

Here the factor, p - q, is contained twice in the given 
expression, and bas to be multiplied by two different 
quantities, viz. by (pi - 2pt + q2) and - (p2 + pq + q2). 
Now the student will doubtless remember that 
in multiplying out of brackets, each term o( the 
multiplicand is multiplied by each term of the multi. 
plier. Tbel-efore, each of the terms, p and - q, must 
be multiplied separately by p9, - 2pq, q2, _ p2,-pq, _ q'J. 
Such being the case, it is evidently a waste of 
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time to write p - q twice, and q nite useless to have . 
p'J and - p2, q2 and - q'J occurring, and - 2pq and - pq 
in two di1Ferent terms. What then shall we do to 
avoid this loss of time and space P The remedy is 
found in what is called the collection of factors; and 
so (p - q) (pi - 2pq + q2) - (p - q) (p2+pq + q2) is 
written thus,-

(p _ q) (p2 _ 2pq + q'J _ p2 _ pq _ q'J), 
which equals -3pq (p - q) ; certainly a shorter and 
more convenient form than the original. In snch a 
case as this, the beginner is often led to ask how a 
single multiplication by p - 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 + 0 - d - e + f+ 9 - h, it is far more convenient to 
write one a, and 88y 

a(b + c- d-e + f + IJ - h), 
than either ab + ac - ad - ae + aj + ag - an, 
or a(b + c) - a(d + e) + a(f+ 9 - h), 
or a(b+c- d) -aCe -j- 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 very 
simple expressions would become intolerably long 
and tedious. 
(1.) ~how that (z+y+z)S-zS-r-zS 

= 3(z + y )(y +z)(z+z). 
(:z: + y + z)3 -z1- y3_zS = {(z + y) +z}S - fir'!, - yS-zS 
= ~ + 3z2y + 3:cy2 + y3 + 3z2z + 6zyz + 3y2z + 3;cz2 
+ 3yz2 + z3 - a;S - yS - zS 
= 3(z2y + zy2 + z2z + 2zyz + y2z + zz2 + yz2) 
c::3{z(zy + zz +yz+z2) + y(xy + zz+ yz+z2)} 
= 3{ (z + y)(zy + zz + yz +z2)} 
= 3[(z + y) {y(z +z) + z(z+z)}] 
= 3(z + y)(y +z)(z+z). 



HINTS FOR EASY MANIPULATION. 45 

This example has been thus worked out, fOl- the 
purpose of giving prominence to the collection of 
factors. It is easily seen, at commencement, that the 
3 is contained in all the terms, and in the required, 
form; tlterefore its factors are collected. We next 
notice that z + y 1S another factor; consequently, we 
try to take the z out of such terms 818 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 
2~yz has been divided into zyz and :eyz the z being 
taken out of one to leave the term yz, and the y 
out of the other to lea.ve ~Z, both of which are re­
quired. This step detracts Bomew hat, perhaps, Crom 
the value of the foregoing method of solution, but 
would be by no means disallowed. There is no 
difficulty whatever in ~eeing that z and y must eac]" 
be multiplied by (zy + zz + yz + z2), since the two 
binomials remaining in the ,·equired form, after (:c + y) 
11&8 been removed, give exactly this expression; 80 

t,bat the resolution into elementary factors is really a 
very simple process. A careful study of the a.bove 
exercise will render all the others comparatively 
easy. 

54 (a). In the manipulation of Algebraic ex­
pressions, especially in the case of rather formidable 
examples, 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 
tl"at very same for1n, OCC1J,TS in the required result. 
Judglnent must be nsed in determining whether the 
alteration of form is necessary or unnecessary.-

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

• See solution and" N.B." 01\ page 16. 
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possible to simplify the expression, and retain the 
(~+ y) as an unaltered factor. Thus,-

(z+y+z)3 _~3_y8 - z3= {{z+y+z)3 -sS} 
_(ZS+Y8) 

=(z+y+z_z)(z2+y2 + z9+2zy+2zz+2yz + zz 
+yz + z2 + z~). - (z + y) (z2 -zy +y2) 

= (~+y)(z2 + y'J +3z2 + 2zy + 3zz + 3yz-z2 +Z!/-y2) 
= (z+y) (3z'J+3zy+3zz+3yz) 
= 3 (z+ y) (z2 + zy + zz +yz) 
== 3 (z+y) {y (~+z) +z (z+z)} 
== 3 (~+ y) (y + z). (z + z). 

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

(2.) Show that 

(~ - y)8 + (y _ z)8 + (z - ~)8 == 3 (z - ~) (11- ~ ) 
(z - y). 

(z _y)8 + (y - z)S + (z - z)8 
= {(Z_Y)8+ (y-z)3} + (z-z)S 
= (z - y +y -z) (z'J - 2zy +y2_zy + zz +y2 _yz_y2 

- 2yz + z'J) + (z - z) (z -z)2 
=- - (z - z) (z2 - 3zy + 3y'J + zz - Syz+z2) + (z - z) 

(z'J - 2zz + z'J) 
== (_ - z)" ( - z2 + 3zy - 3y9 - zz + 3yz - z2 + z2 - 2zz 

.+z2) 
== (z-z) (3~-3y2-3zz+3yz) 
= 3(z -~) (wy - y2 ._ ZZ + yz) 
== 3(z:"'z) {y(z-y)-z(z-y)} 
- 3(z -~) (y -z) (~-y). 

This identity ma,y 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 al-bl ; (.z+,+:I) standing in 
the place of a, and:l in the place of b. 
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point, and therefore it has been solved 80 &S to ensare 
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 Ii ttle blunders. 
It should be pa,rti~ularly noticed how easily (~-11)8 
+ (y - z)S has been solved by using the factors of 
as + bS, since z - y stands for a, and y - z for b. 
The + (~- z), of the Srd line, has' been changed into 
-(z-~), in the 4th, 80 as to make the (z-z) 
common, and thereby enable its factors to be collected, 
the required fOl'm containing. - z . 

. 
_ y(z+z) (z2 - ~z+z2) +~z(z-z) (z+z) +.zS(~+.z) 
- (z+1/) (~+z) 

_ (z+z){y(z9_=+z2) +z(z2-zz+z2)} 
- (z+y) (~+z) 

(z+y) (zi - zz+z2) IDz2- g:z+zi 
z+y 

( 4. ) Show that 
(z+2y):cS- (y+2z)y8 == (tr-y) (z+y)8 .. 
{z + 2y):cS - (y + 2z )y3 = z4 + 2:rfly - y4 - 2g:yS 
= (z4t_ y4) +2zy (z2_ y2) 
== (z2 _ y2) (z2 + y2) + '2zy (z2 _ y2) 
= (z2_ y2) (z2+2zy+y2) = (z-y) (z+y) ({D+y)i 

= (z - 1/) (z+y)3 

3:cS- 3z2y + zy2 - y8 Sz2(z- y) +y2(z - '1/) 
(5. ) 4m2y _ 5zy2 + 1/3 == 'II ( 4ar - 5zy + '!I2) -

::II (3z9+y2) (z-y) = 3z2+y2 • 
y(z- y) (4~ - Y) '!J(4z - y) 

. 1/2+91/+20 _ (y+5) (1/+4) 
(6.) 11' + '1,2 + 148 + 'II ~ '1/3 + 23 + 71/(, + 2)' 
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.. (1/+ 5)(y+4) == (1/+5) (1/+4) 
(y + 2) (y2 - 21/ + 4) + 7Y(1/ + 2) (y +~) (1/2 + 5y + 4) 

(y + 5) (y + 4) 11 + 5 • .. -~-~~---=---
(y+2) (y+1) (y+4) (y+2) (y+1) 

(
as bS a2 b2 a b) a, b 

(7.) b3+ as -b2 + a2 +jj+(i +iJ+a. 

( as + bS
) _ (0,2 _ b') + (~ + ~) 

lJ3 as b2 a9 b a -. 
~+~ 
b a 

(~ + ~) (al 
_ 1 ~ hi) _ (~ _ ~) (a + ~) + (~ + ~) 

b a bi a2 b a b a b a 
=--------------~--------------~+~ 

b a 

-+- --1+ - --+-+1 (
a b) (0,9 bi a b ) 
b a bi ai b a 

~--------------------
~+~ 
b II 

at b9 a i =-+---+-b'J 0,1 b se 

(8.) Show thatp(p-2q)S-q(q-2p)s=(p-q) 
(p+q)s. 

p(p-2q)S -q(q -2p)S 
-p(r-Sp2q + 12pq2- 8gS) _q(qS_ 6pgi+ 12ptq 

-81'8) 
-= p4. _ 6pSq + 12p2q2 - 8pq! - q4 + 6prf - 12p 'Jqt 

+8p3q 
- 1" + 2pSq - 2pqs - tf 
= (P' _ q4) + 2pq(p2 _ q'l) 
== (pi _ q2) (1'2 + q2) + 2pq(p'J _ q9) 
= (pi _ q'J) (1'2 + q2 + 2pq) s 
= (p~g) (p+q) (p+q)S_(p_g) <'1'+9). 
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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 himselF about, 
in order to thoroughly understand and enjoy his 
subject. Bot he must be continually on the look­
out for the introduction of any little manmuvre that 
may sborten labour, and, contrary to general rules, 
must take rathB'r a delight in Bckem.ing_ This is no­
where more clearly shown than in some few exercises 
that will follow; but the artifice employed therein is 
only a specimen of others that may be applied in 
different cases. 

(1.) Find the value of 2 '" 2 + 2 !I 2 · z- iJI y- 2J 

In addition of fractions, it is, of courso, necessary 
to find the least common denominator; and at first 
sight, it appears evident that the one for this example . 
18 

(2z - 21/) (2y- 2~); 

but it requires not much penetration to see that, if by 
any means 2y - 2z can be changed into 2~ - 2y, the 
L.O.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 Talue of the fraction is not altered, 
since the process is equal toa multiplication by unity. 

+y -1 -y -y Thus, x - == II: ---"--

2y-2z -1 -2y+2" 2~-2y· 

• z+'Y=z 'Y 
··2~-2'Y 2y-2~ 2z-2y 2QS-2y 

_ z-y _ z-y 1. - - ",. 
2~-2y 2(z-y) 

D 
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This change of form will admit of other expla­
nations, but of none shorter or clearer than the 
above. 

(2.) 3 + 2y _ 2 - 3g + 16y - !/s 
2-y ~+y y2-4 

= 3 + 2y _ 2-3y +y2 -16y 
2-y 2+!I 4_y2 

_ (2 +y) (3 + 21/) - (2 -y) (2 - 3y) +y2-16.v 
- 4_y2 

_ 6 + 7y +2y2 - 4+ 8.v-3y2+y2-16y 
- 4_y2 

2-y 1 
== ==--

(2-1/) (2+y) 2+1/' 

(8.) Simplify (a- b)l(a_ a)'+ (b-a/(b- a) 

+ 1 
(c-a) (o-b)-

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

(a - b) (a - 0) (b - a) (b - 0) (c - a) (c - b) ; 

but (a - b) and (b - a), (a - c) and (0':' a), (b - 0) 
and (0 - 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 faotors will be the 
L.O.D., instead of all the six, sinoe 

+1 • -1 +1 . beoomes , and :---~~-
(b-a) (b-o) (a-b) (b-o) (o-a) (o-b) 

+1 
becomes(a_c) (b-c)' This needs some explanation, 
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which the student must clearly understand. The 
first may be seen without difficulty to change thus, 

+1 1 1 1 -1 1 
~--~=-x- ==-x-x-
(b-a) (b-o) b-a 6-0 b-a -1 b-c 

-1 1 -1 = x-= · -b+a I}-o (a-b) (b-o)' 

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

+1 1 1 1 -1 1 -1 
~--=-----:----~ :a _ X - == - x - x - x -
(c-a) (o-b) c-a o-b c-a -1 c-b -1 

-1 -1 +1 
- x =---~---c+a -o+b (a-c) (6-c)-

.__ 1 + 1 + 1 
(a-b) (a-o) (b-a) (b-c) (o-a) (c-b) 

___ 1 1 __ + 1 
(a-b) (a-c) (a- b) (b -c) (a- c) (b -c) 

= b-c-a+c+a-b =0. 
(a - b) (a-c) (b -c) 

(4.) 1 + 1 + J. 

z.(z-y) (z-z) ,(y-z) (y-z) Ii{S-Z) (z-y) 

1 1 1 = - +~------
z(z-y) (z-.) y(y-s) (z-y) .(z-z) (v-z) 

_ ytz(y - tz) - zz(z - z) + zy(z - y) 
- zyz(z-y) (z-z) (y-z) 

_ Y (gil - zl + :tJ - %11) - zz( z - z) 
- zyz(z - y) (z -z) (!I-II) -

_ " f ( z - :z) (z + z) - !I (z - :z) } - ~z( z - :z) 
zlz(z - J) (.z -~) (y -z) 
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y(z-~) (~+s-y) -ZZ(~-z) 
-~--~~~~~-~-zyz(!e -1/) (~- z) (y - z) 

(tc - z) (a:y + ys - yi - ZZ) 
~~~~~~~~~ 

~yz (Z -1/) (z -z) (y - z) 

.aZ_(y~~t::....YJy -z) 
a:yz (Z-y) (y -z) 

_ (z - y) (y - z) 1 
- ~z (z - 'II) (1/ - z) = zyz • 

The above example is worthy of much study; 
indeed, it must not be passed over until it is scen that 
each soop is both clear and easy. The following 
·solution demands similar attention, and is quite &8 

simple and scientific. 

1 + 1 + 1 
z (~- 1/) (z - z) Y (1/ - z) (1/ - ~) z (z - ~) (z - Y ) 
_ 1 1 + 1. 

z(z-y)(z-.) 1/(Y-~)(z-'Y) z(z-z)(y-z) 
_ yz (1/ - z) - (tz (z - z) + zy (z - 11) 

argz (z - y) (z - z) (y - z) 
_ 'Vz (1/ - z) - (tiz + zz2 + z2y -zy'J 

zyz (z - y) (z - z) (y - z) 
_ 1/Z (y - z) + :/P(y - z) - z(1/2 - .12) 

"'yz (z - 1/) (~- z) (11- z) 
_ '!IZ (y - z) + zi (y - z) - z (y + z) (y - z) 

zyz (z -11) (z - z) (y -z) 
_ (1/ - s) (yz + z2 - a;y - Zz) 

wyz (z -y) (z -z) (y - z) 
z (z-,) -y (z-z) (z-y) (z-z) 

~ -~~~.~~-

wyz (aJ - 'II) (z - z) ~z (a; - y) (z - z) 
1 

c--
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(5.) Show that 

(a-b) (~-a) (~-b)+(b-e) (~-b) (~-e)+(e-a) 
(~-e) (~-a)=(a-c) (a-b) (b-c). 
(a - b) (~- a) (~- b) +(b-e) (z-b) (z -c) + 

(e-a) (~-c) (z-a) 

I:a (z - b) (il~ - a'J, - b~ + ab + b~ - be - cz + et ) + 
(c-o) (~-c) (~-a) 

== (~- b) (az - a'J, +'ab - be - cz + e2) + {c - a) (z- c) 
(~-a) 

=(z-b) {(c+a) (c-a) -b (e-a)-z(o-a)}+ 
(e-a) (z-e) (z-a) 

== (z-b) (e+a-b-z) (e-a)+(e-a) (~-c) (~-a) 

.. (0 - a) (cz +az - b~ -~ - be - ab +b2 + bz) + 
(e-a) (z-c) (z-a) 

== (e- a) (ez+~-~- be - ab+1}+~- az- cz+ 
ao) 

== (e-a) (-be-d+b"'+ae) 

• == (a-c) (bc+ah-b2 -ac) 

== (a - c) {tl (b - 0) - b (b - c) } 

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

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 soc­
cess in this important and interesting work, he must, 
on no account, disregard the little steps by , · _ I 

alone he will be able to secure for himself a '_. ~ 
both safe and permanent. 

56. Subjoined are a few examples which 0 , 

the substance, and illustrate tho utility, of ... 
VI. 
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Resolve the following expressions into elementary 
fa.ctors:-

1. m2 +29mn+210n9• 

2. z2y'A + 37 zyz + 342z2. 
3. p4q4._ 21p2q2r+ 104ri. 
4. a8z'J - 19a'p2z + l8p'. 
5. a8z2 -19a4p2z - 20p4. 
G. b8y'z2 + 11bSy2q2z - 242q4. 

7. a2 + (m+n) a+mn. 
8. (p+q)2+13 (pz+py+q~+qy)+42 (z+y)'J. 
9. 3a'Jm2 - 42amq + 120q2. 

10. 2 (nl,+n)'J-7 (m+n) (a-+y) +3 (z+y)2. 
11. piq2 - 130pqzy + 129.v2y'J. 

12-. z - 3 - (3 - z) (~+ 1) = z (~- 3) + 8. 
z 1 z 1 ~ 1 w 1 

13 - - - - - + - = - - - - - + - · ·3344 5 5 6 6 

Find the value of 

z9+ 13w+ 36 
14. ~2+16~+63·. 

• 

1 + 1 
15. p2_ (a+b) p+ab 1J2 - (a+c) l}+ac 

1 
+ p2 - (b + c) P + be' 

12m' + ".9112 - ft4 

16. 9m4 + 6m2n2 + n" 

• Be careful to COLLECT FACTORS whenever the process 
will be of advantage. · 
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17 -_ 1 __ + 1 + 1 . 
· (z-y) (z-z) (y-z) (y-.) (z-z) (z-y) 

p2 - pm - 11ft + mn 
18. p2-pq-pm+mq ... 

2a2z9 + 5a~y + 2y2 
19. 6a2z2 + 7azy + 2y'J, · 

P (p-2y)S-'Y (y-2p)8 
20. pS + 8piy + Spy2 + yS . 

(z +y)9 - lIe (z + y) + 30ci 
21. z - oc+y . . 

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

22. (p - q)s+ (q -m) s+ (m- p)s= 3 (m - p) (q - m) 
(p - q). 

23. (p+q+r)S-y-qs_,.s==S{p+q) (q+r)(p+r) 
24. ( a - b) (z - a) (z - b) + (b - c) (z - b) (z - c) 

+(e-a) (z-e) (z -a) ==(a-b) (b-c) (a-c). 
25. (z+y + z)S_(y +. - z)S - (z- y + z)S - (z+Y- .)8 

= 24ayz. 
3+2z 2-:lz 16z-z2 1 

26. 2 _ z - 2 + z + z2 - 4 = z + 2 . 

zS yS z'J y'J, m y 
-+---+-+-+- -I) '}, yS zS y'}, z2 Y z _ etr_ + 1L _ ~ + 11 

27. z y - y2 z2 Y Z 

-+-Y {D 

Find the L.C.M. of 

28. z2 - 13z + 42, z2 - 9z + 14, and z'J - 12z + 35. 
29. z' -144, ~ - 25z + 156, and z' - 5z - 84. 
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so. p" + 20ps + 19, pR - 361, p5 + 19p2, and pSg + 18yq 
-19q. 

81.. 4k2 - 9y', 4k2 - y2, 4k9 - 8ky + 8y2, 4k2 + 4ky 
- By", 4k2 - 4k'll - 3y2, and 4k2 + Sky + 8,2. 

Find the G.O.M. of 

82. ~2 - 4m +4, and zl- 7z + 10. 
33. 2z' - 288, and z4y2 - 11~2y2 - 12yl. 

34. p2 + 21pq + 110ql, p2 + pq - 90q2, and 2q2 - 2pq 
- 220q2. . 

• Science Examination, May, 1870 • 

• 
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CHA.PTER VII. 

Important Formula for high E~QIfI,8ion8.-.AppU(Jatiofl, 
of Formula.-EzampZes.-UseJuZ Form'u,la fOT 
Multiplication.-Fully-wOTked, il1;ust'fati'V8 Ezam-

. ,ples.-Remarks on Manipulation.-Hint, on 
symmetrical Q/lvangement.-ReTlUJ/rks amiJ, E~am,.. 
pies on Division.-ObsenJations em correct Btudy.­
Impo'ftant Mathemat·ical Theorem.-Illuswati'IJ8 
Ezamples. 

57. In addition to the formulm already given, and 
80 urgently pressed upon 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 
formulm 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 
expa.nsion may be. accomplished by various combi. 
nations of the lower powers; thus, 

(a+b)4= {(a+b)2}2, 
(a+b)6= (a+b)2(a+b)S, 
(a+b)6= {(a+b)S}2, 

and 80 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 m(?J1, -1) -2 ft (z+y)"'=z"'+-Z",-ly + ____ zm y. 
1 1x2 

+m(n~-l) (m-2) "'-83+ ____ +y. 
1x2xS z y 
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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)6. Here, then, m=6, and thus 
we have, by a close imitation of the above,-

(a+b)6= a6+~a6b + 6 x 5a4bi + 6 x 5 x 4aSbS 
1 lx~ lx~x8 

+ 6 x 5 x 4 x 3 a2b4 + 6 x 5 x 4 x 3 x, 2 ab5 + b8 
lx~x3x4 lx2x3x4x5 

= a6 + 6a6b + lSa4b2 + 20asb3 + lSa2b4 + 6ab6 + b8• 

In expanding (a - b )8, every term containing an 
odd power of - b, must evidently have a minus sign, 
(Art. 88) j and, therefore, 

(a - b)6 = a6 - 6a6b + 15a4b2 - 20a3b3 + 15a9b' 
-6ab6 +b6• 

Again, (2~ + 3y)4 

= (2l1:)'+4(2l1:)S(3y) + ~ x : (2l1:)I(3y)2+ 4 x 3 x 2(2l1:) 
x.. lx2x3 

(3y)S + (3y)4 
= 16~4+ 96z8y + 216z2y2 + 216zys + 8ly4 

Also, (a +b +C)6 = {(a, + b) +c}o 

( ( 
5x4 = a,+b)5+5 a+b)4c+--(a+b)Sc9 
lx2 

+ 5 x 4 x 3 (a + b)2 f? + 5 x 4 x 3 x 2 ( a + b)c' + c5 
lx~xa lx2x~x4 

= a6 + 5a4b + lOaSb2 + 10a9bS + Sab4 + b6 

+ Se( a4 + 4aSb + 6a2b2 + 4ab3 + b4) + lOc2( as + Sa2b 
+aab2+b~) 

+ lOeS(a2 + 2ab + bi ) + 5e4(a + b) + e6, 

which, for simple and entire completion, needs now 
only to be taken out of brackets. 
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&9.' The above illustrations will be quite sllfficient 
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 exa.mples, for practice, will make 
the formula clearer. and easier than many words. 

l. (a+y)4. 2. (2a _y)4. 
3. (2z + 3a)5. 4. (a - 4z)6. 
5. (z+y+z)& 6. (z-y+z)6. 
7. (a-b)7. 8. (a-b)8. 
9. (4a + 6b + 1)8. 10. (y + 3)7. 

11. (m + n.)9. 12. (fl1,- n)10. 

60. Again, in A.rticle 48, it has been brought 
before the student's notice, that 

(z+a) (z+b) =z2+ (a+b)z+ab; 

and it may be shown, by actual multiplication, tha.t 

(z + a)(z + b)(z +c) = ~ + (a + b + c)z2+ (ab + ao + bc)z 
+abo; 

&c., &c. A. high process of reasoning, called mathe­
maticaZ induction, shows that thi8 symmetrical ar­
rangement holds good for any number of binomial 
factors; and, therefore, it becomes a very useful 
form ula 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) (z + 3y) = zi+ (2y + 3y)z + 6y2 = z2 -t 
5zy + Uy2. 

(2.) (z + 3y) (z + 9y) (z + 5y) = zS + (3y + 9y + 5y)z2 
+ (27y2 + I5y2 + 45y2)z + 135y3 

= zS + I7z2y + 87~y2 + I35ys. 
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{3.) (4p-2q) (4p-6~) (4p+n~) 
= 64pS - (2q + 6~ -'m) (4p)5J + (12qz - 2q,n- 6mw) 

(4p) + 12qmz 
= 64pS-16 (2q +6~- m) p'J+ 8 (6q~- qm- 3mz)p 

.+ 12qmz. 

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

·(1.) zS+ (a+ b + o)~'J+ (ab + ac+ bc)z + abo 
+ ~2+(a+b)z+ab 

_(~+a) (z+b) (~+c) 
- (z+a) (z+b) =~+o. 

(~ ) 1 + -;;----:-_1 ~ __ 
•. p2+(m+n)p+mn p2+ (m-n)p-mn 

1 
+p!+ (n~+q)p+mq 

_ 1 + 1 + 1 _ 
(p+m) (p+n) (p+m) (p -11,) (p + In) (p + q) 

_ (p+ q)(p - n) + (p + q)(p +n) + (p + ,,)(p -11.) 
- (p +7Jl)(p +n)(p - n)(p + q) 
_ (p + q)(p - n+p +n) +p2 - n2 

-:- (p+m)(p+n)(p-n)(p+q) 
_ 2p(p+q)+p2-n2 . 

(p + m)(p +n)(p - n)(p + q) 

62. Much notice must be taken of the form of 
the foregoing identities, so that they mn.y be fh-m], 
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fixed OD the mind; but, on careful exa.mination, the 
pupil will find their symmetrical arrangement to be 
so easy and regular, that he will Dot experience the 
least difficulty. in remembering and applying them. 
No hints to that effeot need here be gi veD. 

63. Show that-

(m'i+n2)(p2+q2) = (mp+rzq)i+ (tnq - np)9. 
(tn2 + n2) (P2 + q2) == m2p2 + '1n,2q2 + n2p2 + '1~2q2 

= m,'l,ps + m,2q2 + n9p2 + n2q2 + 2mnpq - 2mnpq 

= (m2p2+2mnpq + n,2q2) + (m2q! - 2mnpq +n2p~) 

==(mp+nq)2+ (mq - np)l. 

This last example includes a device, which the 
careful student must have noticed, when + 2nl/u,pq and 
- 211lnpq were added to the expression. Now, it is 
evident that the value cannot be affected by such an 
alteration; but what is there to suggest it ? 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 factoTs: and, therefore, they are required to 
complete the form, although they in no way afFeot 
the .,aw,e. This is merely another specimen of the 
alJowable and interesting schemes, whioh the in­
genuity of the student must ever be on the alert to 
apply. 

Of course it would have been quite sufficient fOl 

the establishment of the equality, if the right--hand 
member of the identity had been converted into tho 
form of the left-hand factors, as below j but, in many 
caseR, it is not possible to determine, at a glance, 
which is the better process for manipulation, and then 
it i8 more natural to commenoe at once with the side 

• 



62 HINTS ON BYlIKETRICAL ARRANGEllXNT. 

of the identity first given. Beginning with the right­
hand member, we have-

(mp + nq)"+ (mq -tip)" 
:::: 1n!pi + 2mnpq + n"q" + ""iq" - 2mJl:pq + n'1pl 
= m,2(pi + q") + n2(y + q9) 
= (m"+n")(p" + q"). 

64. ODe 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 
general1y desirable, and in some instances necessary t 
to arrange the terms in the order of the indices of 
the common letter: at the least, it is awkward not to 
do so, and ill becomes a good Algebraist. 

Thus-, 
(Z4 -15y' - 8z2yi + afiU + 19zyS) + (3zy - 5yi +~) 

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 anange according 
to descending powers of $, the above example will 
nicely become-

(z' + ~ - &lyi + 19zys -151') + (z9 + 3zy - 5,2), 

the solution of which will present no element of 
diflicu1ty. 

65. Not only is this the case, but, stilZ mor8 
important, the first term for each successive division 
must be brought down also in the order of the 
indices of the common letter whioh has been selected 
to govern the arrangement. Thus, if z4r be the fir~t 
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term in the dividend, and ~ the first in the divisor, 
the next line for division should commence with a 
term having in it zS, the following 0 9, and 80 on; 
unless, indeed, the qnantities thus noticed have 
disappeared in the ordinary working of the sum. 
The meaning of these ~marks 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 has to be brought down, thus, 
if zS be the letter to appear in the first term of the 
line, there may be two, or three, or even more terms 
having the zS in it. What then is to be done P Is 
the asS to appear for so many following di visioDs, in 
order to get rid of all the terms containing it, and 
thus proceed to the z'J P By no means. 'l'he tyro 
may do this, but the process would at once discover 
the standard of the operator. Let the coefficients of 
the ~s 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 sore. A fe w 
illustrations will remove all dOll bts and (1 ifficulties. 



(1.) (ab3 + 2h3c - ab2e + fJbc'J - aSh - 2b03 + a3e - ac3) + (b + c - a) 
= {b3(a + 2c) - ab2e + b(ac2 - as - 2c3) + aSe - ac3} + (b + e - a) 

Q) 
II-

.. 
c: 
t'1 

~ 
b + ~ - a ] bS(a + 2c) - alh + b(acI- as - 2c-') + aSc - acS[b2(a + 2c) + b(a2 - 2c2) - (aSc + ac~). ~ 

bS(a + 2c) + b2c(a + 2c) - ab2(a + 2c) = 
{ 
~ 2ab2c - 2b2e2 + a2b2 + 2ab2c 
= b2( a2 - 2c2) 

b~(a2 - 2(2) + 'hc(a2 - 202) - ab(a2 - 2c2) 

{ 
- a2bc - abel 

= - b(a2c + ac2) 
- b(a2e + a(2) - c(a2o + a(2) + a (a2c + lIeg

) 

• • • 

t=' 
~ 

~ 
~ 

~ 

~ 
~ .., 
IN 

E 
""d 

~ 
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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 oolleoted where more than one term 
contains the same power of the letter. The student . 
should very carefully work this through, a.nd 
altogether satisfy himself ooncerning every term and 
step in the process. Where necessary, the terms of 
each subtrahend must be mentally taken out of 
braokets, and, when they do not oanoel others, be set 
down in the remainder,. in readiness for the next 
division. A oareful analysis of the above work will _ 
impress the method more thoroughly on the memory 
than a page of explanation. 

r 2a2b - a2c 
l · a2(2b - c) 

a2(2b - c) + ab(2b -0) + ae(2b- 0) 

r ab'J - abc:or acfJ 
<. = a(b'J - be+ 02) 

a(b'J - be + (;2) + b(bSJ - be + 02) + c(b2 - bo + 01) 

See Artiole 44, where a preferable method of Solution is adopted. 
This form is given here to illustrate the subject in question. 

:I 
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67. The following hint is not unworthy of notice, 
since it induces an insight into the nature of Alge­
braio expressions, and is calculated to promote free­
dom of lI:la.nipulat~D. Snppose it is required to find 
the G.e.M. of 

~'}, - 3z - 70, ~ - 39z + 70, and rt;3 - 48~ + 7. 

Now z9 - 3z - 70;;:: (z - 10) (~+ 7), and the student 
can see at once that z - 10 can, by no possibility, be 
contained in r - 48z + 7, sin.ce 7 is no multiple what­
ever of 10. 

,'. G.e.M. = z+ 7. 

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 A.1gebra 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 pape~; and·the only 
interest attached to them is that they serve, without 
trouble, to bring him so much nearer to his goal­
the Fini8. But these pages are the muscles of the 
subject-the exercises tend simply to develop them~ 
and 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 mal'k of failure to 
omit them. The pf'Ooj8 oj ""Zea, 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 
DO difficulty can be encountered with certainty, or 
guidance given to other~. 
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69. As a speoimen 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 ma.y be stated as follows :-

.Any ~easure of two quantitiu must a1"o be a 
measure of the difference betlDem 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 whioh B is the greater, the dUFerence between 
them being gs; and let m, their greatest common 
measure, be contained" times in A. Sinoe it is the 
G.e.M., m must also, of course, be oontained in B, 
that is, in .A + gs, or in mn + z. Now m goes evenly in 
mn +~, and also in mn; therefore m must be contained 
evenly in gs, the difference between .A and B; and it 
is evident that m cannot possibly be contained in CD 

LBSS THAN ONCE; therefore m cannot be greater than, 
gs. Thus the truth of the proposition is established. 

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

(1.) Find the G.O.M. of 

afi + 16zi - 45g, + 228, and r + 1&' - 51gs + 252. 

Now the di1Ferenoe between these two expressions 

= zS + 18zi - 51z + 252 - (~ + 16zl - 45z + 228) 
=2zi -6z+24=2(z2-Sz+12); 

and it is evident, from inspection, that 2 cannot 
possibly be the G .O.M., or a factOf' of it, sinoe tho 
coefficient of r, in eaoh case, ls unity, and will not 
therefore admit of integral division by 2. 
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Also, zl - 3z + 12 is elementary, &8 the Bum of no 
two numbers whose produot is 12, can possibly 
equaI3.-

,'. G.O.M. =z2-3z+12. 

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

zS + 8z1 - 8z - 1, and z8 + 32z1 + 208z + 23. 
:rfl + 32~ + 208z + 23 - (w + 8z2 - 8z -1) 
== 24:c2 + 216z + 24 = 24 (Zl + 9z + 1). 

,', G.C.M. == z2 + 9z + 1. 

(8.) Similarly, the G,O.M. of 

pI -41p- 30, and 1'8 -lIpl + 25p + 25 = pl- 6p - 5. 

(4.) Again, 

2111,8 + 49m2 + 344m + 585 - (2m3 + 44m2 + 262m + 364) 
= 5m2 + 82m + 221 = (Sm + 17) (1n + 13) . 

• '. The G.C.M. of these two expressions = m + 13. 

• See Article 4B (a). 
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CHAPTER VIII. 

B87llarks em Basy Ma""ipuZatioo.-E~ercises Jor Easy 
Man.ipu,lation.-OoncZusion. 

70. The student who has carefully gone through 
the various sections of this little work, must have 
~n more than once impressed with the exceeding 
importance of an easy manipulat"iofI, of Algebraio 
~presaions. And he may rest &Ssured 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 insurmount­
able, will at once vanish before this, perhaps, new 
application of a 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.e.M. of "",1- "",I + 2m. - "",3 + 2m' 
-""'+ 1 and ml-I. 

ml - m5 + 2m. - "",3 + 2.",,1 - m + 1 
== ml-m' + m· + "",. __ 3 + ml + ml - "'" + 1 
= ."".("",1 -."" + 1) + .",,!( mt - "'" + 1) + (m'- m + 1) 
= (ml-m+ 1) (m· + w+ 1) 
= (ml-"",+ 1) (ml+m+ 1) (_1 __ + 1). 

Also, ml-I = (mS-I) (m"+ 1) 
== (m-I) (ml+m + 1) (m+ 1) (m! -m+ 1). 

:. G.C.K.= (mt -"'" + 1) (m'+"",+ I)-="",.+m2 = 1. 

(2.) Find the G.C.K. of "",7 - Sml + m' - 4m2 + 12m 
-4 and 2mj-6m"+3m!-3m+I. 

m7 - 3m' + "",' - 4m1 + 12m - 4. 
== m5(m

'
-3m+l) -.4{m! - 3m+l) 

= (m5 -4.) (mt-3m+l). 
Also, 2m. - 6m3 + Smt - 3m. + 1 

c: 2m. - 6m3 + 2m1 + "'" - 3m + I 
-=2m!(mI- 3m. + 1) + (ml - 3m+ 1) 
=-(2-'+ 1) (mI- 3m+ 1) • 

••. G.C.K.-=m'-3m+l. 

N.B.-Mter the resolution of the first. exPleaaion, 
it will be evident to the careful student that 
ml-3m+~ or uniiy,"'" N lluJ O.O.ll.; therefore 
the brealrlng lip of the aeeond quantity becomes a 
maHer of mcrtaaed simplicity. 

• 
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_ (p - q)(p9 + pq - 2q9) 
--. (p - q)(2p2 + 2pq + 2q9 + pq + 2q9) 

_ p2+pq_2qi (p+2q)(p-q) 
- 2p 9 + 3pq + 4q2 = 2# + 3pq + 4q9 

(4.) Find the L.O.M. of"",9. - 4ni ; 

mS+6min+12mn2+ans, and mS-6m2n+12mn9-8ns 
m'J _4ni= ('111, + 2n)(m -2n) j 
mS + 6m2n + 12mn2 + ans 
== (mS + anS) + 6mn(m + 2n) 
.. (m+ 2n) ('111,2 - 2mn+ 4m,2) + 6mn(m+ 2n) 
== ('111,+ 2n)(m2 +4mn+4ni ) = (m+2n)(m+2n)1 
.. (m+2n)S; 
m8 - 6m2n + 12mn9 - 8ns 
== (mS - anS) - 6mn(m - 2n) 
==(m-2n)(m9+2mn+4m,9) -6mn(m-2n) 
=:(m- 2n)(m9 -4mn+4ni ) 

== (m - 2n)(m- 2n)2= (m - 2n)s. 

Now it is evident, from inspection, that the L.O.M. 
of (m-2n)(m+2n), (m+2n)S, and (m-2n)S, 

".- (m+ 2n)8(m- 2n)3 = (m2 - 4n2)S. 

( ) . . 18(qr2+p'J.r + pq2)-12(q2-r+pr9.+ p2q)-19pqr 
I. Simplify 2 8 

'P -: q 
18(qr2 + p'Jr + pq2) -12(q2r + p'.s + p2q) -l9pqr 

2p-3q 

_18qr2 + 18p 2r + 18pq2-12q2r-12pr-12p2q-19pqr 
- 2p-3q 

_ - 6r2(2p - 3q)-6pq(2p -3q) +'1' (18p9.-19pq-12q2) 
- 2p - 3q 

_ -6r2(2p-3q)-6pq(2p-Sq) +r(2p-3q)(9p+4q) 
- 2p -3q 

_ (2p-Sq)( -6r2-6pq +9pr+4qr) 
- - 2p- 3q 

== - 6T2 -6pq + 9pr+ 4qr. 
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(6.) as + lla' + 30a 
Redoce 9a-:i + 53aJ _ 9a -18 to lowest terms. 

as+l1aJ +30a _ a(aJ +l1a+30) 
9as + b3a2 - 9a - 18 - 9as + 53a2 - 911- 18 

_ a(a+5)(a+6) .. a(a+6)(a+5) 
9a3 + S4aJ-(a2 + 9a + 18) 9a1(a + 6)-(a+ 6) (a + 3) 

-= a(a+6)(a+5) =- a(a+5) 
(a+6)(9ai -a-3) 9a2-a-3-

N.B.-In the above example, the DUmerator 

resolves easily, the denominator is more diJIicult. As 
SOOD, howeyer, as the factors of the Dumeraror are 
obtained, if; is at once evident that a + 6 is the only 
possible eommtm fact.or; and, therefore, any scheme 
which will get the II + 6 contained in ODe part of the 
denominator JIIut kll"e it IIf II jaetor in the "Mllai ... 
dm-; hence ihe resolution becomea both inta'eating 
and easy_ 

(7.) Similarly, 

27 a,i;ef -1~z' - 9~z! 

36a'z! -1~ir- 27a'.z1+ fJa3;r} 

9a1 z!l3a! - 2« -1) 
= 9a1r(4aa-2{1~-3a+ 1) 

== (31.1 + 1)(.-1) .. (3t.z + lj( II -1) 
4a1-4G1 + (2a:-OO + I} 4a!':(S-1) + t(S-iJ{:;~.~~ IJ 

(3a+ Ijt IJ -1) _ !Y1..a-1 
= (a-l)~-4,il~t,.l':-IJ - 4-.L;T~I~-l-



74 EXERCISES POB MSY HANIPULATION. 

(8.) Again, 

p' + 2p 3q + ap2q2 + 2pq3 + q' 

_ (pl+pq+q2) (p2_pq+qi) 
- p' + p2q2 + q' + 2p 3q + 2p 2q2 + 2pq8 

_ (p2+pq+q2) (p2_pq+ql) 
(y+pq+q2) (pi_ pq +q2) + 2pq(p2+pq +ql) 

_ (pi + pq + q2)(p'J _ pq + q2) _ p'J _ pq + q'J 
- (p2 + pq + q2) (p2 + pq + q~) - p~ + pq + q'J,. 

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

z4 - (p2 + 1) z2 + pI and z4 - (p + 1) 2z1 
+2 (p + l)pz-pl. 

:e4- (p2+1)z2+pl = (z9_pl)(zl-1) 
== (z-p)(~+p)(z-l)(z+l); 
z4 - (p + 1)2z2 + 2(p + l)pz _pi 
== ~- {(p+l)2zi-2(P+1)pz+p2} 
= z4- {(p+l)z-p}2 
== {zi - (p + ])~ +p} {z9.+ (p + l)z -p} 
=- (z -p)(z -1){z2+ (p + l)z - p} ; 

:. G.C.M. == (~-p)(z -1). 

(10.) A.lso, 

2# + lSp9q -15pql-126qs 2p3 + 19p1q + 35pq2 
piq + 6pql _ 7qB X pB _ pi-q :.. 4pq2 _ 6q3 

.2Y+5pq 
-r-pq _ 9.2-

(2p S + 7yq) + (6piq -15pql-126qS) 
-~--~~~~~~~--~ q(p2 + 6pq _ 7q'J) 

p(2pl + 19pq + 35q2) . q( P - q) 
x (y-3p 'Jq) + (2p2q _4pq2_6q3) x p(2p+f>q) 
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p'(2p + 7q) + q(6p9 -15pq -126q') 
- ----.;..~--=~-=-...;...-=-~~~--=---

q(p + 7q)(P - q) 

x p(p+7q)(2p+5q) x q(p-q) 
pl(p - 3q) + 2q(pl- 2pq - 3q') p(2p + 5q) 

=pI{2p+ 7q) + q(2p+ 7q)(3p-18q) 
pl(p - 3q) + 2q(p-3q)(P + q) 

_ (2p+ 7q)(p'+3pq -18ql) 
- (p-Sq)(r+2pq+.2qi 

_ (2p+ 7q){p+6q)(p - 3q) _ (2p+ 7q)(p+ 6q) 
- (p-3q)(pl+2pq+2q2) - . r+2pq+2ql • 

(11.) (" -b _ cS- bl )..!- (0+ b 09+ bl) 
0+ b cS + b3 • 0 - b + c2 - b'J 

(0 - b)(01- ob+ b') - (0 - b)(rfJ+ cb + b2) 

(0 + b) (oS - cb + iii) 

(0+b)2+c2+b9 

(0- b)(c+b) 

(" - b) ( oS - cb + b9 - cS - cb - bI) 
oI-cb+bl 

2(09 + cb + bl ) 

,,- b 

. - 2cb(0-b)1 - cb(o - b)9 
-~~~ -~~~~ 

2(& + cb + b2)(& - cb + bl ) ~+ c2bi + b4. 

",,I' - m'n - mn4. + ft,6 m'( m - ,,) - ",'( m - ft, ) 

(12.) m'-mSn- m',,'+ mn3 mS(m-n) -mn2(m-n) 

(m-n)(m'-ft') (m~+nl)(",I-n9) m,2+n2 - ~ ~. (m-n)(m3 -mn9) m(m9 -Ri ) m 
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(13.) --------------------------------
1 - a 

l+a+ 1 _ a + a2 

a 

a 

1- a 
(a+ 1) (a2-a + 1) +a 
----a2 - a + f----

------------------------------a 
I 

1- --=--~-
as + a + 1 
a2 -a + 1 

a 
.. as + a + 1 - as + a§ - a 

as+a+1 

a3 - a'J + a 
1----------------

a 
I _ a(as+a+ 1) 

(12+1 - a2 + 1 • 
as+a+l 

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

(1.) (z-a)(z-b)-(z-a-b)2 
(z-a)(z - b) == (z- aya - 2b(z - a) + bi 

(z- a)(z - b -0 + a + 2b) = b)J 
(z-a)(a+b)-b2 

a:JJ + ba; - a2 - ab == bi 

z(a + b) =a.'J + ab + bi 

a2 + ab + b2 
••• :D== . 

u+b 
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(2.) 1 _ 1 a- b 
z-a z-b z2-ab 

(z2 - ab) (z - b) - (0 - a) (z'J - ab) III: (a - b) (z - a) 
(z-b) 

(z2- ab)(z - b - z + a) = (a - b)(z - a)(z - b) 
(z'J - ab) ( a - b) = (a - b) (z - a) (z - b) 
z2 - ab = z2 - bz - a,a, + ab 
z(a+b)=2ab 

2ab .·.z= . 
a+b 

(3.) (y + 1)(y + 2)(y + S) = (y -l)(y -2)(y -3) 
+3(4y-2)(y+l) 

r+ 6y2+ l1y + 6==yS - 6y2+11y - 6+ 12112+ 6y - 6 
6y=-18; ... y=a·. 

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

z4- 22z8+ 164zi - 458z +815 
== . z4 - 22z3 + 16(Q,2 - 488z + 480 
300-= 165 j 20=-11; ... z= 5l·. 

(5) 3 - 2z _ 2z:- 5 III: 1- 4z2 -1 _ 
· 1-2z 2z-7 7 -16z+4z2 

. . 
2z- 3 2z-5 7 -16z+~2 _~2+ 1 
--- --~-=--~~:---

~z-l 2z-7 ~2-16z+7 

_ -8(2z -1) 
- (2z - 7)(2z -1) 
2z-32z-5 -8 
2z - 1 - 2z - 7 == 2z - 7 
2z-3 2z-13 
..".-~ ==r-_ 
2z-1 20- 7 
(2z - 3)(2~ -7) == (2z -13) (2." -1) 
4z2 - 20z + 21 := 4z2 - 28z + 13 

8z= - 8, :.0 - -1. 
• This Solution is founded OD the theory containod in Article 68. 
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Or, thus, 

3-2z_2z-5= 1 _ ~9-1 
1-2z 2z-7 7-16z+4z

' 
2z-8 _ 2z-o -1- (2z+1) (2~-1) 
2z-1 2z-i- (2z-7) (2z-1) 

(2z-S) (2z-7) - ~z-5) (2z-1) = (2z-7) 
(2z-1) - (2z+1) (2z-1) 

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

2(2z - 7) = 6(2z -1) 

2z-7=6z-3; 4z= -4; .-. Z== -1. 

y-n y-n-l y-m y-m-l 
(6.) 11-n -1 - y- n - 2 == Y - m - 1 - y- fA - 2 

(y-",,) ('11- n - 2) - (11- n -1)9 
(y- n - 1) (y - n - 2) -

(y-m) (1I-m-2) - (y-",,-I)' 
(y-m-l) (y-m-2) 

(1I-n)9_2(y-,,) - (1I-n)9+2(y-n) -1 
(y -n -1) (1I-n-2) 

= (y -m)l- 2(,1-m) - (1I- mr'+2(y-m) -1 
(y-m-l) (y-m-2) . 

-1 -1 
--~-~~--= == ~----:~--=-=-~---

(11- .)1 - 8(11- n) + 2' (,1- mY' - 3(y-m) + 2 

'1/1 - 2"11 +n9 - By +3n+ 2=119 - 2my +ml-8y + 
3m+2 

2y(m - n) =- (m - n)(m+n) +8(m -n) 

m+n+S ···11- 2 • 
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(7.) ·5~-2=~25z+ ·2~-1 
5z 25z 2z 
10 -2 == 100+io-1 . 

z z z 
--2 ==-+--1 245 
10z - 40 == 5z + 4z - 20 

... z=20. 
(8.) (z+ a)(2z+ b + or'=: (z+ b)(2z+a+ 0)1 

(z + a){ (2z+c)i+2b(2z+ c) + bi } 

.. (z+b){(2~+0)i+2a(2z+0) +al } 

(2z+ 0)2(z + a- z-b) + 2(2z+o)(b~+a,b -a~ -ab) 
c: a}z + 0,2b - b'Jz - abi 

(2z + o)S(a-b) - 2z(2z+ olea-b) -z(a+ b)(a-b) 
+ab(a-b) 

4zi+4cz+cl - 4zi-2cz . ~+bz+ab 
z(20 -a -b) I&:o,b- cI 

ab-cl 

•.. z==2 . b· o-a-
(9.) 11- 3 - (8 -lI)(Y + 1) = (11 - 3)(,1 + 1) - (y - 3) 

2(11- 3) ==0 
••• 11 == s. 

(10.) -v'(6z) + -v'(6z + 45) = 15 
-v'(6z+45) = 15--v'(6z) 
6z +45 = 225-S0v'(6z) +6z 

30-v'(6z) ==180 
-v'(6z)==6 

&'=36 
••• z-6. 

(11.) -v'(a+14) +-v'(a-14)-14 
-v'(a+ 14) ==14 - -v'(a -14) 
a + 14-196-28-v'(a-14)+a-14. 

28-v'(a -14) ==168 
-v'(a -14) =6 

a-14 ==86 
••• a=roO. 
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(12.) 'v"(y - n) +./ (Y - m) -'v"(n - m) 
1/-n+ 2'v"(y - n)';/(y- m) +y - m==n - m 
2'v"(y-n)~/(y -m) ==2n - 2y 
1/2 - 'Iny - ny + mn == ",2 - 2ny + yl 

""1/ - my = n2 - mn 
y(n -m) ==n(tI-m) 
••• 1/ ==n. 

72. As the student advances from the more elemen­
tary parts of his Algebra, he will find the foregoing 
formulm 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. · 



ANSWERS TO EXAMPLES. 

CHAPTER II. 

1. a2 +c2 + 2ao. 
2. iJ,~ + eJ + 2de. 
8. g2+h2+2gh. 

4. m2 + ",'J + 2mn. 

5. p!+ "q2+ 2pq. 
6. m2 + q2 + 2mq. 
7. 169 + 81 + 234.-484_ 
8. 121 + 64+ 176=-361. 
9. 289 + 324 + 612 -1225. 

10. 225zi + 169y2 + 390zy_ 
11. 49y4 + 64z2 + 112y2,z. 
12. a'Jz2 + b2y'2 + 2abzy. 

13. piq2 + 482 + 411q8. 
14. '" + 'If + 2z'J,'!I'J,. 
15. zl + 4y1 + 4z3y3. 
16. 3fb'y2 + 100211' + 48abzy. 
17. ailJl + citP - 2abcd. 
18. ~+'!J'-2ZSr· 

81 r 
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19. miJtJ +z2 - 2zyz. 
20. yi + z2z1 - 2a;yz. 
21. ~I+ 16y2+ 16yz. 

22. 16bl + 36c9d2 + 48bod. 
23. ",2pl + 4ni q2 - 4m"pq. 

24. 49m2zi + 9rt2 + 4s2mstz. 
25. a'J + b" + 0' + 2ab - 2ao1- 2bcl. 
26. a9. + z2 + 4b2 + 4fy1 + 2a.m - 4ab - 4ay - 4hz - 4<ry 

+8by. 
27. ~+'!I2+ 36 +zl-~y -12z + ~z+ 12y-2yz-12z. 

28. 4a1 + 9b2 + 1601 + 25d'J + 12ab + l6ao + 20ad 
+ 24bo + 30bd + 4Ocd. 

29. pI + 4g2 + r2 + 9ml -4pq + 2pr - 6mp - 4q,. + 12mq 
- 6m,.. 

30. 1- 4a + 10ai -16as + 19a'-16a5 + 1()a8- 4a7 + a8• 

81. z8 + 207y - zSyl - 4z5y3 + 3~4 + 6zSy& - 3~9y6 
. _~7+4y8. 

32. a'+4as~+6alz9+4az'-z'. 

38. 16b' + 96lJSc + 216b'Joi + 216bcS + 810'. 
34. zB + 8z7y + 28zSyi + 5&'~y3 + 70~' + 56z61/& 

+ 28~8 + 8zy7 + '!I8• 

35. 4.' + 4b1 + c2 + d2 + 8ab - 4ao + 4ad - 4bc + 4bd 
-2cd. 

36. b'J + 02 + d2 + ~ + '!Ii + 26c + 2bd + 2bz-2by + 2cd 
+ 2cz - 2cy + 2dz - 2dy - 2zy. 

. m'J al 
37. al +;i+ 2. 

r 1/i 2z ~ 88. 3+ -+-+- + . 
1/1 zl 11 Z 

39. (z+a)1 +(z-a)' +2. 
z-a z+a 
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CHAPTER III. 

1. at - 4,t'. 

2. z4- 04. 
3. z4-16r'. 
4. 4p l_ql. 

o. z(a4 -z6). 

49z1 911
' 6. 4bI -160i 

7. a8+z'-2l1'~. 

8. zIG + a 18 - 2a8z8 •. 
9. (~+9y) (~-9y). 

10. (~+I) (~+l) (z+I) (z-l). 
11. (~-8) (r+8). 
12. (1 -llir) (1 + 15zt). 

13. e: +11;) e: -r)· 
14. (G-b) (a-b) (a+b) (a+b). 

10. a' (z+,) (z-y). 
16. (IG-Ib) (Ia+lb). 

17. (z'y'.s+ 1) (~.+ 1) (~. -1). 
18. (16z1+2Sy') (-k+5y) (-k-Sy). 
19. (alb' + 0') (all + eI) (alJS - 01). 

20. ap{ "" + .') ('" - nI). 

, 

21. (1/ - 2) (y + 2) (,'+ 4) (g+3) (g - 3) = (,' - 4) 
(y' + ') (1/'- 9) = (r - 16) (g' - 9). 

22. ". - a' + 4asb - 6a1bl + 4ab'- 11'. 
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23. ell + hi) (~+~) 
bi .ai b a 

24. a8 + b8 - 2a4b4.. 

2c5. 1 
as + b8 + a4b4. 

26. :e'-1f. 
27. (z8+256) (:e'+16) (z2+4) (~+2) (z- 2). 

28. 1- r. = 1-2z = 1-2z. 
1-2z-zJ 1-2z+z2 (1-z)9 

29. zi +!I~ 
~ 

1 
30. (a+~)i - . 

(a+z)9 

31. 
a4. z4. 2~1 
-- -1+--

pf. 11' 92 

82. -9. 
3S. a,i + bi + abe 
R4. { (a + b )2& + oin} { (a + b )11 + tf1} { ( a + b )D - CD} • 

.. 

• 
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CHAPTERS IV. & v. 

1. (m4+n') (m2+n2) (m-n). 

2. al8 - b9 = (a8)3 - (bS)8 = (a8 - b3) (a12 + a6bs + bR) 

= {(a')S - b3}(aI2 + a6b3 + b6) 

= (al .- b) (a' + (Jib + b2) (al:J + a6b3 + b6). 

3. a18+ b9 _ (a6+ bS) (ali - a6b3+ btl) 
a4 - a2b + b' - a4 - a2b + b~ 
_ (a2 + b) (a4 _ alb + bl ) (ali - a8bS + b6) 
- a'-a2b+lr 
= (ai + b) (a12-a6b3+b8). 

(,,11 _ 2p8q6 + ql2) (pI2 + 2p6qS + ~12) 
4. Cp8 _ 2pSq3 + q8) (p6+ 2p~rf + q6) (p4+ 2p2q2 + q.) 

5. 

_ (p8 _ q6r'(p6+ q6)2 
(pS _ q3)2( p3 + q3)2( 1'2 + q2)2 

_ (p8 _ q8)2(pl+ q2)2( 'P' _ piq2 + tt)!: 
- (p6_ q6)2(pi+ qi)i 

= (p' _ p2q'J + q')i. 

zG + :t.r.4!11 + 3zif + 'U8 + Ina (:iJ + '!I')3 + (mi)S 
_2+y2+z2 z2 + yi + fn,'J 

(z2 + y'J + m2) (z4 + 2z2y2 + 11' -m9.z2 - my + m' 
~~~----~~~~-~------~~--

~2+y2+m2 

=: _'+z2(z2+y2 - m,2) + y2(z2+r -m2) 
=m4+ (z2+ y2 _ fill) (z2+ y2). 

6. a(a+ b). 

7. zS- y2. 
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_ (m9 + n9)8 - (a'l- z'J)3 
- m,9 + ",,2 _ a2 + z8 [ + (a2 - zl)2 } 
_ (m9 +n2-a9+ z2){ (m,I+ n2)9 - (",,2+ ti2)(a2-z2) 
- m,1 +",,2,_ a'J+ zl • 
= (m9'+ n2)2 - (m2 + ",,1) (as - z2) + (as - z9)'}, . 

. 9. 8m8+zS+3zi/ +S~2+yS = (2)>1,)8+ ("'+y)3 
y+2m+z 2m+~+y 

_ (2m+z+y){(2mr'-21n(z+y) + {z+yY'} 
- 2m+z+y .. 
= 4m,9 - 2m{z+y) + (z+y)2. 

10. (pq)19_ (pq)llmn+ (pq)10(mn)9- (pq)9(mn)3 
+ (pq)8(mn)' 

- (pq)7(m")& + {pq)6(mn)8 - (pq)5(mn)7 + (pq)' 
(mn) 8 

_(pq)3(mn)g+ (pq)2(mn)10_{pq)(mn)11 + (mn)l'},. 

11. 729z91 + 343qf7 = {9z7)8 + (7 q9)8 
= (9z7 + i'qg)(81z1'- 63z7q9 + 49q18). 

12. (z+y)8_(z+y-z)8 , 
= (z+y- z - y +~){(z+y)'),+ (z+y)(z+y -Ii) 

+(z+y -z)l} 
= ~{(z +y)2+ (z+y)'},-(z +y)z+ (z+ y)2-2(z + y):I 

+~9} 
=~{3(~+y)'},- S(z +Y)~+1i9}; 

or 
=(z+y)8- {(z+y) -1i}S 
= (z+y)S - (z + y)8+ 3{z+,!/)11i - 3(Z+Y)1i9+~'}, 
=1i{3(z+y)'J - S(z + y)~ + z2}. 

IS. 2(zS+z'},y+zy'},)_~+y8 
= 2z(~ + Zy + y2) - (~_yS) 
= 2z(z'J+ 21y +y9) - (z - y)(z2+ zy +y2) 
= (r+zy +y2)(2z-z+y) = (z+y)(~+zy+y2). 
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14. {(P-q)-(p+q)}s=(_2q)3= -8q3. 

15. kl(k - Z). 

16. m18 - ,,11 = (,,1,9 + n6) (me - ,,6) 
= (m3 + n2)(m6 -m3ni + ,,4)(mS - n,!3)(m6 + m8nl 

+ n"'). 

17. (a + b + c)6 = { (a + b + c)3} ,= [ { (a + b) + 0 }8]1 
== (a3 + 3a2b + 3ab2 + b3 + 3a2o + 6abo + 3b

'
o + 8aoi 

+ 8bol + oS)l. 

18. (a + 2b)S + 3(a + 2b)I(30 + 4d) + 3(a + 2b)(30 + 46)1 
+ (80+4d)S 

==0;1 + 6at b + 12ab1 + 8bl + 3(al + 4ab +'4bl ) 

(30 + 4d) + S(a + 2b)(9c1 + 240d + 16dl ) 

+ 27 a1 + 10802d + 144.odi + 64d3. 

19. 173 + 133 = (17 + 13) {(17)1-17 x 13 + (IS)'} 
=30(289 - 221 + 169) = 30 x 237 = 7110. 

20. 191 - 141' = (19 -14) {(19)1 + 19 x 14 + (14)1} 
== 5(361 + 266 + 196) = 5 x 823 == 4115. 

• 



88 

CHAPTER VI. 

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

2. (~+I9z)(zy+I8z). 

3. (p2q2 - 13r) (p2q2 - 8T). 

4. (a4z-p2)(a4z-18r). 

5. (a4z + p2)(a4z - 20p2). 

6. (bS1l2z + 22q2) (bSlIlz - l1qt). 

7. (a+m)(a+n). 

8. (p + q)2+ 13(p + q)(~ +1/) + 42(z +y.)2 
= {(p +q) +6(z+y)} {(p+q) + 7(z+y)} 
= (p + q + 6z + 6y)(p + q + 7~ + 7'11). 

9. (Stirn, -12q)(am -lOg). 

10. {2(1J1,+n) - (z + 11) } {(m +fi) - 3(z+y) J 
= (2m + 2n- ~-'V)(m+n-3~ -3y). "-

II. (pq - zll)(Pq-129zy). 

12. (z-3)+(~-S)(z+1)=z(z-S)+8 
(z- ~)(1 +z+ 1- z) =8 
z- 3 = 4; ... ~ = 7. 

13. z( ~ - ! - ~ + ~) = (! -l- ~ + ~); ... z == 1. 
(z+ 9)(z+4) _z+4 

14. (z+ !J)(z + 7) - z + 7· 

15. 1 + ( ,)1( ) + ( b)l( ) (p-a)(p-b) p-a p-c p- p-c. 
_ 1'-c+p-b+p-a 
- (p - a)(p - b)(p-c) 
_ Sp-a-b-c 
- (p-a)(p-b)(P-c)· 
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16. (3rn,2 + n2)_{ 4m2 - n2) _ 4m2 - n,9 

(3m2 + n,2) (3m9 + 11,2) - :i111,2 + n'J/ 

111 
17. (z - y)(z - z) - (z- 1/)(1/ - z) + (z - z)(1/ - z) 

_ y-z-z+z+z-y =0. 
- (z - y){z - z) (y -z) 

(p-m)(p-n)_p-n 
18 --. 

· (p-m)(p-q) p-q 

(2az + 1/){az + 2y) _ az + 2y 
19. (2az+y)(3az+2y) - Saz+2Y· 

p {p3_6p2y + 12py2-8yS)-y (yS - 6py2 + 12p2y-8"s) 
20. s 

(p+y) 
= pfl-6yy + 12p2y'}, - 8py3 - 'It + &pys -12yy' + SpSy 

{p+y)3 
_ P'-!i'.+ 2p3y-2py3 _ (p2-y1)(p2+ y2) + 2py(pl-y2) 
- {p+y)3 - (P+Y') 
_ (p1_y2)(p2+ 2py + y2) _ (p_y)(p+y)S 
- (p+y)3 --(p+y)3- =p-y. 

21 { (z +.y) - 5a} { (z + '!I) - 6c} = .. + _ 6c. 
· z+y-5c At Y 

• 

22. See Art .. M (b), (2). 

23. See Art. 54 (1), and Art. 54 (a). 

24. See .Art. 55 (5). 

25. {(z + y) + Z }3_{ (z+y )-z }3_{ -(z-lI) +z}3 
-{(z-y)+z}3 

t 
(z + y)3 + 3(z + 11 )!z + 3(z + 11 )z' + i" 

_ - (z+y)3+ 3(z+y)lz - 3(z+y}z'+ z'1 
- +(z-y)3-3(z-y)'z+3(z-y)z'-z' 

- (z - y)3_ 3(z -y)'z- 3(z - y)z' - ~ 
~ 6( zJl + 2z!J + 11" - ;r;I + 'J:zg- '!J")z == 24zyz. 
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26. See Art. 55 (2). 

27. See Art. 54 (b), (7). 

28. (~- 6) (~- 7); (~- 2) (z - 7); (z - 5) (~- 7) 
.'. L.O.M. = (z - 2) (~- 5) (z·- 6) (~- 7). 

29. ~j, -144 = (~2 - 12) (z9 + 12) ; 
z'-25~2+156=(z2-12) (z2-13); 
~4r _ 5~2 - 84 = (z'l - 12) (~2 + 7) ; 
.'. L.O.M. • (z2 + 7) (z9 + 12) (z2 -12) (~2 -13). 

30. (pS + 19) Cps + 1); (ps + 19) (y - 19);p9 (p3 + 19); 
q(pS + 19) (pS -1) ; 

... L.O.M. p2 q(pS + 1) (pS -1) (pS + 19)(pS -19). 

31. (2k+3y) (2k-3y) j (2k+y) (2k-1I); 

(21.:-3y) (2k-y); (2k-y) (2k+3g); 

(2k + y) (2k - 3y); (2k+3y) (2k +y); 
:. L. C. M. = (2k + 3y) (2k - 3y) (2k + 11) (~k - y) ; 

or == (4k2 - 9y2) (4k2 _ '!I2). 

32. (z - 2) (z - 2); (~- 2) (z - 5) ; 
... G.O.M. = z - 2. 

33. 2(~2 + 12) (~2 -12); y9(z2 -12) (z2 + 1) ; 
:. G.O.M. ==z2 -12. 

34. (p + l1q) (p + 10q); (p + 10q) (p - 9q); 

2(p-11q) (p+l0q); :.G.C.M.=p+l0q. 
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CHAPTER VII. 

1. a' + 4a,3y + 6a'Jy'J + 4 ay3 + !I'. 
2. 16a' - 82GSy + 24a11'J - 8ayS + '!f. 
3. 32z6 + 240az' + 720a'J~ + l080a3z2 + 810a'z 

+ 243a6• 

4. as - 20a~ + 160a3z2 - 640a2~ + 1280az4 -102~1i. 

5. See (a + b + c)6 on page 53. 

6. (z - 1/)8 + 6(z - y)6. + 15(z - y)'.~+ 20 (z - y)3z3 
+ 15(z - y)'J~+ 6(z - y)z6 +.6 • 

.,. a7 - 7 a8IJ + 21 a6b'J - 35a'bs + 35a8b' - 21a2b6 + ., ab6 

- b7• 

8. a8 - 8a7b + 28a8b'J - 56a6bs + .,Oa,'b' - 56a3b5 

+ 28a2b8 - 8ab7 + b8• 

9. {4a:+ (6b + 1) }s= 64a3 + 48a2(Ob + 1) 
+ 12a(6b + 1)2+ (~b+ 1)3 

= 64a3 + 288a2b + 48a2 + 12a(36b2 + 12b + 1) 
+ 216b3 + 108b51 + 18b + 1 

== 64a3 + 288a2b + 48a2 :... 432ab2 + 144ab + 12a 
+ 216bS + l08b2 + 18b + 1. 

10. y7 + 211/8 + 189y6 + 945y' + 2835y8 + 5103y'J 
+ 510ay + 2187. 

11. ml + 9m8.n + 86m7ni + 84m8n,8 + 126m5,,' + 1261114U,5 

+ 84",,8,,8 + 36m,2.,,7 + 9mn8 + ",I. 

12. mlo-lOmln+4.5m8n'J-120m1n8+210m8.n' 
-252m5,.,5 

+ 210m'n6 - 120ms,.,,7 + 45m2,,8 - IOmnl + u10• 

BRUer a 'laDDer. The Sel .. oocl PrlDUn, WorD. ProlM, &114 LondOll 
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ENGLAND ASIA 
EUROPE AFRICA 
BRITISH C()LONIES N. AMERICA 
E. I-IEMISPHERE S. AMERICA 
W. HEMISPHERE 

SCOTLAND 
IRELAND 
CHART OF GEO­
. GRAPHICAL TERMS. 

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

TM SeluJolnuuter says: U For school purposes there could be no better. Boldly 
,..mted, clearly coloured. They deserve a place on the walls or every sehoolroom. 
We can say in a single word-ezcelulIt." , 

II The British Colonies is a necessity in every school that takes the Geography of 
the Colonies." 

Tu SeluHll GtlaN;''' says: II Distinguished by many features of great m.erit. 
Shows great discrimination. Good school maps." 

OlUtjf H.M. ItUp,etllrs states: "Cenainly the best (or school purposes that haft 
been produced." 

TIU Edll&"t;onal NftIIl says: .. The peculiarity o( these maps is the strikingly 
bold and distinct appearance they present hung up against the wall. There is DO 
attempt to overload them with names, while no important (eature is omitted." 

Tu SeluJol Board CllrtJllicle says: U These are clear, open maps. For teach;. 
they are very useful." 

Tu I rilil TeneUn' '/011"","/ says: U What strikes us most iD these excelleat 
maps is their boldDess. There is no overcrowding, a fault o( most maps." 

Koffatt's Ohart of Geographical Terms. Canvas, rollers, 
and varnished, 141. . 

Koffatt's' Picture of Geographical Terms. This is the 
pictorial portion of Moffatt's "Chart of Geographical Terms." 
Mounted canvas, rollers, and varnished, 7S. 6d. 

Till Teaclur says: "Moffatfs CIUlrt of Geogra!4ic,.,1 TenIU is the alpha and 
omega, the befinninJ and the end, the abstract and bnef chronicle of SecoDd Standard 
Geography. t is dIvided into six different parts. The most important is a map of 
Europe, with Dot the distinctive, but only the general names of its various parts. 
Thus, the right littleJ tight little piece o( earth we live OD is not marked • Great 
Britain,' but simply' ISland.' This is an excellent plan, for by it the definitioDS are 
just as well illustrated as by 'fancy' drawings. The lower half of the chart is a 
,,;doria 1 illustration of the various definitions, and by comparing it with the part 
already described, children will clearly see tne difference between a map and a 
picture. . Diagrams are aLso liven in explanatioD of the various terms used in mathe­
matical geography." 

Moftktt's Test Kap of Bngland. 
Moffatt's Test Map of Burope. ' 
Koffatt's Test Map of British Oolonies. 

Price lOS. each. 58 in. x 50 in., mounted, canvas, rollers, and 
varnished. 

These Maps will be found useful for examining cIa.lises in geograpby; 
the physical and political features are given in "bold outline, and llu 
nam~s are printed in sucn a way tnat only tlu exa",iner ca" read t},mI. 

" Large and beautiful maps. Looked at closely they are seen to differ rrom other 
Test Maps in having the names so that only the exammer can see them. This is a 
novel feature, and most people will consider it an excellent one."-T,v TltI&,vr. 

Moffatt's District Kap of Kiddlesex, Surrey, Kent, 
Sussex, Buckinghamshire, Hertfordshire, and Essex. Canvas, 
rollers, and varnished. Size 58 in. X 50 in. Price 145. This 
Map is intended for a COUllly Maj. 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 
geographi~l distribution. Size 60 ill. X 54 in., mounted, canvas, 
rollers, and varnished. Price 16s. 

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

Moffatt 0-- Paigl, 28, Warwick Lane, Paternoster ROfIJ.LonJo .. 
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MOFFATT'S COpy BOOKS. 
ADOPTED BY THE LoNDON SCHOOL BOAR.I>. 

Sl«imm sml post ./rt,. I" ord,ring, 9fUt, tAt "umlJer tml7. 
Nos. I to 1 S, 2S. per doz. ; Nos. 16, 17, 18, 38. per doz. . 

N,os~ I, 2, 3, *4, for Standard I., Initiatory, Capital and Small Letters, 
Short Words. 

" S, 6, ·7, for Standard II., Large, Half Text, Small, Sums. 
" 8, 9. ·10, for Standard III., Small Hand, Capitals, Figures, Large 

Half Text, Sums. 
" II, 12, ·13, for Standard IV., Improved Small Hand, Addresses, 

Sums, etc. . 

" 141 ·IS, for Standard V., Notes, Poetry, Sums, etc. 
" ·16, !j, 18, for Standard VI., Notes, etc., Graduated, Orna. 

mental. 
.. Suitable Cor Eumination Books. 

(Il The letters, both small and capital, are taught on the aualytica1 and synthetical 
method, such as an in~ent teacher would employ in a course of writina lessoDS 
KiveD from the black • 
(~ Every diJIiculty is analysed. 
W The combinations of letters are proeressively taught, and special exercises in 

di5C:ult combinations are given. 
( .. ) The principle or recapitulation has been &eely used. 
(s) 'l'he shape of the letters and the style of writing are IIaiIt, and "iii/WIll 

t~hout the series. 
(6) The Copy Books are adapted to the standards of the Code. There are given 
pr~ve exercises in the arithmetic of all the standards, exercises in transcription, 
ID li~ eDJDiDation papers, and in addressing and writing notes. 

b) The copies are beautifully eupaved OD copper plates, and carefully Hthographed 
on rood paper. 

(8) The ornamental writin, is taught in progressive lessons. Copy Book No. 16 
will be found useful ia teaching italic writing lor mapping purposes. 

(g) Variety and usefulness have been carefully considered throughout the series. 
(10) These books will be found specially well adapted for teachiua the pupil to lOt 

out aD Examination paper attractively. ,-

REVIBWS. 

Tiu ScluJoIMMtw says: CI The style of wri~~1 is bold and beautiCul. The chief 
point of excellence is tile graciuation. Every . culty is analysed. Without such 
leuous there can be no certainty of success.. • • Printed in excellent stlle. 
• • • Sure to command the attention of teachers. Decidedly among the best.' 

Tu SeluHJl Gllardia,. says: .. Fulfil the requirements of a good series or writing 
books. • • • Paper &GOd, copy-heads bold, aDd the right amount of assistance is 

. given." . 
Tlu Pfllil T,aeAw says: II These are an excellent series, in which the el~ents 

af the letters are taught se~te1y, and then conjoined. This will, doubtless, lead 
to a far better penmanship than is obtained by most others yet published. " 

Till TlaeAn'1 ,;bmtallt says: cc These cop-,- books have several valuable 
characteristics. They have no unnecessary and difficult flourishing. We strongl, 
recommead them; they deserve to be extensively used." . 

TIM EdIK4IitnuU TiMlI says: U An excellent series of cop, books; the various 
processes of arithmetic being combined with the writing cople&-a good idea, we 
thiuk. " 

TIM EtlIKatil1lllll NftIII18".: C'It is difficult to Q)Dceive of a fOuth patiently and 
cueCully working through this series without becoaUng a good wnter.tt 

7""6 TMeIM, says: "The writing is round, readable, and withal pretty. Th. 
head-lines are set Dr one used to teac;~g The paper is cood. We doubt whether 
then is a better senese .. 

M I!ffi,ll &- Pa(~e, 28, Warwick Lane, Paternoster flow, London. 



SPECIAL PUBLICATIONS FOR PUPIL 
TEACHERS, STUDENTS~ AND TEACHERS. 
J[otratt's Pupil Teacher's Oourse. Adopled IJy llu Slmt'" 

warle and othw Pupil Ttacke,.s' Ezamination Societies. 
8. d. 8. cL 

Year I. ••• ••• ••• 4 0 Year III. ••• ••• ••• 4 G 
Year II. ••• •.• ••• 4 0 Year IV. ••• ••. ••• 4 0 

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. 

c. We can give '1e'!Y high praise to this compilation. Books of this kind are DOt 
generally very well done, but the present work is excellently drawn up. Pupil 
Teachers will not need other books.n-Tu Natio1UJ1 SeIuJo11lUUt,,,, • 

.. Will be a boon to the class for which it is intended."- TAl Iris" TI~' 
~tnWlUJl. . 

"The subjects or instruction for Pupil Teachers are treated in an able .,.~ 
ICbolarly manner. We heartily recommend the volumes: they will form exceH.aIl 
text-books for each year of the Pupil Teacher's courSe."- Till SeluJtJlllUlltw. 

Koftatt's Reprint of Pupil Teachers' Questions set 
. by the Education Department in 1874, 1879, 1880, l88lt witJa 

Answers to Arithmetic and Algebra. Price IS. 6d. for each year. 

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

J[otratt's Answers to Scholarship Questions, 1879, 
1880, and 1881. Price 2S. each. These books contain fuJI and 
complete answers to all the Scholarship Questions, with particulars 
of Training Colleges, and instructions and hints for Candidates. 

1[oftatt's Reprint of Certi1lcate Questions, 1880. Price 
28. With answers to Arithmetic, Algelua, 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 35. ''lith answers to Arithmetic, Algebra, and Mensuration. 
An invaluable ~k to Students preparing for the Scholarship 
Examination. 

Queen's Scholarship Qll.estions, July, 1880. 6d. 

Queen's Scholarship Questions, July, 1881. 6d. 
With answers to Arithmetic, Algebra. and Mensuration. II No 

better exercise for those preparing for a Scholarship will be found thaD 
in answering these questions." 

Moffatt 0-- Paige, 28, U~arwick Lane, Paternoster Row, Lo"do,,-



THE PUBLICATIONS 
<W 

MESSRS. MOFFATT & PAIGE . 
• 

• eadtuB I. d. III •• one packet, 8d.; Standard I. tI. 
LiftSey's How to Teach ReadjDC I 6 IV., one packet, 8d.; StaDdards 
Moffatt'. Alphabet Card.. •• 0 8 V. and VI., ODe packet, 8d. 
MofFatt'. Infant School ReadiDc MofFatt's Outlines or Grammar. • a 0 

Cards-extra !:if:': .. 6 0 The HistolY and Grammar or the 
The Explanatory __ English Langua~ •• • • 8 6 

I. tI. The Sources and Growth of the 
Primer I. 0,. Primer II. 0 .. English Language 0 9 
StaDeL I. a 6 Stand. II. a 8 CJeoI'r&Ph7-
Stud. III. I a Stand. IV. I 6 Readinp in Geog. for Stand. II. 0 9 
StaDel. V. • a Stand. VI. • 6 ...l' ., ,. III. a 10 

Mo88tt'. Ezp1anatorr Poetical Moaatt's Chart of Geographical 
Reacljng BOOk •• •• •• I a 1·erms........ '. a 

The Trial Sceae-"Merchant 01 MofFatt", School Maps-England, 
Veaice· •• •• • • •• 0 _ Europe, _British Colonies, Asia, 

wrt ... - Africa, N. Ameri~S.America, 
MaI'att's Large Manuscript AI- E. Hemisphere, W. Hemi-

Dhabet on cUd, white on black I .. sphere, ScOtland, Ireland each I" • 
lCaI'att'sCopyBoob.Noa.ltoI5 a • Moffatt's Test Map of Eagland 

tt " NO&. 16 to 18 0 3 and of Europe each 9 ca 
AIttIaIIlItilo- Moffatt's District Map oCMiddle-

How to Teach Arithmetic •• •• • 6 Es~z S1U'I'eJ'B' , .~denH~~ussex, 
Moliatt's HallPenDr Table Book 0 01 J Bucks .... - - •• I" ,. 
MofFatt'. Aritlunet1~StaDd. I., MofFatt's GeographYI Stand. II., 

V V V in pa~ covers Id.; in dot!:I 
II., IIId I ., ., and I., each 0 1 -..I S."-d III IV V 

Ditto, 1- oth JRL ; &.AU. ., ., 0' an 
au covers... u 0 - VI d doth, d Answers to aU Standards " 0 8 ., paper covers, 8 .; 3 • 

The Standard Coune of Mental MofFatt's Outlines of Oeograj)ny 1 G 
Arithmetic, Part I. for Stand- MofFatt's Brief' Geograph}' of the 

I • World, paper ~ 8d. ~ cloth 0 3 
ants I'f II., and II ., pnce _d. ; MofFatt'sGeographyofthe British 
Part I . ror Standards IV., V., Col . 0 &. 

d ... . -..I cloth ODles •• • • • • • • u 
aD ." •• , pI'1Ce :mi. : • • a 3 The Geography of the Oceans ... 0 9 

Answers to Mental Arithmetic.. 0 6 
MofFatt's Arithmetical Test Cards MofFatt's Inspector's Test Cards 

in packets of 85 cards, with -GeoItI'apJl-". Standards II., A__ .. ..1.._";;'.__ .. B C. III •• 1\7·r V. and VI. ... each 0 8 
~w~., m uan=a ... _, ~ , M-~-.t' S Y A·'-- 6 

SetA.-M«J..1Iieal RfIIR. Stan. uu ... S l~nD uaa 0 

dan:Ia I., II .. , III., IV., V., and =:. H -crown Atlu .. - 6 
VI. • • • • •• each a • "U ~ , H' S d. IV • Set B.-M«IuutietJl.". PrtINIlIIe .-UlI&tt. istory, tan 'J ID 
Standards I., II., III., IV., V., =- CYYerS, ad.; cloth, t 
aDd VI... •• •• each 0 • cI th d.0l paperd COVVlerI, 3 

Set c.-PnIlJ"-u. Standards I.. 0 ,.. Stan. ., papa' 
II III Iv V aDd VI each a 8 covers, {do: cloth, Sd • 

• , ., .,.,. Moffatt's Outlines of Hi"-- •• Moft'att"s I~s Test Carda -I s. 
in packets of -5 Cards, with I»8cUlc BubJec1iII-
ADswen. Standards I., II., MofFatt's Test Cards-Animal 
III., IV., V., and VI .•• eacb 0 8 Ph~ioIOKY. Stages I., II., 

Mathews' UnexceUed Arithmetic III. J ., cards in eaCh, per pckt. I a 
Test Cards, in packets or 50 P~sical Geography (E. W. 
Cards. Standaro. 11., III., Lewis) •• •• • • •• 1 0 
IV., V., and VI. •• each I 0 Ifathews' Test Carda-Physical 

MofFatt's PupU Teacher's Test I"--phy. Set A, for Stage I. 1 J 
Car4t-Arithmetic. Candi· SetB,5i;r Stages II. and III... 1 0 
dates IL; Yean I., II., III., MofFatt's Domestic Economy, 
aDd IV... •• •• each I 0 Stages I., II., and Ill.. paper 

GI'aJDJDal'- covers. each 8d. ; clothJ.. each •• a 3 
Lhaey's How to Teach Grammar _ 0 Mathews' Test Carda -unmesde 
MofFatt's Gramm... StaDel. II. Ecoaomy. Set Ai Stage I., 

aDd III., in paper COftn, Id. IL ; Set B, Stapi I. aDd III. I 0 
each: in cloth .d. each. StaDel. .11810-
1V.,v.aDdVi.,~paper~ MQrpD's ~ for ElemeDWy 

. .t. each; in ClOth, jd. each. Schools. PArts I. and II., each a • 
lI.att's I~. Teat ~ Chev£'s Theory of Music • •• 3 ~ 

Grammar. StaDdards II. Cheft's Coone iD One Volume.. .. c 

Moffatt &-- Pa;.el. 28. Wa".i&1 Lane. PalerntJstw RO'IlJ. Londo". 



PUBLICATIONS (CtJldinwll) • 

•. tI 
• 1lIic (c"IIlillwd)-

May Blossoms-No. I •• each 0 I 
Silver Bells-Nos. I., II., III., 

IV., V., VI. .. •. each 0 I 
Silver(;ymbals-Parts I., JI.,III., 

.IV., V., VI.,VII., VIII., IX. each 0 J 
Sliver Bugles- By W. M. Miller. 

Part I. .• .. •• •• 0 I 
The Sonl School-Part L '.. 0 a 

DrawtDs--; 
MofFatt'slnf'ant Drawin, Copies 6 0 
lIo8'at&'. OntliDes of Models •• sa 0 
ArtStudent's2odGradeGeometry I 0 . 
lIofI'att'.2nd Gnde Preehand • • sa 6 
MofFatt's Tat Papers-lit Grade 

Freehand •• •• •• I 6 
Ditto ditto 1st Grade Geom. I 6 
Ditto ditto 1st Grade Model I 0 
Ditto ditto md Grade Free I 6 
Ditto ditto Sind Grade Geom. I 6 
Ditto ditto 2nd Grd. Penpe-. I 6 

1'he South K8D8tngton 
Dra'WtD« Cards - Elemen­
~ Outrmes for Slate Pencil 
Practice, 20 cards printed white 
on black i!'OuDd.. • • • • I 0 

"int Grade Roman and Greek 
ornament, 20 cards • • • • I 0 

YU'St Grade Egyptian and Italian 
ol_ment, ., cards •• t 0 

First Grade Leaves aDd Vases, 
rao cards • • • • • • . . I 0 

First Grade Outlio!s of Animals 
and Common Objects, 20 cards 

First Grade Examination Packet, 
20 cards •• I 0 

F1rR Grade Aasoned. GO 
cards aeleotecl from the 
above I 8 

Second Grade Roman and Greek 
Ornament, 12 cards • • • • I 0 

Second Grade Egyptian and 
Italian ornament, J 2 cards • • I 0 

Second Grade Leaves and Vases, 
12 caNs . . . • . . • . I 0 . 

Second Grade Perspective Prac­
tice. 12 cards, comprisin~ ex­
amples in block letters, figures, 
and familiar subjects • • • • I 0 

Second Grade Examination 
Packet, 12 cards I 0 

Becon4 Grade Assorted, 
Packet of 80 ca.rcls, ... 
lect.e4 frOJD the above .. I 8 

8alence-
Pbysical Geography, by E. Lew Z 0 

Le880D8 for Tnfanta-

,. 4 . 

MofFatt's Class Recister, "pel' 
covers ••• •• a 9 
Ditto ditto, stiff' coven t 0 
Ditto Summary do. for 2 years ! 0 
Ditto ditto cloth 3 D 
Ditto Admission do., ~ names 6 0 

Moffatt's Child's Book, perpacket 
of 50, post &ee • • • • • • ~ 0 

Twelve Years'Scholarshlp Ques­
tiolls, 1870 to 1881, with Answers 
to Arithmetic, Algebra, ami 
Mensuration • • . . 3 0 

The Sources and Growth of the 
English Language • • • • 0 9 

Answers to Scholarship Ques-
tiODS: 1879, 1880, 1881, 1882, 

each 8 0 
'Reprints of Pupil Teachers' Ques-

tions, 1824, 1879, and 1880, each I 6 
Liveseys How to Teach Arith-

metic •• • 6 
Livesey's How to Teach Reading I 6 
Liveseys How to Teach Gram-

mar.. •• • 0 
MofJ'att's Arithmetical Test Cards 

Cor Pupil Teachers. Candidates, 
IS. ; Years I., II., 111., IV., each I 0 

Moffatt's Outlines of HIstory •• I 0 
Moft"att's Outlines of Grammar •• 0 9 
Moffatt's Outlines of Geography Z o· 
Lewis'. Physical Geography • • Z 0 

Moffatt'. Half-crown Atlas ••• 6 
Physical Geography of Mountains 

and Rivers • • • • • • 'I 0 
Ditto for Female Pupil Teachers 8 6 
Amner's Model Solutions in Eu-

clid, Algebra, and Mensuration ~ 6 
Deductions from Euclid and How 

to Work them •••• 3 0 
Moffatt's Pupil Teachers' Course. 

Year I., 41.; Year II., 46.: 
Year III., ¥. ; Year IV. .. 4 0 

Moffatt's Geoppby oC the 
Oceans •• •• •• •• 0 9 

Amner's Complete Guide to Cer-
tificate and Scholarship • • ~ 6 

Notes of Lessons, How to Pre-
~ them .• •• •• •• sa 6 

The Difficulties of Algebra made 

The:sLt Stud~nt's Second' Graci~ Z 0 

Geometry .• • . .. .. I 0 
Papers for Teachers and Students 

-Monthly •• •• ., 0 3 

ReedleworJi:-
MofFatt's Metal Clock Face •• • • The Needlework Handbook 
MofFatt'. Box of Form aDd Colour 15 a Burke's How to Teach Needl .. 

o 8 

Box of Letters and Ficures • '. • 0 work to ~era •••• J " 
Boz of Coloured Cards •• • 0 Burke's Printed Calico, per packet 
Card of Form •••• I .. with iDsbUctioaa •• • • E 6 
Card of Colour • • ••• 0 Ditto ditto, per yard •• 0 7 

Afojfoll &-/:,aige, 28, War"W;ci Utll, Paltnlosler RtJ'W. I.tHu/o", b 



[N o,"ember, 1882_ 

THE PUBLICATIONS 
01' 

Messrs. Moffatt & Paige~ 
Including those whic" are adopted by llu London and 

othe,. Pt:r:ncipal School Boards. 

READING. 
Mo1fatt's Bow to Teach Reading. Price IS. &1-

Tiu Irl61 Tea&IIn7' ~tN"".z says: U This is a very interesting book, and is­
evidently the production of a master-hand Under the headin~ , Methods of Teach­
iDe Reading' the author deals systematically, and in a clear and incisive style, with 
the alphabetic, the phonic, the phonetic1 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, ft.uency, intelligence, expression, and feeling. The 
practical steps in a reading lesson, au 4 series 0./ elaborate Notes of Reading UUIIU .. 
complete the work. We are bound to say it is an admirable treatise." 

Tiu Iris" Etlilcatio1ud Jou,Nal says: "We have perused the book with the 
ereatest pleasure, and we confidently say it is the best work OD the subject we have 
met." 

Tu ScluJol Gu4rdi411 says: "It is a thoughtful dort 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, Sd. 

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 II-Primer I. 

Tlu ScluJolnuuter says: "The reading sheets are extremely well adapted (or 
the use of infant classes. The type is bold, the mounting neat and strong." 

Sha.kespeare and Milton Reader. Fully illustrated. Price 
IS.4d". Prepared specially· as a reading book for Standards VI. 
and VII. Play of Shakespeare, Selections fronl same Author. 
Selections from Milton. Biographies of ~hakespeare and Milton. 
Careful Notes to the Selections. . 

N,te.-MeBBr8. Moffatt a; Palge revise their publications to meet' al 
chaues of the Code. 



MOFFATT'S EXPLANATORY READERS. 
Primer I., 2id.; Primer II., 4d.; Standard L, 6d.; II., Sd.; III., 18.; 

IV., IS. 6d.; V. 25.; VI. 25. 6d. -I'lAlO)ABJ) VL 18 ~ J)r8l)a.re4 for Code 1881. It OODtafDa 
881ecUona from 8llalfapea.re, II1lton, aad other 8tandard author8, 
8~e~~'8 ID81;orlclil PlaJ' of Hemry VUL, etc. Every 188IIOD 18 
e&re1'llll7 Doted. 

REVIEWS. 
PrbII.en L &D4 D.-" These Primers are gc:»t up in • superior style, ~ Cor 

cultivatin& a taste for reading, eftll with pupils of the tender age for which the)' 
are suitM If they were introduced into the Natioaal Schools, the children could 
be taucht to read with one half the difticulty at present felt."-TIII IrisA ~ 
tu",.l ~nuU. 

Standarcl L-" The Writer of this F"U'St Standard ReadiDa Book has evidstly a 
keen eye and ear for the kind of words and sentences most suitable for YOUDJ children. 
There is a happy mixture of the useful and the amusing, the childish simpliCity and the 
instructive, at all times welcome to the ~ing mjn~ The lessons are short and 
telliDar. There are many prettr illustratiODS. Several spelliq lessoDS at the end 
will lie fOUDd aaeful in a vanety of ways. This is aD ezeenent little book fOl' 
be,pnners." - Tiu S,luHJlwuutw. 

St&ndarcl D.-" ''l'he Explanatory Readers,' of which this is the Second Standard! 
promise to be among the belt, if DOt the very best, series of class-books as Jet issuea 
to meet the requirements of the Code. The lessons are interestingly told in simple 
laopace; th~ are certain to arouse the attention, whUe they add to the pleasure 
and information of the little readers. The poetical pieces are excellent in their way, 
and of such excellence as to catch the ~,ears, IDd hearts or children of tender 
yean. We congratulate the publishers on the fine coune they have eYideDtly ma.dtecl 
out for themseives."-Tiu Irh4 TIMan' 1tJWWIU. 

Standa.rcl m-'· The same brightness of style which marb the earlier ~ of 
this series is conspicuous here. The compilen have clearl)' a vivid idea Of what 
children like to read. The book is well adapted to cultivate the finer feelinp, 
while paving the way to a Suent style of reading. There are numerous illustratioas 
in keeping with the text,"-TkI S,luHJlwuutw. 

Standard IV.-" Nearly three hundred pages are filled with a variety or moat 
interesting matter-the kind of thing suited to the taste of chilc4"en. Little scraps 
of adventures, stirring stories of domestic life, brief' biographies of men who ought 
to be well known, and interestiDg sketches of natural phenomena, are all blended in 
an harmonious whole. The poetry has been selected with equal taste. Light and lively, 
touching and tender, moral and patriotic, the pieces are au likely to take-root in tbe 
me-mory and to act on the imagination. The meaninp of diflicult words and phrases 
are j)laced at the end of the lessons, and are more copious than in the former books 
of the series, as befits the growing intelligence of the pupil. In an appendix or 
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 
the series has already gained for suitability in every way for use in elementary 
schools." - Tlu S,/uJollluutw. 

Sta.D.dani V.-"The compiler of this book has valid claims to have this volume 
accepted as d.j.sylaying 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." - Tile Britis" Mal. 

Standard VL-Beautlfully written, beautifully illustrated, beautifully got up i 
iust what a school book should be. 

fte Ber1ea.-" This is an excellent series or reading boob. IDterestiDg stories 
are Dot crowded out to make room for dry, uninteresting science, and history lesscms; 
nor is space taken up with arithmetic and copy-setting examples. The ~lanariODs 
given are short, clear. and sufficient. The paper, printing. and ~ are all 
that could be desired. If the publishers obtain the Succ:e&I they deserve, they will 
have a rich reward."-Tiu TIII&Mr. 
"E~f bas been done by compiler, illustrators. {lrinters, binders, and pub­

lishers, to e these books rank among the best of theU' kind. The type is very' 
clear; the lessons are carefully Jl'8duated, interesting, and suitable. The illustra­
tions are specially aood, and enliven the books very much; some of them are likely 
to become gre1!.t favourites. The destructive tsdencies of children have Dot beeia 
foJ'KOUen tiy the bindc;:,t1Cbo1ara bent on tUIIU~~ the backs of their padinC boob 
wilrhere &id a ItiI"er thaD usuaL --.PIJJwsfw T~.r. 



Moffatt t;.- Paigl, Warwick LaM, Patwnoslw R(}fIJ, LondIHI. 3 

SPECIMEN PA.GE. 

TlIB EXPLA.liATOBY POETIOAL READER. ' 9 

THE BOIiDIER'S DREAM.-Oamjlb.,zZ. 

OUR bugles sang truce, J for the night cloud had lowered, I 
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' 80 oft 
In life's morning march,' when my bosom W88YOung: 

l heard my own mountain-goats bleating aloft, 
And knew the sweet strain, that the corn-reapers lung. 

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 wom : 
And fain8 was our war-broken soldier to stay­

But sorrow returned with the dawning of morn, 
And the voice, in my drea.ming ear, melted away. 

-0--

1 Otw bugle. 8ang t'ruoe, gave the signal to cease fighting for a 
time. A bugle is a musical instrument. I Lowered (pronounced 
1JO as to rhyme with overpowered, third line), appeared stormy, 
gloomy or threatening. • Wolf-8earing lagot, fires lighted to 
frighten away the wolves. • Virion, a dream. I De8olate, dreary, 
solitary, uninhabited. 'TraV8r8etl, wandered over. 7 hire'. 
fIUJr'II,ing mo/,:on,: the days of childhood. 8 Fain, glad, happy. 

The Explanatory Poetical Reader.-Price ~s. Adopted by 
the London School Board, for reading and repetition in Standards IV., 
V., VI., VII., and Literature of Code. 

Till SeluJolMtutw says: "Altogether it -is an admUable little 'Volume." ~ 
Nou.-lIeaara. 1I01l'al;I; a; Patge revise their publications to meet all 

, cbangea 01 the Oode. 



i Mojfizl/~ Paige, Warwick Lane, Palwnosler RO'IIJ, Lo1llil»l. 

WRITING. 
MOFFATT'S COpy BOOKS. 

ADOPTED BY THB LoNDON SCHOOL BOARD. 

Specimen seN post free. I" ordering, IjUlJte tlu number tm17. 
Nos. I to IS, 2S. per doz. ; Nos. 16, 17, 18, 35. per doz. 

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

" 5, 6, ·7, for Standard II., Large, Half Text, Small, Sums. 
" 8, 9, ·10, for Standard III., Small Hand, Capitals, Figures, Large­

Half Text, Sums. 
" II, 12, ·13, for Standard IV., Improved Small Hand, Addresses,. 

Sums, etc. 
., 141 ·15, for Standard V., Notes, Poetry, SlimS, etc. 
" ·16, 17, 18, for StaIidru:d VI., Notes, etc., Graduated, Orna­

mental. 
* Suitable for Examination Books. 

(I) The letters, both small and capital, are taught OD the aDalytica1 and syntheticd 
method, such as an intelligent teacher would employ in a course of writing lessons 
given from the black board. 

(_) Every difficulty is analysed. 
b) The combinations of letters are PJ'OKI'essively taught, and special exercises in. 

clif1icult combinations are given. 
( .. ) The principle of recapitulation bas been &eely used. 
(s) The shape of the letters and the style of writing are Jlai", and .";/w. 

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. 

b) The copies are beautifully engraved OD copper plates, and carefully lithographed 
OD good paper. 

(8) The ornamental writin~ is taught in progressive lessons. Copy Book No. 16-
will be found useful in teachlDg italic writing for mapping purposes. 

(9) Variety and usefulness have been carefully considered throughout the series. 
(xo) These books will be found specially well adapted for teachin, the pupil to set 

out an Examination'paper attractively. 

REVIEWS. 
Tiu ScluHJlmastw 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. 
• • • Sure to command the attention of teachers. Decidedly among the best." 

Tu SCMol Guardia.n says: U Fulfil the r~uirements of a -good series of writinC,. 
books. • • • Paper cood, copy. heads bold, and the right amount of assistance is 
pven." 

Tlte Ptlpil TelZClur says: .. These are an excellent series, in which the element&. 
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 Teaclur's Alsisttmt 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." 

Tile Educa.tiona.l 1 imls says: "An excellent series of copy books; the various. 
processes of arithmetic beinl combined with the writinJit copies-a good idea, we­
think." 

Tu EtlwatilJ1l41 NftlJs -fS: u I~ is difficult to conceive of a youth patiently and 
carefully working throu~h this series without becomini a good writer:' 

TAe Teaclur 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 whet.hei 
there is a better senes. " 

Nt1u.-l'aIeSBrs. 1\I01l'&tt &; Palge revise their publlcat10na to meet all 
ch&Dgea of the Code. 
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MOFFATT'S FAVOURITE COpy BOOKS. 
24 Nos. 2S. per doz. 

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

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

3. Letters and Short Words, in faint writing, 
faint writing. I I. Large, Round, and Wide 

4. Ditto, ditto, without faint Double Small, in faint 
writing. writing. 

5. Easy Words in Wide Double 12. Ditto, ditto, without ditto. 
Small and Med. Large, in 13. 'Vide Double Small, in faint 
faint writing. writing. 

·6. Ditto, ditto, ditto, without faint 14- Ditto, ditto, without ditto. . 
writing. 15, 16, and 17. Narrow Double 

7. Words and Easy Introduction Small, Figures and Capital 
to Capital Letters, in faint Letters. 
writing. . 18, 19, 20, 21, 22, and 2]. Head 

8. Ditto, ditto, ditto, w,ithout faint . Lines, Small Hand. 
writing. 24. Girls' Fi~ishing Small Hand. 

4t * * This set of Copy Books is only now ready. Th~ system of giving faint writing 
in one book and the same copies without faint writing in the next will be found very 
practical. The style of writing is plain and uniform. 

Moffatt's Prepared Examination Papers, per packet of 
SO, IS. 4d• . . 

A packet, rulednllrk lias for Dictation, and close /bus for Arithmetic. 
B packet, " wide dotdJu muUl.p, and c/ose lilli' " a packet, " ,","OW do1JJk nllallior Dictation, and ItJU4re, •• 
D packet, " 'llJitie dtnJJ/e muUl " an. StJU41YS .. 
B packet, " ntJgu jilin "and squa.ra .. 
• packet, " tuJrnIW dtnIlJ16 nIUIIll " anti claN " 
G packet, " ,,1"tiiNaty " and cllJ,e ,. 
B packet, " roun.d hag "and sgua,., It 

I packet, " wide dtnJJu nIUIll u and squares s1lUlll" 
I packet. 25 double sheets, ruled nilg'u ,,,,tIll " and cltJu .. 

lrIoftatt's School Pen, a strong durable shoulder pen, IS. per gross. 
Moffatt's ~e Point Pen, No. 351, 25. per gross. 
Moffatt's Medium Point Pen, No. 352 , 2S. per gross. 
Moffatt's Broad Point Pen, J pen, 25. per gross. 
Mofi"att's Swan Pen, white, IS. per gross. 
Moffatt's Manuscript Alphabet, neatly mounted on card· 

board, white letters on black board, IS. 4d. The style of writing is 
plain, and the same as in Moffatt's Copy Books. The letters are 
bold and plain, and suitable for class teaching. 

ARITHMETIC. 
Bow to Teach Arithmetic. 21. 6d. This book is written bJ 

T. J. Livesey, Esq., Professor of Education in Hammersmith Tram· 
ing Colle,~, and Author of U Moffatt's How to Teach Reading," 
U Moffatt s Scholarship Answers," etc. It takes up in a series of 
NOTES OF LESSONS every rule of Arithmetic. It will be found of 
great service to all teachers. . 

TAe ScluJtJ1MIUter says: "The work Will be specially usef'u1 to pupil teachers and 
'St1Ic:1enta in training." 

The Ttaclt.ers AssistlUlt says: U We have given this book a longer DOtice thaD 
usual, as it is a work peculiarly suitable to our readers. As a practical WOI'k, it is 
decidedly ODe of the best we have SeeD." 
. TIM Pti/lil TMCAw says: II Mr. Livesey has left nothing to be desired in the 
ercellent way in which he has taught teachers ' How to teach Arithmetic..' .. 
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Moffatt's BaU'peDDJ' Table Book.-This table book is care­
fully compiled and arranged. It contaiDs sufficient for pupils to 
work their sums, and no more. 

Moffatt's Arithmetio.-Standards I., II., III., IV., V., paper 
covers, f.rice Id. each; in cloth covers, 2d. each. VI. and VII. 
(one vo .), paper, 2d.; cloth, 3d. 

These books have ~n written on a pIan to give numerous exercises 
in the mechanical operations of Arithmetic, as well as exercises iD 
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 Standard 
are examination questions. Revised lor Code 1882. 

MofIB.tt's Anlwera to Arithmetlo. The answers to each 
Standard are given in a separate book, price 2<1. each. They wiD 
be found perfectly correct. 

.,. These Arithmetics are carefully revised immediately changes are 
IIII4e in the Code. 

T_ TMeMr6 AuhliMl .. ,.: c'MoIUt'l Arithmetb .... &ttIe worb whicIa 
eI.1 II fe a ftI'Y 1arp sale; they an ... mechanical thaa are IDOIt KlemealarJ School 
Arkhmeticl. ,I 

lIolatt's Mental Arlthmetio for the Standards. Part L 
for Standards I., IL, and III., 2d. Part II. for Standards IV., V •• 
VI. and VII., 2d. Answers to ditto, doth, 6d. 

lIoffatt's Arlthmettoal Test Carda, in packets of 25 cards, 
ill cltJtA lined ctlles, with Card of Answers, price Sd. per packet. 
There are three graduated sets. Revised for Code 1882. 

SET A, MecAanical Rules, Standards I., II., III., IV., V., VI., with 
Answers, price Sd. each. 

SET B, Rfda tJtUl Pnillmu, Standards I., II., III., IV., V., VI., 
with ADswers, price 8d. each. 

SET C, PnJ61n1u, Standards L, II., III., IV., V., VI., with ADswerB. 
price Sd. each. . 

TM Scll«JlIIuutw .. ,.: II Preparecl with .uch care, aacI 10 ftI'Iec1 that I1lccea 
seems certaiD... . 

lIo1fatt'a Inapeotor's Ted Ca.rda-Arlthmetlo, in 
Packets of 25 Cards, ;,. eltJlA I .. CMU, with Card of ADswen, 
Standards I., II., III., IV., V., VI., price 8d. each. The answen 
will be found reliable. These Carda CODt:::JuestioDl which have 
been actaally set bf IDspecton, and are th ore excellent models 
of tests which IDA,.' be given. Revised fw Code 1882. 

• •• These Carda are reYised immediately changes are made in the Code. 
TM ScAHlIIuutw _~: II They contain questioDi which have all heeD .. br 
ins~ ill ICbooIa. "l'hey pva a capica1 idea 01 what is waDted far the 8IIDUI 
ordeal" • 
Mathewa' Unexoelled Arlthmetical Ted Cards. 

Standards II., III., IV., V., and VI. Price Is. each. In packets of 
SO Cards, with ADswers. Teachers will find this set ot Carda in 
accordance with the New Code, 1880, well arraaged and. well 
adapted to prepare pupils for H.M. Inspector. 

Nil" - ...... IIoIrUt II P&tp revile their pabUoatloDl to med au 
. Qb." ... of the 004e. 
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All The Year Round Test Carda in Arithmetic.­
By GBOllG:& COLLINS, Borough Road Training College, London, 
and DAVID SALMON, Head Master, Belvedere Place School; 
London School Board. 

In packets of 2S Cards, with Answers; strong cases. The cards are 
printed both sides :-

let A, for Standards II., III., IV., V., and VI., each Standard, IS. 
let B, for Standards II., III., IV., V., and VI.,,, " IS. 
let 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. 
let 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 Bow to Teach Grammar. Price 21. This book 

takes up seriatim, in the form of Notes tJf ,UsSMI, the whole of the 
subject of English Grammar • 

.. The work or a practical man, who knows his subject thoroughly; it is well con­
ceived and skilful1t executed. His suggestions will be highly· appreciated. We 
direct special attentIOn to it."-T,v Sc!uJfJlmaslw. 

MofFatt's Grammar.-RnJised for C'ode 1882.-Standard II., 
paper, Id., cloth, 2d.; Standard III., paper, Id., cloth, 2d.; 
Standard IV., paper, m., cloth, 3d. f. Standards V., VI., and VII. 
(bound in one vol.), paper, 3d., cloth, 4d. These Grammars are 
very practical, the exercises are numerous, and carefully graduated. 

Tlu SclttHJ1MlUtw says: "Moffatt's Grammars are ex~tiona1ly 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 
limplest aDd most effective means of helping him onward. The pupil must indeed 
be duD, and the teacher unskilled, who could use these grammars without profit." 

Moffatt's Outlines of Grammar~ Price 9CL 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 ptwsinr, and the atllli7sU of smtmas. The exercises 
on every rule of syntax are carefully graduated, and very numerous. 

Moffatt's lnsJ)ector's Test Carda-Grammar. Set A, for 
Standards II. and III., one packet, Sd.; Set B, for Standard IV., 
one packet, Sd.; Set C, for Standards V. and VI., one packet, 8d. 

. ••• These Grammara are carefully revised immediately changes are 
-.de in the Code. 

The Souroes and Growth of the EngUah Languag~ 
Price gel. Written specially for PupU Teachers. 

The Blstol7 and Grammar of lIle English Language: 
Price 25. 6d. For the use of Pupil Teachers and N o~al Schoo~. 
By the Right Rev. C. H. BllOMBY, D.D. Revised and partly re· 
written by I. L. REYNOLDS. 

Exercises in English Grammar and Composition. 
Price 9<1. A useful companion to any text-book Of English 

~ . Grammar and Composition. 
TM ScluJolmuter says: II It is a ~tematic course of exercises suitable to any 

text-book in English Grammar and Composition, prepared with much skill. We 
heartily recommend it." . 

N.te.-.e ..... • oa" a ~ reme aelr pubUoattODI to meet III 
cha.qea of a. Code. 
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GEOGRAPHY. 
Moffatt's Readings in Geography . 
.Part I. ,First Lessons, for Standard II. Qd. I Part II., England. for Standard III. :rod. 

Moffatt's Geography. Rtvised for Code 1882 (adopted by the 
London School Board). Standards I. and II. (one vo1.), in paper 
covers, 2d.; in cloth covers, 3d. Standards III., IV., V., VI., in 
paper covers, 2d.; in cloth, 3d. each. VI!., paper,4d.; cloth,6d. 

StlUldartls I. and I I. The plan of school and playground; four cardinal points; 
aeaning and use of a map; size and shape of the world; explanation of geographical 
terms, with illustrations from map of England; physiCLl geography of hills and rivers. 
P"lly illustrated with MapS and diagTa.IIU. 

Stluuiard I II. Physical and Political Map of England wit" 3 Map. 
Statulanl IY. Physic~ and Political Geography of British Isles, British North 

America, and Australasia, with account of productions ; .it" MapS MIll dilllf1"lnlU. 
Sta"dard 11. Physical and Political Geopphy of Europe: latitude and longitude; 

day and night; the seasons. Fully ;//ustra.ted wit" maps afUl diagrallU. 
St4ndard V I. General Geography of the World, specially of Colonies; inter. 

change of productions; circumstances which determine climate. Fully illustrated 
wit/t, ",,, ps and dia.gra",s 

Statulard V I I. The Ocean; currents and tides; general arrangement of planetary 
'system; phases of the moon. Fully illustrated wit" MapS and diagra.1IU 

,. If any child masters each of these Standards, we do not see how he can possibly 
fail. The geography (or Standard II. is admirably done. It shows a thor'O\1gh 
knowledge of children, and the author adapts his language to their capacities. We 
have much pleasure in recommending the series."-TM Nahlnlal ScluHJl",IUUr-. 

II These are excellent boob. The language \5 terse and simple and the arrange. 
ment is excellent. They are the work of a practical teacher. We are CODfident, 
&om actual trial, that these books will be liked by the pupils .. and prove aD excellent 
means of preparing them for their examination."-Tu ScluJtJlllUUUr-. 

Moffatt's Geography of the British Colonies. Price 6d. 
cc Written with special view to wants of Pupil Teachers. It is in convenient form 

for examination purposes. The type is very clear, and the whole work has been 10 
drawn up as to give the student as little trouble as possible."-Pa,;enfw T,II&Mr6. 
Moffatt's Geography of the Ooeans, price gd. Written 

specially for Pupil Teachers. • 
lIo1fatt's Brief Geography of the World. In paper 

covers, 2<1., in cloth covers, 3d" This is specially useful for revising 
the Geography of the World. Great pains have been taken to 
arrange the subject so as to make it easy for the pupil to acquire a 
good general kno~ledge of the Geography of the World. 

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

The Physioal Geography of Mountains and Rivers. 
Price IS. Written specially for Pupil Teachers. Reprinted. for 
Pupil Teachers' Course. 

Moffatt's Inspector's Test Cardl-Geography. These 
cards are 25 in a packet, clotll lined casel. There is a packet for each 
of the Standards II., III., IV., V., and VI. Price Sd. each. 

C'The questions have aU been set by Inspec;tors in Government ExamjnatioDS, they 
.rift a ca~ta1 idea of the kind of work to be aimed at, as a preparation for the annual 
Cll'deal. They are abundant ill number, well &I'J'aDIed, aDd clearly printed. "-TM 
ScluHlhluutw. 

-.- The Geographies and Test Cards are carefully revised when 
changes are made in the Code. 
lIo:ffatt's Penny Atlas. Fifty .. ll.e Map. tor ODe 'P8JlD.y. 
Moftatt's Threepenny Atlas. 
Mo1l'att's SixpeDD7 Atlas . 

•• Each of these candldates far popular Cavour contains sixteea weD..Jected III&~ 
~Y eopaved, aDd ~ caref1llly c:01oared. There is a distiDc:t:a.- wbici 
AdUtates ieCerence. W. commeDci these meaD AtIues. --TAl SeluHl .... tI,.. 
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Moffatt's Half-Orown Atlas. Comprises 32 Maps, beautifull,. 
engraved and pnnted 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. 

lIoflatt·s SohoolMaps. Adopted by the London School BoanL 
ENGLAND ASIA SCOTLAND 
EUROPB AFRICA IRELAND 
BRITISH COLONIES N. AMERICA CHART OF GEO-
E. HEMISPHERE S. AM&JUCA GllAPHICAL TERMS 
W~ HEMISPHER.E 

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

Tu ScluJol1lUUter says: II For school purposes there could be DO better. Boldly 
Ilrinted, clearly coloured. They deserve a place on the walls of every schoolroom. 
We can say in a single word~zclilnet." 

"The British Colonies is a .necessity in every school that takes the Geopphy of 
the Colonies." 

TAl School Gu4nt;1UJ says: "Distinguished by many features of great merit. 
Shows great discrimination. Good school maps. ,. 

0111 of Jf.M. bupectfWs states: "Certainly the best for school gurposes that have 
been produced. • 

Tiu lidllcat.iollal Ne'lIJs says: .' The peculiarity of these maps is the strikingly 
bold and distinct appearance they present hung up agalOst the walL There is no 
attempt to overload them With names, while no important feature is omitted. Every­
thing 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 any of that confusion whiCh results 
from the elaboratioD of details. These ma~ are well worth the attention of teacbers.~ 

Tiu ScluJol Boanl C/t,nmic16 says: "These are clear, OpeD maps. For teaching 
they are very useful." 

TAl Iris" TeacAln' ~(JW1'1UJI says: "What strikes us most in these excellent 
maps i.t; their boldness. There is no overcrowding, a fault of most maps. They will 
be fOUDd most useful, and we recommend them for schools and colleges." 

lIofl'att's Chart of Geographical Terms. Canvas, rollers 
and varnished, 145. 

lIofl'att's Picture of Geographical Terms. This is the 
pictorial portion of Moffatt's "Chart of Geographical Terms." 
Mounted canvas, rollers and varnished, 7s. 6d. 

TAl TItle,," sa7S: "Moffatt's Curl of GeogrtljldcaJ Te1"1lU is the alj)ha and 
~ the be~J and the end, the abstract and brief chronicle of Second Standard 
Geoll"aphy. It is dIvided into six different parts. The most important is a map of 
Europe, with not the distinctive, but only the general DanleS of its various parts. 
Thus, the right little, tight little ~iece of eartIi we live on is DOt marked • Great 
Britain,' but simply • Island.' This IS an excellent plan, for by it the definitions are 
just as well illustrated as by 'fancy' drawiDgs. The lower half of the chart is a 
pictorilll illustration of the various definitions, aod 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 terIDa used ill mathe­
matical geography." 

Moffatt's ·Test Map of England. 
Moffatt's Test Map of Europe. 
_ofl'att's Test Map of British Colonies. 
Mofl'att'l Test Map of Western Hemisphere. 

BIGb BaD 18 m. by DO 1&. mounted. canvas, roll .... &114 y&rDlahe4 
JRioe 108. 8&oh. . 
. These Maps wiD be found useful for examining classes in ~phy J .. 



10 MlJjftdt &- Paige, W II' 1IIid LtzIu, PIllenuJ.JIw RtIWI, LnuIiJII. 

the physical and political features are given in bold outline, tJtUl 1M 
fill". lin printed .. Sfl&A " ftNJY tlud Ml~ 1M ualllifur etJ" nad tMtn. 

It Large and beautiful maps. Looked at closely they are seen to difI'er from other 
Test Maps in haYing the names 10 that ~ the ezaminer caD see them. This is • 
DOYel feature, and most people will coasider It an excelleDt one. --TM T611&Mr. 

:Mofratt'. District Map of IIlddleaez, Surre7, Kent, 
Sussex, BuckiDgbamsbire, Hertfordshire, and Essex. Canvas, 
rollers, and varnished. Size 58 in. x So in. Price 141. This 
Map is intended for a CIIIIIIIy Map. It is on a scale sufficiently 
large to show the geographical features of each County very plainly. 

'!'he Animals of the World, arranged according to their 
geographical distribution. Size 60 in. X by 54 in., mounted 
canvas, rollers~ and varnished. Price 16s. 

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

Moffatt's Natural History Piotures. 
(A~ted 117 1M LtmtltJII ScluNJl BMnl.J .. tl. 

Each picture is 34 in. by 26 in.: price in sheets.. • • •• • 6 
mounted canvas, rollers, and varnished, each 4 0 

(I) These pictures are undoubtedly works of art. They have been produced regard­
lesS of ezpeDSell from the dra~ of emiaeDt aatural history painters. Each animal 
is depicted according to its life and habits. . 

(2) Th~ will be found most suitable for lessons iD Dataral history, aDd the details 
1ft sufliciently distinct for iUustratiaa object lessons. • 

The series comprise-
Piet.rw ii.-THB LoNG-BAUD BAT, on the wing). Ii natural size; the same creep. 

iDg; the same natural abe. THB CoMMON ~HREW, xi natural size; the same 
natural size. THB CoIlIiON HJmGIUI'?G1 xi natural size. THE COMMON MOLa, 
xl natural size; same natural size; sketcll of Mole-hill; section of Mole-hill. 

Piehlrw iv.-THE LION, i natural size, with Lioness and Cubs at pia,.. 
Pichww V.-THE LSOPAItD, 1 natural size. THB TIGD, i natural sue. 
Piehl,. xxxiv.-THB GoLDEN EAGLK, t natural size ; foot of same, natural size. 
Pie"",.. xxxvii.-THB BLACK WOODPBCKD; the Black Woodpecker(female), natural 

size; ~ GreeD Woodpecker, natural size; the Great Spotted Woodpecker. 
natural sue. THE CUCKOO, natural size. THB KING,.ISHERII natural size 

Piehww ill.-THE WILD CAT, t natural size. THE COMMON LVNX, t natural sUe. 
Pic,.. vi.-THB DOG (POIN~~ i natural size. THB POODLE, i natural size. 
Pie,..,. zix.-THB HORS., one-bltJ:i uatural size, poup. 
Pktfl". XXXvi.-THE SPARROW HAWK, naturallize. THB LI'M'LB OwL, natural 

sbe. THE BARN OwL. natural SDe. 
Pict,.., xxxviii.-THB GREAT HORNBD OwL, natural sbe. 
Piehl". i.-THE ORANG-UTANG, f natural size. 
Pictun vill.-THB COMMON WOLP, I natural size. TilE COMMON JACICAL,1 natural 

size. 
PietfIW ix.-THE COIIIION 1'0xII I natural size. THE STRIPED HVAlNA, 1 natural size. 
Pie,.". X.-THE WEASEL, natural size. THB COMMON STOAT, natural size (summer 

coated and winter coated). THE CoMMON POLECAT, natural size. 
Pidrl1'1 xxxv.-THB KUTRBL, natural size. THB GoSHAWK, natural size. TIm 

COMMON KITB, natural size. 

Moffatt'l Piotures of the Vegetable Kingdom. 
(AtltlJted 67 tlu LtIIUltm ScluHJl BtHlrd.) 6. tI. 

Each picture is 34 in. by 26 in.: price in sheets • • • • •• •• each • 6 
mounted canvubrollen, and varnished • • •• •• • • ... 0 

(I) These pictures are undo1;l tedly w~rks of ~ They have been produced rejard. 
I .. of expense from the drawmgs of emmeDt artiSts. 

(2) Thel-d,iU be fOUDd moat suitable for class teachin" and for private studeots iD 
lIotaoy. ~late not only ~ts the plant, but portiOns of it, and shows its aseS. 
Pietw,.. a.-THB OLIYL (.) Branch of the iD8orescence; (6) ftower bods, eoJaraed: 

(e) Sowers and stameu, ea1ar&ed ; (tl) section olftower, enlarged; (~) Cal~, with 
0ftI')', style, and ~, eD~d; (f) IoDptudinaI section of same : ~J brandl 
o£umipe fruits; (i) ri~ fruit; (.) the same, with half tim t>wp taken away. aacI 
the aben of the kernel laid hue: (.t) the seed, with (I, _} loIuritudinalleCtion ; 
1_\ 1 ......... : ...... : ... 1 ._: .......... ~ ."'_ ~ _"" (,,\ .... ,,_ .... ...-ttft;;~?th_..nntI_ 
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PktUl7 x.-THa SPRUCE OR RaD FIR. (a) Emb~ still enclosed in the hask: (I) the 
same with the seed removed; (c) branch WIth fully-developed cones; (tl) male 
ca~ ; (I) female catkins: (f) ape~, base and section of n~le-like leaf, enlqed ; 
(,.) lDner surface of scale of cone wltJl seed ; (k~ same WIthout seed; (i) guter 
sUrface of scale with the very small bract at the : (.t) seed with wing; (I) wing 
separate; em) longitudinal section of the wood; (II) transverse section of the same. 

Pkture xv -PYRAMIDAL POPLAR.- (a) Branch with leaves: (6) male catkins; (c) 
fem.-ue catkins; (tl) male flowers, enlarged; (,) female flowers, enIargecl : U> seed ; 
<1") lon@tudinal section of wOOCl : (k) transverse section of same. 

Picture xvlii.-THa OAK. (a) Embryo; (6) ~ect leaves; (c) iDftorescence; (til 
branch with acoms; (I) lea8ess branch in winter, showing buds: (f) male flower 
with all the stamens removed but one, eDlarged; (,.) female flower, eular&ed; (k) 
10ngitudiDal section of wood; (,") transverse section of same. 

Pkhnw xix.-THE BBBCH. (a) Embryo; (6) twig with upright female and ~ndulous. 
male flowers; (c) stamens enlarged; (tI) involucre and ripe fruit; (I) ripe fruit 
(seed): V> section of same; (r) leafless twil, showing buds as in winter.; (k) 
longitudinal section of wood: (I) traosvene section of wOod. 

Mofl'att'. Picture of Flowers, etc. 
Pichn"l i. BLUE HEPATICA (AnemoM It.ejJalica), (.) three-lobed leaf; pistilA with 

stamen. WOOD ANEMONE (AMmo1U M1IIIWtJSa), (a) pistil and stamen; (D) seed 
vessels; (c) section of same. MARSH MARIGOLD (C41tIuJ pa/atm), (a) pistil ; 
(6) section of same; ~) seed-vessel dehiscing. WALL "LOWER (CMirtlllJA," 
c/N;1"I), (.) stamens and pistil; (6) calyx: (c) pod bursting; (d) pod; (,.) pod; 
Ulseed; (g) section of same. GARDEN Poppy (P4IJ4Itlwstnn";/,.,..",), (.)POPPI 
lieati (capsular fruit); (6) same, opening by pores; (c) cross section of same : (d)· 
seed, highly mapified. GARDaN PINK (DilMltkIU &."'."yll'll$), (.) stamens 
and pistil; (6) petal. HERBAcaous COTTON (Go.r~;"", 1iWlJ1I&.,,"'), (.) pistil ;. 
(6) capsule, ope~inJ; (c) fullT developed fruit, delifscing; (d) Red, with hairs; 
(I) single seed; V)_ section 0 same. CHINESE TEA SHRUB (Thea cHi,,,.nsu), (tJ) 
pistil i (6) section of ovary; (c) fruit. -

Pkhwe n. SHEPHaaD's PURSE (C.pselu. ~r.r. jHulwi.r). MEADOW BUTTIUtCUP 

~
Rlllllf#tICWl'll$ aerh). MONKSHOOD (ActJ1litu", Najll/ru), (a) section of flower; 
6) stamens, pistil, and nectary (petal): (c) ~ung fruit; (tI) section of same. 
IELD VIOLET (Viola IWfJlfUU), (.) ~tamen ; (6) stamen; (c) pistil: (d) capsular 

fruit dehiscin.&; (e) seed hi,hJT magnified. SWOT VIOLET (Yiola IItlonJt4I>t 
(a) stamen: (6) stamen: lc) PlSti i (d) capsule dehiscing: (,) capsule dehiscinc, 
tutly opened; V> seed, highly ~6ed. PASQUB FLOWER (AIII1IU1IN I"b.­
tilla), (.) stamens and pistil; (6) younJ awned fruit; (d stamen. MaADOw 
ANaMoNa (A,",,",," jwtII,,"is), (.) frult-to' the riJht a blooming plant, with 
cluster of fruit. MIGNONaTTE (Rlseda iHIIwrU4I), (.) flower; (6) petal: (c) fruit. 

Pktllre iii. APRICOT TRaE (PnmfU A,.."".,,;tJI&4I), (.) mflorescence; (6) sectiOD or 
Sower; (c) section of fruit. CURRANT BUSH (Ri61s ruIwu",), (a) infloresceDce : 
(6) flower; (c) stamen; (tI) ,istil. STRAWBaRRY(F~ "'.rt:.~(.)sectiOD of, 
fruit. GoosasaRRY BuSH (Rihs gnlsnl.ria), (.) inflorescence; I) corol~ cut 
GpOD to show stamens; (c) section of fruit. RAsPBERRY BOSH ( IIi," ItIinu), 
to the left the inflorescence, to the ri,ht the fruit; (a) section of Sower i (6) section 
of fruit. ALMOND Taaa (Am7~alll$ com",u,,;s), (.) inflorescence; (~) section 
of flower; (c) fruit, with green liusk half removed. 

Picture iv. PARSNIP (P,trouli""", s.tin",) (.) root with raclicalleaves; (6) sectioa. 
of root ; (c) inflorescence; (d) flower; (;j fruit i (f) section of fruit. CARROT 
(D","," Carot.1 (.) root ; (6) CI'OSI section of root; (c) inflorescence; (tI) flower; 
(I) fruit • V> fruit. VINE (Vilis tliIu:t~), to the left the inflorescence, to the 
right a bunch of fruit; (a) Bower bud; (6) flower o~o.g; (c) flower showinJ 
mode of detachment of the corolla; (d) berries; (I) croll sectiOD; V) loap­
tudinal section of same ; (r) seeds; (k) seeds. 

Pichlre v. MUSHROOM (A,..ricJU c4M#stris), (a) group of young mushrooms; (I) 
10Dgitudinal .ectiOD or mushroom ; ec) older mushroom i (d) older mushroom; (I) 
YOUDI l~meD; (l) lonJitudinal section of an olGer mushroom. EOIBLB. 
BOLETUS (Bolli," etllllis), (~) pileus or cap seen from above; (6) the same, from 
below; (c) IODJitudinal section of boletus. COMMON CHANT ARELLE (CtMI""'-
1711116 dlJd.ri,"), (.) grout»; (6) section of one cbantarelle. HONBY-COLOURBD 
AGA RIC (Ararlcru ,,"11',"),(a) group;(6) longitudinal section of an agaric. EDIBLB 
HELVaLl.A (H,/rJ,lI. Iscwknta), (a) group; (6) lo~tudinaI section of helvella. 
FLY ALGARIC'(A"",,,ita, a,prit:fU muscarl.>, (.) group; (6) fungus seen from 
below; (d longitudinal sectiOD. MOREL (Mtwrltllu. I.rt:tIlnIta flar. cMk.), (.) 
aroup; (6) longitudinal section of a morel. ERGOT (Sclwoti.", c14lv," and 
CIlI"ie,p Itwfuretl), (.) two earl of corn with ergot; (6, c, tI .. I,) a single graiD, 
Datural size ; VJ I, and k) the same magnified, and at the tip a little cap pro­
dudng s~s; \i) ergot, sprouting; (k) ergot, ~ified; (I) section of same. 
RalKDDR Moss, or ~ICHBN (ClIuIiJIJu. ""';flritlli,. ICBLAND Moss, 01' LlCK_ 
(C~"""" ulalUlica). . 
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lIoft'att's Picture of Summer. . 8. d. 
In sheet .• .. .. •• 
Canvas, rollers, and varnished •• 

.. .. •• •• 2 0 

•• 3 6 . ------- ----------
HISTORY. 

lIofDLtt's Stories from English History, simply told. 
Beautifully and profusely illustrated. Price lod. 

lIofl'att'a History.-StaDdard IV., paper covers, 2<1., cloth, 3d.; 
V., paper covers, 3d., cloth, 4d.; VI., paper covers, 4d., cloth, Sd • 

.. Teachers might aearch a very long time before they would find any histones so 
admirably arranged, and so \tell adapted for standard use. ,. -TM TllIClln's AssUtIuIt. 

I. These books are carefully arranged, and prepared in a form most suitable Cor 
class work. For standard work these books Will be found thoroughly suitable."­
Tiu ScluHJhluutw. 

Mofl'att'. Outlines of Bistory. Price IS. This book will be • 
found useful for Pupil Teachers, -Students in Training, and Candi­
dates for the various Public Examinations. 

SPECIFIC SUBJ ECTS. 
Moffatt's Explanatory Poetical Reader. Price IS. It is 

well adapted as an alternative reading book in the upper classes of 
schools, and also for a text .. book in English literature. 

II Altogether it is an admirable litde volume."-TIN SciuHllllUUtw. 

Euclid and Mensuration.-Slages I. and II., Moffatt's Euclid, 
Book I., with Notes and worked-out Deductions. Price 6d. 

Euclid and Mensuration.-Stage III., Euclid, Books I. and II., 
with Notes and worked-out Deductions, and Mensuration. Price 
Is.6d. 

Principles of Agriculture. By C. A. BUCKMASTER., Esq., M.A. 
Oxford. Stage i.-Principles influencing supply of plant food in 
the soil, necessity for cultivation, and circumstances making tillage 
more or less successful. Price 2<1. Stnge II. - Principles regulating 
the more or less perfect supply of plant food; manures as supple­
mental sources of plant food. Stage lIl.-The principles regu­
lating the growth of crops, and the variations in their yield and 

. quali~y. 
Moffatt's Test Cards in Physiology.-These are done in 

three packets at I s. each. There are 20 cards in a packet, clotA 
lined cases, and each packet corresponds with Stages I., II., and III. 
The envelopes are bag shaped and cloth lined. 

lIathews' Test Oards in Physical Geography.-Set A, 
Stage I.; Set B, Stages II. and III. Each set contains 20 cards. 
Price IS. . 

Mathews' Test Cards in Domestio Eoonomy.-Set A, 
stage I. ; Set B, Stages II. and III. Each set contains 20 cards. 
Price IS. 

lIoffatt'. Domestio EcoDomy.-Stages I., II., III., each in 
paper,2<1., in cloth, 3d. These little books are written by J. C. 
Buckmaster, of South Kensington, and are suitable for girls taking 
Domestic Economy. 

fI These litde books are excellent, and the author gives mach reaD, valuable 
inCormaaoD."-J,.ui T~IICINn' 1~N1"IIIIl. 

lIofl'att's Domestio Eoonomy.-Stages I., II., III., bound in 
one vol., cloth, 9<1. 

Phlaloal Geography. By E. W. Lewis. Specially adapted to 
the University Local Examinations. Price ·IL 
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MUSIC. 
Morgan'. New Songs for Schoois.-parts I. and II., price 

2d. each. The words and music of these little books are suitable 
for public elementary schools. 

'lIIB aBORAL COIIP ANION to the Chevt! Method. A series of graduated 6. a. 
Pan Songs, S.C.T.8., for Choral Societies. Parts I. and II. .. each 0 6 

ftIB SaBOOL aBOIR. Series I. A selection of Secular Songs in three 
parts. Cluvl Notation • • • • • • • • • • • • •• • • 0 6 

ftIB SCHOOL CHOIR. Series I. Stllff Nolatitlll 0 6-

THE CBUBCB CHOIR. Series I. A selection of Sacred Music in four 
parts. Cllevl Notation 0 6 

SD.VER CYMBALS. A selection of Sacred and Secular Songs. in the Sol-
Fa Notation, suitable for the Infant and othet.Departments of Public and 
Private Schools. By W. M. Miller, Instructor of Music of the Gla!oigow 
School Board. Parts I., II., III., IV., V., VI., VII., VIII., IX. each 0 » 

IILVER BUGLES. A selection or Simple and Beautiful Melodies 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. . . 0 J 

'1'IIE SONG SCHOOL. Chord by chord method of teaching to sing from the 
old notation, containinL a selection of chordal exercises and tunes pro­
(l'essively arranged. BY' W. M. Miller, Instructor of Music of the 
Glasgow School Board. Part I. .. .. .. .. •• .. 0 I 

SIL VB BELLS. A selectinn of Songs in two-fart harmony, in Tonic Sol-
Fa Notation. By W. Miller. Parts I., II., II., IV., V. & VI ... each 0 J 

IlAY BLOSSOMS. A selection of Sacred and Secular Pieces in Sol-Fa 
Not.ation, in three-part harmony. Nos. I,:a •• 0 I 

________ •••• __ ....... _._ • __ •• • __ - ___ • __ •• ___ •••• 0 •• _ • ____ • __ _ 

DRA'WING. 
Moffatt's Infant Drawing Copies-Per set, 28. 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 
pleasJng to "our little ones." 
.OR Aft'S OtrrLI1U8 OP 1I0DBLS.-lSt Grade. in packets or 36 cards. Price 

M • 

••• These Outlines of Models are a careful selection of the subjects set by South 
Kensington. They will prove an excellent introduction to drawing from models. 

.OR Aft'S PBBSPEC'HVB TEST PA.PEB8.-FuU Government size. 12 varie­
ties. q papers. Price 15. 6d • 

• ORA'lT'8 SECOND GRADB PBBBB'ANl) TEST PAPUS.-12 ftl'ieties. 
36 papers. Large size. Price IS. 6d . 

• ORA'lTS SECOND GRADB GBODTBY TBST PAPBRS.-12 ftrietie!. 
36 papers. Large size. Price IS. 6d. 

.ORA'lTS PmST GRADE PREEBABD TEST PAPBBS.--§s varieties. 100 
papers, printed one side. Price IS. 6d . 

• OR A'lTS FIRST GRADE GEOMETRY'l'EST PAPERS.--2s varieties. 100 
papers. printed one side. Price 1ft. 6d. ' 

.ORATT'S FIRST GRADE MODEL TEST PAPERS. Per packet, IS. 

** * All these Test Papers have been carefully revised to meet the recent great 
changes of the Department. 

tar These popular Test Papen have been &ready improved, revised to meet the 
latest requirements of the Department, enlarged in size, and increased in number. 

·'These popular test papers are abundant in quantity, good in quality, and cheap 
in price. They are within the reach of all kinds of schools."-TM Schoolmaster • . 
No •• -II88ara. lIomLtt ~ Pa.1ge revise their pubUcaUona to meet &1l 

cha.nges of the Code. 
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THE SOUTH KENSINGTON DRAWING CARDS. 
Elementary Outlines for Slate Pencil Practice, go Carda printed white OIl •• tL 

black ground :. •• •• •• •• •• •• •• •• •• 1 0 

I1rst Grade Roman aDd Greek Ornament, SIO Cards •• 
rust Grade EI)'ptiaD and Italian Ornament. SIO Cards •• 
Pint Grade Leaves and Vases, ., Cards •• 
First Grade Outlines of Animals and Common Objects, SIO Cards 
First Grade Examination Packet, SIC) Cards 
PlI'Irt Grade A.I8ortecL So Cards selected &om the above •• 
Second Grade Roman and Greek Ornament, 12 Cards •• 
'Second Grade Egyptian and Italian Ornament, 12 Cards 
Second Grade Leaves and Vases, 12 Cards •• 

•• 

.. 

.. 

1 0 

:I 0 

:I 0 

:I 0 

•• I 0 

2 6 
:I 0 

I' 0 

I 0 

Second Grade Perspective Practice, 12 Cards, comprising Examples in Block 
Letters, Figures aDd Familiar Subjects.. •• •• •• •• •• 1 0 

Second Grade EDlDination Packet, 12 Cards 1 0 

8eooD4 Grade Assorted Packet of 30 Cards, selected from the above • • • 6 
~, It is impossible to avoid recommending these drawings." - Tlu ScUIIti/ic IIIIIl 

Litnw,., RftIiItw. 
Ie We are able to speak of these drawings in ~igh terms of approval. The designs 

are chaste, yet not over elaborate. They will make excellent examples." - Tu 
ScluHJ11lUUtw. 

KO:r:rATT'S BOX o:r :rOD UD COLOUR. 16 •• 
~~ ~d 

Moft'att'. Alphabet Card • • • • 0 8 Moffatt's Card or Colour. • • • •• 2 0 
Moffatt's Box of Letters anet Figures 2 0 Moffatt's Metal Clock Face, very 
MofFatt's 'Box of Coloured Cards •• 2 0 durable. • •• • • ••.•• •• • 6 
Moffatt's Card of Form • • • • • • 1 4 

Tlu ScluHJl Board CI&nmu:k says: "We are not surprised to learn that the Boz 
of Form and Colour has been ad0eted by the Londoli School Board, and bJ the 
Home and Colonial School Society. 

The Art Student's Second Grade Practical Geo­
metry. By JOHN LoWRES. Price IS • 

••• New Edition carefully revised and enlarged, with chapters added 
on Scales and Orthographic Projection. 

The Sc/uHJ1",.,tw says: II Arrangement exceDenL • • • Methods neat and accu-
rate. Explanations simple and clear." . 

The ScluJ~1 BlHlrd CkrMU:U says: "No care or thought has been spared, UId 
the work ought to come largely into use." 

The ScIuHIl GllanliMl says: II Solid geometry particu1arly dear. • • • Complete 
course. " 

SPECIAL PUBLICATIONS FOR PUPIL TEACHERS, 
STUDENTS, AND TEACHERS. 

Moffatt'. Pupil Teachers' Course. Adopted "" tile S#utj. 
warR and otMr Pupil Teachers' Examination Societies. 

I. d. 
Candidate4J sa 6 I Year III. •• 
Year I. •• 4 0 I' Year IV. •• 
Year II. •• 4 0 

•• 
•• fl. 
4 0 

4 0 

These books contain the whole course of instnlction (or Pupil Teachers. 
They are carefully and fully written. Examination Papers in each sub­
ject are set, and practical hints to Pupil Teachers are given • 

.. We can give very high praise to this compilation. Books of this kind are DOl: 
~erally very well done, but the present work is excellently drawn up. Pupil teachers 
Will not need other books."-TIU Natitmal Sc!uHJI",asUr-. 

II Will be a boon to the class for which it is mtended."-TAI Iris" TM&1Iws' 

"~~l!1>jects of instruction for Pupil Teachers are treated in an able and scholarl,. 
manner. We heard!J recommend the volumes: they will form ezceIIent text-boob 
for each year of the Pupil Teacher's course."-TAI ScluHJlIIuu~. 
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Moffatt'. Reprint of PupU Teach~ra' Questiona set 
by the Education Department in 1874, 1879, 18ll, with ADswen 
to Arithmetic and Algebra. Price IS. 6d. for each year. 

• •• These are a reprint Qf the official questions given bJ B.M. 
Inspectors at the Monthly Examinations of Pupil Teachers. 

''It is just the sort or book a teacher finds use!ul (01' ~ng fmtexaminatioD . 
Save in one or two minor particulars, the questions are as applicable to ScotlaDd as to 
K~land. "-Tlu Edfl&lItilJlMl NIfIII. 

• Pnpil teachers and others will find the work or great value, and we would urp 
them to secure a copy. The price is but a trifte."-Tu Imi &lfl&4IUnuU ~1J __ 1. 

"Candidates and pupil teachers will find in these volumes much valuable informa· 
tionand many suggestive hints on all the subjects in which they will be examinecL"­
Tlu ScluHJl GIlardi..,.. 

"The whole work (orms an excellent compendium, and is brought out by the pub­
lishers with great taste and neatness."-TAI Educ4IUnuU NftM. 

Moffatt's Answers to Soholarship Questions, 1879. 
. 1881, and 1882. Price 2S. each. These books contain full aDd 

complete answers to all the Scholarship Questions, with particulan 
of Training Coll~ and instructions and hints for Candidates. 

TM ScluHJlllUUlW says: .. To those lookiq forward (ar the scholarship examina­
tions this will be a mad in need." 

Tu p"jIil TM&Mr says: u EzceI1ent model answers. • • • Kztreme1y uefaI 
u a pide and model." 

ptilJ/k Opi.um sap =- "The answers are models indeed." 
TAl N"Htmal SciuHJltlllUUr says: .. Replete with information. • • • Valuable 

fOr its hints." 
TIN ScluNJl BlJ4nl Clwtmiek says: U PupD teachers and students will, we ima&ine, 

make a rush (or this opportune little book.' 

Moffatt's Reprint of Certifioate QuestioDs. Price 2S. 
With answers to Arithmetic, Algebra, and Mensuration; ~ 
Model Answers to Questions selected from the papers set. 
Solutions to Exercises in Euclid. 

Twelve Years' Scholarship Questions, 1870-1881. 
Price 3s. With Answers to Arlthmetic,A12ebra, and Mensuration. An 
invaluable book to Students preparing for the Scholarship Examination 

Queen'. Scholarship QuestioDs, 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 Bow to Prepare Notes of Lessons. Price 28. 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, cloln lined cases, with AnSwers. Price IS. 
per packet. Candidates, price IS. Years I., II., 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 :pifBculties of Algebra made Easy- By H. C. Tam. 

Pnce IS. . 
Tlu ScluJolwuut" says: "The pupil stumbles over the brackets, converting a 

complex into a single expression, resolvinJ_ ~ single expression into simple (actors, 
simplifyin, equations, etc., etc. • • • This book is written to clear up difficulties. 
• • . It is Dot intended as a lubstitute for other text-books, but rather to show how 
dle su~ect should be !&naht, and the special dificalties OYfRODle. • • • We .......a:.I._ ~ ____ ~ !a. .. 
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AmDer's Model Solutions in Arithmetlo for Kale 

Pupil Teachers and Candidates for Queen's Scholarships. Pri~ ~ )-" 
28. 6d. ., ~ 

U We advise pupil teachers to add this to their school-books. "-TM NMiMlal 
SdMMlMtutw. 
Amner's Model Solutions in EucHd, Algebra, and 

. Mensuration. Price 25 6d. 
Burke's How to Teach Needlework to· Beginners. 

Price IS. 
Miss Burke, the author or this book, was wUmeor of the first prize of the London 

AsIociation for Improvement of Needlework. She is mistress in one of the London 
Board Schools. 
Amner's Model Solutions in Arithmetic for Female 

Pupil Teachers and Candidates (or Queen's Scholarships. Price 
25. 6d. 

cc This book will be f'0UDd an invaluable help to female pupil teachers." - Till 
T6i1&lur • .A 6.ut".t. 
Amner's Complete Guide to the Certillcate and 

Scholarship Examinations. Price 25. 6d . 
•• This book ought to be in the library of every pupil teacher in his fifth year, and 

of' every acting teacher."-TM P"pil Teaclur. 
Deductions from Euclid, and How to Work them. 

Price 3s. Nearly 200 exercises progressively arranged, and fully 
worked out ~ models. The book will be found of great service to 
pupil teachers, students. in training, science classes, ulli versity, local; 
and matriculation examinations. 

Moffatt's Euclid. Price IS. 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. 
Moffa tt's Class Register, limp covers, price 9d. 
Moffatt's Class Register, stiff covers, price Is. 
Moffatt's Summary Register for two years, price Is. 
Moffatt's Summary Register, cloth, price 3s. 
Moffatt's Admission Register, for 2000 names, price 68. 

(I) Clearly printed and ruled. (2) Side by side marking, and con­
tinuous ruling. (3) Minimu~ of labour. .(4) Summary columns 
arranged specially for convenlence of carrymg 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. 

* •• The billdiltg IS very strong. 
II The simple fact that this Class Regist~r. has already passed through ten e~itions 

will be the best testimony to its general ut~hty. We do not kno:-", ~ better Reglster; 
its ~nstruction is very simple and COl1\'emellt, t~e p,\pcr and pnntlng aro both very 
good, and the binding is strong." - TIU' Sc/UJ/astlc ~Vorld. 

TEACHING AIDS. Post Fret. 
A classified li~t of School Matertai and Educational Works, containing 

varticulars of MOFFATT & PAIGE'S Fublications, School Books, Needle-- _. . ~. .. . 
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