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PREFACE TO THE SECOND EDITION.

The most gratifying testimony we could possibly have
to the usefulness of this book is that a Second Edition has
been called for within two years of the publication of the
first. Although its use has been extended beyond the
private student, for whom it was originally intended, to
most of the schools from which candidates proceed, this
demand for a work which appeals to such a small class of
students is extremely exceptional.

In the present edition references have been given in
the schemes of study to Lock’s Arithmetic and Hall and -
Knight’s Algebra. The latter has been plotted out for
our “ Weekly Schemes of Study” by one of the Authors,
Mr. Hall, whose kind aid we thankfully acknowledge.
Answers to the miscellaneous questions have been added
by Mr. G. H. Bryan, Smith’s Prizeman, Fellow of Peter-
house, Cambridge.

THIRD EDITION.
References have been added to Pendlebury’s Arithmetic
and Briggs and Bryan’s Coordinate Geometry. A fnrther
series of fifteen Test Papers has been appended.



INTRODUCTION.

Ir is a well-known fact among successful coaches, that
a knowledge of the requirements of an Examination can
be got much better from a careful analysis of previous
papers than from the regulations issued by the examining
body ; and a pupil under a skilful tutor has, perhaps un-
consciously to himself, the leading parts of the subject
exhibited in the strongest light by repetitions, numerous
illnstrations, and papers composed of examination types.
It is hoped that the general student will be able to learn,
from our graduated system of Test Papers (one of which
should follow each week’s reading), without a tutor’s gnid-
ance, what the Examiners may fairly require of him ; and
that his attention will be drawn to the fundamental parts
and landmarks of the subject, so that he may not lose
sight of the important points in & mass of details—a com-
mon event with private students, and one which makes
them lose interest in their work.

In working through the course as mapped out, the
student should make a synopsis of each branch of the
subject, paying special attention to the parts marked
tmportant in the Schemes of Reading, and of the formule,
and write the questions neatly at the head of his Solutions
to the Test Papers in a book, for revision just before the
Examination.

As 79 of our students passed the last Intermediate Arts
Examination, we can the more confidently recommend the
course adopted.



PART 1.

PLAN OF THIS BOOK.

The book is arranged on the following plan :—

(1) An account of the Text-Books commonly read for
the Examination is given. A selection is made of those
we can recommend by experience as most suited to the
Examination. Others are mentioned which in many
respects are as good for the general student, or which
possess special merits to recommend them to students who
have particular weaknesses.

(2) The whole of the work to be done has been dis-
tributed as equally as possible into 30 parts, including a
first revision ; so that the student may set himself one of
these parts each week* or fortnight, and thus have the
gratification of having done an aliquot part in the arranged
time, and so counting sure progress. The distribution of
the work into what has been proved in actual practice to
be a fair amount for the average student ensures the
complete preparation in any one by the appointed date
without drawing more than is necessary from the time he
has at his disposal for all subjects. For examination and
educative purposes it is far better to get a thorough
grounding which will secure three-fourths of the marks,
than a shallow general knowledge of the subject, upon
which so many self-deluded candidates rely ; and, if the
student plodding on alone feels that he has quite enongh
to do to obtain mediocrity, by all means let him avoid
out-of-the-way parts of the subject and alternative methods,

* For the sake of convenience we designate the period to be spent
over each part a week, although very often the longer time will” be

necessary.
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which are really only short cuts for the advanced
student.

(8) A Test, Paper to be answered at the end of the-week,
compiled from questions formerly set at the Examination,
comes next. This is in all cases on subjects which have
been previously covered, and almost exclusively on the
work prescribed in the scheme of study for that week.
The Examination Papers from which these questions come
are mainly those set since 1874, but wherever a somewhat
older question has been thought specially suitable it has
been selected, and in many cases the oldest papers have
been used to furnish a type which is again becoming
popular. As an example of this recurrence of fashion in
Mathematics, we may mention questions on * Piles of shot
and shell ”’; these will be found in the old books of Hind
(1830), and Wood and Lund (1841), but not in Todhunter
or his contemporaries ; while we find them again in Hall
and Knight's Higher Algebre (1888) and C. Smith’s
Treatise on Algebra.

(4) All the questions which have been set since 1874,
and are not contained in the Test Papers, along with the
whole of the questions in Conics from 1843, which come
in the present University schedule, have been collected
under the head of Miscellaneous Questions, or given
in the Examination Papers. Many of these are extremely
useful for additional practice, although they are amply
illustrated by the types in the Test Papers.

(5) For the benefit of students who can find time to
work more examples, a hundred and fifty have been
arranged as fifteen additional Test Papers. Each of these
carrespcndg to two weeks’ work in the Schemes of Study.
Answers to all the questions, and full solutions to the last
Paper (1890), complete the plan of the book.

In working through the course the student should make
a synopsis of all the important book-work in Geometry,
draw the figare neatly, and write out in a few lines each
proposition by indicating (after learning it) the most
important steps of the proof. He shounld also keep a
formula book.,
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A mark X, made in the margin opposite any part which
he finds on reperusal has escaped his memory, and repeated
at each revision, will soon show him his weaknesses, and
help to economise his time in revising.

We do not intend giving the grandmotherly advice we
find in some guides, as to diet, exercise, and keeping out
of easy chairs when studying ; the candidate will scon learn
that self-denial is a very important factor in preparation
for an Examination; as also 1s self-respect, in the broadest
sense of the word—a qualification which all must possess
who wish 1o win any position ; but we will draw the atten-
tion of each student individunally to the following :—

Never study Mathematics without a pen or pencil in
your hand, and a sheet of paper before you.

‘Work out Tllustrative Examples on paper.

Make your reading connected; don’t dabble in many
books. Get a firm grasp either of Euclid or its modern
equivalent at one time; don’t work the two simultaneously.

In reading, put mentally to yourself possible questions
on the subject-matter.

Draw comparisons, and tabulate those parts of Mathe-
matics which admit of such treatment.

Revise continually, but judiciously; don’t go through
all previous reading each time of revision, but through
the parts especially worthy of attention, and those which
you have marked as your weaknesses or as keystones.

It is not so much the amount of time spent in reading
that will tell, as the amount of concentration of thought
you can bring to bear upon your reading.

Part VII. of our book should not be used until all the
work is completed. R
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The following questions in the Test Papers have pre-
sented great difficulty to many students, and are not of
great importance as types :—

IIT.—3—an acquaintance with the sixth week’s work
may make this easier. IV.—2—laborious, unless you note
the factors of w’+v*+uw?—3uvw. VIL—1. XII.—2—if
possible, see a similar question worked out. XXITII.—1.
XXIV.—9 & 10—difficult examples, but not altogether
unimportant. XXVI.—1-—worked out in Hall and
Knight.—8. XXVIIL.—2, XXVIII.—part of 9.

We give a list of the following difficult questions in the
Test Papers in order that the student may not be dis-
couraged at failure in his first attempt to work them.

I—5. II—2, 5. IIL.—2, 5. IV.—4, 6. V.—7,
VI—2. VIIL—1. VIII—s5,7,8. IX.—1,2, 5 (ii.), 9.
X.—1,2 (i1.), 8, 5 (ii.), 10. XI.—4, 8. XII.—3 (ii.), 8.
XIII.—2—Dbook-work, yet many find it difficult to under-
stand, 6, 7, 9 (ii.), 10. XVI.—2 (ii.), 7, 8. XVIL.—7.
XVIIL.—4, 5, 9. XIX.—10. XX.—2 (ii.) (iii.), 3, 8.
XXI—7. XXIIL—10. XXIIT.—2, 3—really a problem
on arithmetico-geometric progressions, like XXIV., 2.
XXIV.—1. XXVIII—l—worthy of consideration, how-
ever; 7 and 8 involve somewhat difficult book-work.
XXX.—3, 4, 5, 6, 10.

I.A—3 (). III. A—3,4. V.A—1,4,9. VI A—
2,6,8. VII.A—S35, 6, 8 (ii,). VIII. A—1, 5. IX, A—
1,3,7 8 (i.). X. A—1, 2 (ii.), 7, 10. XI. A—5, 9.
XII. A—2, 10. XIII. A—1 (ii.). XIV. A—1 (ii.), 2, 9.
XV.A-5,7.

The questions numbered in bold type have proved
stumbling-blocks to the majority of students.

W.B.

BurLINGTON HOUSE,
CAMBRIDGE,

August 1st, 1890.



PART IL

TEXT-BOOKS.

ArrraMeTiC.—Pendlebury (Bell, 4s. 6d.) contains all
that is required. Lock, Brook Smith, Hamblin Smith,
and Girdlestone are also good, but in some respects
deficient. Annuities and Logarithms must be read up
from an Algebra.

Argepra.—Hall and Knight's Elementary Algebra
(Macmillan, 48. 6d.) can be recommended as a model of
lucidity ; but, if either it or Hamblin Smith’s Algebra
(Longmans, 3s.) be used, they must be supplemented by
Hall and Xnight's Higher Algebra (Macmillan,
7s. 6d.; Key, 10s. 6d.), or C. Smith’s Algebra for
Schools and Colleges (Macmillan, 7s. 6d.; Key, 10s.
6d.). These books are brought up to modern require-
ments, and have all the advantages of the old
favourite Todhunter, issued by the same publisher.
The Higher Algebra gives excellent practice in the appli-
cations of Progressions, a leading feature of the Inter-
mediate Papers, and it is as well fitted as any other to
enable a bright student to grapple with the involved
questions on Annuities set at the examination. We shall
not enter into the merits of Elsee, Colenso, Barnard Smith,
Chambers, Atkins, Pryde, and Wood, because we think
the private student cannot do better than get the Elemen-
tary book of Hall and Knight, and supplement by their
Higher work, or C. Smith, keeping closely to the syllabus,

GroMETRY.— (1) Stmilar Figures and Planes.—Class-
book : any good edition of Euclid. One of the best with
which we are acquainted is that by Dr. Casey, published
by Hodges, Figgis, & Co., Dublin (Part II., 2s. 6d.5

ey, 65.5. The riders are exceedingly numerous, and a



2 TEXT-BOOKS.

number of useful exercises are followed by solations. In
Book VI., his alternative proofs to Propositions XII.,
XVI., XIX., and XXXI. are excellent, and the Appendix
on the Prism, Pyramid, Cylinder, Sphere, and Cone, makes
the book of special service to the Intermediate student.
The student who possesses Hall and Stevens’ Euclid
(Macmillan, 4s. 6d.) can scarcely better it. H. Smith’s
Geometry, Todhunter’s Euclid (Macmillan, 3s. 6d.; Key,
6s. 6d.), and Potts’ Euclid are often recommended. The
first section of Wilson’s Solid Geometry may be used instead
of Book XI.

MENSURATION, AND PROPERTIES OF THE SPHERE.—Class-
book: Wilson’s Solid Geometry (Macmillan, 3s. 6d.).
Sections 1I., III., and IV., about forty pages in all,
provide the student with a clear, compact, and complete
course. In the treatment of the Sphere, Wilson stands
alone: but by those who prefer it, Watson’s Plane and
Solid Geometry may be read for all but the latter part.
The student who possesses Casey’s Euclid will be able to
distinguish the fundamental parts of Mensuration; yet,
although Wilson may be pruned slightly, the average
student will not find forty pages very laborious, and it is
better to err on the safe side. Wormell’s Solid Geometry
is sometimes recommended (Murby, 2s. 6d.) ; although in
itself not exactly the style of book required for the exami-
nation, it is useful for practice in the applications of the
parts given in Wilson and for its happy illustrations, the
formation of a mental picture of the figures in Solid
Geometry being somewhat difficult to beginners.

Co-0rDINATE GEOMETRY.—The most satisfactory book on
this subject for the general student who has to go beyond
the Line and Circle is C. Smith’s Conic Sections (Macmil-
lan, 7s. 6d.; Key, 10s. 6d ), but it is rather too full to
be used for this examination, as only parts of Chapters
I, IL and IV., with perhaps the first two or three para-
graphs of Chapter ITI., are necessary ; all articles marked ¥,
and those on oblique axes, should be omitted, and, by
the general student, the determinant notation (that is,
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where the involved quantities are arranged between two
vertical lines), and the exercises, both illustrative and
unworked, at the ends of the chapters. Briggs and
Bryan’s Coordinate Geometry, Part L* (Univ. Corr.
Coll. Press Warehouse, 2s.), was prepared specially to
help beginners in this difficult subject of the Intermediate
Examination; it contains a very large number of Illus-
trative Examples, and aims at simplicity so far as that is
compatible with completeness. Great care has been
bestowed on the arrangement of the book, and on the
diagrams, which are over sixty in number. Vyvyan’s
Ooordinate Geometry (Bell & Soms, 4s. 6d.) is as useful
a book in many respects as C. Smith, for which it may be
substituted; the first three chapters, omitting oblique
axes, quite cover thesyllabus. Those who find a difficulty
in working problems should procure Briggs and Threl-
fall’'s Worked Examples in Coordinate Geometry
(Univ. Corr. Coll. Press Warehouse, 1s. 6d.), a gradunated
course of exercises on the Line and Circle.

TricoNoMETRY.—The class-book, H. 8mith (Longmans,
4s. 6d.), is just the kind of book a private student requires,
as it represents almost exactly the amount of reading ex-
pected of a candidate for the Intermediate Arts, graduated
gently and with a copious supply of worked examples.
The Key to it makes it of special value to private students.

The pupil who wishes to extend his reading, and ac-
quire more of the geometrical proofs of formule, should
get Lock’s Elementary Trigonometry (Macmillan, 4s. 6d. ;
Key, 8s. 6d.), in our opinion the best elementary book
extant. Vyvyan, Casey, Pinkerton, Beasley, and Walms-
ley are often recommended for this examination ; but, for
reasons previously stated, we omit them and some of the
most popular treatises from our account. Briggs’ Synopsis
of Blementary Trigonometry (Univ. Corr. Coll. Press Ware-
*house, 1s.) will prove of great service to most candidates.

* A specimen copy will be presented, on application, to any teachex
who is willing to adopt it in his classes if found suitable.






PART IIIL

WEEKLY SCHEMES OF STUDY.

ABBrEvIATIONS for names of Authors—Pendlebury (P.), Hamblin
Smith (H. S.), Hall and Knight (H. K.), Lock (L.), C. Smith (C. 8.),
Vyvyan (V.), Briggs and Bryan (B. B.). .

The most important articles are printed in thicker type.

First Week’s Work.
Arg.—Quadratics. H. S., 230-248; H. K., 189-202.
Tric.—Meaning of m. Measurement of Angles. H. S.,

5-34, 13, 15, 22, 27, 30, 31, 32; L., 19-64, 29, 34,
40, 46 (omit 47-50 and 53), 59, 60, 63, 64.
Euc. VI.—Def. and Props. 1, 2, 3, and 3A.
AriTH—Fractions. P., 98-138,140-148; L., 76-99.

Second Week’s Work.

Arg.—Simultaneous Quadratics. H. 8., 249-258; H. K.,
203-208. All important; work very carefully through
the Illustrative Examples, the harder types especially, viz.,
H. K, Arts. 206, 207, 208. A question is given in
almost every Exam. Paper.

Trie.—Angular Systems and Direction Signs. H. 8.,
35-50, 38, 39; L., 65-72, 120-125, 69, 70, 122; and
C. Smith’s Conics, 1-3.

Egc. VIL.—4, 5, and 6.

Arire.—Decimals. P., 149-176; L., 103-115, 118~
120.

INT. MATH. B
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. Third Week’s Work.

Arc.—Quadratic Problems. Revise Lessons I. and II.,
and work Illustrative Problems in H. 8., Chap. xxi.;
H. K., Chap. xxvii.

Tric.—Trigonometrical Ratios for acute angles. H. S,,
1-4, 51-64, 75-81, 51 aud 52; Ex. 2, p. 36, 78, 79,
and 80; L., 1-18, 73-96, 75, 78, 80 ; Ex. xii. (5), (6)
90, 91, 92, 96, meaning of .

Evc. VI—7, 8, 9, 10.

Arita.—Recurring Decimals. P., 177-185, 186, 187-
191, 195; L., 128-136, 138.

The proof of the rule for the conversion of a recurring
decimal into a vulgar fraction will be found in Algebra,
and should be got up.

Fourth Week’s Work.

Ave.—Results of Multiplication and Division. Revision
of H.C.F.and L. C. M., H. 8., 59-61, 83-85,119-121, 124,
126, 132, 160-171; H. K., 54, 55, 114, 138-145, 159, 160,
163, 213, 214. Add

a*+ b+ —3Babe = (a+b+c) (a*+ b+ c’—ab—be—ca)
and note

@ +b'+c*—ab—bc—ca =4 {(a—0)*+b—c'+ (c—a)*}.

Tr16.—Changes in Sign, &c., in different quadrants.
H. 8, Chaps. vii. and viii., 66,67, 68 ; L., 114, 126-136,
132, 133. Remember all—sin—tan—cos, to know the
ratios which are positive in the 1st, 2nd, 8rd, and 4th
quadrants respectively.

Euc. VI.—11, 12, 13, 14.

AritH.—Fractional Measures: P., 139, 192-194; L.,
116, 117, 137. Approximations: P., 196-203; L., 189-
154.
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Fifth Week’s Work.

Avrg.—Revision of Fractions. H. S., Chap. v.; H. K,
Chap. xix., 151-158, 168, 169, and all of Chap. xxii.

Tria. —Relation between Trigonometrical Ratios for
same angle. H. S., 88-91; L., 102-108.

Evc. VI.—15, 16, 17.

Arira.—H.C.F. and L.CM, P., 49-59; Appendix,
1-3; L., 67-75.

Sixth Week’s Work.

Arna.—Harder Factors and Roots of Equations. H. S.,
324-337; H. K., Chapters xxviii. and xxxvi. Of frequent
application in Co-ordinate Geometry.

Trig.—To express one ratio in terms of the others. H.S.,
92-96, 94 ; L., 109-116, 113.

Eue. VI.—18, 19, 20.

AriTH.—Interest, Present Worth, and Discount. P.,
251-255, 256, 257, 259, 260-266, 267, 268, 269,
270, 271-276 ; L., 180-183, 184, 185, 186.

Seventh Week’s Work.

Arg.—Indices and Evolution. H.S., 220-225, 265-287 ;
H. K., Chapters xxx. and xvi. (omitting cube root), also
Arts. 217, 218.

Tric.—Comparison of Ratios for Relational Angles.
H. 8., Chap. x., 99, 101; L., 117, 118, 137-141.

Euc. VI.—21, 22, 23, 24.

Arita.—Square Root. P., 315-824, 326; L., 199-
205. .
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Eighth Week’s Work.

Ave.—Surds, and Square Root of Surds. H.S.,289-317;
H. K., 249-280: in particular 265, 266, 278,279, 280.

Tric.—Trigonometrical Equations, H. S., 107, 108;
L., 119.

Evc. VI.—25, 26, 27.

ArrrH.—Square Root of Surds. Revise last lesson and
read P., 325, or L., 206-209, in addition.

Ninth Week’s Work.

Are.—Equations involving Surds. H. 8., 318-321;
H. K., 281, 282 [this may be supplemented by H. K.,
Higher Algebra, 130, 131, 132].

Tria.—General expressions for all angles with a given
Trigonometrical Ratio, H. 8., 108, 109, 110, 111, 112,
113, and 114; L., 142-144, 145, 146, 147, 148, 149, 187.

Evc. V1.—30, 31, 32, 33.

Arira.—Stocks and Shares. P., 277-288, 289, 290,
291, 292, 293; L., 196-198.

Tenth Week’s Work.

Revise all Lessons I. to IX., H. 8. and H. K. (pay special
attention to the parts marked important).
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Eleventh Week’s Work.

Ave.—Ratio, H. S., 338-352 and 204-205 ; H. K., 283-
204 (Huigher Algebra, Art. 18).

Tri¢c.—A4 + B, Results. H. S, 115,116,117, 118, 119.
Exs. 1 and 2 (most important Lesson of all); L, 153,
154 (find sin 75°).

GroM.—Euclid xi., Defs. 1-5 and Props. 1-3. Wilson,
Defs. 1-9 and Props. 1 and 2.

Conics.—Coordinates. Distance between two points in
terms of their coords. Point dividing the line joining
two points in a given ratio.

B. B.—Lesson I.

C. 8.—1-5, 4, 5.

V.—1-4,11 (first part), 12. All parts relating to oblique
axes must be omitted in Vyvyan.

Twelfth Week’s Work.

Ara.—Ratio and Proportion. H. S., 353-362; H. K.,
295-302.

Tri6.—Sam and Difference Formulae. H. S., 120 and
121; L, 157, 158, 159, 169, 170, 171-174. These for-
mulse require an exorbitant amount of practice to get up
thoroughly, without which they are of no use.

Geom.—Eue. xi., 4, 5, 6, 7, and 8. Wilson, 3, 4, 5, 6,
and 7. :

Conics.— Areas of Triangle and Quadrilateral in term
of the coords. of their angnlar points.

B. B.—Lesson II.

C.S.—8 and 7.

V.—18, first part.
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Thirteenth Week’s Work.

Avrg.—Variation. H. 8., 363-371; H. K., 303-311 (see
also examples worked out, 22, 24, 25 of Higher Algebra).

TriG.—Sum and Difference Formuls. H. S., 120-123;
L., 157-159, 160, 161.

Geom.—Eue. xi,, 9, 10, and 11 ; Wilson, 8, 9, 10, 11.

Conics.—Locus of an Equation, and Polar Coordinates.

B. B.—Lesson III.

C.8.—8, 9, 10,11, 12.

V.—6-9, 5, 11, 13.

Fourteenth Week’s Work.

Ars.—Arithmetical Progression. H. S., 372-379 (all
very important) ; H. K., 312-316, 314.

Trig.—Tan (4 4-B) Formule. H. S, 124,125; L.,156.
Revise H. 8., Chap. xii.; L., Chap. xi.

GeoM.—Enue. xi,, 12, 13, 14, 15 ; Wilson, 14.

Conics.—Equation to line in tangent form y = ma+-c.

B. B.—Lesson IV.

C. 8.—13, 14, 15, 17.

V.—21, 24, 26.

Fifteenth Week’s Work.

Avrg.—Arithmetical Progression. H. S., Chap. xxx.;
H. K., Chap. xxxiii. (also more fully in Higher Algebra,
Chap. iv.).

Tric.—Multiple Angles. H. 8., 126-130, 131, 132;
L., 162-167, 93.

'Grom.—Enec. xi., 16, 17, 18. Wilson, 12, 13, 15, 16,
17, 18,

Conics.—Equations to line in intercept and perpendicular

forms % + —% =1, p = @ cos a+y sin a respectively.

B. B.—Lesson V.
C. 8.—18, 19, 20, 21.
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Sixteenth Week’s Work.:

ALg.—Geometrical Progression. H. S., Chap. xxxi. ;
H. K,, Chap. xxxiv.

Tri6.—Equations involving Multiple Angles. Revise
H. S, 126-132; L., 162-168; and do as many examples
a8 possible.

GroM.—Enuc. xi., 19; Wilson,19; and Defs. 10 and 11.

Conics,—Equations of lines drawn through one and two
given points.

B. B.—Lesson V1.

C. 8.—22, 23, 24.

V.—283, 25-31.

Seventeenth Week’s Work.

ALc.—Revise Geometrical Progression, and work as
many examples as possible (a large number ‘in Higher
Algebra, Chap. v.).

Trig.—Submultiple Angles: H. 8., 132, 133, 134, 135,
136; L., 175, 176, 177-183. Inverse Functions: H. S.,
137; L., 187, 188.

Geom.—Euc. xi, 20 and 21. Wilson, 20 and 21.
Proposition 20 is of very great importance.

Conics. ——Equation of a line through a given point in a
given dlrectlon, - 0 EE—% =r. DPosition of a point
with regard to a line. Coords. of point of intersection
of two lines. Condition that three lines may meet at a
point.

B. B.—Lesson VIL

C. 8.—25, 26, 27, 28.

V.—32-34, 39, 42.
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Eighteenth Week’s Work.

Avrg.-—Revise all Progressions in Higher Algebra, Chap-
ters iv., v., and vi.

Tri¢.—Transformations involving Relational Angles.
H. 8., 185 (revise Lessons XI.-XIV. first) ; L., 235.

Mens.—Wilson, Sec. II. The values of the angles, and
of perpendicular in terms of a side, should be studied
carefully in the regular tetrahedron.

Conics.—Angle between two given lines. Condition of
perpendicularity. Distance of a point from a given line.

B. B.—Lesson VIII.

C. 8.—29, 30, 31.

V.—33, 34, 37.

Nineteenth Week’s Work.

Ave.—Logarithms. H. S., 446-462 and 467, 455 and
456 ; H. K., 371-385, 376, 3717.

Tri¢.—Logarithms, H. S., 138-154 and 159, 147 and
148; L., 189-208, 192, 193.

MEens.—Wilson. Sec. III. to 29, and also 30 and 34,
and Def. 28.

Conics.—Equation of bisectors. Equation of a line
through point of intersection of two given lines.

B. B.—Lesson IX.

C.5.—82, 33, and 34. Do not spend too long over
these if you find them difficult.

V.—43, 40.

Twentieth Week’s Work.

Revise all Lessons XI.-XIX., paying special attention
o parts marked important.
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Twenty-First Week’s Work.

Are.—Logarithms. H. 8., 463, 464, 465,466 ; H.K,,
386, 387 (see also Higher Algebra, Chap. xvi.)

Tria.—Logarithms. H. S., 155-154, 155, 167, 162,
164; L., 209-224, 209, 220, 224. -

Mgexs.—The Cylinder. All given in Wilson is im-
portant.

Conics. — Interpretation of an Equation of Second
Degree in Conics. Change of Axes. To find the equa-
tion of a circle.

B. B.—Lesson XI.

C. 8.—385-37, 49, 50, 65.

V.—44, 45.

Twenty-Second Week’s Work.

Avrg.—Application of Logarithms to Interest. H. S,
4'T1-474 (very important) ; Higher Algebra, 229-235,
and examples; L., *“ Trig.,” pp. 190, (vi.), (vii.).

Tgig.—Formule for Solution of Triangles. (i.) The
sine and cosine rales, H. 8., 175-176, 178, 179, 188, 199,
196, 200, 204-205, 207, (i.) 208, (i.) 210-212, 213, 214;
L., 231-236, 237, 238, 239, 240, 247, 248, 250, 251,
255-257, 261, 262, 263-267.

Mens.—The Cone. In Wilson too much time should
not be given to the parts numbered (1) to (7), following
Def. 27. Prop. 33 is of fundamental importance. Omit
Cor. 3.

Conics.—Constants in equation of a circle.

B. B.—Lesson XII.

C. 8.—66. Revise 65.

V.—46. Revise 45.
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Twenty-Third Week’s Work.

AvLe.—Annuities. Todhunter’s Large Algebra, or Higher
Algebra, 236244,

Tr16.—The formuls for solution of Triangles. (ii.) The
Tangent Rule and Relations for Semi-Angles. H. S.,
180-184, 200-203, 207-208; L., 241, 242, 243~
246, 249, 252-254, 258, 259.

Spa. GEOM.—The Sphere to end of Wilson, 35.

Conics.—The equations of the tangent and normal.

B. B.—Lesson XIII.

C. 8.—68-71, 70.

V.—49-53.

Twenty-Fourth Week’s Work.

Avc.—Revise the last two important Lessons.

Tric.—Solution of Right-Angled Triangles. H.S.,Chap.
xvii.; L., 236, Ex. xii. (6). Revise H. S., Chap. xvi.;
L., Chap. xvi.

Spa. Geom.—Wilson, 36, 37, 38.

Coxics.—Points of intersection of a given line and a
circle. Locus of middle points of a system of parallel
chords of a circle. Tangents from a point within, on, or
outside a circle.

B. B.—Lesson XIV.

C. 8.—172, 73-75.

V.—The student who uses this book might read 84, and
then go on to 58 and 59.



WEEKLY SCHEMES OF STUDY, 15

Twenty-Fifth Week’s Work.

A1g.—Permutations and Combinations. H. S.,402-406
(work all the Exs.); H. K., 344-350, 346, 348, 349,
or Higher Algebra, 139-148, 141, 144, 145,

Tr1¢.—Solutions of Oblique-angled Triangles. Revise
H. 8., Chap. xviii. ; L., Chap. xviii. H. 8., 209 is scarcely
elementary, and may almost safely be omitted.

Spa. Geom.—Wilson, 39. Cor. 1, Cor. 2.

Conics.—Polar of a point with respect to a circle.

B. B.—Lesson XV,

C.s.—7e, 77.

V.—58-60.

Twenty-8ixth Week’s Work.

Are.—Permutations and Combinations. H.S., 407411,
408, 409; H. K., 351-354, 352, or Higher Algebra,
149-156, 151.

Tric.—Heights and Distances. H.S., 82-87, and Chap.
xix.; L., 97-101, Chap. xviii. Work carefully thropgh
the lesson several times; do not cram any formule, but
try a good many examples until you can do them without
difficulty.

Spea. GEOM.—Wilson, 40, and Cor.

Conics.—Polars continued.

B. B.—Lesson XV1I.

C. 8.—78, 79, 80, and 82. If pressed for time, omit
these. -

V.—61-64.
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Twenty-Seventh Week’s Work.

Arc.—Revise Permutations and Combinations, and work
all the examples in Higher Algebra, Chap. xi.

Tric.—Areas of Triangles, &e¢. H. S., 219-222, 223;
L., 273-276, 277-280. (See hints under Recapitulation
and Structure of Papers.)

SpH. GEoM.—Spherical Triangles to Theorem 41 (exc.).
If this lesson is to be of any use, it must be done thoroughly.

Conics.—Length of a tangent. Radical Axis.

B. B.—Lesson XVII.

C. S.—82, 83, 86, and 87. Omit the two last if found
difficult.

V.—55, 65, 66, 68, 69.

Twenty-Eighth Week’s Work.

Apg.—Revise Lessons XIV. to XXIII. (all exceedingly
important).

Tr1g.—Limiting Values of Sine and Cosine, and Area

a Circle. H. S., 229, 230, 224, 225, 226 ; L., 288-291,

286, 287.

SpH. GEoM.—Spherical Triangles. Wilson, 41 and 43,
The Corollary is extremely important. Remember the
formula.

Conics.—Polar equations.

B. B.—Lesson XVIIIL

C. S.—45, 46, 81. Revise 9, 10, 11, 12.

V.—35, 36, 48.

Twenty-Ninth Week’s Work.
Revise all Lessons XXI. to XXVII., devoting special
attention to the parts marked important.

Thirtieth Week’s Work.
Revise all Lessons 1. to XXX,



PART IV.

TEST PAPERS.
L

85, 1. BSolve the equations
a b 2(a+b)

W 3toma gema=b""

. x =1 2

() i~ =%
’84. 2. Solve the equation

20—1 2z—3 2z ~1

3542121 6’22
'83. 3. Solve the equations

z-1

O 25— 2=l G x+5=2“7m.

76. 4. 1f two straight lines which meet are divided proe
gortionally by a series of secants, prove that the latter must
e parallel.
’76. 5. Provethat two isosceles triangles with the angles
of their vertices equal have their altitudes proportional to
their bases.

'84, 6. Find the length of an arc on the sea which sub-
tends an angle of one minute at the centre of the earth,
supposing the earth a sphere of diameter of 7,920 miles.

’75. 7. Assuming the numerical value of = to 5 decimal
places, calculate to the nearest integer the number of seconds
in the angle subtended at the centre of a circle by an arc of
length equal to that of the radius of the circle.

=0.

’80. 8. A steamer goes 96 miles per hour in still water,
How long will it take to run 10 miles up a stream, and
return, the velocity of the stream being 2 miles per hour?

"74. 9. A person inquiring the time of day, is told that
it is between 5 and 6, and that the hour and minute hands
sre together. 'What o'clock is it ?

’86. 10. Calculate the value of ¢to five places of decimals

1 1 1
from the formula e=1+i+ﬁ+ fZ3+ o5t -+ .
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IL

’77. 1. Find the solution of the system of equations:
2ty =(a-b)
zy+y*=4ab.

’84. 2. Find two numbers, such that their sum is 9 and
the sum of their fourth powers 2417,

’82. 3. Thosum of the squares of two numbers is 650,
and their product is 323, What are they ?

79 and’75. 4. Two rectilinear triangles being supposed
equiangular, show that their three pairs of homologous sides,
opposite to their three pairs of equivalent angles, are pro-
portional.

"74. 5. (1) Prove that the straight lines, which join the
vertices of a triangle to the middle points of the opposite
sides, meet in a point. .

(2) Prove that this point divides each of the
lines into segments which bear to one another the ratio 1 : 2.

’84. 6. Prove that to turn circular measure into seconds
we must multiply by 206265.

’84. 7. Prove that to turn seconds into circular measure
we must multiply by -0000048.

’85. 8. Prove that, if 276543 be divided by 1137-4651,
until there are four figures after the decimal point in the
quotient, the remainder of the dividend now left is
-02523419.

%83, 9. Reduce % and ;g to decimals.
’88. 10, Divide 06059 by '073, and also by 1460,
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oI

'85. 1, There is a number consisting of two digits, such
that the difference of the cubes of the digits is 109 times
the difference of the digits. Also the number exceeds twice
the product of its digits by the digit in the unit’s place.
Find the number.

'83. 2. Todo a piece of work, 4 requires § as long as B,
but A’s wages are 1 shilling a day more than B’s, The work
costs 22s, more if 4 does it than if B does it. And if they
work together it costs 10 guineas. Find A4’s daily wage.

’80. 3. A purchaser is to take a rectangular plot of
land fronting a street ; three times its frontage added to
twice its depth is to be 96 yards. What is the greatest
number of square yards he may take ?

*77. 4. Given two finite right lines, one divided in an
manner into a number of segments, and the other undivided.
Show how todivide the latter similarly to the former,

"78. 5. Ona .straight line 3 points, 4, B, C, are given,
B lying between 4 and C. Find a point D which divides
the line A4 C externally in the same ratio as B does intern-
ally. .

'85 and '84. 6. Define the trigonometrical ratios of an
angle, illustrating their names by reference to a figure.

86, 7. Culculate the value of sec 30°

'83, 8. Reduce ‘03375 and 00799 to vulgar fractions.
'81. 9. Reduce to a vulgar fraction, in its simplest
form. 05X 1714285 X 10769230
’ 2857142 2:307692 X 145
'62. 10. Express 200123 as a fraction, and
012 +00182 as a recurring decimal,
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Iv.

85, 1. TFind the factor of the highest dimensions in 2
and y which is common to
22—y?+2y—1 and 2’ +a%(y - 1) —a(y*+2y+1)—
@' +y*-y=1)
’84. 2. Express u®+v8+wd—3uvw in terms of, a, b, ¢; being
given u=b+4c—a, v=c+a—~b, w=a+b-c.

a+b+4c
a+b—c

'74. 3. Divide a?=b?—c*~2bc by

’83. 4 If q, b, ¢, d, respectively represent the lengths
of four given right lines, construct the square whose area is
r1epresented by J/abcd,

80, 5. Find a fourth proportional to three given right
lines.

’76. 6. Construct a triangle similar to a given triangle,
and with a given perimeter.

85, 7. Determine the height of a chimney, when it is
found that walking towards it 100 feet in a horizontal line
through the base changes the angular elevation of the top
from 30° to 60°.

70. 8. Define the cosine of an angle; and trace the
variations in sign and magnitude of the cosine as the angle
tncreases from 0° to 180°.

’68. 9. Reduce 2 days 9 hours to the decimal of a week.
’66. 10. Reduce 9s. 113d. to the fraction of ten shillings.
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V.

84, 1. Reduce to its simplest form
224+324+2 223242  22—122435
F+io+3 T o—izy3 T F 215"
’83. 2. Multiply together 22— (b —c)z - b¢, #* = (c —a)z~ca
2’ =(a=b)z—ab; and divide the result by z*—(a+b+c)a?
~(bc+ca+ab)z—abe.
77, 3. Find the factors of the expressions:
(a) 323+a2—82z+4 (B) 3284 Tx2—4
(7) ¥+ 202 —2—-2 () 3a3—222=3x+2.

80, 4. If four straight lines be proportional, prove that
the rectangle contained by the extremes is equal to the
rectangle contained by the means.

81, 5. Prove that two rectangles have to one another a
ratio which is compounded of the ratios of their sides.

'85. 6. Express all the trigonometrical ratios in terms of
the tangent,

’78. 7. Determine the sine and cosine of an angle whose
tangent equals -2, and whose sine is positive.

'75. 8. Find the prime factors of 6930, 1470, and 5775,
and use them for calculating (1) the sum of the reciprocals,
and (2) the square root of the product of the three numbers.

70, 9. Prove the rule for finding the greatest common
measure of two numbers.

70. 10. Reduce the fraction :1,713% to its lowest terms,
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VL

'84. 1. Solve the equation »¢+2* —~423+z+1=0.
’80. 2. Find a and b that 28 +ax*+112+6
and '+ bz +14z+8

may have a common factor of the form #*+ Axz+ B,

’75. 8. Write down a quadratic equation which has the
roots a=0 and a+ 8.

’83 and '84. 4. Prove tbat similar rectilinear figures are
to one another in the same ratio as that of the squares de-
-scribed on a pair of homologous sides.

74, 5. Similar polygons may be divided into the same
pumber of similar triangles having the same ratio to one
another that the polygons have.

’84. 6. Construct a table which shall exhibit the value
-of any one trigonometrical ratio in terms of the others.

’82. 7. Show how to construct an angle when its sine is
given, and apply to the construction of an angle whose sine

BIEVE

'83. 8. The present value of a bill of £479 6s. 6d. is
£385, the discount being at the rate of 4} per cent. per
annum. How long has the bill to run ?

"77. 9. Find to the nearest shilling the present value of
1273, payable after 3 years, the rate of interest being 3 per
«cent, per annum.

'66. 10. The difference between the simple and compound
interest of a certain sum of money for 3 years at 5 per cent.
is £1. Find the sum.
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81, 1. Find z from the equation <:a’i+m’})§= (a*+a:§)§'
'78. 2. Extract by the ordinary process or otherwise,
and arrange in ascending powers of z, supposed to be less than

unity, the square root of the progression 1+z+a24a3+a*4
. + . . ete, to infinity.

'75. 3. Extract the square root of 10 by the ordinary
rules to four places of decimals, How many more places can

you get by simple division ? By aid of the value ,/T0 thus
obtained find ,/-004.

'78. 4. Prove that two triangles are similar if the sides
of one are respectively parallel to those of the other.

"79. 5. Four rectilinear segments being supposed pro-
portional, show that every four rectilinear figures, similar in -
form and similarly described on them, are also proportional.

'67. 6. Show that whatever be the magnitude of the
angle A4, sind =cos (90°~A4).

’61. T. Prove that tan (180°—~A)= —tan 4.

'85. 8. Extract the square root of ‘20967241,

'83. 9. Find the square root of 11943936, and the value of
7;: to six places of decimals,

'82. 10, Express %‘é?‘il correctly to the

mearest integer.
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VIIL

'85. 1. In expressing, as 8 decimal, a fraction whose de-
nominator contains square roots of numbers, why is it con-
venient first to transform the fraction into another whose
denominator contains no square roots ?

84, 2. Find to five decimal places the value of
NT= /5
N1+ B
4. 3. Simplity Natb+ya=b Natd— Ja=b
Vatb=Na—b Nat+b+ Ja=b

'77. 4. Given two rectilinear figures, each of any magni-
tude and form, show how to construct a third which shall
be similar to one of them in form and equal to the other of
them inarea.

’81 and '82. 5. Describe a rectilinear fignure which shall
be similar to a given rectilinear figure and equal to five times
its ares.

'69. 6. Solve the equation sin z+cos z=1.

'67. 7. Solve the equation tan §=2 sin 6.

'66. 8. Find sin A from the equation tan 4 4sec 4=a.

2
3= 7
7. 10. Extract the square root of 2+ /3 and 2= /3.

'85, 9. Calculate to four places of decimals.
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X

m4, 1. Solve the equation Na¥—8z+31+(z—4)=b.
62. 2. Solve the equation a*+a? — 4 ' +a° —25=>550.
,"73. 8. Bolve the fquation

l'

NT— 2=z ANzt 2=-2

'85. 4. Ina right-angled triangle prove that the recti-
linear figure described upon the side opposite the right angle
is equal to the similar, and similarly described, figures upon
the sides containing the right angle.

M8, 5. If two similar rectilinear figures be sitnated in
such a manner that two sides of the one are parallel respec-
tively to'the two homologous sides of the other, prove that
every side of the one is parallel to the homologous side of
the other, and that the lines joining homologous vertices all
pass through a common point.

70 and ’65. 6. The sine of an unknown angle x bei
given, equal to sin a where a is given, investigate a gen
expression for the angle .

'60. 7. Write down in one formula all the angles which
have } for their sine,

’61. 8. Find an expression for all the angles which have
the same tangent as a given angle 4.,

. '84. 9. A person sells out of the 3 per cents at 98§ and
invests in railway stock when the £100 shares are at 111 ;
find the dividend which he should receive on each railway
share in order to gain 1 per cent. per annum by the trans-
aotion,

'68. 10. A person invested in the 3 per cents. at 94}, and
_recei:esi a8 interest just £200 a year. What sum did he
inves
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X

. '80and '82. 1. Prove that a number is divisible by nine,
if and not unless, the sum of its digits is divisible by nine.
’80. 2. What are ashes per 100 loads when 8 more loads
for a sovereign lowers the price a penny a load ? Of what
problem is the negative answer a solution ?
’79. 3. 'The sum of the squares of two numbers is 1105,
:}!:d t.l?aeu' product is 552 times their difference. What are
ey

'82. 4. Ifa, b, ¢, represent thelengths of three given lines,

b
construct the lines whose lengths are represented by %— and

Aa*+b*4-¢® respectively.
'72. 5. Prove that, if the four sides of any quadrilateral
figure are bisected, the four points of bisection are the four

vertices of a parallelogram, of which the area is one half of
the area of the quadrilateral figure.

'67. 6. Bolve the equation sin? 8+4cos?(90°—6)=1.
'61. 7. Solve the equation 3 tan ‘6—10 tan 20+4-3=0.

'68. 8. Determine the trignometrical ratios for an angle-
of 60°.

79. 9. Multiply together 1-34 and 2'567, and extract the
square root of the result correctly to seven significant
figures.

’80. 10. An iron bar breaks under a tensile strain of
21 tons persquare inch of section. What is this in grammes

r square centimetre? [One metre = 39§ inches ; a cubic
got of water weighs 1000 ounces. A kilogramme is the
weight of a cubic decimetre of water.]
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XI.

85, 1. Find the value of the ratios z:zand y :-2 whick
satisfy the equations 2z4-3y ~7z=0, 5o —2y—82=0.

61. 2. If % = dE’ prove that they are each = %.

’68. 3. What quantity must be added to each of the

terms of the ratio %', that it may become the ratio ; ?
’76. 4. TFind the locus of points ina plane equidistant
from a given point without the plane.
"71. 5. When is a right line said to be perpendicular to
a plane ? 'What is the measure of the inclination of a right
line to a plane, of two planes to each other, and of two right
lines which do not meet to each other ?

’85 and '72. 6. Prove that sin (A+DB)=sin A cos B+
cos A sin B, drawing the figure for the case in which 4 and
B are each less than 90°, but A + B greater than 90°,

’86. 7. Prove that tan 15°=2- ,/3.

"74. 8. Provegeometrically that cos (4 —B)=cos 4 cos B
+s8in Asin B, A and B being angles in the second quad-
rant,

70, 9. Given the co-ordinates of two points 4 and B,
obtain the co-ordinates of the point which divides the straight
line A B in a given ratio,

’62. 10. Give diagrams of the locus of the equation
z-y=4.

Nore.—Take low values of z or y, and find the corresponding
values of y or #. Take them in pairs as co-ordinates of
points on, the locus, and join the points to give the graph,
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’72. 1. If 4 quantities are proportionals, and the second
of them is a mean proportional between the third and the
fourth, prove that the third will be a mean proportional
between the first and second.

_;_74; 2. If q, & ¢, d, ¢ f, are all positive, prove that
atc+te .. .
bFrd+F lies between the greatest and least of the fractions
a o e
» a F
71. 3. If 4 numbers are proportionals, prove that
(1) their reciprocals are proportionals;
(2) the greatest and least of them are together greater
than the other two.

75,’80and '83. 4. If aright line be at right angles to each
of two intersecting right lines, prove that it is at right angles
to every other right line passin throu]glh the point of inter-
section and lying in the plane of these lines.

’68. 6. If two straight lines be parallel, and one of them
be at right angles to a plane, the other also shall be at right
angles to the same plane.

A';'BcosA;B, and

investigate a corresponding expression for cos 4 —cos B.
'80. 7. Find the simplest form of the expression
sin 70 —~sin 59
cos 704-cos 56"
'80. 8. Find the simplest form of the expression
cos 60—cos 46
sin 66+-sin 46

'79. 9. Find the area of the triangle PQR where P is
the point (3,4), @ (5,6), & (7,8).

172, 10. Find the area of the triangle OPQ, O being the
origin, P (a,b), and Q (b,a)-

"76. 6. Prove cos A +4-cos B=2 cos
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XL

'73and ’62. 1. (i) When is one quantity said to vary as
another ?
(ii) If A varies as B? B®as (¢ C°as DS and D7 as E4,

show that%x%xigx%does not vary at alL

'70. 2. If A varies as B when C is invariable, and 4
varies a8 C when B is invariahle, prove that 4 variesas B.C
when B and C are both variable.

'6l. 3. If x vary as y, prove z24y* will vary as 2% - g2

'81, '77,773. 4. Draw a perpendicular to a given plane
from a point which does not lie in the plane.

74, 5. If two parallel straight lines in one plane are
parallel to two straight lines in another, are the planes neces-

sarily parallel? If not, what can you say of their line of
intersection ?

63. 6. Prove that
sin 4 4sin 54 +sin 94 —sin 154
=4 gin 34 .8in 54 .sin T4.

'82. 7. Find the simplest value of the expression
sin 94-sin 30-+sin 50+sin 76
©08 9+4-cos 36-+cos H0+4cos 70°

’61. 8. Explain what is meant by the locus of an
equation in x and y, when x and y are the co-ordinates of a
point referred to fixed axes.

’60, '61, '62. 9. Give diagrams of the loci of
") 2yr=0, (i) @ -y?=0, (i) z=3y.
’69. 10. Find the locus of a point P which moves go that

the sum of the squares of its distances from two fixed points
4 and B is constant,
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XIV.

'83. 1. Find the sum of an odd number of terms of an
arithmetical progression, given the middle term and the
number of terms,

'85. 2. Prove that the sum of » terms of an arithmetical

rogression whose first term is g, and common difference b,
isnat+dn(n-1)0d

’85. 3. Find the number of terms in the arithmetical
progression 39, 33, 27...... , whose sum is 144 ; and explain
the existence of two answers to the question.

74, 4 Two planes are parallel if two straight lines
which meet in the one are parallel respectively to two
straight lines in the other.

8. 5. Two angles in space have the limits of ome
parallel respectively to those of the other. Prove that the
angles are equal or supplemental, and that their planes are
parallel.

'84, 6. Prove that tan (4+B)= %-

'77. 7. Assuming the formuls for sin (44 B) and cos
A + B) in terms of the sinesand cosines of 4 and B ; deduce
m them that for cot(4+B+C) in terms of the co-
tangents of 4,B and C,
"79. 8. Given for three angles a, B, y, that tan a=gq, tan
ﬁ=b b, tan y=c, find the value of tan (a+B+7) in terms of
a, b e

’85. 9. Explain the geometrical meaning of the constants
in the equation of a straight line in the form y=maz+c.

’58. 10. What is the general form of the equation of
the first degree between two variables ? Show that it re-
presents a straight line in co-ordinate geometry.
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XV.

'84. 1. In boring a well 400 feet deep, the cost for the
first foot is 2s, 3d., and an additional penny for each foot
following. What is the cost of boring the last foot, and also
of boring the entire well ?

"77. 2. If y denote the expression ax-b, show that the
values which y assumes, when values in arithmetical pro-
gression are substituted for x, are themselves in arithmetical
progression,

’78. 3. Given that in an arithmetical progression of n
terms commencing with unity, the sum is equal to the square

of the number of terms ; find by any method the common
difference,

’69. 4. If two straight lines be cut by parallel planes,
they shall be cut in the same ratio.

'78. 5. If a plane is perpendicular to a straight line,
prove that it is perpendicular to every plane passing through
the straight line.

75 and '73. 6. Assuming the fundamental trigono-
metrical formulee for sin (44 B) and cos (A4 + B) in terms of
sines and cosines of 4 and B, deduce from them those for
gin 3.4 and for cos 34 in terms of sin 4 and cos 4 re-
spectively.

"73. 7. Apply the formule cos 34 =4 cos® 4 -3 cos 4
to find sin 18° and cos 36°.

’62. 8. Establish the equalities sin 34 sin 4 = gin 224 —

sin24 and 1—-';3(”3—2A=cot A,

'85. 9. Explain the geometrical meaning of the constants
in the equation of a straight line in the form x cos a +
ysina=p,

'84, 10. Establich the equation of a straight line in the
forms

(@ g+%=1- (ii) xcosa+ysina=p,
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’82. 1, The first term of a geometrical progreseion is
and the tenth term is b ; find the nt® term. *

74, 2. Find the sum of 1+§+%+21—7+. . « . to infinity ;
and the sum of the least number of terms of the series differ-
ing by less than TIW from the sum to infinity.

—~b) (a—>B)®
83, 3. Sumtontermsa-i-b,a—b,—%_i_%), %:Tg—""'

'77. 4. Two perpendiculars being supposed let fall from
a common point upon two intersecting planes, show that,
whatever be the position of the point, the plane of connec-
tion of the perpendiculars is perpendicular to the line of
intersection of the planes.

’79. 5. Three planes, not having a common line of inter-
section, being supposed such that two of their three lines of
intersection are parallel ; show that the whole three are

parallel.
’69. 6. Bolve the equation cos 22=cos .
'62. 7. Solve the equation sin 2z=cos 3z.
’63. 8 Solve the equation sin 30=sin 46,

’82. 9. Find the equation of the line which passes
through the intersection of the right lines 2z—3y=10,
2y 4+ =06, and through that of the lines 16z~ 10y=33,
122414y 429 =0.

'72. 10. Find the equations of the lines OP, 0Q, PQ,
O being the origin, P the point (a, b) and Q (b, a).
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'84. 1. TFind three numbers in geometrical progression,
their product being 1728, and the sum of the extremes 51.

"78. 2. Given that in a geometrical progression of =
terms, commencing with unity, the sum is a number con-
sisting of n digits, each equal to unity, determine the com-
mon ratio.

'80. 3. Prove that the arithmetic mean of two numbers
is greater than their geometric mean,

'86, '82, '75. 4. If a solid angle be contained by three
plane angles, prove the sum of any two greater than the
third.

"72. 5. If two planes which cut one another be each of
them perpendicular to a third plane, their common section
shall be perpendicular to the same plane,

A l—cos 4
? 2—- —
84. 6. Prove that tan 2 =TFoosd"
'83. 7. Find the value of & which satisfies the equation
15 ~-112

gin~ X i L=
x+sm xz 2°

'81, 8 If tan A=4 and tan B=4, find values of
tan (24 +B) and tan (24 - B),

’85. 9. Explain the geometrical meaning of the constanta
in the equation of a straight line k%n the form
x-h Y-
Gos 6= sm 6=
84, and establish the equation of the straight line in
this form.
'81. 10. Find the equation of the right line which joins
the point (3, 2) to the intersection of the lines 2z+43y=1
and 3z —4y =6,
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’83. 1. Sum to n terms the series
a+b+4(a="b), a+b+2(a=b), a+b+3(a="b),. .00
'79. 2. Sum the series
1420+ 323423+ . . . na™Ll
7. 3. Find the sum of

1 4 6 3 1 4 6 3 1 P
gtetgtatetatgtatpt .- to infinity,

the numerators being 1, 4, 6, 3, recurring.

’85. 4. In a pyramidal pile of equal spheres on a square
base, determine the tangent of the slope of a face and of an
edge of the pyramid, the spheres being arranged in square
orger in horizontal layers.

84, 5. Find the sine of the angle between 2 faces, and
the sine of the angle between an edge and a face, of a regular
tetrahedron.

'78. 6. A, B, C being the angles of a triangle, show that
tan A4.tan B.tan C=tan 4+ tan B 4 tan C.

6. 7. If A, B, ('are the angles of a triangle, show that
sin 4 sin B sin ' = sin 4 cos B cos C+sin B cos C cos 4
+8in 0 cos 4 cos B.
'84. 8. Find the length of the perpendicular drawn from
the point (z, y) on the straight line 2 cos a+y sin a=p.

’83. 9. Find the equations of the perpendiculars from
the vertices on the opposite sides of the triangle whose sides
are represented by the equations: 3y—az=l, 3z+4+y=7,
24Ty +11=0.

'78. 10. Find the equation of the line at right angles to
z+y+1=0, and through the intersection of 2a -—3y+7=0,
and a+4y+43=0.
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85, 1. Calculate log,) (}}) given log,, 7="8450980
log 1o 11=1-0413927.

'83. 2. Calculate log 15 and log 0025, given log 2=
*3010300, log 6="7781513.

78. 3. Calculate log 4'5, log 6:75 and log 10125 to
10 decimal places, if in the same system log 2="3010299561,
log 3="4771212546.

'76. 4. Prove that two triangular pyramids on equal
bases and of equal altitudes, are equal in volume.

’75. 5. When two triangular pyramids are similar, as
solid figures, show that their volumes are to each other in
the triplicate ratio of the lengths of their homologous
gides,

’85 and "71. 6. Prove that the logarithm of the quotient
of two numbers is equal to the logarithm of the dividend
diminished by the logarithm of the divisor.

83 and '79. 7. Prove that the logarithm of a product is
the sum of the logarithms of the factors of the product.

'80. 8. Find the equationsof the right lines which bisect
the angles between the lines 22+ 3y — 5=0, 3z +2y—7=0.

'73. 9. Given the 2 right lines az+by=c, ay—bar=c;
determine their mutual inclination and point of intersection.
Find also the equation to a line bisecting internally or extern-
ally the angle at which they meet.

776. 10. Prove that the line whose equation is
6466y —11=0
pisects the angle between the lines
15z —~18y+1=0
and 122+ 10y—3=0.
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7. 1. If x, y, # be proportional to given quantities,
A, B, C, respectively, and if the sum of their squares be 100,
find their values.

*71. 2. Sum the series 1—~3+3—3+...... to = terms ; and
show that the sum of any odd number of terms of this series
is always greater, the sum of any even number of terms
always less, than the sum to infinity. What is the least
number of terms of the series which will give a sum differing
from the sum to infinity by less than -0001 ?

’70. 3. Prove that if the squares of three quantities be
in arithmetical progression, so also will be the reciprocals of
their sums taken two and two together ; and give a numerical
illustration.

"73. 4. State therelation between the respective volumes
of a prism and a pyramid having the same base and altitude ;
show that any triangular prism may be divided into three
equal pyramids, having for a common edge any one of the
six diagonals lying in the three rectangular faces of the
prism.

72. 5. 04, OB, and OC are three adjacent edges of a
cube, Given 04 = OB=0C=a, find the solid contents of the
pyramid OABC, and the area of the triangle 4 BC.

'86. 6. Prove tan (A—B)=_1%'_“ta—‘i"—m%,

the formula for sin (4 —B) and cos (4 —B).
73. 7. Prove the formaula cos 36=4 cos *0—3 cos 6.

’66. 8. Show geometrically that sin 24 is less than
2 gin 4.

assuming

'80. 9. Being given the bases and the sum of the areas
of a number of triangles having a common vertex, show how
to find the locus of the vertex by Co-ordinate Geometry.

776. 10. Prove the following statements with regard to
the lines
152 - 18y+1=0, 122410y - 3=0, 62+ 66y—11=0,
si‘.) they meet in a point ; (ii.) the first two lines are per-
icular to one another.
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"77. 1. Given log 193:06=2-2856923, log 19307=
4-2857148, find the 7th root of 100 to six decimal places.

'73. 2. Define a logarithm (’79 and '75).

Find log 00625, given log 2.*

’79 and '85. 3. Wherein lies the convenience of our
tables being calculated to base 10? What is the value of
log ,,10? .

'73 and’75. 4. What is meant by a system of logarithms ?

Find log of 2_1.4, having given log 2 and log 3.

75 and '73. 5. Having given a system of logarithms to
the base a, how may the logarithms to the base bbe calou
lated ? Find the logarithm of (-0003)’, given log 3.

’85. 6. Determine the volume and whole surface of a
cylinder one foot high, and with a base onme foot in
diameter. B

’79. 7. Three cylinders being supposed to pass through
the three vertices, and to have for axes the three opposite
sides of u rectilinear triangle. Show that their three curved
surfaces are equal in area.

’73. 8. Obtain the general equation to & circle referred
to rectangular co-ordinates.

'81. 9. Theequation of a circle in rectangular co-ordinates
is 22+ 32 +Ilr+my+n=0. Find the co-ordinates of its centre
and the length of its radius.

'75. 10. A circle has its centre at the point (g, b), and
passes through the origin. Find its equation.

* Log 2="301030. Log 3="4771213,
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84, 1. In what time would a sum of money, accumu-
lating at 3 per cent. per annum, compound interest, come to
five times its original amount ?

[Given log 2="30103, log 2575=341078,]

’82. 2. Find the rate of compound interest in order that
a sum of money may double itself in 20 years.

[Log 2=-3010300, log 20705=4'3160752, log 20706=
4:3160962.]

'81. 3. How many years will it take £100 to accumulate

to £1,000 at 4 per cent compound interest ?
[Log2="3010300, log 13=1-1139434.]

’80. 4. Find an expression for the lateral superficial area
of a right cone, and show how to bisect the surface of a right
cone by a plane drawn parallel to its base.

'78. 5. The altitude of a right circular cone equals the
circamference of its base. Calculate the volume and area
of the whole surface of the cone, the radius of the base being
given.

'84 and ’70, 6. Prove in any triangle
a b ¢

sinA  sinB  sinC
'67 and '60. 7. Show that in any triangle
b2 + 2 —q?
— "
'71. 8. What is meant by the ‘ambiguous case’ in the
solution of triangles ?

cos A=

’82. 9. Find the equation of a circle whose centre is at
the point (2, 3), and whose circumference passes through the
centre of the circle 22+y2+48x+ 10y=>53.

’84, 10. Find the co-ordinates of the centre and the
radius of the circie whose equation, referred to rectangular
co-ordinates, is 3+y?~—2ax cos a-2 by sin a — a? sin%a=0.
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’85. 1. How much should be paid for an annuity of
£250 to last for 9 years, reckoning compound interest at 4
per cent. ? Express the answer in pounds and decimals of a
pound. [Log 1-04="0170333, log 7-02587 = 8467003.]

’75. 2. Find the present worth of an annuity of £20
for 5 years, at 34 per cent., to commence at the end of 20
years. [Log1:0325 ="0138901, log4:495184 ='6527475,

log 5274702 =-722198.]

'81. 3. 'What is the present worth of a perpetual annuity
of £10 payable at the end of first year, £20 at the end of the
second, £30 at the end of the third, and so on, increasing £10
each year, interest 5 per cent, ?

’80, '79, '78. 4. If a plane intersect a sphere, prove that
their curve of intersection is a circle, and show how to deter-
mine its centre.

'78. 5. Determine the radius of the circle in which a
plane cuts a sphere of radius 13 inches, if the distance of the
plane from the centre be 12 inches.

'81. 6. Prove tand= fle—b) (a—c » and write down

2 \/ 8 (8—a)
the corresponding logarithmic equation.

) A-B_a=-b c
70. 7. Prove tan T =a¥b cot 5

’82. 8. Prove the formula for the sine of an angle of a
triangle in terms of the sides of the triangle.

"79. 9. The equations, in rectangular co-ordinates, of a
circle in a plane, and of a straight line through its centre,
being respectively x?+4y?=s? and x4y=0; find by any
method those of the two tangents to the circle which are
parallel to the line.

75, 10. A circle in a plane has its centre at the point
whose rectangular co-ordinates are a and b, and passes
through the origin ; find the equation of the tangent te
it at the origin, and the lengths of the intercepts it cuts off
on the axes.
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’79. 1. At what rate of compound interest will a given
sum be increased eleven-fold in 100 years ?

[Log 11=1-0413927, log 1-1266=0-0517697, log 1'1267=
0-0518083.] )

82, 2. 'What is the present worth of a perpetual annuity,
£10 payable av the end of the first year, £11 at the end of
the second year, and so on, increasing £1 per year, interest at
4 per cent. ?

'74. 3. (i.) What is the present value of an annuity of
a given amount per annum in perpetuity, when the rate of
interest is » per cent. ? (ii.) If such an annuity is worth 25
years’ purchase, what is the value of an annuity of £1 at the
end of the first year, £2 at the end of the second year,
£3 a?t the end of the third year, and so continued for
ever

74 and '72. 4. If two spheres intersect, their line of
intersection will be a circle which has its centre in the
straight line joining the centres of the spheres, and its plane
perpendicular to this line.

’72. 5. Given a circle and a point not in the plane of the
circle, find the centre of the sphere which passes through
tlgxelgiven point and through the circumference of the
circle.

’85. 6. Inatrianglegiven a=30, =84, c=91, find tan 4,
tan B, tan C.
C

'83. 7. In a triangle a=2), =052, ¢=63, find tan R
'84, } a=18, b=24, =30
8

7, a=13, b=14, c¢=I15 find sin A4, sin B, sin C.
’82. a=125, b==123, ¢=062

’85. 9. Prove that the straight line (x —a) cos 64-(y —b)
sin §=c touches the circle (r—a)*+(y—0)*=c? and deter-
mine the co-ordinates of the point of contact.

.’84. 10. Find the value of p, in order that the straight
line whose equation is x cos 64y sin 8=p should touch the
circle «?+1°—2ax cos a—2by sin a—a? gin?a = 0.
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’66. 1. The contents of a basket containing 12 pears are
to be distributed amongst 12 persons, so that each person is
to have one. In how many ways can this be done? If the
largest pear be always given to one particular person, in how
many ways could the distribution be effected ?

’80. 2. Find the number of permutations of the letters
of the word ‘proportion” In how many ways can you
arrange ten things round the circumference of a circle ?

’81. 3. How many words of three letters, in which the
first and third letters are different consonants, and the second
a vowel, can be formed with an alphabet of 20 consonants
and 5 vowels ?

’82. 4. Draw a small circle on a sphere, so that the area
of the spherical cap cut off equals the lateral area of the
cone which stands on the circle and has its vertex at the
centre of the sphere.

'82. 5. Prove that the superficial area of a sphere is four
times the area of one of its great circles,

’79 and ’75. 6. In a triangle given ¢, A and B, find a
and b.

"77. 7. In a triangle given @, b, and C, find ¢, 4
and B.

’74. 8. Show that the line 4z—y=17 passes through the
centre of the circle 2?+y?—8zx+2y=0. Find the equation to
the diameter at right angles to that line, and the co-ordinates
of the points where it cuts the circle.

71, 9. Obtain the equation to the line joining the
centres of the two circles

a4y +2ax +2by + c=0

224y =20z - 20y +c=0"
and find the relation between a, b and ¢ when these circles
touch.

'83. 10. Find the equation of the polar of the point
(4, 3) with respect to the circle whose equation is
&4y? - 6 —2y=8.
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’82. 1. Find the number of ways in which mn different
things can be distributed amongst m persons so that each
person may have n of them.

"17. 2. Three persons have four coats, five vests, and six
hats between them, in "how many different ways can they
dress themselves with them ?

’69. 3. Show that the number of combinations of n
things taken r at a time, is the same as n =7 at a time.

’85. 4. Determine the volume and whole surface of a
sphere 1 foot in diameter.

'82. 5. If the height of a right cone be equal to half the
radius of its base, find the radius of the sphere whose volume
equals that of the right cone,

'79.and '75. 6. Given in a triangle the base ¢, and the
two base angles 4 and B, find in terms of them the altitude
h of the triangle.

78. 7. A wvertical pole (more than 100 feet high),
consists of two parts, the lower being 4 of the whole. From
8 point in a horizontal plane through the foot of the pole,
and 40 feet from it, the upper part subtends an angle whose
tangent is 4. Find the height of the pole.

'80. 8. The lengths of the lines joining 3 points 4, B,
C, are observed. At any point P in the plane 4, B, C, the
angles A P C and B P C are observed ; it is required to find
the distance of P from each of the points 4, B, C.

'78. 9. Find the equations of the tangents to the circle
22+334-24Ax+4+2By+C=0 which are parallel to the line
z+2y~6=0.

77. 10. Theequationof acirclein rectangularco-ordinates
being?-{-y”-g-‘zrcosq:.z-{-?rsinq).y +72=0, find the co-ordinates
of the c(ntre, the squsre of its radius, and the common
length of the two equal tangeuts from the origin.
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78. 1. The operatives in a factory being supposed to
concist of @ men, b women, ¢ boys, and d girls, required the
entire number of different combinations of p men, ¢ women,
7 boys, and s girls that can be told off from among them for
any particular work.

’75. 2. With five dice how many different throws are
possible ? How many throws in which no two dice show the
same number of eyes ? and distinguishing the different dice,
in how many different ways may one of the latter throws be
obtained ?

’85. 3. How many groups of 4 men can be selected from
12 men so as always to include a particular man ?

’84. 4. Prove that if the vertical angle of a spherical
triangle is’equal to the sum of the 2 angles at the base, the
centre of the circumscribed circle is at the middle point of
the base, and the chord triangle is right-angled.

75. 5. When of 2 great circles of a sphere, either passes
through the 2 poles of the other, show that reciprocally the
latter also passes through the two poles of the former.

79 and ’75. 6. Given in a triangle thebase ¢ and the two
base angles A and B, find in terms of them the area of the
triangle.

’80, '76, ’77. 7. Prove the formule for the area of a
triangle in terms of (i.) The three sides, (ii.) Two sides and
the included angle.

’85,'84,’80. 8. TFind the area of the triangle having given
(i) a=301; b=84; ¢=91. (ii.) a=18; b=24; ¢=30.

'80. 9. Show that the locus of a point from which the
tangents to 2 circles are of equal length is a right line, and
determine its equation when the equations of the circleg are
given, -

’83. 10. Find an expression for the length of the tangen
drawn from the point (o, 3) to the circle x+y*+ax-+by+c
=0. Determine the length of the tangent from the poin
(13, 8) to the circle a3+y*+22 x—2y=278,
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’79. 1. A sum of £1,000 bearing interest at 5 per cent.
ig to be paid off in three annual instalments, the payments,
including the interest due, to be the same each year, and
the first payment to be due at the end of the first year, what
must the yearly payment be ?

'73. 2. The arithmetical mean between two numbers is
1+a?. And the geometrical mean 1—a? What are the
numbers ?

’73. 3. Three numbers are in geometric progression ; the
common ratio is equal to the first, and also to nine-tenths of
the sum of the second and third. Find the three numbers.

'83. 4. Prove that the area of a spherical triangle is
proportional to the excess of the sum of its angles above two
right angles.

’83. 5. If this excess be 2°, state the proportion which
the area of the triangle bears to the surface of the entire
sphere. '

’83. 6. Show in any manner that the area of a circle is
equal to balf therectangle under its radius and circamference ;
and construct a circle whose area is equal to the difference
between the areas of two given circles.

’81. 7. Explain the method of calculating the numerical
value of the sine of a small angle, and find the value of
gin 1° to 6 decimal places.

’83. 8. Explain the method of calculating the numerical
value of the cosine of a small angle.

'85. 9. Draw the curves whose equations in polar co-
ordinates are: (i) r=sin 0; (ii.) r=cos 6 ; (iii.) r=sec 0 ;
(iv.) r=cosec 0.

’86. 10. Find the radius and the polar co-ordinates of
the centre of the circle whose equation is

r2=2 r ¢ cos (6 — a)+c*—a?=0.
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170. 1. Find the value of a perpetual annuity of £225
per annum at 3} per cent. rate of interest.

70. 2. If the mantiss® of logarithms of 9450, 9451, to
the base 10 are 9754318, 9754778, respectively, find the com-
plete logarithm to the same base of 9450666 by the method
of proportional parts,

72. 3. With 17 consonants and 5 vowels, how many
words can be formed having 2 different ‘vowels in the middle
and 1 consonant (repeated or different) at each end ?

'81. 4. Being given the length of a right cone and the
radius of its base, show how to construct a circle whose area
shall be equal to the entire superficial area of the cone,

81, 6. Find an expression for the area of the portion of
the surface of a sphere cut off by any plane section ; and
show how to divide the surface of a sphere into any given
number of equal parts by drawing parallel planes,

83 and ’80. 6. Find the areas of the triangles of which
the sides are respectively 25, 52, and 63, and 114, 101, and

5.
‘84. 7. Prove that in any triangle
a b
sin 4 sin B sin
the triangle.
74. 8. Given the area of a triangle and two of its sides,
show how to find the angles and the third side.

o= diameter of the circle circumseribing

'82. 9. Find the locus of a point if the sum of its
distancos from three given right lines be given,
84, 10. Prove that the circle
2*+y?—2ax cos a—2by sin a—a?sin Ja=(
intercepts a length 2a on the axis of .
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9. 1. A man 25 years of age can insure his life for
£1,000 by paying an annual premjum of £18. Taking
interest at 5 per cent., what will be an equitable composition
for an annual subscription of £3 ?

78. 2. Thesum of two numbers is 1878, and their product
is 880821 ; determine them completely each to the last integer

figure.

"78. 3. Given that the two quadratic functions

a, 2242z + by, and ax?+2h,x+b, have a common factor ;
prove by any method the equation of condition

(@odr+arby =2k g =4(2® — a1b,) (Ry* — ashy):

'79. 4. Under what conditions will a?34aa?+bdz+4c¢ be
divisible by z*+pz+¢ ?

’79. 5. There are m white men and » black men, n being
greater than m. Find the number of ways in which each
white man may have one black servant. If a white man
may have any number of servants, in how many ways may
each black man have a master ?

’81. 6. Sum the series 1422+ 3%2+......4+(n+1)%=n.

779, 7. Ten Epglish labourers can do as much in 6 days
a8 9 French labourers can do in 7 days; a Frenchman re-
seives one franc per cubic metre ; how many pence must an
Englishman receive per cubic yard that his daily earnings
may be 5 per cent. more than a Frenchman’s? [A metre
may be taken as equal to 393 inches, and a franc to ten-
pence. ] .

’79. 8. A cone and a hemisphere being supposed to have
equal bases and altitudes, determine the ratios (a) of their
convex surfaces, () of their entire volumes.

’78,776,’70. 9. Prove by elementary or co-ordinate
geometry that the locus of points whose distances from two

xed points have a constant ratio, is a circle,

’81. 10. Find by any method the locus of a point, being
given, the sum of the squares of its distances from a number
of fixed points.
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I—A,
1. Solve the equations :—
Q) 3734 323422+6 _ 22+5—4

327+ 37 +24 z+1

(id.) (z—a)(z=1) = {z+a)(z+?)
(z—4a)(z—4b) (2 +4a)(z +4)"

(i) 1 1 3
—_—t — - ——— =0.
z2+3 z-1 4z-12 0

2. The sum of the squares of two numbers is 505, and their pro-
duct is 168. Find the numbers.

3. Bolve the systems of equations :—(i.) yz = p?; 2 = ¢2; zy =19;
and (i) 2® + 2y +2=12; y® + 2y +y =18,

4. ABCis a triangle; any straight line parallel to BC meets AB at
D, and 4C at E; join BE and CD meeting at F; show that the
triangles 4 DF and 4 EF are equal.

6. The sides about the equal angles of triangles which are equi-
angular to one another are proportionals; and those which are
opposite to the equal angles are homologous sides, that is, are the
antecedents or the consequents of the ratios.

6. Find the length of an arc on the sea which subtends an angle of
2 minutes 30 seconds at the centre of the earth, supposing the earth
to be a sphere of radius 4000 miles (v = 3-14169).

7. Express, in degrees, grades, and circular measure, the angle of
& regular octagon.

8. At what time between 8 and 9 o’clock are the hands of a watch
together ?

9. (i.) Express as decimal fractions ;% and ;8%
(ii.) Divide 44482 by 0023, and 56-0917536 by -128.

10. Caloulate the value of the following series to five places of

) 11
— - - —— —— e
decimals: L4y+13* T35 T 1357
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1. There is & number consisting of two digits such that the dif-
ference of their cubes is 63 times their difference, and the difference
of their squares is 3 times their sum. Find the number.

2. Find the highest common factor of the three expressions:—
328 —223—112+10, 2% 4 Ta® + 922 = T2z —10, and 223 +922+132 +6.

3. A piece of work can be done by A and B in 4 days, by A and
C in 6 days, and by B and C in 3 days. In how many days can it
be done if A, B, and O work together ?

4. Show how to find a fourth proportional to three given straight
lines.

5. ABC is a triangle, and a perpendicular is drawn from A to the
opposite side, meeting it between B and C; show that, if AD is a
mean proportional between BD and CD, the angle BAC is a right

angle.

6. (i.) Define the trigonometrical ratios of an angle, illustrating
their names by reference to a figure.
(ii.) Calculate the value of cosec 60°

7. Trace the variations in sign and magnitude of the tangent of an
angle as the angle increases from 0°to 180°.
8. Reduce to its simplest form :—
*b x 1:714285 » 1-076923 x 93-571428
2857142 x 2:307692 x 14°5
9. Reduce one-third of 2s. 73d. to the fraction of a guinea, and
express the result as a decimal.

o 2% _ 163 — 43 of 8¢
10. Simplify. 5; of 1} 3 of 3424
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2282412 _ 2:24+62+2, s
31756 6iral’ and find its value when

1. Simplify—
3z =,/2-1.
2. Factorise the expressions— (i.) z4+22+1;

(ii.) 203 — 52— 142+ 8;
and  (ii.) #¥-1.

3. Solve the equation 244+ T3 4+ 923 T2—10 = 0.,
If the roots of theequation #*—dx +6 = 0 are o and B, where
a > B, write down the cquation whose roots are o* + 8% and a3— 3.

4. Similar triangles aro to one another in the duplicate ratio of
their homologous sides.

5. A square is inscribed in a right angled triangle ABC, one side
DE of the square coinciding with the hypotenuse 4B of the
triangle ; show that the arca of the square is equal to the rectangle
4D . BE.

6. Express all the trigonometrical ratios in terms of the sine.

7. Show how to construct an angle when its cosine is given, and

apply to the construction of an angle whose cosine is

1+v13

8. (i.) Prove the rule for finding the greatest common measure of
two numbers.
(ii.) Reduce the fraction 343233 to its lowest terms.

9. Find tho present value of £1000 due 3 years hence at 3% per
cent. per annum (Simple Interest).

10. The differcuce between tho Simple and Compound Interest of
a certain sum of money for 3 years at 6 per cent. is £6. Find the
sum.,
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IV—A,

1. Find the square root of
(i) =9y =2+ (x—y)+2 (2 +94),
and (i.) a?+2abx + (42— 4ac) 22— 4bex’ + 4c%2t.

2. Find the value of +/35 correctly to six places of decimals, and
6—+/35

use the result to find the value of .
6+4/35

VB4 dac— /b2 _4aoc B+ dac+ VT dae

3. Simplif - — .
Py Vbtdac+a bi—dac b+ dac— bi—4ac

4. Parallelograms which are equiangular to one another haveto one
another the ratio which is compounded of the ratios of their sides.

5. Show how to describe a rectilinear figure which shall be similar
to one given rectilinear figure and equal to another given rectilinear
figure.

6. Show that (i.) cos (90°+.4) = ~sin 4,
and (ii.) cos(180°—.4) = —cos 4.

7. Solve the equations :—(i.) sin 100 —sin 48 = sin 36,

and (ii.) sin 30 +8in 26 + sin § = 0.
8. Find the square root of 3279051169.

9. Find the square root of 8+ 2v/16.
10, Calculate to four places of decimals the value of

\/ 174
4 %02
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V.—A

1. Solve the equations :—
(i.) Va?+62-23+ (v +3)? = 38,

. 1 1
and (ii. — =
(i) Vz—y/2-3 * Vi+vz—3

2. Find, in its simplest form, the product of ,/6—,/2 and
V24 /3 +4/5.

3. A number consisting of two digits is such that the square of the
sum of the digits exceeds their product by 28, and the square of the
difference of the digits is equal to half their product. Find the
number.

4. Show how to describe a rectilinear figure which shall be similar
to & given rectilinear figure, and equal to seven times its area.

5. In any right-angled triangle, any rectilinear figure described on
the hypotenuse is equal to the similar and similarly described figures
on the sides containing the right angle.

6. Find an expression for all the angles which have the same cosine
as a given angle 4 ; and write down the expressions for all the angles
3

whose cosines are (i.) 0, and (ii.) %—
7. Determine the trigonometrical ratios for an angle of 30°.
8. Bolve the equation tan%¢—4 tan30+3 tang = 0.

9. A man invests £713 in the 5 per Cents. at 114Z, and afterwards
sells out at 1351, and invests in the 4 per Cents. at 92. Find the
change in his income (brokerage being  per cent.).

10. Multiply together ‘0562 and 53-27465, and find the square root
of the result correctly to five places of decimals.
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VI—A.
1.If & -5~ }e‘-, prove that
ace : bdf = lad+ mcd +ne® ; UB + md® +nf3;
also that ac+ce+ea : bd+df +fb = pa® + gac+rc? : pb? + gbd + rd3.

2. What number must be subtracted from the antecedent and the
consequent of the ratio 5 : 6, so that the resulting ratio may be equal
to the duplicate ratio of 5 :47?

3.1 £ =%, show that a+b _c+d,

a’ a—b c-d’
and hence solve the equation ‘{f_}ﬁ,g"'—“{f—.z =4,
Vi+9-a—17

4. When is a straight line said to be perpendicular to a plane? How
are the angles between a straight line and a plane, and between two
planes, measured ?

5. If two straight lines are at right angles to the same plane, they
will be parallel to one another.

6. Prove, geometrically, that
sin (4 + B) = sin 4 cos B +sin B cos 4,
each of the angles 4 and B being greater than 90° and less than 18(°,
and the angle 4 + B less than 270°.

7. Show that sinA—sinB=2cosA;BsinA;B,
B . A-—B

‘i;'—— - sin ===

gin 4 +8in24 +8in 34 +s8in 44

co8.4 +cos 2.4 + cos 3.4 + cos 44"

and co8 . 4—co8 B = —2gin

and simplify the expression

8. Show that
8in 2.4 4+ 8in 4.4 +5in 6.4 +8in 8.4 = 4 8in 5.4 cos A cos 24.

9. Find the coordinates of the point which divides the line 4B in
the ratio 5 : 6, the coordinates of 4 and B being (5, 2) and (—4, 3),
respectively.

10. Find the area of the triangle 4 BC, the coordinates of 4, B, and
O dbeing (1, 2), (2, 3), (3, 4), respectively ; also of the triangle PQR,
the coordinates of P, @, and R being (a, §), (34, 5), and (2a, 35), .
respectively.
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VII—A.
1. (i) When is one quantity said to vary as another? If 4 varies
a8 b3, 6% as ¢3, ct as db, d7 as 68, and & as f7, show that
a 8 ¢ d e
—_—K e X — X =X —
7 F ]
is invariable. sy

(ii.) z varies as y directly, and as z inversely, and # = 12 when
y=15and s = 10; findz when y = 18 and z = 6.

2. Find the sum of r terms of the Arithmetical Progression—
an, an+ b, an + 25, ......

8. Find the number of terms in the Arithmetical Progression, 45,
39, 33 ...... whose sum is 189; and explain the existence of two
answers to the question.

4. Bhow how to draw a straight line perpendicular to a plane from
& point without it.

6. From a point E draw EC, ED perpendicular to the two planes
CAB, DAB, which intersect in 4B, and from D draw DF perpendi-
cular to thz(})lane CAB, meeting it at F; show that the straight
line CF, produced if necessary, is-perpendicular to 4B.

6. Find the simplest value of—-
sin 30 + sin 56 — sin 40
cos 30 + co8 56 — cos 48
. _tand+tan B |
7. Prove geometrically that tan (4 + B) = I—ton Atan B’ and
find the value of tan (4 + B + C) in terms of the tangents of 4, Band C.

8. What is the locus of an equation in # and y, where z and y are
the coordinates of a point referred to fixed axis? Give diagrams of
the loci of 29— 9y? = 0 and 2 = 5y.

9. Show how to get the equation of a straight line in the form
Y = mr+o.

10. Show how to find the distance between two points whose polar

coordinates are given; and find the distance between the two points
whose polar coordinates are (3, 26°) and (4, 85°).

INT. MATH. E
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VIII—A.

1. The sum of an Arithmetical Progression of # terms, whose first
term is unity, is equal to the cube of the number of berms find the
common difference.

2. Find the nt* term of a Geometrical Progression whose first term
is @ and rt term 3 ; also find its sum to n terms.

8. Sum to infinity the series 1 —3+ Jy— g + cev «

4. If two straight lines be cut by parallel planes, they shall be cut
in the same ratio.

. If PQ, QR, and RS be three strmght lines such that the angles
PQR and QRS are right angles and PQ is perpendicular to the plane
QRS ; then RS will be perpendicular to the plane PQR.

6. Express cos 34 in terms of cos 4, and use the result to find
#in 18°. From the value of sin 18° thus obtained deduce the values of
cos 18°and cos 54°.

7. Solve the equations
(i.) sin 3z = cos 4z, and (ii.) co8 3z = cos 42.

8. Show how to obtain the equation of a straight line in the form
zcoBa+y gin g—p = 0.

. Find the coordinates of the point of mtersectxono! the tln'es
perpenmcnla.u from the vertices of the triangle 480 on a.n?
sides, the coordinates of 4, B, and ¢ bemq (4 1), (1, 4), (s, 6)
respectively.

10. Find the equation of the line joining the points (4, 2) and (8, 3),
a diagram

and show that it passes through the point (8,-2).
dthahne,whngthepontmmoithsthn’e onit.
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IX.—A,

1. Find the sum to » terms of the series
a+b+(a+20)(a=b)+ (a+3b)(a=0)24+..;
also the sum to infinity of the series
1.3 56,1 3.5
7 +72+i‘*3+;]7+75-+7—6+-n.
2. Prove that the Geometric Mean of two numbers is less than
their Arithmetic Mean.

3. If a, b, ¢, d, ¢ are in Geometrical Progression, show that
a¥a—e6) = (22— b9 (a +¢).

4. If a solid angle be contained by three plane angles, any two of
them are together greater than the third.

6. Find the le:gth of the perpendicular drawn from the vertex of
& regular tetrahedron to the opposite face; also find the sine of the
angle between an edge and a face.

—secd+tan 4

2 (45004 =
6. Bhow that tan' (454- ) o A—tn '

2

7. If 4, B, and C are theangles of a triangle, show that

(i.) sin 2.4 +sin 2B +s8in 20 = 4 sin 4 sin B sin C;

and (ii.) sin 4 +8in B + 8in C' = 4 cos ‘21 cos 'g cos g
8. Find the value of 4 tan~1}—tan-1 A +tan-12 If tand = ¢

and tan B = }, find the value of tan (24 + B) and tan (4 + 2B). .

9. Find the equation of the straight line which joins the point
{2, 1) to the intersection of the lines 22—3y =3 and z+4y = 8.

10. (i.) Find the length of the perpendicular drawn from the point
(A k)-on the straight line » cos a + ¥ sin a—p = 0.

(ii.) Find the equation of the straight line which passes through

the intersection of the lines £—3y—3 = 0 and 22— 6y—9 = 0, and is

perpendicular to z—2y+1 = 0.
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x-—Ac
1. If
(6 +b~4c—4d)(3a—35—b¢ + bd) = (3a+ 3b=b5c—b5d)(a—b—4c + 4d),
show that 6 :6=¢:d.

2. Sum to infinity the series +/3+ —— 4+ —L_ 4 ...;

~/ 3 3v3
also find the sum to » terms of the Arithmetical Progression
(Z+0)3+ (22407 + (z—n)2+ ...

8. Calculate log 4%, log 21, and log 00231 to base 10, having given
log 3 = 4771213, log7 = 8460980 and logll = 1t 0413927 in the
same system.

4. Bhow that a triangular prism may be divided into three equal
triangular pyramids; and find the volume of a regular tetrahedron
when the length of an edge is a.

5. 04, 0B, OC are three adjacent sides of a rectangular parallele-
piped, and 04 = G, OB=15, 0OC=¢. Find the volume of the
pyramid 04 BC.

6. Prove that the logarithm of any power of a number is equal to
the product of the logarithm of the number and the index denoting the
power. Find logy 1089, (The necessary logarithms are given in
question 3.)

7. (i.) Find sin 18° and sin 64°, and show that they are the roots of
the equation 443—22,/6+1 = 0.
(ii.) It 4, B, and C be the angles of a triangle, show that

4 8in A sin B sin? -g. = sin? O (sin 4 —sin B)J.

8. Find the angle between the lines 3z — 5y = 6 and 26z + 12y = 12,
and also the bisectors of the angles between them.

9. Find the angle between the straight lines 2z+3y =7 and
#—y = 1; also their point of intersection, and the bisectors of the
angles between them.

10. Show that the locus of a point which moves so that its distance
from a fixed straight line bears a constant ratio to its distance from
snother straight line, is itself a straight line,



TEST PAPERS. 57

XI1—A.

1. Define a logarithm. What are the values of log1 to any base,
and log;, 10P Find log -0016875; given log 2 = -30103 and log 3 =
+4771213.  Calculate the value of the 9th root of 125; given
log 17099 = 4°2329707 and log 171 = 2-2329961.

2. In what time would a sum of money amount to three times its
original value, at 6 per cent. per annum ? (Log 7 = *846098 ; log 2
and log 3 given in Quest. 1.)

3. At what rate of Compound Interest will a sum of money double
itself in 12 years? (Given log 10694 = 4'02606 and log 105'95 =
2:0261010.)

4. The area of the curved surface of a cone of height % and vertical
angle 2a is equal to the area of the curved surface of a cylinder, the

radius of whose base is -h—s; find the height of the cylinder. If,

also, the volumes of the cone and cylinder are equal, find the vertical
angle of the cone and the height of the cylinder.

5. Find how far from the base of a cone a plane parallel to the base
must be drawn so as to divide the cone into two equal volumes.

6. Prove that, in any triangle, (i.)

-

b ¢’
b+ 2—at
2be

sind sinB _sin0
a

and (ii.) cos 4 = .
7. Find cos.4, cosB, cos C, when ¢ =5, b =6, ¢=T are the
sides of a triangle.

8. Show how to find the general equation to a circle referred to
rectangular coordinates; and find the coordinates of the centre and
the radius of the circle 23— 2az +y? = 342

9. Find the equation of the circle whose centre is the point (1, 2),
and which passes through the centre of the circle

22 —4z + y3—8y = 10.

10. Find the coordinates of the centres and the radii of the circles
23— 2az +y3—2by = 0 and 23—20z + y2—2ay = 0; and determine the
coordinates of the centre and the radius of the circle passing through
the origin and the centres of these circles.
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XIL—A.

1. Find the present value of an annuity of £320, to last for 14 years,
reckoning Compound Interest at 4 per cent. (Log1'04 = 0170333,
log 17316 = 4°2384476, and log 17317 = 4:2384727.)

2. What is the prosent value of a perpetual annuity of £100 payable
at the end of the first year, £105 at the end of the second year, and so
on, increasing £5 each year, Compound Intciest at 5 per cent. ?

3. How many years’ purchase is an annuity of £100 worth, the
annuity to last for 25 years, and the rate of interest 3} per cent.?
(Log 1-035 = +0149403, log 2'3632 = *3735005, and log 2'3633 =
-3735189.)

4. Every section of a sphere by a planeis a circle. Find the radius
of the circle in which a sphere of radius 5 inches is cut by a planc at a
distance 4 inches from the centre.

5. Find the radius of tho circle in which two spheres, whose radii
are 9 inches and 12 inches respectively, intersect, the distance between
their centres being 15 inches.

6. Prove tan~—2——-a+b 5
Find the value of sin -i;; and cos —“24- in terms of the sides, and
hence show that sin 4 = b—i ViG—a)—b)@—0).

7. Find B, a and b in a triangle; given ¢ = 20, 4 = 30° C = 90°.

8. Find sin 4, sin B, sin €, having given (i.) a =11, b = 12,
¢ =13, and (ii.) @ = 20, & = 25, ¢ = 30,

9. Find the equation to the tangent at any point of the circle

2+ + 22+ 2fy+c¢ = 0.
‘What is the equation of the tangent at the origin to the circle
22— 2ax + y2—2by = 0P

10, What is the value of ¢ when y = mx+e¢ touches the circle
2%+y* = a?? Find the coordinates of the point at which the line
touches the circle. .
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1. In how many ways can 10 prizes be distributed among ten boys
80 that each boy may receive one ? If two particular boys are certain
of carrying off the first and second prizes between them, in how many
ways can the distribution be made?

2. How many numbers consisting of 10 digits can be made out of
the digits 1111223999 P

3. If twice the number of combinations of 2x things taken four at
a time is equal to 35 times the number of combination of » things
taken three at a time, find #.

4. Prove that the volume of a sphere is % that of the circumscrib-
ing cylinder. If the height of a right cone be 4 times the radius of its
base, find the radius of a sphere whose volume equals that of the cone.

6. A right cone, whose height is twice the radius of a sphere, has
its volume equal to that of the sphere. Find the radius of the base
of the cone.

6. What is the  Ambiguous Case’ in the solution of triangles ?

7. Given in a triangle @ =_234, b = 129, ¢’ = 84° 24, find 4 and B.
Log 2 = 3010300, log 7 = 8450980, log 11 = 1-0413927;
L cot 42° 12/ = 10°0426150 ; Ltan 17° 41" = 96035469 ;
Ltan 17° 42’ =9:5039822.

8. Find the equation of the diameter of the circle
bz +y? -2 = 4,

which passes through the point (5, 4), and find the coordinates of
the points where it meets the circle. '

9. Find the equations of the tangents to the circle
23 =202 + Y3 —2by = oI,
which are parallel toz+y = 0.

10. Find the equation of the polar of the point (54, 4a) with
respect to the circle 22 + y*—8ax —6ay + 224% = 0.
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xIv«""Ac

1. How many combinations of 10 men can be made out of a com-
pany of 15 men, (i.) when the choice is unrestricted, (ii.) when two
particular men must be chosen each time P

2. Find the first term of a series of # consecutive odd numbers
whose sum is 5",

3. Sum to infinity the Gieometric series —¥/2_ + —¥/2_

V2+1 * V2+2

4, Show how to describe a small circle through three points on a
sphere.

+ oeee

5. Show that the excess of the sum of the three angles of a spheri-
cal triangle over two right angles is a measure of the area. If the
excess be 6° find the ratio of the area of the triangle to the surface
of the sphere.

6. (i.) Find the area of a triangle in terms of two of its sides and
the included angle.
(ii.) Find the radii of the circumscribed and inscribed circles of
a triangle whose sides are 3a, 44, ba.

7. Show how to calculate the value of the sine of & small angle,
and find the value of sin 20” to 7 decimal places.

8. Find the length of the tangent from the point (4, 5) to the circle
2 +y?+42—-6y—~18 = 0.

9. Show that, if a point moves 8o that the tangents from it to two
circles are equal, it will describe a straight line. Find the equation of
this line when the circlesare 2%+ % = 0 and 2% +y*+ 2z +3y—1 = 0.

10. Draw the curves whose equations are (i.) r = 4 cos (§—a) and
(ii.) r cos (0—a) = a. Find the polar equation of the circle, the
polar coordinates of whose centre are (¢, ), and whose radius is 4.
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XV.—A.

1. Find the value of a perpetual annuity of £430 per annum at
8§ per cent. rate of interest.

2. Given log 5632 = 3:7506626 and log 5633 = 37607398, find, by
the method of proportional parts, log 5:63245.

3. Sum the series 12+ 22+33+...... +ni.

4. The sum of two numbers is 842, and their produot is 176841.
Find the numbers.

5. A cone and a hemisphere stand on equal bases, and the hexght
of the cone is twice that of the hemisphere. Find the ratios of their
curved surfaces and of their volumes.

6. Solve the equations (i.) 38in26 + 28in 6 =13
(u sin § = 4/2 sin ¢}
tan 6 = /3 tan ¢

7. The elevation of a tower on a horizontal plane is observed; on
advancing 100 feet nearer to the tower its elevation is found to be
the complement of the former elevation ; on advancing another 100
feet, its elevation is found to be double of the first elevation. Find
the height of the tower and the distunce of the last station from it.

8. Find the arca of the trapezium formed by the lines

Y. %21, L,.%_1 ¥Y_2%_ _ KA |
T gty gmy=L and G472

referred to rectangular axes.

9. Find the locus of a point which moves so that its distance
from the point (4a, 0), is %4 times its distance from the point (a, 0).

10. Find the equation of the line Jommg the origin and the point
of intersection of the tangents to the circle 27+ y? = ¢3 at the points

(@' y) and (&, ¥").



PART V.
MISCELLANEOUS QUESTIONS.

’85. 1. Determine the volume and whole surface of a éone,
8 foot high and with base a foot in diameter.
’85. 2. Prove that :
Tan A —tan B =&in (4 —B) sec 4. sec B.

'85. 3. Assuming that the number of permutations of
n thingsr at a time is n (n—1) (n-2)...... (n—r+1), find the
number of combinations of » things r at a time.

85. 4. Find the values of z, y, # which will satisfy
2z +3y—T2=0, bx-—2y-82=0, and 3a?- 4y?+22=9.
'85. 5. Being given ten consonants and five vowels, find
the number of words that could be formed out of them, each

word containing three of the consonants and two of the
vowels.

’83. 6. Reduce to its simplest form
a4+l 2(xr42) r+3
224-br4+6 zi44x+3  2?43x+2
'83. 7. Reduce to its simplest form
{a*(b—c)+b*(c—a)+c*(a—b)} x {a*(b+c)+ 13 (c+a)+
¢(a+0)f - {a¥(B = o) 4 B¥(h— a¥) -+ o¥(ai— B)}

.’83. 8. A triangle makes a complete revolution round
one of its sides; find in terms of the sides the volume and
also the superficial area of the solid which is thus generated.

’83. 9. The sides of a triangle 4, B, C, are 25, 52, and
63, find the values of tan ;—4-, tzmi_2

82, 10. Prove that a number isdivisible by 11 if the sum
of the odd digits (i.e. the 1st, 3rd, 5th, etc.) exceeds or is less
than the sum of the even digits (i.e. the 2nd, 4th, 6th, etc.) by
& number divisible by 11.

'82., 11. Determine the condition that a2+4-ux+b and
a®+a’ 2+ may have a common divisor, z+c; and prove
that this common divisor will also divide ax?+(b - a')x—"b".

'82. 12, Reduce to its lowest terms

ax+2
20+ (a® ~4)z = 2ax*
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'82. 13, Reduce to its lowest terms
at4-5a8 4622+ 41,
284328 - 222432+ 1
'82. 14. Solve the equation :
2

z
222t A2z +372

'82. 15. Being given how to construct a figure similar to
one given rectilinear figure and equal to another, apply to the
construction of an equilateral triangle of given area.

'81. 16. Supposing that a steam tug travels 10 miles an
hour in still water when alone, but draws a barge 4 miles an
hour. It has to take a barge 10 miles up a stream which
runs 1 mile an hour, and then to return without the barge.
How long will it take for the journey ?

'81. 17. Find a, b, ¢, so that both z‘4-aad+ba?+cxr+1
and x4+ 2ax3+2ba*+ 2cx + 1 are perfect squares.

'81. 18. Assume the House of Commons to consist of
Liberals, Conservatives, and Home Rulers. In one division
half the Liberals, 100 Conservatives, and two-thirds of the
Home Rulers were absent. The Liberals voted with, the
Conservatives and Home Rulers against, the Government,
which had a majority of 5. On another occasion, all the
members voting, the Liberals had a majority of 40 over the
Conservatives and Home Rulers combined. On a vote of
urgency, 75 Liberals, half the Conservatives, and 10 Home
Rulers being absent, the combined Liberals and Conservatives
told 8 times as many as the Home Rulers. How many
members of Parliarnent were there ?

’81.  19. Find two numbers such that their sum may be
24 and the sum of their cubes 5256.

81, 20. If the sides of a rectilinear figure all touch the
same circle, prove that the area of the figure is equal to the
rectangle under its semiperimeter and the radius of the circle.
Hence show that the area of a circle is equal to the rectangle
under its radius and its semi-circumference.

'82. 21. A man purchases the leasehold of a house for
£3,000, the ground rent being £50 per annum, and the lease
having 20 years to run. He lets the house for the whole
term. What annual rent should he receive to make 5 per
cent. on his outlay ?

[Log 2=0-3010300, log 3==0-4771213, log 7=0-8450980,

log 11806==4 1533090, log 11307==4-0533474.]
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80, 22. A man has in his pocket £10, in sovereigns,
shillings, and pence ; the total number of coins is 62, and the
weight is 23 ounces. Assuming that (for the purpose of
this question only) a sovereign weighs } ounce, a shilling
4 ounce, and a }})Jenny 4 ounce ; how many sovereigns, shillings,
and pence has he respectively ?

'80. 23, In finding a fourth proportional to three given
straight lines, if the first and second instead of being lines be
given rectilinear figures, how can the fourth proportional be
found ?

'80. 24. Prove that the volume of a sphere is to that of
its circumseribing cylinder in the proportion of 2 to 3.

79. 25. Solve the equation

m—ﬂ’.}-‘?_b: b , a
b a  xz-a'z=b

'79. 26. What are oranges a gross when 50 more for a
sovereign lowers the price twopence a score ?

’79. 27. Express the diameter, d, of the circle circum-
scribing a rectilinear triangle in terms of the three sides,
a, b, ¢, of the triangle.

8. 28. Verify, by actual multiplication or otherwise,
the algebraic identity

=2+ (=P (o= yP=3(y - 2) (= =2) (&=y).

'78. 29. Find, by actual multiplication or otherwise, and
arrange in ascending powers of z, supposed to be less than
unity, the square of the progression

7 018 .,135,.13657

14+ ol 15 R B .00 St s e
AT R AN B SR KL B £F Sl to
infinity.

'78. 30. Calculate, to the nearest halfpenny, the true
present value of a bill for £152 8s., payable on December 31
and discounted on July 17, at 3% per cent. interest per
annum.

'78. 3l. Find the values of z, y, 2, which satisfy the
algebraical equations :—
ax+ by +cz=p?
Jr+gy+he=q?
2P+ 4-22=r?,
"78. 32. Assuming the fundamental properties of
logarithms, state and prove the ordinary rules by which the
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logarithm of a number not given in the tables, and con-
versely the number corresponding to a logarithm not given
in the tables, may be calculated from the tables.

78. 33. Through the point of intersection of the straight
lines whose equations are .
2 —3y+7=0
z+4y+3=0,
a straight line is drawn at right angles to the axis of a.
Find its equation.

7. 34 If b=z 1+y*+y J1+=
prove that 4/1+ki=xy+ V1+2* V1442

"77. 35. Bolve the equations
3z+9y—6z=8
4= Ty+12:=9
12 = 3y = 5z=11.

'77. 36. Out of a cask containing 360 quarts of pure
alcohol a quantity is drawn off and replaced by water. Of
the mixture a second quantity, 84 quarts more than the first,
is drawn off and replaced by water. The cask now contains
as much water as alcohol. Find how many quarts were
taken out the first time. Show that the problem has only
one solution,

'77 37. Find the L.C.M. of 32®+4a2—8x+4, 323+ Ta? - 4,
z4222 = z~=2, and 3z®— 222 —3x+2 ; and also the factors of
their sum. Find the sum of their reciprocals,

'77. 38. Convert the circulating decimal fraction 1-4631
into a vulgar fraction.

"77. 39. An equilateral triangle being supposed to revolve
reund the line through its vertex perpendicular to its base ;
show that the area of the cone generated by either of its
side;; is double that of the circle generated by either half of
its base.

77. 40. Three cylinders of equal altitudes being
supposed to have for bases the three circles described on the
three sides of a right-angled triangle as diameters ; show that
the volumes of the greatest of them is equal to the sum
of those of the remaining two.

"77. 41. A cone and hemisphere being supposed to havé
a common base, and to lie at opposite sides of it, required the
ratio of the altitude of the cone to the radius of the hemi-
sphere, in order that the volumesof bothsolids should be equal,
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7. 42, If o, yy, @, ¥y, 7y ¥ be the Cartesian co-ordinates
of three points 131, P,, I, in a plane with respect toany pair
of rectangular axes in the plane; determine, to the same
axes, the equations of the parallel and of the perpendicular
through P, to the right line P, P,.

M7. 43. Assuming the trigonometrical formule for
sin (A+B), and for cos (A +B) in terms of the sines and
cosines of 4 and B, deduce from them that for tan
(A 4B+ C) in terms of the tangents of 4, B, and C.

’77. 44. The measured lengths of the three sides a, b, ¢
of a plane triangle are 13, 14, 15 feet respectively, calculate
in square feet its area A.

76 45. Simplify, by reduction, the algebraical sum

(&P =y2) (f-x2)  2-cy .
(@-y) (@=2) (-2 (y=—2) (z-2) (2-¥)
76. 46. Verify, by multiplication, the algebraicalidentity
(bez+cay+abs —zyz)*+ (ayz—+ bau+ cwy — abe)’=
(@+a) (+y ()

'76. 47. Extract the square root of 142z 32244234
etc. to infinity (where z is a proper fraction less than uuity),
by the ordinary process.

'76. 48. Reduce to a simple equation and solve for x
from :

z—-1 z2-2_2—-4 2-5
z=2"&=3 &=5 =6
. 76. 49. Reduce to a quadratic equation, and solve for &
rom :
° zta 2+ vt g
z=a x-b xz-c
'76. 50. The sum of two numbers is 47°437, and their

product is 4867641, Determine them correctly, each to
three places of decimals.

76. 51. Assuming that one rood of superficial area =40
square perches, and that one square perch==30} square yards,
calculate to the nearest integer the length in feet of each
side of a square courtyard of one rood in extent.

'76. 52. An alphabet being supposed to contain m con-
sonants and » vowels, required the entire number of different
words, each containing p of the former and g of the latter,
that could be formed out of its letters.



MISCELLANEOUS QUESTIONS. 67

'"76. §3. The interest (z) on the less (a) of two given
sums of money a and b being supposed equal to the discount
(y) on the greater (b) for any fractional period (L) of one
year ; required in terms of @, b, and %, the value of & or y.

76. 54. State and prove the ordinary formula for the
present value at n per cent. compound interest of a deferred
annuity to commence at the expiration p, and to continue for
g years.

'76. 55. If x be a large positive number and J-& a com-
paratively small increase or diminution of it, prove the

approximate formula log (zz=d)=log zp -:; where p=the

modulus of the system employed.

’76. 56. Given that to five decimal places u=="43429 in
the ordinary system for which the base=10, calculate to
that number of places the logarithms of 999 and of 1001 in
that system.

76. 57. A right cone has the same superficial area as the
hemisphere on the same base, show that every plane passing
through its axis intersects it in an equilateral triangle.

'75. 58. Givenlog 3796=35793262, log 2984=3-4747988,

Calculate t i
10g 90714=4-0576743 { : c.21~3a7 ;6):) seven decimals
907156=4 9576791 \/(—‘m N

. '75. 59. Show that when the three pairs of correspond-
ing sides of two rectilinear triangles are proportional, the
three pairs of opposite angles are equal.

'75. 60. Solve the equations :
(%) +@—ar=65
(22)' +o=(5y - 200
'75. 6l. Simplify the expression (‘1? +f;—“’+ ”{.’4’)
(gt )55 ()

) (D) (-
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bz+cy+-ds
btc+d—a’

cz+dy+as datay+bz  ax+by+tos
c+d+a-b dFatb—¢ atbtoc-a’ are equal to one
zty+z

another, their common value will be equal to 9 a8 long

88 a+b+c+d does not vanish; but if a+b4c+d=0 the
quantities z, y, # must be equal to one another; and then
half their common value will be the common value of the
fractions.

'75. 63. Having given the first term, the common differ-
ence, and the sum of an arithmetical progression, find the
number of terms. If the first term be equal to 27, the fourth
term equal to 18, and the sum equal to 117, find the number
of terms and the last term.

’75. 64. Find the present value of an annuity of £10
payable half-yearly, continued for five years at 3} per cent.,
to commence at the end of twenty years. [Liogs required.]

'75. 65. Solve the equations

75. 682. Prove that, if the four fractions,

@ y
bFoto—a—atd

y 2
c+a+a—b_"b+c
LA —
a+b+b—c~c+a

75, 66, Solve the equations
1 1

i 1 1 1
e+ —7 @=—7 ‘?;( 1—5 =1,
y=z  ¥-;

8
"4. 67. Solvetheequations %2 - %’0_ =28, -y =8.

’75. 68. Find the condition that a quadratic equation
ax?4-2bz+c=0 may have equal roots; and, this condition
being satisfied, find the roots.

'78. 69. The equation of a circle being

N14+m¥(a®+y3) = 202 = 2mey=0 ;
find its radiner | 1Y) y="i
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’71. 70. Find the perpendicular distance of the point
£, n from the line y=az+ 0.

'71. T71. Prove analytically that the three lines drawn
from the angles of a triangle, whether to the middle points
of the opposite sides or perpendicular to those sides, meet in
a point,

’70. 72. One vertex of a parallelogram is at the origin ;
the co-ordinates of the two vertices adjacent to this vertex
are respectively (z;, 1) (%, ¥2). Find the co-ordinates of the
remaining vertex.

’70. 73. Find the co-ordinates of the centre, and the
radius, of the circle, 2?4 y?+-22r—6y==0. Trace this circle,
and state in what points it cuts the axes.

’69. 74. Find the equation to the straight line which
passes through the point whose co-ordinates are a and b, and
is parallel to dz+By+ C=0.

’69. 75. Give a diagram showing the position of the
circle a“+y?~2z-2y+1=0, and determine whether the
straight line x+y=2+ A/2 is a tangent or not.

’68. 76. Dectermine the equation to the straight line
which is perpendicular to the straight line g-i-’%:l, and
passes through the point z=a, y=b.

'68. T77. Show that the equation of the form z?4-y2+
Az+ By=C'represents a circle.

’67. 78. Find the equation to the straight line which
joins the intersection of 2x+3y—4=0, x+2y —1=0, to the
point =2, y=3 ; and give a diagram showing the positions
of these three straight Iines.

’67. 79. Investigate the condition that the straight line
y=mx+c should be a tangent to the circle a®+y*+da+

y=C.

'66. 80. Show that the equation to the circle referred to
an origin on the circle is of the form z?+3°=2ax+2by.

’66. 81. If the straight line y=ma + ¢ cut the circle (of
the last question), determine the equation which represents
the two straight lines from the origin to the points of inter-

-section.

'65. 82. Give a diagram showing the position of the line

2z + 3y +6=0.

INT. MATH.
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'64. 83. Find the cquations to the straight lines which
pass through a given point, and make a given angle with a
given straight line.

’64. 84. Find the equations to the lines which pass
through the origin, and arc inclined at an angle of 75° to the
straight line 2+y+ J/3(y —2)==a. .

’63. 85. Find the equation to a straight line which
passes through a given point, and cuts off a given area from
the co-ordinate axes, determining the condition that this
may be possible.

’63. 86. Interpret the equation
(o= a)2+(y — bp=cn
’63. 87. Interpret the equation
a2+ +a*+ V*=2ax+2by.
’63. 88. Find the equation to the circle passing through
the origin and the points (a, b) (b, a) ; and determine the
lengths of the chords it cuts from the axis.

’62. 89. Show that the equation
x cos a+y sin a—p=0
represents a straight line and a straight line only.

’62. 90. Show how to dctermine the position and magni-
tude of the curve represented by the equation

Axz*+ Ay 4+ Bx+Cy+ E=0.

’60. 91. A point moves so that the sum of the squares
of its distances from the three angles of a triangle is con-
stant, Prove that it moves along the circumference of a
circle.

'62. 92, Find the equations to the two straight lines
joining the origin to the points of intersection of z?+y’=a?
and y=bzr+ec.

’61. 93. Find the conditions that the circle may cut off
from the axes chords, of which the lengths are respectively
a and b.

’60. 94. Find the equation to the straight line drawn
from the given point (&, %) perpendicular to the given
straight line ax+ by +c=0.

’60. 95. Find the equation to the system of circles
passing through the point (%, %) and touching the line
ax -+ by +c=0.
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’59. 96. What angles do the straight lines z—ky=0
and y - kz=0 make with each other ?

’59. 97. Interpret the equation z?—y?=0.

57. 98. If y=2z+3 be the equation to a straight line,
find the equation to the line perpendicular to it from the
origin ; find also the length of the perpend”sular.

’47. 99, Determine a and b in the eyuation to a straight

line y=ax+b, when the straight line passes through two
points whose co-ordinates are

@ (0 %).
’40. 100. Find the equation to a circle, when the origin is

a point in the circumference, and the axis of x a diameter
passing through that point.



PART VI.
ANSWERS TO TEST PAPERS.

L
. . 1 1 1
1. (i.) a+d. (ii.) 1 or v 2 15_ or—ze
. ..y 40 41, .
3. (.) 8. (ii). o i 4. Euc. vi. 2, 2nd part.

5. Ded. Euc. vi. 2.  6.71°15192 miles. 7. 206265.
8.2180r2.28 hours. 9. 271_"9’l mins., past 5. 10. 271828,

551
IL
__, (a=0b)? 4ab
1l o=+ aTh y—:i:a_'_—b 2.7and2. 3. £17and 419,

4. Euc. vi. 4. 9. Ded. Euc. vi. 4.
9. (i) '10032. (iL) '5428571.  10. (i.) '83. (ii.) ‘0000415,

III

1.75. 2.4s. 3.384. 4. Euc.vi.10. 5. Ded.Euec.vi.10.
7 .2. . _2_7 1 9 7

T3 6670'1800’ iz5 * 655"

10. (i) gpuans. (ii.) 91735587190082644628099.

IV.

1 24y—1. 2 4(a®+d*+c3—38abe). 3. a*—2ac+c2—12
4. Find mean proportionals of ¢ and b, and ¢ and d. Con-
struct a square equal to the rectangle under these two lines.

5. Euc. vi. 12. 6. Take fourth proportionals to the peri-
meter of the given triangle, the given perimeter, and each side
of given triangle in turn. Construct the triangle from these.

7. 500/3. 8. Seo Text Book. 9. .339985714.  10. g%



ANSWERS. 73

v‘
1 322—10x+9
* 22—9
2. 25— (a2+ 82+ o2) 24 + (a%h? + a®? + B3c%) 22— a?b363,
and 28+ (@ +5+c) 22+ (ab + ac + be) z + abe.
3. (a) B82—2)(z+2) (z—=1), (B) (z+1)(8z=2) (z+2),
@) @=-1@E+1)@+2), @) @—1)(@+1) (@Gr—2).
4. Euc. vi. 16. 5. A particular case of Euc. vi. 23.
j in = 2 ==L
6. See table on following page. ¥, sin = 75 cos 75
8. 2x32xb6xTx1l, 2x3x5xT3 3xb62x7xl1l,

11 ) 167
9. (1) 7og5 () 242560, 10. 3o

VI.
1, land:ﬁf——‘ﬁ. 2. a=6, b="7. 3, 22~-2ar+a2—p2 =0,

4, Latter part of Euc. vi. 20. 5. Former part of Euc. vi. 20.

7. (i.) See text-book; (ii.) To construct a line of length 2+ +/5,
produce the hypotenuse of a triangle of sides 2 and 1, making the part
produced equal to the side of length 2.

8. 6§ years.
9. At simple interest, £250. 9s.; at compound interest, £249. 17s.
10, £131. 2s. 1134d.

VII.
1. a(lﬂ__;f:f)“, or -2-(320230/ F).
2 1+3.2+%.3.0%+%.2.8.2°+%.2.§. .24 +ete.
3. 8:1622; 5—1 figures; 063245553, etc.

4. If two intersecting lines are each parallel to two other inter-
secting lines, then (by Geometry of Book i? the contained angles are
equal, .. the triangles are equiangular, .*. (by vi. 4) they are similar.

5. Euc. vi. 22. 6 and 7, See Text-book.

8, 4679, @, (i) 5466; (ii.) -447214. 10, 92.
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VIIL

1. Because (1) it avoids the necessity of eva,luatin% each
term of the denominator; (2) it is easier to divide by an
integer than a long fraction; (3) the quotient is more
accurate with less labour.

2. 08392, 3. %J(a2—b2). 4. Bue. vi. 25.
5. Ded.vi.25. 6.2 =90°0r0°. 7.6 =n.860°+60°0rn.180°

ai—1 i V/3+1 v3-1
8. ol 9, 56457. 10. 3 and Nk
IX.
1.z=3ors5. 2. =+~ —26or 5.
3. 1*2"/5. 4, Euc. vi. 31. 5. Ded. v1. 20 and vi. 2.

6. # = nr+(—1)"a. 7. n.180°+ (—1)"30° 8. nwr+ A,
9, 4} per cent. 10. 6300,

X.

1. All numbers may be represented, where a, b, c,......J
are the digits, by «.107 + 0.10%14 ¢ 10724-...... k1041
which may be decomposed into

a(10m —=1)4- (1071 =1)4c(1072—=1) +...... +7%(10-~1) and
a + b 4+ C Feeeenn + k41
the former expression is clearly divisible by 9 (=10-1)
and the latter expression was given divisible by 9
.. the whole expression is divisible by 9. Q.E.D.
2. (i.) 50s.; (ii.) the mnegative answer—500d. is the
solution of ¢ What would be given per hundred loads to
have ashes removed, when eight loads less removed for a
sovereign would raise the price 1d. per load ?’

3. 424 and +23.
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4. (i.) Make the rect ab. On ¢ make the rect cd=rect ab,
then d=a7b

(ii.) Hypotenuse of triangle with sides @ and b is
A/a*+0% and hypotenuse of triangle with sides
J/ai+b? and ¢, is 4/a2+Dbi 4¢3,

5. Ded. Euc. vi, 2. 6. 6 =180n=+459,

7. mr:l:’_?'; or mr:l::;—': 8. See Text-book.

9. (i.) 3-45009876543 ; (ii.) 1-857983. 10. 33030144

XL

1L 2and1 3 2fZ0e
e=f

4. A circle by Euec. i. 47, the normal and hypotenuse
being constant, the base therefore must be constant.

5. Wilson, Defs. 4, 7,8 and 9. 6. See Text-book.

7. Tan 15°=tan (60°—45°), which by formula for tan

_By=Vv3-1_w3 1, +3-1_4-243_, 4

U-B)y= a1z V%

8. Construct by same rules as ordinary figure ; the letters
are also the same as usual, but some of the signs different.

k ! k .
9. (Z xll-tk .1'2) ( yll-l-':k 3/2)’ where A is (x1,31), B (x593),
and % : [ the ratio into which the line is divided.

10. A straight line cutting the axis of « in the point 4

and ” Yy ” —4.
XII.
4. Euc. xi. 4. 7. Tan 0.
5. Euc. xi. 8. 8. —tan 6.
6. See Text-book. 9. Zero.

10. } (a3—5%).
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XIIL

1. (i) See Text-book; (ii.) Let A =mB? B®=m= n(4,
C";DN and D'=qFE* then AB*CD’'=mBnC%DqE: or
ABC

=Py, 8 constant, 2. See Text-book.

2 4y?_(mi41)y®_mi+4+1
-y mP=1l)yr mi-1

4. Euc. xi. 11. 5. No. Parallel to all four lines.

7. Tan 46. 8. See Text-book.

9. (i.) A point at origin; (ii.) Two lines bisecting the right
angles between the axes; (iii.) A line making an angle of
tan "} with axis of a.

10. A circle.

s & constant.

3. Let z=my, then

XIV.

1. The middle term multiplied by the number of terms.
2. This is easily converted into common text-book formula

8=3 (a+n-1.b).

3. 8or 6. The 7th term <4 8th term = zero.
4. Euc. xi. 15.

5. See Euc. xi. 10 and 15. The second part is equivalent
to Euc. xi. 15.

6. See Text-book.
cot A cot B cot C—cot C—cot B—cot 4
* cot B cot C+cot C'cot A+4cot 4 cot B=1

8. % 9. and 10. See Text-book.

XV.

1. £1. 15s. 6d.; £377. 10s.
%. Substitute m, m+d, m+2d . . . for z, then y becomes
am+b, an+ad+b, am+2ad+b . . . aseries of which the

common difference is ad.
3.2. 4 Euc. xi.17. 5. Euc. xi. 18, 6. See Text-book.
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7. \i.) See Text-book ;
— 2
(i) oos. 369=1-2 sin? 18%=1 - 2( SEI1) A5
9. and 10. See Text-book.

) XVI.

7n-1 . s 364.
La (a) -1, 2 (i) 135 @) 1500

(a+ b= (a~-D)"
"7 2%(a+b)r-2

4. By Euc. xi. 18 the plane containing the two perpendicu-
lars is itself perpendicular to each of the two intersecting

lanes ; therefore, by Euc. xi. 19, it is perpendicular to their
intersectior

5. Compare Euc. xi. 19.
6. x=nw.

T.a=nr(=1" 525 (40 £ 1) and nrt(-1)"(-3F).

8. 6=2nm, m+(—1y-§ and%(«i«na;l).

9. 23y—13w+64 =0.

10. OP is ay - ba=0, 0Qis by - ar=0, PQ is y+2x=a-+b.

XVII

1. 3,12and 48. 2. r=10. 4. Euc. xi. 20. 5. Euc
xi. 19. 7.13. 8 3and l% . 9. See Text-book.

10. 29y =432 +71=0. :

XVIII
+1 . o 1
L 2 [(e+8)a=(n-1)1]. 2. 25 (1‘”_(:)'1‘1)"' .
1 V2
e = 4. — =
3 42 and ‘/2( 1).

5
6. 3 +/2and ,\/?’- 8. z cos a+y sin a—p.

9. The lines 3y —2x=1 and 3x+4y="7 are perpendicular to
one another, the equation of the perpendicular to
x4+ Ty+11==0 is T -y — 13=0.

10. 112—11y +38=0.
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XIX.

1. -8037053. 2. (i.)1°1760913 ; (ii.) 5°39794.

3. ﬁi.) log 4-5="6532125531 ; (ii.) log 6:75="8293038516 ;
(iii.) log 10°125=1-0053951501.

4. Wilson, 29 (ii.). 5. Wilson, 34.

6 and 7. See Text-book. 8. z—y —-2=0 5zr+5y=12=0.

9. Angle =90° ; point of intersection % Z(::S:}

The two bisectors are z (a+d)-y(a-b)=0 and

e(a—b)+y(a+b)=2c.

XX,
104 __w08
1. m==|=4/(A2+B“+C‘)’ y=:z= A+ B+ CP)

1
’==l="~7(ja.;._0163'm—2§ where all the signs must be taken

alike,
2n -1,

2. (i) 3@n-1y’

4. (i.) The prism is three times that of the pyramid ; (ii.)
Bee Wilson 29, end.

(iii.) 13, 3. Mlustration 1, 25 and 49.

5. i) }a; (i) ‘igi?.’ 6 and 7. See Text-book.
9. A straight line.

XXI.

1. 1-930698.

2, 3, and 4 (i.) See answer to 3 in Morning Paper, 1838,
2. (ii.) 3795880. 3. (il.) 1. 4. (ii) 26197887,

5. (i.) See Text-book ; (ii.) 18:3856065.

6. V-1 =14—: c. ft.; area =3-2’L sq. ft. 8. See Text-boou.

9, Centre (— —;—, — %) Radius =} +/(B+m?—4n).
10. 2?~2ax+u? — 2by=0,
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XXIL
1. 54°4 years. 2. 35265. 3. 587.
4. (i) 7ra where r is mdius of base and a slant side of
cone. See leson, 33. (11) of height from top.
5. (i.) Vol = ~7r2r3 (ii) Area:m’{ 1+ 4/41r’+1}
6, 7,and 8. See Text-book.

9. «?4yf—4e—6y—87 =0.
10. Centre (a cos a, b sin @). Radius /(a®+b? sinZa).

XXIIL

1. £1858 - 83125. 2. £47:19: 5;} approx 3. £4200.
4. Wilson, 35,and def. 29. 5.
6. (i.) Bee Text-book.

(ii.) Ltan ‘_,;-:5 {log(s =b) +1log (s —c)—log s ~log(s - a)} +10.

7 and 8. See Text-book. 9 y==—ztr/2
10. ax+by =0. Intercepts 2a and 2.

XXIV.
1. 2-427. 2. £875.

3. (i.) IOO 4 where 4 is the annuity ; (ii.) £650.
4. Wilson, 37. 5. Wilson, 38.

6. tan A= 152, tan B_12 tan C=tan 90°=cx, 7. g

8. (i) sin 4= sin B=‘3, sin C=1

5
oy s 4 . o 56 12
(ii.) sin A=5’ gin B—65' gin C_l_f; 3

40 24 496
(iii.) sin A=g7, sin B= %, sin 0_1025.

9. (ii.) (a+c.cos 6, b+c.sin 0).
10. @ cos a cos 6+ sin a sin 8 Ja?+ b? sind a.
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XXV.
1. (i) [12; (i) /11
2. (i.) 151200 ; (ii.) |9 if both directions (clockwise and
opposite) be reckoned |9+-2 if these are not counted different.
3. 1900. 4. One-fifth of diameter from pole.

) __ csind c.sin B
5. Wilson, 39 6. o= (@A+By "=sin A+ B)’
7. See Text-book.

8. (ii.) x+4y=0; (iii.) Origin and (8,-2).
9. (i) z—y+a—=b=0; (ii.) (a-b)?=2c.
10. z+2y=23.

XXVL

pran_

1 5 . 2. 172800 ways. 3. See Text-book.
{lngm v

4. (i.)  cubic feet; (ii.) = feet.

5. Half that of the cone.
sin 4 sin B tan 4 . tan B
6. c.Gn (@+B)y ° ° tan Aftan B
8 PA-— be sin (B+y+4)
A (b sin? y+c* sin* B+26¢ sin B sin y cos (B+y+4)
where a, 8 and y are the angles at P subtending a, 6 and c.
9. 24+2y+A+2BF A/b (4*+B*- C).

10. Centre - (» cos ¢, r sin ¢). Radius,zero, Length of
tangents, 7.

7. 120.

XXVII.
1 alblel d!
‘plla—p)lq! (b—g) ! rl(c—r)!s!(d—s)! "’
where (a—p) ! = factorial a—p.
2. (i) 6°; (il.) 6; (iii.) |5. 3. 165.

4. Ded. on ¢ the arc between the poles of two great circles
measures the angle at which they intersect.’
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5. See Wilson on polar triangle just before Theorem 41.

. sin 4 sin B . tan A . tan B
6 3¢ S @TBy°t” @nAdttn B
. 7. See Text-book. 8. (i.) 1470; (ii.) 216.

9. Tho equation of the radical axis ; see Text-book.
10. (i.) & (@®+B*4a.a+b.B+c); (ii.) 15.

XXVIIIL

1. £367 4s. 2;394d. 2. (14a)? and (1 - @)
2 4 8 5 25 125
3 9 gp "~y g ond —oT
1
4. Wilson, 42 Cor. 5. 360

6. (i.) See Text-book ; (ii.) The radius of the circle will be
one of the arms of an angle in a semicircle, of which the
diameter is the radius of the greater circle, and the other
arm the radius of the smaller circle.

7. (i.) See Text-book; (ii.) 017452, 8. See Text book.

9. (i.) and (ii.) Circles on unit lengths of OY and OX re-
spectively as diameters, and passing through the origin ;
(iii.) and (iv.) straight lines parallel to axes of OY and OX re-
spectively, and at unit distance from them.

10, Rudius = a, and coordinates of centre are c, a.

XXIX.

1. £64284. 2. 6:9754624.

3. 5x4x17 (1641)=5780.

4. mr?=mna( A/R*+a?+a) where r=radius of circle, am
radius of base of cone, and A=height of cone.

5. (i.) Wilson, 39, Cor 1; (ii.) Divide a diameter into the
number of equal parts required, and draw planes through
the points of division perpendicular to the diameter.

6. (i.) 630; (il.) 1140. 7. See Text-book.

8. Suppose b and ¢ known, then sin A=2.e:ea’ and the

t.rim}fe may be solved by the usual method for two sides
and the included angle. 9. A straight line,
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XXX.
1. £46. 6s. bid. 2. 969 and 909.
—p+ L, b+ iy @
4, a=p+ L b=gq+ p 5. (i) —= (ii.) nm.
6 l+z—(n+2)%"+14 (212 + 60+ 3) 2n*2—(n 4 1)2an+3
: 1—a8 :
7. 7°643d. nearly. 8. (a) :}} ) -12_ 10, A circle,
I—A.

1. (i) Sor —31; (i) x2vebor 0. (iii) 5or —4.
Q. +2lor £8; +8or x21.

3. (i')x'::h%» y==!=”‘.q£» 5‘&:}’74;
(li)z=2, y=38, or x = —32% y = —24,

4. ABDE = CDE (1., 37). Deduct the common area D EF,
.. BFD=CFE. But BFD : AFD::BD : AD,OFE : AFE::CE : AE,

and these ratios are equal; ... BFD . AFD :.CFE . AFE,
.. AFD = AFE. : 5. Euc. VI, 4.
6. 2-9088 miles. 7. 135°, 1509, ‘.’;E rad.

8. 437 min. past eight.
9, (i.) 115625, "11125; (ii.) 1934, 438-216825. 10, 2-41068.

II.—A.

1, 63 or 36. 2, z+2. 3. 2% days. 4, Euc. V1., 12.
5, BD:DA::DA4:DC and LBDA= ADC, ... the triangles
BDA, ADO are equiangular (V1., 6);

. LBAC=BAD+DAC= BAD+ ABD = ADC = right angle.

8. (i.) (ii.) See Text-Book. . 7. See Text-Book.
8. 1. 9. v, "0416. 10. 3 or *375.
III—A.
1 142 1
* 1922 8

2. (i) @—-z+1) (@ +2+1); (i) (3—4) (z+2)(22-1);
(iii.) (#—1)(#+1) (#2+1) (22 —2+1) (* + 2 +1) (z4—2% +1).
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8. (i.) By guess, 1 and —1 are roots. Divide out and we have a
quadratic, Answeris 1, —1, —2, —65. (ii.) #*—b4z +666 = 0.

4, Euclid VI., 19.

5. Let DEFG be the square. The triangles 4D@, FEB are
similar; .. 4D : DG :: EF: EB;

... rect. 4D, EB = rect. DG . EF = square on DE.

6. See Table, page 74.

7. Take a right angled triangle whose sides 4C, CB are 2, 3; then
AB = +/2+ 3% = +/13. Produce BA to D, so that 4D = 1; then
BD = 1+4/13. With B centre, BD radius, draw a circle cutting
CA4 produced in E; then BE = V13 + 1, BC = 3;

3
cos EBC = —"—-.
V13 +1
8. (i.) See Text-Book; (ii.) $2. 9, £904., 19s. 612
10, £786. 17s. 8284.
IV.—A,

1. (i) 22+33%; (ii.) a+dz—2c22. 2, 5916079, -007052.
3. Eb;a' 4, Euclid VI., 23. 5. Euclid VI., 25.

6. See Text-Book.

sy AT 1 AW sy AT 2r
7. (1) 3 °or 7]—(2%1.-;{: &—) ;o (i) 7 OF 2wt 3
8. 57263. 9, V6+ 3. 10, 4:6502.

V.—A.

1, (i.) 3or —9; (ii.) 4. 2. 34,/2+4%,/3—4/6. 3. 24 or 42.
4. Let 4B be any side of the figure. Take a line ZM = 7. 4B,
and take a mean proportional PQ to 4B, LM. Describe on PQ a
figure similar to that on 4B. It is the one required. For figure on
Pg : figure on 4B in duplicate ratio of PQ : 4B, i.e., in ratio equal

to LM : ABor7: 1. 5. Euclid VI., 31.
6. (i.) Bee Text-Book; (ii.) 2nw & —g—, 2nwk %
7. Bee Text-books. 8. nw, nwt %, nw 4 %— 9, £6.

10. (i) 2-99408533; (ii.) 1-73032.
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VI—A.

1. Put each ratio equal to %, and follow usual method. 2. 28,
Vr+9 4+1 6
pBul L. = 16.
Vr—7 4-1 3 ‘ ‘
4, Wilson, Defs. 2, 9and 7. 5. Euc., XI., 6; Wilson, 7 (converse),
6. Draw the figure carefully; the proof is unaltered.

3. (i) Put a =0k, c=dk; (i)

7. (i.) See Toxt-book; (ii.) tam 57‘4.
9. 18, 2. 10. (i) 0; (i) 2ab.
VII.—A.

1. (i.) See Text-book. Put a = pi2, b*= qcd, ¢ = rd’ d? = s,
¢ = {f7. The expression comes = pgrst, a constant. (ii.) 24.

2 anr+ " (rz_-ﬂb. 3. 7or 9; the eighth and ninth terms

cancel each other. 4, Euclid XTI, 11.

5. EC is perpendicular to a plane containing AB, ... 4B is
perpendicular to EC. Similarly, 4B is perpendicular to ED, and
.*. to plane ECD. But DF is perpendicular to plane C4B, and
.. to 48, .*. DF lies in the plane CED | AB. ... CF is in plane
CED, and 4B is perpendicular to CF.

6. tan 46. 7. See Text-books.

8. The locus is that curve on which all points lie whose coordinates
« and y satisfy the given equation. (i.) T'wo straight lines through
origin equally inclined to axis of z at angle whose tangent is }.
(ii.) One straight line through origin, inclined to axis of z at angle
whose tangent is .

9. Bee Text-book. 10, See Text-book; +/13.
VIII—A.
n-1 ((2 "L‘—l
1. 2(n+1). 2. a(%)"‘, o }_(_Q_l__}

b\r-1
: {(¢)"-1}
3 ¢ 4, Euclid XI,, 17.
5. PQ is perpendicular to plane QRS, ... FQ is perpendicular to 28
. RS is perpendicular to PQ, QR, and .-. to plane PQR,
INT. MATH. G
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6. See Text-book. ¢0818°= 4+/10+2+/5, cosb4° = }v/10—24/5.
A T L 2nr
7. (i.) -7—-(2mr+ 2) or 2nw 7 (ii.) 27w or —— 7

8. See Text-book. 9. (32, 2. 10, z+y = 6.
IX.—A.
atb=(a+nd) (a—b)" b (a=8) {1—(a—b)"-1} .
(1) 5.

1. @) 1—a+6 (T—a+b)

2. (/a—./b)? is positive, .-. “‘”’ atb Jab.
3. Take r for common ratio, .-. b =ar, ¢= ar? &c. Substitute.

4., Euclid XI., 20. 5. %ga, if a = length of edge; V2

V3
1+tan<4\’ (cos 4, tsin—‘ft—)2
6. tan? (45°+ ﬁ) = 2 )2 2 2
. 2 4 ( 4_ A)2
CO8 —— =~ 81N —

1—tan =
tan = 2 2

_l+sind _secd+tand

T 1 sinA secA—tan A"
7. (i) sin24 +sin 2B + sin 20'=2sin (4 + B) cos (4 — B) + 2sin Ccos C
= 28in 0 {cos (4 +B)—cos (4 + B)} = 4sin 4 sin Bsin C.

4+B  A=F -o-2sin—c'-cos—(’1

(ii.) sin .4 +sin B+sin ¢ = 2 sin

2 2 2

[ A—B A+B) _ A B c

= 2cos —z-{cos + cos = 4005-5— cos 3 cos 2
8. =, 1 19 9 z—Ty+5=0.

4’ 4’ 22
10. (i.) See Text-book; (ii.) 2z+y = 27.
X—A,

a+6—4c—4d 3a+3b—b6c—bd
ad
1 3 T44id " 3a—35—Bessa ~ddnnd subtract,

a—4c _ 3a -b¢ . a—4c b—4d
“p—ta = m—sa ™ Ba—se ~ m—sd

Multiply up and cancel, bc = ad, ... a:d:ic:d.
2. 3v38, n{2*+(3n—n?)z+n?}.
3. ‘6488033, 1-3222198, 3'3636120.
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. " 3 b

4. Wilson, 29 (ii.), page 36 ; 5‘%/—2' 5. 2°,

6. See Text-book; 3:0370280.

7. (i) -‘%_1, ‘/—i:-l, which are the roots of the equation ;
(ii.) sin? C'— (sin 4 —sin B)?

= 4 8in? g cos? 3—4 sm"A ‘BcosﬁA;B

— 2sin2? € {2 sin?’é;*B - 2sin2‘4;B}

= 25in? {cosA B)—cos (4 + B)}

= 4gin? g sin A4 sin B.

8. 90°; 5z+20y+9 =0 and 20;-5, 21 = 0.
2243y -7 — —1
-1 2.1 = Y
9, tan-15, (2, 1), \/13 ,\/Z
10, Let the lines be zcosa+ysina =p, zcosB+ysing = g.
Then m (zcosa+ysina—p) = n (x cos B+ysin B—gq) is the locus for
ratio #n : m.

XI.—A.
1. See Text-book; 3°2272439; 1:7099794.
2, 22-045 years. 3. £5. 19s. nearly. 4, 120°; 3%
1
5. & (1_ % ) 6. See Text-book. 7.5 38 4
8. Sce Text-book; (a, 0) and 2a. 9, 2?+y?—22—4y = 0.

10, (a+8) (22+ %) — (a2 + %) (z +y) = 0.

XII—A.
1. £3380. 4s. nearly. 2, £4000. 3, 16-4. 4, Wilson 35; 3 inches.
5. 7% inches. 6.-See Text-book. 7. 60° 10, 10,/3.

8. (i) V105, 2%+/105, 2105, (ii.) —‘:— 544_ 3~/7
9, See Text-book; az+by = 0.

1ams: am a
lo.c-ﬂ:a~/1+m’y ( \/l+m,2 d:u/l-l-m’).
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XIII—A.

10!
1. 2.8! = 80640. 2 et

4, Wilson, 40; radius = that of base of cone.

= 12600. 3, 4.

5. Radius of base of cone = 4/2. radius of sphere.
6. See Text-book. 7. 65° 29 34” -6, 30°-6' 26" ‘4.
- 3 3
8.2-y=1, (2i vz 1E «/2)'
9. 2+y=2V2([@B+B+3) +a+bh. 10. z +y— 102 = 0.
XIV.—A.
1. (i.) 3003; (ii.) 1287. 9, wh—n+l. 3. 2.

4, Pass a plane through the points in question ; it cuts the sphere
in circle required.
)

5. Wilson, 42, Cor.; 1;;:- 6. (i.) See Text-book; (ii.) 5—;, a.

7. (i.) sin @ lies between 6 and 6— %i (sec Text-book), § being the

angle in circular measure. For a small angle, 6 is near enough.

(ii.) Circular measure of 20”7 = —— 20T __ —.000096962, whose
cube can be neglected. 180 x 60 x 60

8. 3. ' 9, See Text-book ; 2z+3y = 1.

10. (igl A circle passing through the origin, whose diameter = «,
and the diameter through the origin is inclined at an angle a to the
initial line. (ii.) A straight line, the perpendicular on which from
origin is of length 4 and inclined at angle a to the initial line.
(iii.) r2+¢2—2rccos (0—a) = a2.

XV.—A,

1, £11466. 13s. 4d. 2, *7506973. 3. See Text-book.
4., 401 and 441. 5, Curved surfacesareas 4/5 : 2; volumes are equal.

6. (i.)nw—(—l)"-;!-; (ii.)8=mr:l:—lil ¢ =nrt—.

6
%, 604/15 feet. 8. §a+d22(b+c).
9 #i+yi— _12?7‘,80; a circle.

10, z2(@ —2") +y (v ~y") = 0.



ANSWERS TO MISCELLANEOUS QUESTIONS.

1. 7/12 cubic feet. 3, Algebra: H.S. § 408, H. and K. § 348.
4 r=2,y=1z=1; 0o, 2= -2,y = —1l,5= —1.
2
. 144000 . 62). . T
5 (see Q. 52) b TG E Y
7. 2abe (b—c) (¢ —a) (a—1b).
8. If ¢ is the fixed side, volume = }wci3, surface = (¢ +75) A,
where & = 2./{s(s—a)(s—b) (s~c)}/e. 9,Tan} 4 =3, tan}B=4%.
11. Conditions are *—ac+5b = 0, and 3+da’c—¥" = 0.
1 B+z+l
12. =5, 18— 14.2=0,0r&/5 orx/(-2)
16, 4h. 148 m.

17.6=2,6=3,¢=2; or,a = —2,0=3, ¢c= —2; or, e =2,
b=1 ¢=—-2;0r,a=—2,b=1,¢=2.

18. 250 Conscrvatives, 350 Libcrals, 60 Home Rulers—Total, 660,
19. 7 and 17. 21. £302. 15s. 33d.
22. 9sovereigns 17 shillings 36 pence.
24, Wilson, page 58 (Theor. 40).
25, 2 = 0, or a+ b, or (a?+1?)/(a+b). 26. 9s. (approximately).

a abe
27. 2= 2v/s (s—a) (s—1b) (s—¢)
30. £149.19s. 1134. 32, H.S. Trig., §162; L., §§ 221—224.
33, 112+37=0. 35, z =13, v = §4 = = 883
36. 60; the other root 576 being inadmissible,
37. L.C.M. is (a—1)(z+ 1) (¢ +2) (32 —2) = 328 + 423 -T2’ —~ 4z + 4.

Sum is = 2z (62 + 4z —6).
6z

(x—1)(z+1) (z+2)] (3z—-2)"
38. 3780 or 14233. 41, 2: 1.
42. (y—ys) (11—79) = (z—3) (y,—ys) for parallel;

(Y—ys) (41—y2) + (x—3) (2, —23) = 0 for perpendicular.
tan 4 +tan B +tan C—tan 4tan Btan 0 |
1—tan Btan C—tan Ctan 4 —tan 4 tan B’
cot 4 cot B cot €'~ cot 4 —cot B—cot ¢
cot B cot O+ cot Ccot 4 +cot A cot B—1"
44, A =84sq.ft. 45.0. 47 l+z+27+2%+.... 48, v =+¢..
49. (@ +5+¢) 22~2 (be + ca + ab) 2 + 3abc = 0, whence

be+ou+abk o/ {522 + %a® + @22 —abe (a+ b + o)}
= (a+d+¢) :

29, l+a+2:+a¥+2i+....

Sum of reciprocals =

43, tan (A +B+C) =

cot(d+B+C) =
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50, 15-012 and 32-425. 51, 104 ft. 52, — 7 7' (2+9)!
plgl(m=p)l(n—g)!
(N.B. The same letter 18 not supposed to occur twice in a word.)
53. 2z = b—a.

A 1
P = §H__1 =
54. Present Value Tt r)P{l T r)q}’ where r = 7/100.

56. 2:99956 and 3:00043. 58, -9071440. 59, Euc. vi., 5.

60. z = £3, y = 3orb. 61. 0.

63. 13 terms, last term —9 ; or, 6 terms, last term 12.

64. £48. 1s. 6}d.

85. z = (B¥—c?) (&2=8) (c—a) + (a +8) (c +a)—(b+¢) (0 +a) (“:@),

(b+c)(c+a)(a+d)—(b—c) (¢—a) (a—10)

with similar expressions for ¥ and z.

66. z=2,y=1%. 67. =16, y =8; or,z = —8, y = —186.

68. 5 =ac, z = —bfa.  69. Radius =c. 70, y:/:ff:;

71, C. Smith, § 34 Ex. ; Puckle’s Conics, § 78. '72. @, +2g, 71+ ¥y

73. Contre (—1, 3), radius ,/10; cuts axis of zat origin and z = —2,
axis of y at origin and y = 6. 74. A (x—a)+B (y—b) = 0.

75, Circle touches axes at distance 1 from origin. The line is a
tangent. 76, a(z—a) = b(y~05). 77. C. Smith, § 65. Le S., § 64.

78. 72z +3y—4)—9 (r+2y—1) =0; or, 5o +3y—19 = 0.

79, (A +Bm)?+4 (1+m?) C—4Bc—4c? = 0.

81, ¢ (#? +y*) = 2 (ax +by) (y—ma).

82. Intercepts on axes are —3, —2. 84, 2 = 0, and 2,/3+y = 0.

86, 87. C.8., §65, Le S., §64; the sccond ropresentsa * point circle.”

88, (22+y%) /(a2 +0%) = (w+y)/(a+b); lengths of chords we
= (a?+0%)/(a+b). 89, C.Smith, §19; Le 8., § 19. 90. C.S., § 65.

91, Compare C. 8., Chap. iv., Ex. 3; Le 8., Chap. iii., Ex. 18.

92, (22 +y?) = a?(y —ba)%

94, (x—h)ja = (y—F)/[. 93, tan-1 {(A%~ 1)/2%}.

97. Two straight lines bisecting tho angles between the axes.

98. 2y+2z=0; 3/,/6. 99. a =y'[2¢', b =y'[2.

100. 2?+y%—2az = 0.




PART VIIL
RECAPITULATION.

Addressed to those Students who have no private Tutor to
show them how to use time to the best advantage near the

Ezxamination.

AFTER you have gone carefully through Lessons I.—
XXX., worked all the Test Papers, and acquired a fair
knowledge of all the subjects given in the Regulations,
which should be not later than two months before the
Examination, you should work through the Course again,
paying special attention to the most important parts
mentioned in the Course, and the hints given in the
following, recapitulating several lessons each week, e.g.:

First Week. Revision of Lessons I.—V,

Second ,, ’ ’ VI—-IX.

Third " ” X1L—XYV,
Fourth ,, . » XVI—XIX,
Fifth ,, ” " XXI.—XXIIL
Sixth ,, » » XXIV.—XXV,
Seventh,, ” ” XXVL—XXVIIL
Eighth ,, » . IL—XXX,

‘Work one or two questions from each paper, and look
up all book-work given.

ALGEBRA.

1. There is generally a Quadratic Equation.

II. Very important.

III. Work the Ex. after Note on page 194,
H. Smith, or H.K. § 209.

IV. and V. Revise your solutions to Test Paper Quel-
tious on factors.
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VI. Rather stiff; fairly important. If you find it
difficult, do not spend too much time over it.

VIL Of little importance for this Examination.

VIII. Often required. Revise your solutions. Never
mind book-work.

IX. Not very important.

XI. and XII. Not often given. Ex. 2, Test Paper.
X1. is the commonest type, and the process is required
in establishment of tangent formula in Trigonometry.

XIII. Still down in Syllabus, but no question since
'73.

XIV.—XVIIIL. Of very greatest importance. You
must get upallinthesmall Algebrathoroughly, including
book-work. Some of the series require more than is
given in the ordinary elementary text-books. C. Smith’s
Algebra contains some useful worked examples.

XIX. and XXI. Get up all given in the small 4lgebra
thoroughly, including book-work. Revise your solutions
of Test Paper XXI., 1 to 5.

XXII Very important.

XXIIL Of very greatest importance, One given nearly
every year.

XXI1V. Revise Solutions, Test Papers XXII.—XXIV.

XXV.—XXVI1I. Very important. Get up book-work
set in Test Papers and Miscellaneous Questions.

Work a few examples in the Matriculation subjects
not revised, especially Simple and Simultaneous Equa-
tions and Fractions.

TRIGONOMLTRY.

I and IL. The part relating to Circular Measure is
alone fairly important.

ITI. You will know thoroughly by its constant appli-
cation.

IV. Remember all—sin,—tan,~—cos are the positive
‘Trigonometrical Ratios in the 1st,—2nd,—3rd, and 4th
quadrants respectively.  This important part is not
given as often at London as might be expected. Only
two questions on it have been set for twenty-five years,
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V. and VI. Of fundamental importance.

VII. Comes constantly into practice.

VIII. Work through illustrative Examples of H.
Smith, §§ 107, 108; Lock, § 119.

IX. Constantly required, but very few questions are set
at London on I.—IX.

XI. Most important lesson of all. Get up book-work.

XII. and XIII. Cannot be learnt at the eleventh hour.
Fairly important.

X1V. Have up thoroughly.

XV. and XVI. Learn the formule at least.

XVII. Master H.S., §§133, 134, 137; L., 176, 187.

XVIIL If you have not previously got up well, better
leave them alone.

XIX. Same as Algebra, XIX,

XXI. See Twenty-first Week’s Work.

XXII. Of fundamental importance, especially H.S.,
178, 179, and 210—212; L., 238—240, 261, 262. Work
through this lesson. Express sine rule in logs.

XXIII. Al the Twenty-third Week’s Work is very
important. Be able to answer 6, 7, and 8 of Test Paper
XXIII. Express the rules in logs., and work examples.

XXIV. Revise your solutions to Test Paper XXIV,,
and be on the look-out for the common 3, 4, 5, and 5,
12, 13, relations of the sides of a right-angled triangle.

XXV. Have the formuls at your finger-ends.

XXVI. Work through H. Smith, Chap. XIX.; Lock,
Chap. XVIIIL, and solutions 6 and 7 (not 8) to Test
Paper XXVI.

XXVII. Make certain of §§219—223 in H. Smith,
§§ 273—276 in Lock. There have been eight questions
on this in the last twelve papers.

XXVIII. Know H.S,, §§224—226, and L., §§ 283—287,
and omit rest without you are strong in Trigonometry.

GEOMETRY.

The student need not revise Books I.—IV.—questions
are never set on them; but, of course, the proofs of
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Books VI. and XI. require an acquaintance with the
enunciations.

Euc. VI.—Pay special attention to Props. 2, 4, 10, 12,
16, 19 (very important), 22 and 25. If you are pressed
for time, omit 7, 20, 21, 26—28, and 29.

Euc. XI.—See Schemes of Work, and lay stress on
those marked important. In this book nearly every
rider and proposition should be deduced from first prin-
ciples.  Often in examinations, when a proposition is
written in language a little varied, very many students
treat it as a rider, assurme the proposition, and simply go
a little roundabout to prove that it is identical with the
proposition, a process which gains no marka.

MENSURATION.

Lesson XVIIIL is not very important. Work ques-
tions in Test Paper XVIII. which have nmof a direct
bearing on book-work.

XIX. Theorems 29 and 34 are alone important.

XXI. Easy and important. Remember formula for
volume.

XXII. Theorem 33 and its first Cor. have provided
eight questions in seventeen years.

XXIIL. Prop. 35, with introduction and Cors., is of
very greatest importance, Work through all your solu-
tions XXI. to XXIII.

XXIV. Fairly important. If, however, you did not
fully realise Prop. 38 before, you had better not spend
time over it now, as it is rather stiff.

XXV. All very important, especially the Cors. in I
The height refers to the zone, not to a distance from the
centre of the sphere.

XXVI. Of very great importance.

XXVII. and XXVIII. The student who has not
already mastered these should devote his time to some-
thing else. 'The formula of Prop. 42 Cor. might be got
up though. Work XXVIIIL, 5.

There is one question on the sphere almost every
year.
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ARITHMETIC.

II. and I11., VII. and VIIL are very important. Work
through your Arithmetic solutions to these Test Papers,
and a few examples in the Matriculation requirements
beyond Interest.

CONICS.

XIL.—XV. All of very greatest importance. The
book-work questions are generally given from these
and XXI. Be able to establish the equation of the
line in the fangent (), intercept, and perpendicular (p)
forms, and know the meanings of the constants. Be able
to answer all Test Papers XI. to XV., also to find the
“ distance between two points in terms of their co-ordinates,
and to investigate formula for the area of a triangle.

XVI. Remember formulee 2= =Y =" _p,
z—a a’—u

XVIL The important parts of this lesson are: To
find the co-ords. of intersection of two lines, solve their
equations simultaneously when the roots give the
co-ordinates.

The condition that threé lines meet at a point is that
the roots of equations of first two lines satisfy the third
equation.

XVIIL. The condition of perpendicularity m= - 7}7
is of fundamental importance. Also the distance of a
point from the lines y =ma +¢, and x cos «+y sin «=p,
is often required.

XIX. See instructions for Nineteenth Week’s Work.

XXI. Get up proof of equation of circle in ¢central’
form, viz.(z—d)*+ (y—e¢)? =a?, thoroughly. It is gene-
rally the best to use, and to the general student much
the safest. Every solution from XXI,—XXVIIL should
be revised in Conics, if you mean to make anything of
this subject.

XXII. Important.
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XXIII. Remember formul®. To find the equation of
the tangent is a very common question.

XXIV. The condition that the line y=mz+c¢ will
touch the circle 22+y2=a? viza, c=ay/1+m? is im-
portant.

XXYV. The equation of the polar is easy and useful.
In using it, do not tell the examiner that it is of the
same form as the tangent, which is entirely irrelevant.

XXVI. If pressed for time, omit all this.

XXVII. The formula for the length of a tangent
should be known, and the method of finding equation
of the radical axis.

XXVIII. Recently introduced ; fairly important.

STRUCTURE OF THE PAPERS.

The Morning Paper consists of Arithmetic and
Algebra, of late ten questions in all, of which four are
Arithmetie, counting Logarithms, Interest, and Annuities
under this head. The order of the questions, of course,
is not fixed in any way ; butit will be convenient here to
assume a certain order to show what the paper is likely
to be made up of.

1. A fraction, generally decimal. Make sure of the
rule for converting repéaters into vulgar fractions.

2. A square root often involving surds in the denomi-
nator, which should first be rationalized.

3. On Logarithms. Have up the book-work tho-
roughly.

4. On annuities, interest, present worth, or discount.
A look through your Annuities should refresh all these.
At the Examination, if you cannot hit the right method
of using the logs, given, you had better leave the ques-
tion until last.

5. A question involving the Results of Multiplication
or Factors.

6. A Progression, sometimes two. An A4.P is
nearly always given. Have up the book-work of this
thoroughly.
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7. Equations, often simultaneous of the 2nd degree.

8. Generally a Permutation or Combination.

The remaining questions may consist of (a) a problem,
often quadratic; (b) a repetition of 4; or (c), a repeti-
tion of 7 ; or, of course, any of the subjects prescribed in
the Syllabus.

The Afternoon Paper contains questions on Geometry
(including Euc., Books vi. and xi.,, Mensuration, and
Conics) and Trigonometry. The Paper is generally con-
structed thus:

1. A Prop. of Book vi. Formerly more questions were
taken from this.

2. A Prop. of Book xi.

3, or 3 and 4. Mensuration and the sphere.

4—7. Trigonometry. Generally a question on the
A+ B formulw, and on the area of a triangle. Distances
now come in for a fair share; Solutions of Triangles and
Use of logs now seem likely.

8—10. Conics. Often include a piece of book-work
from Lessons XI.—XV., or the establishment of the equa-
tion of the circle.

A question on loci is not unfrequently given ; but the
student who finds this part of the subject difficult had
better bestow his time just before the Examination in
making himself strong in the other parts of the Paper
rather than in following up a hopeless task.



HINTS FOR CANDIDATES.

Ir is a favourite practice, espccially among those who
are backward, to devote the evenings during the Examina-
tion to an attempt at reviewing the whole of the subject
for the next day’s Examination, and the plan of working
on into the small hours of the morning at such times has
still many adherents. We have dissnaded several from
doing this; and, when our advice has not been heeded, the
result has almost invariably confirmed our views. Cram-
ming up the last thing before the Kxamination is almost
invariably a failure; it is too late to learn what you should
have known before. Those who have prepared for the
Examination in the few spare hours after their professional
work is done will probably find it well to revise points
which they have beforehand marked weak or of special
importance ; but those who put in four hours’ preparation
in trying to review the whole of their work, in addition to
the six hours a day spent in the examination room, are
generally too fatigued to do such good work as they would
otherwise have done had their minds been fresh. ~ Better
do no work at all between times than do too much.

With regard to Mathematics, let us suppose you have
refreshed your memory by glancing at a few important
formulee on the previous evening, and are now in the
examination room with your paper before you. It is not
unlikely that you may feel tempted to make a frantic
rush at answering the first'question. Don’t; you will only
get flurried, and possibly waste a good deal of timein the
long run. It will be wiser to spend several minutes in
looking through your paper. You will be almost sure to
see some very easy question which you can answer without
hesitation. Write the answer out; do not be in too
great a hurry, or you may forget some of the
essential points. Having answered one question,
you will begin to feel greater confidence, and perhaps



HINTS. 99

you will see another question which presents no diffi-
culty. Now answer this, and when you have done
any easy questions that there may be on the paper, you
will feel better able to grapple with the harder ones.
Perhaps, however, what you at first supposed was a
simple question may turn out to be more difficult than
you imagined. If you see your way clear to finishing it,
you will be well repaid ; if not, send up your attempts,
which may secure you a fair number of marks if you
have started the right way; do not try to ‘“beg the
question” by pretending to get the answer, or you will
score less marks than otherwise, and the Examiner will be
involuntarily prejudiced at the attempt to humbug him.

If your paper should be a very hard one, you may not
be able to solve many of the questions. In that case be
more careful than ever to do what you can thoroughly, so
as to secure the maximum number of marks onit. Be
on the look-out for questions resembling book work, but
requiring slight modifications in their solution. The
Examiners often set such to distinguish those who know
their work from others who have merely been cramming.
Last, but not least, bear it in mind that to obtain correct
results to a number of questions is not the only con-
sideration. The object of the Examiners is to see
whether you understand the work, and the result will
depend no less on how you have answered the papers
than on how much you have done.

Don’t be afraid that marks will be deducted for answer-
ing the questions out of the order set, but be very careful
to prefix the right number to the question.

On no account leave the room before the expiration of
the three hours allowed ; after you have onte finished, do
each problem independently of your former working if
there is time, employing a method somewhat varied, or an
alternative way where a ready one presents itself. Always
leave some time at the end for reading over what you
have written, especially book work ; this will repay you
much better than continued attempts at a question of
whose solution you are not sure.



INTERMEDIATE EXAMINATION PAPERS.

Thursday, July 22, 1886. — Morning, 10 fo 1.
ARITHMETIC AND ALGEBRA.

Eaaminer Prof. A. G. GreeNHILL, M.A.
LAMANETS 1 Prof. M. J. M. Hiz, M.A.

1. Calculate the value of ¢ to five places of decimals
from the formula
1 1 1 1
e=lt e tre st st

2. Find the square root of ‘/g—g to five places of
decimals. Vot

3. Explain the nature and general use of logarithms for
simplifying numerical calculations.

4. Find the present value of a sum of money, due 10
years hence, at 10 per cent. per annum, Simple Interest.
What would be the present value, reckoning bankers’
discount ?

5. Simplify
(a+b+c)'—4 (a+b+c) (b +ca+ad)
+2 (be+ca+ab)?’+4abe (a+b+c).

6. Determine the Greatest Common Measure and the
Least Common Multiple, expressed in linear factors, of

62 +a?—52—2 and 6a*+ 52— 3z—2.

7. Find the sum of an Arithmetical Progression, given
the first term a, the last term /, and the number of terms x.
Determine the number of spheres in a pile in which
there are 50 spheres in a single line on the top row,

and 50 rows.
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8. Find « from the equations:
() (@-b)(@—c)+@—c)(®z—a) + (x—a)(z—b) =0;
(ii.) 2'—472+1 = 0.

9. Solve the equations :—
() dz—3y =4, Ja+5y=3;
(i) 3 (y+2) = 3 (:42) =} (a+y), a+y+s=27.
10. A takes 1 hour longer than B to walk 10 miles;
but A calculates that, if he could double his pace, he

would take 40 minutes less time than B. Find their
rates of walking in miles an hour.

INT, MATH. H



Thursday, July 22, 1886.— Afternoon, 3 to 6.
GEOMETRY AND TRIGONOMETRY.

Evaminers Prof. A. G. GreenHILL, M.A.
Prof. M. J. M. Hir, M.A.

1. If from the vertical angle of a triangle a straight
line be drawn perpendicular to the base, prove that the
rectangle contained by the sides: of the triangle is equal
to the rectangle contained by the perpendicular and the
diameter of the circle described about the triangle.

Apply this theorem to express the radius of a circle
circumscribing a triangle in terms of a side and the
sine of the opposite angle.

2. Through a point O are drawn three straight lines
04, OB, OC, not all in one plane. Prove that any two
of the three angles BOC, COA, AOB are together greater
than the third.

3. A pyramid stands on a regular hexagon as base.
The perpendicular from the vertex of the pyramid on the
base passes through the eentre of the hexagon, and its
length is equal to that of a side of the base. Find the
tangent of the angle between the base and any other
face of the pyramid, and express the number of units of
volume in the pyramid in terms of the number of units of
length in a side of the base.

4, Prove that the volume of a sphere is equal to two-
thirds of that of the circumscribing cylinder.

5. Calculate the values of (i.) sec 30°, (ii.) log,, sec 30°,
(iii.) L sec 30°; having given log,, 2 = '30103 and log, 3
= '4771213.

6. Assumingthe formule for sin(4 — B) and cos(4— B),

Prove that tan 15° = 2—,/8.
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7. Prove, for a plane triangle, the formula
_b—c
tan 3 (B—0) = b To tan  (B+0).

4, B, and C are three objects in a horizontal plane.
If the distance from 4 to B be 100 (,/3—1) yards,
and the distance from 4 to ¢ be 100 yards, and the
angle BAC be 60°, find the distance from B to C.

8. Find the coordinates of the point of intersection of
the two straight lines whose equations are

22+6y+1 =0,
6z—3y—4 = 0.
Also find the equations of the straight lines, through their

point of intersection, which are respectively parallel and
perpendicular to the straight line, whose equation is

7x—4y+3 = 0.

9. Find the radius and the polar coordinates of the

centre of the circle whose equation is
72 —2rc cos (0—a) +c*—a® = 0.

10. The coordinates of the point A are a, 0; of the
point B, —a, 0. Find the equation of the locus of a point
P which moves so that the ratio % has always the same
value m.



Thurs., July 21,1887.—Morning, 10 to 1.
ARITHMETIC AND ALGEBRA.

, Prof. A. G. GreenmILL, M.A.,
Bwaminers { Prof. M. J. M. Hir, M.A.

1. Express as a repeating decimal,

'i‘g“"ilr_"rz:? —35.
HE—it

2. If the square root of '169 be extracted to five places
of decimals, prove that the excess of 169 over the square
of the part of the square root found is -0000050119.

3. What is the Present Value of £450. 13s. 4d. due two
years hence, reckoning simple interest at 2 per cent. per
annum ?

4. From 21 consonants and 5 vowels how many words
of 5 letters can be formed, each containing 3 consonants
and 2 vowels; all the letters in each word formed being
different P

5. Calculate to four places of decimals each of the roots
of the quadratic equation,

162*—242+7 = 0.
6. Solve the simultaneous equations,
3(z—y) =2; Y2y = 35.
7. Given log 2 = 3010300
log 3 = 4771213
log 7 = 8450980
calculate the value of log 555

8. Find to the nearest pound how much should be paid
now for an annuity of £500, the first instalment of which
is paid to the annuitant five years hence, and the last in-
stalment fifteen years hence, reckoning compound interest
at 5 per cent.

Given log 105 = 0211893
log 481017 = 6821605
log 8'22702 = +9152428.
9. On the supposition that the index law
am x aﬂ = am#ﬂ
holds good for all values of m and n, determine the mean-
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r
ing which should be attached to the quantity a?, where p
and g are any two positive integers.
Calculate the value of the expression,
(43 x 48 x 43) + (47).

10. There are three places, A.,B.,C. A.and B.arecon-
nected by rail. C.can be reached from B. either by a
coach road 15 miles long, or by a footpath 10 miles long.
Two travellers, who arrive at C. together at 5 o'clock in
the afternoon, find that the first left A. by train at noon,
and on reaching B. took the footpath to C.; that the second
left A., also by train, at 10 minutes to 1 o'clock, and on
reaching B. travelled by coach along the road to C. twice
as fast as the first traveller walked ; and that the railway
journey occupied the same time in each case. Find the
time of the railway journey from A. to B., and the rate of
the coach.

Thurs., July21,1887.—Afternoon, 2 to 5.
GEOMETRY AND TRIGONOMETRY.

) Prof. A. G. GreenmiL, M.A.
Emm““’”{me. M. J. M. Hiir, MA.

1. Prove that the areas of similar triangles are to one
another in the duplicate ratio of their linear dimensions.
2. Prove that two spheres intersect in a circle, and
prove that the length of all tangent lines to the two
spheres from any point in the plane of the circle is the
same.
3. Determine the volume in cubic feet of a cylindrical
gasholder, 140 feet in diameter and 120 feet high.
Determine also, in tons, the quantity of iron plate
required in the construction of the gasholder (in-
cluding the flat top), the iron plate weighing 10-21bs.
the square foot.
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4. Define the sine, cosine, tangent, cotangent, secant, co-
secant, and versed sine of an angle, illustrating their names
by reference to a figure.

Construct a table, giving the value of any one in
terms of any one of the others.

5. Write down the values of the above trigonometrical
ratios for angles of 0°, 30°, 45°, 60°, 90°, 180°.

6. Prove the trigonometrical formules :—

(i) cos O—cos D = —2sin} (C+ D) sin L (C—D);

7. Determine the area and the trigonometrical ratios of
the angles of a triangle whose sides are 15, 36, and 39
feet.

8. Prove that, in any triangle,

acosec A = b cosec B = ¢ cosec O
= the diameter of the circumseribing circle.
Having measured a base AB, and the angles ABO,
BAC, where O is a distant object and these angles
very nearly right angles, prove that the distance of
O from A or B is approximately
AB cosec (180°—ABCO—BAO).

9. Prove that in plane co-ordinate geometry an equation

of the first degree between z and y,

Az+By+C = 0,
represents a straight line; and give the geometrical in«
terpretation of the constants @, b, @, and p in the equa-
tions of a straight line in the form

G) %4-_% =1; (ii.) wcosat+ysina=2p.

Draw the straight lines 22+ 3y=>5 and 32+ 5y =8,
and find their point of intersection.
10. Explain the system of polar co-ordinates, and draw
the loci whose equations are
(i) r=acos(f—a); (ii) r=asec(f—a);
where a and a are constants, and r, 6 polar co-ordinates,
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Thurs., July 19, 1888.—Morning, 10 fo 1.
ARITHMETIC axp ALGEBRA.

. JosePH LarMOR, Esq., D.Se., MA.,
Ezaminers ?‘ Prof. M. J. M. Hiwr MA,

1. Find the remainder left after dividing ‘054372 by
26814 until there are six decimal places in the quotient.

2. Extract to five places of decimals the square root of
the sum of -742270 and -741729.

3. Determine the Common Factors of the expressions—
122°—82°— 32+ 2 and 162+ 122> —4x—3.
Hence find three values of @ which, when substituted in
the expression—
[ (122°—82*— 82 +2) + (162" + 122" —42—3) ],
will give zero for result.

4. Solve the equations—

(i.) 492’—1542+121 = 0.
(ii.) @+2+1=0.
(iii.) 8v/2+2+v5—x = 8.

5. There are four numbers in Arithmetical Progession
such that the product of the second and third exceeds the
product of the first and fourth by 8; whilst the fourth
divided by the third is less than the second divided by the
first by »%. Find the numbers.

6. There are five persons A, B, C, D, E ; and five chairs
numbered 1, 2, 3,4, 5. Find in how many ways each
person can have a chair assigned him. with the restriction
that A shall never be seated on a chair having a greater
number than either of the chairs on which I and F sit.

7. A man walks a certain distance in a certain time.
He calculates that if he had walked a mile per hour slower
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than he did, he would have taken 6 hours more than three-
fourths of the time he actually took : but if he had walked
a mile faster per hour he would have taken 2 hours longer
than half the time he actually took. Find the distancc
walked, and the rate of walking.
8. (i.) Prove that—
log, =z = log,« . log, b.
(ii.) Given log,,2 = ‘30103, calculate log, 10 to four
places of decimals.
(iii.) Given log 3'8862 = 5895251,
log 3'8863 = "5895363,
calculate approximately log -03886245.
9. (1.) Determine the value of the logarithm of 2401
when the base is the cube root of 7.

(ii.) Calculate the value of § + 211?, having given
log 2 = '30103, log 100113 = 0004905, log 3 ="4771213.
10. Find how much should be paid for the reversion
after ten yearsof a freehold estate, worth annually £4500,
reckoning interest at 2} per cent.
log 2 =-3010300, log 1025 = -0107239,
log 3 = 4771213, log 1'406156 = *1480336.
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Thurs., July 19, 1888. —Afternoon, 2 to 5.
GEOMETRY axo TRIGONOMETRY.

Prof. M. J. M. Hirt, M.A.

Eraminers { Joserm LiARMOR, Esq., D.Sc., M.A.

1. Prove that a straight line drawn parallel to one side
of a triangle divides the other two sides into segments
that are proportional to one another.

Show how to draw a line across two of the sides,
not parallel to the third side, which will cut off a tri-
angle similar to the original one. When will it be
impossible to do this ?

2. Prove that, if similar figures are similarly described
on the sides of a right-angled triangle, that on the hypo-
tenuse is equal in area to the other two together.

Divide a right-angled triangle into two parts which
shall each be similar to the original triangle.

3. Investigate the relations between the trigonometrical
ratios of two angles which differ by a right angle.

4. Obtain a formula for tan $4 in terms of tan 4.

Find to three places of decimals the length of a
side of a regular polygon of 12 sides which is circum-
scribed to a circle of unit radius.

5. Prove the formula for computing the angle 4 of &
triangle whose sides a, b, ¢ have been measured—
14— (S—I)!(S—C?
tan 3 \/ s(s—a)
where s = § (a+b+c) ; and expressitin a form ready for
the application of logarithmic tables.

In a triangle the angles at the base are twice and
three times the magnitude of the angle at the vertex;
calculate the ratios of the sides.

6. The angle a which two objects A and B subtend toan
observer at (' are measured, and also the angle 3 they



110 INTERMEDIATE EXAMINATION, 1888,

subtend when he has moved to D, through a measured
distance ¢ directly towards the object B; give formulee
by which the distances of A4 from C and D may be deter-
mined from these observations.

7. Prove that the curve of section of a sphere by a
plane is a circle.

Through a fized point any three planes are drawn
at right angles to one another so that each intersects
a fixed sphere of radius a; prove that the sum of the
areas of the three circles of intersection is constant,
being equal to 7 (3a’ —¢?), where ¢ is the distance of

the fixed point from the centre of the sphere.

8. A right cylinder is circumscribed to & sphere; prove
that the area of the zone of the sphere between two planes
drawn perpendicular to the axis of the cylinder is equal to
the area of the zone of the cylinder between the same two
planes.

Obtain in square miles the areas of the torrid,
temperate, and frigid zones of the Earth, which are
separated by the circles of latitude 233° and 663°,
taking the Earth’s radius to be 4,000 miles, »=31416,
and cos 231° =-9170.

9. Find the equation of the straight line joining the
points whose rectangular co-ordinates are (1, 2) (—3, 3);
and determine ity distance from the point (2, 4).

Find in square feet the area of the triangle whose
vertices are (1, 1) (—2, 3) (4, —6), the co-ordinates
being measured in feet.

10. Write down in rectangular co-ordinates the most
general equation that can represent a circle, and find its
radius and the co-ordinates of its centre.

Investigate the locus of a point such that the square
of the tangent drawn from it to a fixed circle,
@*+14* = a’, is equal to the rectangle contained by its
distance from the fixed line pz+gy+r =0, and a
line of constant length c.
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Thursday, July 18th, 1889 — Morning, 10 to 1.
ARITHMETIC AND ALGEBRA.

Braminers { Prof. M. J. M. Hirr, M.A.
J. LiarMoR, Esq., D.Sc., M.A.

The following logarithms are given :—

log 2 = 03010300 log 32434 = 4-511000
log 13 = 11139434 log 32440 = 4°511081.

104+ /5
4—5)?

Simplify 10%. 2%, 4% = 5%,

2. Find the Greatest Common Measure of 556206 and

61180.

Prove that, if » is a positive integer,

(y__z)2n#l + (z_m)2n+l+ (w__y)ﬁul
is divisible by (y—2) (z—=) (z—y).

1. Calculate to four places of decimals.

3. A person saves £40 a year out of his income, and in-
vests it at the end of each year, allowing the whole to
accumulate at 4 per cent. per annum compound interest.
Find the amount, to the nearest shilling, of his savings at
the end of 30 years.

4. A. sets his watch by a chronometer. Twenty-four
hours afterwards B. sets his watch by the time indicated
by A.’s, and twenty-four hours later he finds, on com-
parison with a chronometer, that his watch is half a minute
too fast. He sets it right, and twelve hours later meets
A., and finds that his watch is three and a quarter minutes
in advance of A.’s. Find the rates at which the watches
gain or lose per day.

5. (i.) Find the value of

e—1 ( 1 , 2—2

;:Z. -w—'+z-—_—”‘)2 when m=3.
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(ii.) Simplify
(@ +1) (@*+ V22+1) (2*—1) (' — /22 +1).
Reduce 2°—1 to its simplest real factors.

6. Prove that, if Z2 = %, then each of these ratios is

Vv (2*+a’p?)
equal to V(o)
7. Solve the equation
1 1 1
z—1 +z——2 + x—3 0.

Form the equation whose roots are
3 (4+2.5) and }(4—2v5).

8. Calculate to six places of decimals
log 65, log "0065, log #, and log 324-365.

9. Prove that the number of ways in which » different
objects can be arranged in arowis 1.2.3.,..n.
Prove, also, that if r of the objects are alike, and
the remainder unlike, the number of ways is
(r+1)(+2)....n.
10. Prove that, if n geometric means are inserted between
a and b, their sum is equal to
b—az
z—
Prove also that, when » is odd, the sum of the
alternate means, beginning with the first, exceeds
b+uz
z+1°

b
where 2"*! = —.
a

the sum of the others by
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Thursday, July 18th, 1889 — Afternoon, 2 to 5,
GEOMETRY AND TRIGONOMETRY.

. Prof. M. J. M. HiLr, M.A.
E"’amme”{J . Larmor, Esq., D.Sc., M.A.

(AUl the usual abbreviations may be used in answering this
Paper.)

1. If two triangles ABC, DEF have the angle ABC equal
to the angle DEF, and the sides about these angles pro-
portional, viz., AB : BO :: DE : EF, prove that the tri-
angles are equiangular, and have those angias equal which
are opposite to corresponding sides.

2. Find the area of a regular polygon of » sides, in.
scribed in a circle whose radius is 7.
Show how to deduce the area of the circle from the
result.

3. Show how to draw a straight line perpendicular to a
given plane from a given point not in the plane.

4. From a point O are drawn three straight lines 04,
OB, 00, in any directions, which are not all in one plane.
Prove that any two of the three plane angles BOC, COA,
AOB are together greater than the remaining one.

Hence prove that two sides of a spherical triangle
are together greater than the third side.

5. Show how to find the position of the centre of a
sphere whose surface passes through four given points in
space, all of which are not in one plane.

6. A right circular cone, whose semi-vertical angle is
80° and beight is %, has a sphere inscribed in it. Prove
that the volume of the part of the cone which is outside
of the sphere is 5#4%/81.
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7. Determine in degrees, minutes, and seconds the
angle whose sine is *6.
log 6 = *7781513
L sin 86° 52" = 9-7781186
L sin 36° 53" = 9-7782870.

8. A and B are two stations 531 yards apart. P and @
are two objects in the same horizontal plane as 4 and B.
The following angles are found by observation :—
ABQ =127° 35", BAQ = 36°43, QAP =73°21,
ABP = 43° 26".
Prove that AQ=155506yds., AP=818175 yds.,
PQ = 1535744 yds.

L sin 52° 25 = 98989812 log 531 = 2:7250945
L sin 15° 42 = 94323285 log 155506 = 81917472
L sin 43° 26 = 9-8372791 log 818175 = 29128462
L sin 26° 30 = 96495274 log 736'885 = 2:8673998
L cot 36° 40" 30” = 10-1280195 log 2873235 = 33753407
L tan 22° 38’ = 96200786 log 1535744 = 31863189
L sin 73° 21’ = 99813986

Lsin 30°41° 30" = 9-7079259.

9. Find the equation of the straight line which passes
through the point (2, —3) and is perpendicular to the
straight line joining the points (5, 7) and (—86, 3).

10. Find the coordinates of the points in which the
straight line y = ma cuts the circle

Z?+y'—4dae—6y+12=0.
‘What must the value of m be in order that these
two points may coincide P
Find the equations of the tangents to the above
circle which pass through the origin of coordinates.



INTERMEDIATE EXAMINATIONS 1IN ARTS
AND IN SCIENCE, 1890.

Pass EXAMINATIONS.
Thursday, July 24, — Morning, 10 to 1.
ARITHMETIC axp ALGEBRA.

Boaminers Prof. Horace Lams, M.A., F.R.S.
‘ JosepH LisrmoRr, Esq., D.Sc., M.A.

1. Find how many feet of copper wire, ‘0164 of an inch
in diameter, go to the lb, having given that copper is
895 times as heavy as water, and that a cubic foot of water
weighs 62-3 1bs. [ Use by preference contracted methods. ]

2. Simplify—
. 1 3 1 1 1 1 1
© -G m)t Ty ey
qy (Eryi—2—y
R ) e
3. Find the Square Roots of
8210:1721 and 2 (z+y)*+2 (z*+4*).

4. Find an expression of the second degree in # which
shall have the values 9, 24, 21, when 2= —2, 1, 4,
respeciively. Find also the greatest value of this ex-
pression,

5. A man, aged 30, takes oubt an insurance policy for
£1000, payable at death or on his attaining the age of 55,
the annual premium being £42. 12s. 64, payable at the
beginning of each year. If he reaches the above age, what
is the gain of the insurance company at the time the
transaction is ended, compound interest being reckoned
at 4 per cent. ?

log 25 = 1:39794.
log 26 = 1'41497.
log 2:6653 = +42575.
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6. Find the condition that the roots of the quadratie,
AP +2Be+0C =0,
should be equal.
If the roots of (b—c)z’+(¢c—a)z+(a—b) =0
are equal, then a, b, ¢ are in arithmetic progression.

7. The electric resistance of a wire of given material
varies directly as the length and inversely as the square
of the diameter. What must be the length and diameter
of a wire which is to have double the resistance but only
two-thitds the weight of a wire of the same material
100 feet long, and *018 inch diameter ?

8. Simplify—
1,1
" (7§+%)(~/5—~/3).
(V53— (V5 — V3
(i) (Va+vy) Vet Yy) (Ye—y).

9. If three positive quantities are in arithmetic pro-
gression, the ratio of the first to the second is less than
that of the second to the third.

The differences of the logarithms of successive
integers continually diminish : why is this?

10. The number of ways in which m +n things can be
divided into two groups containing respectively m and n

things is lm+n
min

Having five sovereigns and five shillings in my
pocket, I am asked for a subscription: between how
many different amounts have I choice ?
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AND IN SCIENCE, 1890.

Pass EXAMINATIONS.
Thursday, July 24.—Afternoon, 2 to 5.

GEOMETRY AND TRIGONOMETRY.

Prof. Horack Lams, M.A., F.R.S.

Ezaminers { JoserH LarMOR, Esq., D.Se., M.A.

The following logarithms are given :—

L tan 24° 5" = 9-6502809 L sin 22° 15" = 9-5782
L tan 24° 6’ = 96506199 L sin 10° 12" = 9-2482
log 2 = 3010300 L sin 12° 38’ = 9:3197

log 32122 = 4-5068

1. The triangles ABC, DEF are similar, and on DE,
the side homologous to 4B, a point K is taken, such that
DE : AB = AB: DK; prove that the triangles ABC,
DKF are equal in area.

2. Three planes BOC, COA, AOB meet in a point O,
and lines 04’, OB’, OC’ are drawn perpendicular to them
respectively ; prove that the lines 04, OB, OC are perpen-
dicular respectively to the planes B'OC", 0’O4’, A’OB’; and
draw up a list (without proof) of pairs of angles that are
equal.

3. Prove that the sum of two sides of a spherical triangle
is greater than the third side.

. Find the ratio of the volume of a hemisphere to that
of a cone with the same base and the same vertex.

Show that the area of the total surface of the cone is
approximately ‘805 times the area of the total surface of
the hemisphere, the base being included in each case.

5. Find to two places of decimals the ratio of the area
of an equilateral triangle to that of the circle circumscribed
to it.

6. Obtain an equation to determine tan 4a in terms of
tan o, and apply it to find the value of tan 15° to four
places of decimals.

What is the angle of which the other root of this
equation is the tangent P

INT, MATH. 1
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7. The sides of a triangle are 7, 8, 9; calculate to the
_ nearest second the value of its smallest angle.

If four-figure logarithms instead of seven-figure loga-
rithms were employed in the calculation, within how
many seconds would the result be reliable ?

8. At a point on a horizontal plain, the elevation above
the horizontal of the summit of & mountain is observed to
be 22° 15", and at another point on the plain, a mile further
away in a direct line, its elevation is observed to be
10°12’; calculate the height of the mountain in feet.

9. Plot out on a diagram the points whose co-ordinates
referred to rectangular axes are (3, 4), (2,—3), and (—2,
—2}); and find whether the origin lies inside the triangle
formed by them.

Find the co-ordinates of the centre of the circle which
passes through these points.

10. Construct the line givenby the equation z— +/3y =4;
and find (i.) the area of the triangle it cuts off from the
axes, (il.) the length of the perpendicular drawn to it from
the point (1, 2), and (iii.) the distance of this perpendicular
line from the origin.



SOLUTIONS TO THE PAPER IN ARITHMETIC
AND ALGEBRA,

INTERMEDIATE EXAMINATIONS IN ARTS AND IN SCIENCE, 1890.

0. W. C. Barrow, M.A., Sixth Wrangler, First Div. of First Class
in Part I1., Math Tn%‘ 8, Mathematical Honourman at Lond.

T. W. EpMoxnsoN, B.A. Lond., First in Honours at Matriculation,
University Exhibitioner.

1. The radius of the wire
= 015 41, — 000685 . = £33 4.

Hence the volume of 1 foot of wire in cubic feet
- (6‘833 )’
104 /°
Now, since the data are only given to three significant figures, we
may take x = _2-} for this value differs from the true one only in the
fourth figure. Hence, performing the calculations to four figures it
order to obtain the result correct to three, we find
22 46 69
7 X o8 ¥ ub, ft,
146 7 1-467
= 1 0. 108 cub. ft.
Now the weight of a cubic foot of copper is 895 times that of a

oubic foot of water, and is therefore
8:95 x 62°3 Ibs. = 5576 1bs,

Volume of 1 foot of wire == ==

Haenoe weight of a foot length of wire
_ 1467 . 8179 _ 8:179
Tob % 5676 1bs. = Tov = o0 ——1Ibs3

therefore number of feet in 11b. of wire
-m- 1222, tmmﬁmtdy
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The accuracy of the last figure cannot be relied on, as the given data
are supposed only approximate. To the degree of approximation they
represent, we may take the length of wire as 1220 feet.

The numerical calculations stand as follows :—

40164 62-3
6 |-0041 8:95
-0006833 e
6-833 31
6-833 5576

4100 1'467

6466 5576
2‘2’2 223-0
20 334
46-69 39
9%'_8— , 8179

934 8179) 10000 ( 1222

7 [10272 f—;;il’
146:7 1636
186

164

21

16

ey 1 8 1 1 1 1 1
L = il Py e +r{(——z_m+(_‘z+x)-}
_____i(z+1—z+l) 1((z+1)34(z~1)2
22 4 \(z—1)(x+1) 4 (a:—l)’(::-q-l)’}
1.8 1 4l
22 2 (z—1)(e+1) 2(z—1)*(z+1)*
2 (23—-1)3—323 (23—1) + 22 (234 1)
= %t (e = 1) (z +1)?
2t~ 4234 2=824 + 823 + 24 4 28
228 (@~ 1) (z + 1)
2
ST e—1) @1y

1 1
TPy P (P—1p
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(i) (Z+y)P—aS—yS _ Gty + 102" + 10235 + Sayt
7 (@ +y)B—at—yd 3%y + 3zy?
o bzy (25 +22% + 22y + 4)
3zy (w+y)
- 6 {(x3+y") + 22y (z+y)}
3(x+y)
5 (z+y) {a*—zy +y2+ 22y}
e 3(z+y)

= g-(w’+xy+y").

8. (i) 3?16-1'72'1 ( 90-61
1806 | 11017
10836
18121 18121
| 18121

Therefore the square root of 8210°1721 is 90°61.
(L) 2 (2+y)+2 (@4 +9%) = 2 {* + 428 + 622 + day? + yh 4 2% + 14},
= 4 {z4+ 20% + 8274 22y + ¢}
Now find the square root of o*+ 223y + 3223 + 208 + ¢4,
Z“+2xﬂy+3m?y’+2zy3+y‘ (22+2y +y?

208 + zy [ 228y + 8233
223y + %3
203 + 22y + Y 2233 + 22y + yA

2233 + 2zyB + Y4
therefore the square root of 2 (0 +y)4+2 (z*+y%) i
2 (22 + oy + y3).

Othorwise thus :—Arxrange in powers of 2?+y?and 2zy. Thus we
have 24+ 2a%y + 8232+ 22y% + y¢ = (@7 +y2)% + 2zy (27 +§%) + 2%
and the square root of this is evidently 23+ y®+2y as before.

4. Let the expression of the second degree in & be ax?+ bz +0
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Substitute the given values of z; then we have
46—20+¢ = 9 cirivrunnrnnirnnnnnnnennnenennd(l),
G+b+c=24

S ().

16a+4b+¢ =21
Subtracting (1) from (2), we get 35— 3a = 15,
G b—a=105 .ivieereene sesresresesasarsasaies (4)
Subtracting (2) from (3), therefore
36+ 16a = — 3,
and therefore btbam—=1 .ivriiiiiiniininniiann, (6).
Subtracting (4) from (5), we have 6a = — 6;
e a=-—1;

and hence, since b—-a =05, b=4.
Substituting these values in (2), we get
~1+4+4c=24;
v 0= 213
therefore the required expression is
—22+ 42421,
Alternative method.—The expression
P (z—b)(x—c) B (z—c)(z—a) ¢ (z—a)(z—b)
(a=d)@a—0) " (b=0c)(b=a) " (c—a)(c=0)
is evidently a quadratic function of # which, is equal to 4, B, 0, re-
spectively, when z is equal to a, 4, ¢. Applying this to the presemnt
question, we see that the required expression is .
9 (@=1)(z—4) o4 (z+2)(x—4) (x+2\(x-l)'
(—2=1)(—2—4) ~(1+2)(1—4) ~([@+2)d=1)
which gives

1 @=1e-)= L @rnE-9+ ;—(¢+2)(w—1),

or —23 + 4z + 21, as before.
This expression =—(23-42+4)+25
-—(z—2)3 +25.

Now (z—2)® cannot be negative, therefore the expression has its
greatest value when 2—2 = 0, and its value is then 26.

5. At the end of 25 years the first anmual premium paid o the
Company will have amounted to £42. 12s. 64, x (1-04)®

= £42-625 x (1-04);
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the second premium will have amounted to £42:625 x (1+04)%, and so
on; and the last or 256th dpreminm, paid at the beginning of the 25th
year, will have amounted to £42-625x(1:04) at the end of that year.

Hence the total amount of the pTemiums paid, together with the
compound interest on them, will be

£42+625 {(1:04)% + (104)% + ... + (1:04)2 4+ (1:04) }

= £42:265 x 104 {l(1°o4)=ﬁ—1

041
= £42:625 x 26 x {(104)®—1}.
‘We have now to find (1-04)% with the aid of the logarithms given.
log (1:04)% = 25log (1:04) = 26log (g)
= 25 {log 26—1og 25} = 25 {1-41497—~1-39794}
= 25%°01703 = *42576 = log 2:6653;
. (1-04) = 2-6663 ;
.*. total amount received by the Company
= £42:626 x 26 x (2:6663—1)
= £1108-25x 166563
= £1845°569, nearly ;

.*. the gain of the Company, after paying the £1000, is £845'569
= £846. 11s. 43d.

6. Proceed to solve the equation 42+ 2Bz +C =0,

2B, __C
. 22+ 42—
Completing tke aquare, we have A
2B B \? 4 B\3_ B*-AC,
o+ Gav (F) =-S5+ (Z)=555
. B ~Bi-A40,
A Rl Ty H
.. g —BEVBI-AC
KN -

14 these roots be equal, we must have /B3~ 4C equal to zero, and
therofore B3— .4 ( = 0 is the condition of equality of the two roots of
the given quadratic.
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Usinz the above result, we find that, when the roots of
(6—0) @? + (c—a) z + (e —5) = 0 are equal,

(‘_j_‘) —(b=c)(a=b) = 0;

o (c—a)i—4(b—c)(a—0) = O
This may also be written,
{@=b)+(5=c)}?—4(a—b)(b—c) = 0;
therefore {@=8)=(3~0)}* = 0.
Hence a-b=b—c;
therefore a, 4, ¢ are in Arithmetical Progression.
7. Let R be the electrio resistance of a wire, / its length, and 4 its
diameter. Then Rec % orR=k %, where 4 is some constant.

When ¢ = 100 feet, and d = 018 inch or *0015 feet,
100 -k 1008

=k o=t 1
Let 7 be the length of the new wire, and &’ its diameter ; then
2R = kd—""'

T _ g 100
a2 T 1%

Now, since the weights of the wires are to bein the ratio 2 ; 3, and
their materials are the same, their volume must also be in the ntlo

2:38;
2%
l’r(i)

. 2 2

w () ¥

. 2 ma 2 15 \2_ 2 _18
O LR LR 1oo.(muo) 5 T @

and therefore

Multiplying (1) and (2),. we get U2 = -4-. (100)3;

R -;,—3 100 foet = 2°° /3 feet = 11547 feet.
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Substituting this value of 7 in (1), we get
e _ 2 152 16 |
o V3 73100 2.1005  +/3.100¢’

15
A —— f
‘ /3% 10000

5/27 5x 2279 11-395
- {
1oooof eet = 9000 foet = Toooo ot

= 013674 inch.

1
o (:75+——)(~/5 v3)
(V5 + V3)i— (75 — V3)

vh+ /3
MOE VOV (WB— a3
( V15 )(«/ )
8 +24/15— (8 - 24/15)

(V8)?— (/3
V15

= 4;16

=L .03

=0 30
(ii.) (Vz+ Vy) (2 + YY) (/2-Y)
= (V2 + Vy)(VZ~ YY)
=z—y.

9. Let the three positive quantities in A. P. be a, &, 0.

Then i;- will be less than %,
if ac< b2,
that is, if ac< (a_;;g)”
if dac<a®+2ac+ 6%,
it a?—2a0+063>0,
it (a—c)2>0.

But (a~c¢)3, being a square number, is positive and therefore greater
than 0, .*. the ratio -g- is less than the ratio -%-
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Suppose n~1, 1, n+1 are three successive integers, and a is the
base to which their logarithms are calculated.

Let =loga (n—1), y=1logan, and £ =1log, (n+1),
then y—2a = log, n—logs(n—1) = log, '-‘-:’—_—1,
and z—y=log.(n+l)—logan=loga”:1.
Butn+1, n, and n—1 are in A. P.,
. ntl o n
on a1
o log.,-'f-z'—l < loga r_a%i;

. =Y < Y—2.
In the same way we can show that the difference between
loga (n+2) and log.(n+1)
is less than the difference between
loga(n +1) and log, x.
Hence the differences of the logarithms of successive integers
continually diminish.

10. Every time we take a group of m things, we leave a group of
n things behind.

Therefore the problem before us is obviously the same as that of
finding the number of combinations of m+# things taken m at a
time.

Hence the required number of ways

Im+n
‘m | (m+n)=m
! m+n
e

I may give 6 sovereigns together with any number of shillings from
0 to 5. Hence there are 6 amounts that I can give containing §
sovereigns. In the same way, there are six amounts each containing
4,3, 2, or 1 sovereign; and if I give mo soverecigns there ‘are 5
amounts to choose from, viz., 1, 2, 3, 4, or 5 shillings.

Hence the total number of amounts to choose from

= (5%6) 45 = 35,

the alternative of giving nothing not being included.
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AND TRIGONOMETRY,

INTERMEDIATE EXAMINATIONS IN ARTS AND IN SCIENCE, 1890.

G. H. Bryan, M.A., Smith’s Prizeman, Fellow of St. Peter’s
College, Cambridge.

1. Bince the triangles ABC, DEF are similar, therefore
DF : DE = AQ : AB,
or DF:AC=DFE : AB

= AB : DK, by construction.
That is, the triangles BAC, KDF have their sides about
the angles 4 and D reciprocally proportional.
But the angles BAC, KDF are equal.
Therefore the triangles are equal in area.
[This is part of the usual proof of Euclid V1., 19.]

2. Since OB’ is perpendicular to the plane C0A4,
.. B'OA is a right angle.
Since OC' is perpendicular to the plane BOA,
. 0'0A is a right angle.
Hence OA is perpendicnlar to the lines OB and OC',
and therefore 04 is perpendicular to the plane B'OC".
Similarly, OB is perpendicular to the plane 0"04’, and
0C is perpendieular to the plane 4'0FB".
Theacuteangle acute dihedral
between the di-E 0B, 00 = 5 angle betweengA'OB' ,A'00

rections of planes
» 00, 64 = » B0O0,B0A
» 04, OB - » co4’, COB
» OB, 00 = » A6B, A00
» 00, 04’'= » BOC, BOA
» 04, 0B'= » 004, 008,
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[If 4, B, 0, A', B, O’ are the intersections of the lines
04, OB, 00, O4', OB, OC with a sphere whose centre is
O, the spherical triangles 4 BC, 4'B’C" are polar triangles,
whence these results follow.]

3. If through the centre of the sphere we draw planes
meeting the surface in the three sides of the triangle, we
have to prove that the sum of any two plane angles (or
faces) of the trihedral angle thus formed is greater than
the third angle. Euclid XL, 20, or “ Wilson’s Solid
Geometry,” page 20. -

4. Let @ be the radins of the hemisphere. Then the
volume of the hemisphere = 47a®. The area of the base
= na’. Hence, since the height of the cone is @, the
volume of the cone

= }a X ma® = §ma’.

Hence the volume of the hemisphere is double that of
the cone.

The curved surface of the hemisphere = 2ma? there-
fore the total surface including the base = 3wa®. The
length of a side of the cone is a+/2. The area of the slant
surface = 4 circumference of base x length of a side

=1 .2rmaxav2 =4+2nd

Therefore the whole surface is (1 + ,/2) wa?, and is to that
of the hemisphere in the ratio 1+ /2 : 3. -
Now 2= 1'414. Therefore the required ratio

= § (2'414) = ‘805 nearly.
5. Let ABC be the triangle, O the centre of the cir-
cumscribing circle, and let B be its radius. Then
area of triangle BOO = }R!sin BOO
= }R'sin120°=iR'x1+v/3 =18 R';
thorefore area of whole triangle AB0 = §,/3 L%
Also, area of circle = 7 R?;
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33 _ 3.3 « 22

4ar 4 7°
sufficiently approximately for our calculation, since

therefore the required ratio =

=5 to two places of decimals. By the usual method,
we find +/3 = 173 approximately,
and 3x7x173+(4x22)= 41,

which is therefore the required ratio.
6. In the formula

2tan 4
tan 24 =~~~
an 1—tan'4’
write 4 = 1a; therefore we have
2 tan la
ta _ctanga
mE 1 e i’

or, reducing this to a quadratic equation in tan la,

tan® ja+2 tan laf/tan a—1 = 0.
Substituting the known value of tan « in this equation,
and solving the quadratic, we find the values of tan a.

Taking $a = 15° we know that tan 30° = 1/./3; there-
fore the quadratic in tan }a is

tan’}a+2,/3tanla—1=0,
o (tan da+ /3) = 4,
giving tan fa = —,/342.

Now tan 15° is evidently positive, therefore we must take
the upper sign to the radical, and

tan 15° = 2—./3.

By calculation, /38 = 17320,
. tan 15° = -2680.
Since tan 30° = tan (180°+ 30°),

it is evident that we shall obtain the same quadratic for
tan 1a if we put a = 210°.
Therefore the other root is tan 105°,
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7. The smallest angle is opposite to the smallest side 7,
and s the semi-sum of the sides is

1(748+9) =12,
"We have therefore by the usual formula

1y _ (5=b)(s—0c) _ (12—8)(12—9) _ 4.3 _ 1
' d = ey 12(2—7) -~ 12.5_ 5
1 _ V2
Therefore tan $4 = 5= 10"

and Ltan $4 = 10+log tan 4 = 10+ 4 log 2—3 log 10
=10—-5+% (-3010300) = 9-5+ 1505150
= 9'6505150.
From the given logarithms,
L tan 24° 6" = 9-6506199
Ltan 24° 5" = 96502809
By subtraction, 3390

is the difference in the L tan corresponding to a difference
of 60” in the angle.

Again, Ltanid =96505150
L tan24°5’ = 96502809
.. difference for seconds in 314 = 2341.
Hence the number of seconds in 14 is
= 60 x 2341 = 41'4 nearly.
8390
Therefore 34 = 24° 5 41" 4,
giving A = 48°11" 23",

correct to the nearest second.

If we had used four-figure logarithms, we should have
had L tan 24° 6’ = 9'6506,
and . L tan 24° 5’ = 9°6508.
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Thus the difference in the L tan corresponding to a differ-
ence of 60” in the angle would be ‘0003, and the smallest
perceptible difference in the L tan, viz. ‘0001, would. corre-
spond to a difference in angle of 20”.

The angle $4 could therefore only be calculated to the
nearest multiple of 20”, and thus the value of 4 would be
correct to the nearest multiple of 40”. The result would
therefore be reliable to within 207, more or less, since it
would not be more than 20” greater or less than the
nearest multiple of 40”.

8. Let P be the top of the mountain, 4 the nearer and
B the further point of observation.* Drop PM perpen-
dicular on the line BA produced.

From the given data

£ PAM = 22°15, «£PBM=10°12";
o« APB = PAM~PBM = 12°3..
Now BP = ABsin PAB/sin APB;
.. height of mountain MP = BP sin PBM
= AB#in PAMsin PBM/sin APB.
Let % be the height MP in miles. Since 4B = 1 mile,
.~ b =8in22°15 8in 10°12° + sin 12°8’;

.. log b = L sin 22° 15"+ L sin 10°12"— Lsin 12°3'—10

(from given data) = 9:5782+9-2482—9-3197—10
= 18'8264—19-3197 = 1-5067.

Since log 32122 = 4:5068, .. log ‘82122 = I1'5068;
therefore h = -32122,
and height in feet = 32122 x 5280 = 1696-04.

The last figure cannot be relied on. Thus the height is
1696 foet, almost exactly.

’
8 * The reader will have no difficulty in drawing the necessary
gure,
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9. The points are represented in the accompanying
figure, each division marked off on the axes being supposed
to represent a unit length.

b ¢
(3}4)

N

(~3,-35 (a-3)

¥’

Fig. 1.

From the figure it is evident that the origin will be
within the triangle, provided that it lies to the right of (or
below) the line joining the points (3, 4) and (—2, —2});
and it is further evident that this will be the case if the
line joining the origin to the point (3, 4) is inclined to the
axis of @ at a greater angle than the line joining the origin
to (—2, —23}). The former inclination is tan-'4; the
latter is tan™'21/2 or tan-'$. The first is the greater,
thus showing that the origin s within the triangle.

[This might be more rigorously proved by finding the
equations of the sides of the triangle, and showing that
the origin is on the same side of any one of these lines as
the corresponding vertex.]

Let (z, y) be the centre of the circle through the three
points. Then the squares of the distances of (, y) from
these points are equal. Therefore

(=8)'+(y—4)'= (¢—2)"+ (y+38)'= (x+2)" +(y +2})"

.~
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Subtracting @’ +y* from each member, we have
—6e—8y+20 = —4x+6y+13 = 4o+ 5y +104.
Solving these simultaneous equations, we find
g ol 1e1
e YT 9ug’
therefore the centre is the point
(22s° 228)
228’ 228/°
10. Putting in turn y = 0 and @ = 0 in the equation,
we see that the line cuts the axes in the points (4, 0),
(0, —44/3), respectively. The equation may be written
y.= (z—4) tan 30°,

Y
x L, A
0 » _A X
4 7
|
AB
Y'
Fig. 2.

which shows that the line makes an angle 30° with the
axis of z, as represented in the figure.

(i.) The product of the intercepts on the two axes

. = —38./3,
and the area of the triangle cut off is = § of this = §+/¢
(neglecting sign).

(ii.) To reduce the line to the * perpendicular form,’
divide through by 2; thus the equation becormes

® .—‘i—+y. (—--‘%3) =2,

T™NT MATH. X
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or 2z cos 300°+y 8in 300° = 2.
Therefore perpendicular from point (1, 2)
=1xi+2x (——“gi)—— = —3%—/3,
or, neglecting the sign, its length is 3+ /3.
(iii.) The equution of the perpendicular line through
the point (1, 2) is
V3 1
-1 P ro- L=,
or 2. ‘234—3/.—51‘—):%-}-1,
which is in the form
2cos30°+ysin30° =1 /341,
Hence the perpendicular distance of this line from the
origin is /3 -+ 1.
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Trigonometlry, 8ynopsis of Elementary. Inlerleaced, 1s. 64,
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mended,"—Educational Neys,
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INTERMEDIATE ARTS DIRECTORY, with FULL

ANSWERS to the Examination Papers. (Published
during the week following each Evamination.) No. V., 1892.
1s. 64. net.

CONTENTs : Introductory Hints-—University Regulations—Advice
on the Choice of Text-Books (including Special Subjects for 1893)—
Examination Papers set July 1892-—Full Answers to the
above Examination Papers (except in Special Subjects for the year)
by Tutors ot University Correspondence College.

“ Most useful and excellent advice,” —Nchoolmaster.

‘¢ A really useful ‘Intermediate Arts Guide,’ than which nothing can be better
for the private student who intends to present himself at the London University
Examination of next July."—School Guardian.

Intermediate Arts Directory, Nos.1l., 11,1V, 1889 to 1891,
with full Auswers to the Examination Papcrs (excluding Special
Subjects for the year). 1s. 6d.each. No. I., 1888, 3s. 6d.

Intermediate Arts Examination Papers (in all subjects) for
1886 and 1887 (with Answers to the Mathematical Questions),
1s8. each; 1888 and 1889, 6d. each.

Intermediate and B.A. French Papers: A Reprint of the
Examination Papers from 1877 to 1892; with Model Answers to
the last, by A. J. Wrart, M.A. Lond. 3s. 6d.

Intermediate Latin. By W. F. Masom, M.A. Lond., and B. J.
Havrs, M.A. Lond. Second Edition, Enlarged. 2s. 6d.
CONTENTS : Choice of Text-Books—Plan of Study for 30 weeks, with Notes
and Hints on Granunar and Roman Historv—Umiversity Examination Papers
in Grammar, Composition and History for 19 years, with Model Answers to the
Papers of two years—I11lustrative Sentences for Latin Prose, &c.

Latin Honours Papers. 3s. 6d.

Coutains the Papers in Grammar and Hastory set at the London Intermediate
Examination in Arts(Hons.) for 15 years ; together with B.A. {(Hons.) and M. A,
Papers in Latin Grammar.

London Undergraduate Unseens : The Latin and Greek Passages
set at Matric. and Inter. Arts, 1875~1890, together with schemes
for yeading, and introductory hints. Second Edition, 1s. 6d.

Matriculation and Intermediate Greek. By B. J. Hargs,

M.A. Lond., and W. F. Masom, M.A. Lond. 2s. 8d.
CONTENTS : Advice on Text-Buoks—Plan of Study for 30 weeks, with indics-
tion of important points—Notes and Hints on Grammar, &c.—All the University
Inter. Examination Papers in Grammar, with Model Answers to 1890, and the
Matriculation Paper of Jun, 1891, with Answers,
** This book will be found a guide i the fullest sense.” — Educational News.
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ANTRONOMY, ELEMENTARY MATHEMATICAL. A
Text-Book for the Lond. B.A. and B.S¢. By C. W. C. Barrow,
M.A. Lond,, Camb., and Edin., and G. H. Brva~, M.A. Camb.
Second Edition. 6s. 8d.

‘“ Probably within the limits of the volume no better desciiption of the methods
by which the marvellous structure of scientific astronromy has been built up conla
have been given ; whilst those who desire to apply 1ts processes to the practical
work of navigation and observational astronowmy generally will find this a most
useful guide. It should be added that great eare has evidently been used 1in passing
it through the press, and that the typography is exceedingly clear.”— Atheneum.

“In coucluston, wo lnay stale that altogether the work 15 oune {lab s suie Lo
find favour with students of astionomy. This is by no means the first voInnie
that we have rect1ved which is publishcd in tins Tutorial Series, and the present
work is a goud example of the excellent text-books of which K 8 o] -
Natwre.

‘“This book supplies a distinet want. The diagrams are clear, the style of writing
lucid, and the mathematical knowledge required but smiall.  The examples worked
(;;w m;e well selected tor the puipose, and the questions are good.”— euohers
Mont .

“Ihe atithors have been eompletely saceessfal in thewr ohbject, as it 1w quite
surpri-mng to seo the weat variety of problems they hdve solved Ly clomentary
geome try and algebra "—Letcrary World,

““The audhors have, by smiple, graduated eourdes, avled by practical exaimples,
%nctcvmlcd in producing 1 sturtent's tmrdbovk of treommrabte vatee. ' i

hion.

“ An aduurable toxt-book."—School G uer dian.

B.A. Mathematics : %eltions and Selmtions. Contadning
all the PAPERs in Pare Mathematios given at the B.A.

E«nwminations for 8 years, with complete SoruTioNs. 3s. 64,

¥ This book will save a good dval of troubls and supply a good deal of valuable
information.”—Practicidd Jracher.

“The Solutions are vary wood specit ens of nathematieal ¢kill, and should be
thoroughly mastered by woild be graduat 8.”— [ cachwrs' dud.

m::-. Manwual of. ByJ. 8. Mackenzir, M.A,, Follow of Trinity
College, Camb. 4s8. 6d.

PRENCH READER, ADVANCED, cootadning pesdagds
prose und verse representative of all the modern authots. By
8. Lancer, B.-8s-8c., and W. F. Masom, M.A. Lond. 3s.'64d.
“ Qltosen from a large range of gnod medern anshors, the book will afford BRodl-
lent practice in ‘Unseens.’ " '—The Schoolmagter.
Eigher Greek Reader: 138 Extrscts from the best Writers, in

Three Parts. Wi h Notes on the Dialect of Herodotus. @s. 84.
KEeY to Part I1., 2s8. 64, net.
8
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The Tutorial Series.—W.A. and B.Sc.

LOGIC, A MANUAL OF. By J. Wernron, M.A. Tohd. 2 vols.

Vol. 1., 10s. 64. [Vol. IL. in preparation.

This book embracoes the entire B.A. and B.Se. Syllabus, and renders unneceysaty
the purchase of the numerous books hitherto used. The relative importance of
thesections 18 denoted by variety of type, and a mmimnm course of reading is thus
indicated. Vol. 1. contains the whole of Deductive Logice, except Fallacies, which
will be treated with Inductive Fallacies in Vol. 11,

“Mr. Welton indeed Is admirably equipped for the task hie has undertnken ; for
to lugical acumen of his own he adds a clear slyle of exposition and a wide range
of readimg. A very good hook . . . not likely to be superseded for a foug tune to
come. No mechanical &id has been spared which could make the book useful i a
book of 1eference.’ — Edueal tonai Revéeo.

T An examination paper would need to go rather fur afield to find a quustion in
‘ Dednotive’ Logie, as currently tanght, which eould not be answered by liclp of
this book. In another way, Mr. Welton's book distinetly meets a need - the need
for a clear and compendious summary of the views of vatious thinkers on nn-
pottant or doubtiul points.”— Jowrnul of Edvcation.

“There are also excellent maiginal analyses carrfed all through, The author
mitends the book manly for the use of Univarsity students, but it will have a far
Jurge:r elass of readers. ' ~Ireeman's Journal.

““Mr. Welton has sueceeded 1 putting s mtuicate subjoet before his read 'rs
in a el and palatable form. The arrangement of the book is good.”—/enis
Meriw .

“The arrangement of divisions and subdivisions is excellent, aud cann but
greatly facilitete the study of the suleet by the diligent student. The author
exhibits euent, mastery ot the science of logic, as well as very largo reading and

research,” —7'he Schoolmaster.
I.ogic, guestions on, with Illustrative Examples. By H. Houmay,
B.A. Camb. 2s.6d. Ky, 28. 64. net, [In preparation.
QurstioNs on Vol. 1., 18, 6d. [Ready.

Notabilia of Anglo-Saxon Grammar. By A.J. Wyarr, M.A.
Lond. 1s. 6d.

“Aftords the student just the assistance he is likely to require.”—Educational
Times.

THE EARLY PRINCIPATE: A History of Rome from B.¢.
31 to a.p. 96. By A. H. Auicrorr, M.A. Ozon., and J. -H.
Havhon, M.A. Camdb. and Tond. 2s. 84.

This book is intended to supplement for the B.A, Examination (at which one
of the requirements is ** The Outlines of Roman History to the Déath of Dom-
tion") the Lutorial .lliaéory qf Rome (see p.b) and those text-books which treat
oly of the Rapublitan Era,

““Thae history of the savereigns of the Early Empire is dealt with tn as elear and
distinet a fushion as couid be desired,”—Eduoational Ximes. )

** It is deserving of the highest praise. All that the student can require for hi
examinhbioh is supplied in seholarly shape, and in 8o clear a matner thit the tak
of the learner is made comparatively easy.”—Lilerary World.
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Tutorial Serfes—Inter. H¢. and Prel. i,

COORDINATE GEOEI?._‘EY- The Right Line snd Circle.
y WiLLiam Bricas, LL B., B.A., and G. H Bryan, M.A. 2s.
Kry, 4s. 6d. not.

“Anadminble tttempt on the put of 1ty nuthms toreahze the position of tix
aver e leuner and i provide for the wants ot the priv e studont Prequont
overcrses and exammtion papers have heen mterspersed and differont sizes ot
e andoamt Ihy ntiny drown hames will aftord ettt wssistanee i wovision
i ol Lines

IThis e st sat stactory tont hook 1t 15 thoroughly sound thionh ut !l
aleed legls with some ditheult points wih 1 clearnese and wecrraey which hoov
noty we boheve, boen sulpassod The book descrves the Tughe st praswe

1 tincats n

The st book we have seen on the snbyect, and to the pnvate student it wili
b tund iy duible —bovyid Leacher

P bibiv thns s the best hook on the cdanents ot Co admate Goonntry tha
we hiven bugzhish toy the private student  — Sohowd Towrnal

Ihe anthors have hd oxcepty mal op p ntunitues of apprecuting the difhcnlty

th onner they e thadtore setout to wsistth studentasmuch as possiti

ard they have succeedod m produangs a work wiueh will be tound especiadly
nwefrl Il ho A doe o

Coordinate Geometry, Worked Examples in: A Giaduatcd
Course on the Right Line and Circle. 28, €6d.
References are made to the bookwork of Comrdisate Qcamcts i

Geometrical Properties of the Sphere. 1s. 6d.
[{n preparation

Mensuration of the SBimpler Figures. By Wiuuiaw Bricoe,
LLB, BA, FU»., and T W Ebpmospson, BA Lond and
Camb  1s. 64d.

Sound, Text-Book of. By R W Sirwarr, BSc¢ Lond
[In preparation

Trigonometry, The Elements of. [In preparation

Trigonometry, Synopsis of Elementary. [utericved, 1s. 6d.

“This hittle book ¢ontains su an aduiarably concis for all the elemcutary
trigonometrical forule and results, with their moofs, The facts could haidly Le
hetter g1ven *—Freeman’s Tourpad,

“This st admiable hittle yolume — I ycewm

* As eavily undastood and dewdodly nore ensy 40 refoeinber tlan the ordinary
tvpe of Iabortously de monstiated text-books  No better bnok could be recom
mended,  Aducatrional Nev

12
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INTER. SCIENCE AND PREL. SCI. DIRECTORY,
with FULL ANSW ERS to ths Examimuation Papers.
(Publrshed during the week followrng each July Eramination)
No 1I1., July 1892 2s. 6d. not

CovreNTs Introductory Hints—Advice on the Choice of Text

Books—The Umversity Regulations—The Examination Papers

set July 1892 — Full Solutions to the Examination Papers by

Tators of Umversaty Correspondence College

““ Contains cvery possible axd  Ample advice 15 given to the intending candidate
in the matter of choice of text-books —Private Schoolmusier

¢ Will prove saviceable to intending can Wdates —8 k) L Guardwn

““The work hag been entrusted to akilfnl hands ' —Bon d leache

¢ The adviec concerning toxt books and the lunts vt the Test meth de of stady
will prove mvaluable t the stulent L h ful

Inter. Science and Prelim. 8ei Directory. No-~ I and Il
1890 and 1591 28. 8d. « 1¢h

Intermediate Mathematies. By Wrirrram Brices, LL B, B A,
FCS Thudlltwn 2s8.64.

Convrngs  Adviee ou Tead Boohe—30 Weehly Schaines of Studv—do Lest Pagwer s
100 Misc Hane us Qu st ns Do ction for Revisim Answers to 1 st Pajo s
—Fyunnar o Fapoas o with Model Answerst 150

Thovadln fsachal 1t ne prepanung for thoovmmmatom sy oy ot
Therc wmn o Ume D st aund ss dttorts the velitive vidn of evary put | th
w th s tnown at th ounts t the mnl v ntvay aehevel from the partial
patadvsis ncparable fomoncoraanty i tdanl ttal g pinas Inaiythimg s it
u Ly mthoyva bosts s It \

T vinne an tlminble ¢ uarse fostady £ e bdates £ the Tntam bt
Exmmn ons me Arts i b Sar nee STl on han

Intermediate Science Mixed Mathematics Papers, 1877-1891,
with full Answeis to 1890 and 1891, and an Arvticle on Text.
Books By G H Beyan, M A Fellow of 8t Peters Colege
( unbnidze, and T W [pvonisoy, B A Lond and Camb
2s. 6d.

Science Examination Papers: bemng the Questious set at the
ToLdon Intermediate Science and Preliminary 8cientifie Exami-
nations for Twenty-tour yenrs Three vols Hach X8. 6d.

1 ScienCk CHeMISTRY PAPkRrS, with a hst of Substances
gnen tor anlysis,
2 SCIENCE PHYSICS PAPFRS, with a compendimm ot Tmveer-
aity Questions amd ¥xercises m Practical Work
3 SCIENCE BI10LoGY PAPERS
Siciance Model Answers: bemg the INTFRMEDIATE SCIENCF and
RELIMINARY BcIFv11kic Examuation Papers set July 1889,
with {ull Sonuirovs by Honours Ghaduates  8econd and cheaper
Lwe 28, BdL

1%



The Tutorial Series—Laws.

FOR INTERMEDIATE LAWS.
Intermediate Laws Guide. By J. M. Govkr, LL.D. Lond,
Unive - iry Law Exhibitioner. 28. 64.

Coxrints:  Introductory Hmts- London University Regulatior s,
— Advice on the Choice of Text-Books, with Noteg on the more
important indicating the portions to be read--Table of Austin's
Classification of Leeal Tdeas—S8urvey of Anstin’s Juricprodence

* Nostudent who thimhs of steiving for the Laws degiee shonld be without
these Gudes, —Fhdveateonal Drymes,

* Exedlent practical adviee onthe best methods of work.”= Jowrnol of Edwcatwon.
Intermediate Laws Roman Law Paperg:TA Repriut of the last

Neven Years’ London Univeraity Papers in Roman Law, with
Model Answers to the last, and Victoria University Paper<, and
Additional Questions. By J. M. Gover, LL.D. Lond. 1s. 6d.

Intermediate Daws Jurisprudence Papers. (Uniform with
the ahove ) 18, 6d.

Intermediate Laws Constitutional History Papers.™ (Tui-
form with the above.) 1s. 6d.

FOR LL.B.
London LL.B. Guide. By J. M. Gover, LLD. Lond. 2s. 6d.
Conrents: In roductory Hints—TUniyersity Regulations— Advice
on the Choice of Text-Books, with Notes on the more important,

indicating th> portions to be read. —

¢ The stident can be at no Joss about anything beanng on the tash before han g
cverythings plain to dernonstration.” — Educational Aews.
London LL.B. Examination Papers: A\ Reprint of the Examni-
nation Papers, 1886 1891, with Model Answers_to those of 1891,
By J. M. Govrgr, LI.D Lond 3s. 6d.

PUBLISHED BY W. B. CLIVE & C0., BOOKSELLERS ROW, STRAND.

The ‘Lﬂnive?sitg Correspondent

AND UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE.
Price 2d. ; by Post, 8d.  Annual Subseription, 3-.

The University Correspondent is published the 15th of esch month,
at the Univ. Corr. Coll. Press Warchouse, 18 Booksellers Row, W.C.
Articles by Canon Daniel, Professor Dowden, Professor Knuight,
R.J. Lloyd, E-q., D.Lit., Sir Philip Magnus, C. Sheldon, Esq., D.Lit,,
aud Miss Agnes Ward have recently appeared. There is a monthly
Prize Competition, a Query Column in which questions asked by
Subscribers concerning University matters are answered, and a

cv otnmiatio conran af nronanation far [ andan Matrionlatine
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MATRIC., JAN. 1893.

Horace.—Odes, Book IIX. Edited hy A. H. ArLckorr, M.A. Oxon., and
B. J. Haves, MLA. Lond. Texr, INtrRODUC p1ON, and Notes. 18, 6d.  Vocase-
LARY, with Tesr Pavirs. Iwterleaved, 18. ‘TrassLartiox, 1s8. Ix Oxr
var. 38,

Horace.—0des, Book IV. Umiforin with the above.

Euripides.—Heraclidae. A LITERAL TrRANSLATION,

MATRIC., JUNE 1893.

Cicero.- De Senectute. Edited by A, H. Aticrori, MoA, Oxon., and W, .
Mason MUAL Lond. Texy, INTropterion, and Notes, 18, 8d. Voo iy,
with Trese Pavenrs.  Taterleored, 18, Traxsiarion. 1. In ONE von, 38,

Cicero.-- Pro Archia. Uniformn with the above,

Xenophon.—Anabasgis, Book I. Unitorm with the above.

Ve
INTER. ARTS, 1893, -

Livy.  Book V. Kl by W. ¥ alaar, MoA. Lol AT AL T Avicrop,
MUAT T and Noves, 88, 8d. Vorasttanry, with Test Pariie, Inter-
cod, 18, TranseaTton. 18.6d. In Oxivol. 5g, 6d

Ovid.—Fasti, Books IXIIL and IV. Uniform with the above,
ZBschylus.—Prometheus Vinctus. Uniform with the above,

History of England, 1640 to 1670. By C. S. Frarexsune, M.A. Oxon.,
3s. 84.

History of l:niush Literature, 1620 to 1670. By W. H. Low, M.A.
Lond,

Milton.—Sonnets. Ldiled by W. F. Masom, M.A. Lond. 1s. 6d.
Milton.—Samson Agonistes. Editeid by A.J. Wyarr, M.A. 2s. 6d.

Intermediate English, 18983. Questions on all the Pass and Honours
subjects set, with adyviee on Text-Books. 28, 6d.

B.A., 1893.

Cicero.~Philippic IT. Transtartiox. By J. Il. Havoox, M.A. 2s. 6d.
Vergil.—Aeneid, Books I.-TV. TransrarioN. By A. A, [ NEsrITT, M.A,
28.

B.A. Latin Notabilia and Test Papers for 1893 on the Prescribed
At rors, with advice on the choice of Text-Books, 18, 6d.

History of Rome, B.C. 202-133: Rome under the Oligarehs. By A, H
ArLerorr, MLA. Oxon., and W, F. Masom, M.A. Lond, 4s.6d. Synopsis,
with TERT Parins.  Interleaved, 18, 64d.

Sophooles —Philoctetes. TranstATION. By . (. Puaistowe, M.A. 2s,64d.
Herodotus.—Book VIXI. TransitartioN. By.J. Tnompsox, M.A. 3s. 6d.

B.A. Greek Notabilia and Test Papers for 1893 on the Prescribed
Avtiors, with adviee on the choiee of Text-Books., 1s.
Synopu- of Grecian History, B.C. 496 to 404, wn I TesT PAPKRS.
. H. AtLcrorr, MLA,, and W. F. Masom, M.A. Interleaved, 18. 64.

B.A. nnglilh. 1803. Questions on Puss Subjects, 28, 8d.

(For fuller particulars of above, see Catelogue of Books for Special Subjects R.arSISﬁ'.'i )
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MATRIC, JAN. 1894,
(READY DECEMBER 1w2)

Ovid —Trietia, Book I. LditcdIn A H Avuerorr M A Oxon,and 1 P
Suirnaw M A Tond Trv imdNonss 18, 6d. Vocastianwy with frs
Pares 1 talc of 18, Frasstavon 18, In Onivor 3.

Ovid —Tristia, Book IZI. (Umform with the abuve)

Euripides.— Hercules Purens. A l:iirast Iradzsiation  1s. 64,

MATRIC, JUNE 1894
(READY 1 FBRUARY 1813)
E&U\lst —Catidine. Fdited by I M Npatey, M A Cuanb awd Lond  and
Mas v M AT 1l Texr omd Norrs 28, 6d. Vocartiary with
lhl Payis 110 /I 1s I'ransrarton 18, I Osr ot 458,

Xenophon. xenenica.. Book XIX Fhted v A H Arickorr M A
On u D Ricuwki~on, BA Lowd Iinvt INtRODU 10N nd
N s 28, Gd. JEIESSY RY FTIN 18 6d. IN Ox1 Vo1 3s. 64.

INTER. ARTS, 1894.
(READY DFCEMBRR 1%92)
Tacitus.—Histortes, Book ¥. Fditad bv ¥ & Prasiows M A Cuuh,,
ind H 7 Matpwisgy M A Loud and Oxon Ivirovucaton i, and
ANotr>  38.8d,  Vocwwstisry, with lisr Parsrs [ntordea o 18,
Teansianr v 1s. 64, 1N Ok v 1 BR. 64,
Horace.—Epistles, (ULnit 1o withthe thove )
Herodotus.—Book VIIL. (Uminn with the b ve)
Hastory of England, 1485 to 1603. 13) C 8 FrataNenr, M A Oxon.
3s.8
nistory of English Literature, to 1660. By W I Jow, M A Lud,
50, 3g. 8&. 1 S0 tu 1¢/0, 38, 64,

Clmucer. The House of Fame. Lditecdby W H 1«w M A 3s, 6d.
Chaucer. -The Squire’s Tale. kditel v W H Lw, V1 A 28 6d.
Intermediate English, 1804. Quentions on all the Pass and Honours
subjects set with wlvsee ou Toat Books 28, .
B.A., 1894,
(READY EASIER 1808 )

csee:o,—Aa Attigum, Book IV. E Lted with INTRODUc 110N and Nors, by
H. Havoos, M A Lond aud Camb. 38, 4. Trad~rauoN 28, 64.

Terence. -Phormio. A Ii1axsiagion, with Tesl Parins @8, @4.

History of Rome, B.C. 78 31. By A H Awvcuort, M A Oxou, nud
Wk, Masou, M A Loud  Withi lest Parrrsonthe Leriod 1 0. 7s 4 48, 84,

Aristophanes.—Vespae. A Travsuauon, with Iist Painrs, 38, 64,
Demosthenes.——Adv, Leptimem. A | raxssation,withTesrPat ey @8,64.

History of Gresce, B,C 4064-323. Dy A. H ArrLesoss, M A, and B §
Masov, M A 48. 8. 1 vorsiy, With Seat Patgrs, ]uurlw:ad 1s. 84.

B.A. English, 1804. Quistions on Puss subjects. 28, 8.

(For fuller perticulars of thove seo Catal pue of Lals fir Spaal dubjects for ¥su4d )












