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PREFACE.

TaE object of the following pages is twofold :—

Fivst, to exhibit, in a compendious form, the whole
subject-matter of Pure Mathematics, arranged in
the order in which it would usually be advisable
that the student should go through it. This Syllabus
may be useful as an aid in laying out plans of
reading and reviewing, and in shewing the student
at a glance where he is on his course, how much
18 done, and how much remains to be done.

Secondly, to furnish a guide for working examples
in the whole subject, so arranged as to secure that
the most important subjects shall have the largest
share of attention. The Cycle intended for this
purpose consists of two columns: one containing
the numbers from 1 to 1702, the other, references to
the Syllabus. It is intended that the student using
it should turn to the Syllabus for each reference,
and work two or three examples in the subject there
indicated, (of course passing over all references to
subjects he has not read,) and at the end of each
day’s work mark what point in the Cycle he has
reached.



PREFACE.

In the Syllabus, the small figures to the left of
the line indicate how often each subject is referred
to in the Cycle: so that if the teacher should con-
sider that the examples assigned to any subject
are either too many or too few, he can remedy the
defect by erasing references in the Cycle, or by
inserting additional ones.

The present attempt is, no doubt, deficient and
faulty in many respects: and any suggestions from
Mathematical teachers for remedying its defects will
be gratefully received by the compiler.

Christ Church, Oxford,
December, 1864.
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GENERAL LIST OF SUBJECTS.

. Arithmetic.

. Eueclid I, II.

. Algebra; to Quadratic Equations.

. Euclid ITI, IV,

. Algebra; from Quadratic Equations to Binomial Theorem.*

. Euclid V, VI.

. Linear Algebraical Geometry. .

Plane do. to end of Trigonometry

(1st time).

Geometrical Conic Sections.

. Algebra ; from Binomial Theorem to 'Theory of Equations.

. Higher Plane Pure Geometry.

. Plane Algebraical Geometry ; from end of Trigonometry
to Quadratic Loci (constructed from Geometrical
properties).

. Plane Algebraical Geometry ; Trigonometry (2nd time).

Plane Algebraical Geometry; Quadratic Loci (constructed

from Equations).

. Differential Calculus (1st time).

. Calculus of Finite Differences (1st time).

. Euclid XI, XII, and higher Solid Pure Geometry.

. Solid Algebraical Geometry ; to end of Stereometry.

. Solid Algebraical Geometry ; from end of Stereometry
to Quadratic Superficial Loci (constructed from
Geometrical properties).

. Higher Plane Algebraical Geometry.

. Integral Calculus (1st time).

. Solid Algebraical Geometry ; Quadratic Superﬁclal Loci
(constructed from Equations).

. Higher Algebra.

. Differential Calculus (2nd time).

. Integral Calculus (2nd time).

. Calculus of Finite Differences (2nd time).

. Calculus of Variations.

* ji.e. From Quadratic Equations exclusive to Binomial Theorem inclu-

sive. The same rule of interpretation applies to J, K, &c.

A
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« SUBJECTS SUBDIVIDED.

A.
Arithmetic.

. Addition, Subtraction, Multiplication, and Division ; (Simple.)
. Greatest Common Measure and Least Common Multiple.

Square root and Cube root.
Vulgar Fractions ; addition, subtraction, multiplication, and
division.

. Decimal Fractions; addition, subtraction, multiplication, and

division.

. Circulating Decimals.

. Reduction from one denomination to another.

. Addition, Subtraction, &c. (Compound).

. Reduction of Fractions (vulgar and decimal) of higher denomina-

tion to lower ; and of lower denomination to fractions (vulgar
and decimal) of higher.

. Practice.
11.
12.
13.
14.

Mensuration, Superficial and Solid.

Duodecimals.

Rule of Three ; Direct, Inverse, and Double. Proportional parts.

Interest, Simple and Compound. Discount. Equation of
payments. Stocks.

Miscellaneous, viz. : Exchange. Profit and Loss. Partnership, dc.

B.
Euclid I, II.
. Book L
Book II.
. Deductions from Book I. Problems.
do. do. Theorems.
Book II. Problems.
do. do. Theorems.
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C.
Algebra ; to Quadratic Equations.

Addition, Subtraction, Multiplication, and Division.
Greatest Common Measure and Least Common Multiple.
Fractions.

Involution and Evolution.

Fractional Indices.

Equations, one unknown quantity ; Simple.

do. do. Quadratie.
do.  two or more unknown quantities ; Simple.
do. do. Quadratic.

Problems leading to Equations,
One unknown quantity ; Simple.
do. Quadratic.
Two or more unknown quantities ; Simple.
do. Quadratic.
Theory of Equations (1st time).
Miscellaneous.

D.
Euelid IIT, IV.

Book III.

Book IV.

Deductions from Book III. Problems.
do. do. Theorems.
do. Book IV. Problems.
do. do. Theorems.

E.

Algebra; from Quadratic Equations
to Binomial Theorem.

Inequalities.

. Ratio, Proportion, and Variation.

B 2
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. Series ; Arithmetical, Geometrical, and Harmonical.
Permutations and Combinations.

. Binomial Theorem.

Logarithms, use of.’

Chances (1st time).

. Miscellaneous.

WD Lok W

F.
Euclid V, VI.

Book V.

Book VI.

Deductions from Book VI. Problems.
" do. do. Theorems.

WD

G.
Linear Algebraical Geometry.

Plane do. to
end of Trigonometry (1st time).

Linear Algebraical Geometry.

1. Representation and discussion of lengths absolute.

2. do. do. do. with direction.

3. do. of positions of Points by means of
lengths ; and discussion of such lengths.

4. Interpretation of Equations ; and discussion of Points.

Plane Algebraical Geometry.

5. Representation and discussion of magnitudes absolute.
6. do. do. do. with direction.
7. Goniometry : i.e., representation of angles, with direction, by
means of ratios ; and discussion of such ratios.
. Angles ; relations between goniometrical ratios of an angle.
9. do.  goniometrical ratios of particular angles.
10. do.  relations between goniometrical ratios of two or more

angles.

@®
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12.
13.

14.

15.

16.
17.
18.
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Angles ; inverse function.
do. elimination of goniometrical ratios.
Theory of Projection (Plane).
Trigonometry ; properties of Triangles.
do. do. Quadrilateral Figures inscribed in
Circles.
do. do. regular Polygons.
Heights and distances.
Miscellaneous, viz., Subsidiary angles, &c.

H.
Geometrical Conic Sections.
. Ellipse.
. Hyperbola.
. Parabola.

Problems on Parabola.
Theorems do.
Problems on Ellipse.
Theorems do.

. Problems on Hyperbola.
. Theorems do.
. Miscellaneous, viz., mechanical methods of tracing curves, &e.

L

Algebra; from Binomial Theorem
to Theory of Equations.

. Evolution of Binomial Surds.

Indeterminate Coefficients.

. Continued Fractions.
. Indeterminate Equations, (1st and 2nd degree).

Partial Fractions.

. Scales of Notation.
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7. Properties of Numbers.
8. Vanishing Fractions.
9. Converging and diverging Series.
10. Logarithms, construction of.
11. Interest, Discount, and Annuities.
12. Chances (2nd time), and Life-Annuities.
13. Theory of Equations (2nd time).
14. Miscellaneous.

J.
Higher Plane Pure Geometry.

Anharmonic and Harmonic Proportion.

. Anharmonic ratio of a Pencil. Harmonic Pencils,
Geometrical Involution.

. Poles and Polars in relation to Circles.

Methods of Reciprocation.

Radical Axis and Centres of Similitude.

. Principle of Continuity.

Projection.

Miscellaneous.

©ON SO 00—

K.

Plane Algebraical Geometry ;
from end of Trigonometry to Quadratic Loci (constructed
from Geometrical properties).

1. Determination of positions of Points, Lines, and Circles, by
means of magnitudes ; and discussion of such magnitudes.

2. Interpretation and classification of simple Equations.

3. Interpretation of Pairs of Equations. Representation and dis-
cussion of Points.

4. Investigation of Locus of single Simple Equations. Representa-
tion of Lines.

5. Lines; Problems.

6. do. Theorems.
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13.
14.
15.

16.

17.
18,

19.
20.
21.

22.
23.
24.

25.
26.
27.

P
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Rectilinear Figures ; Problems.

do. Theorems.
Pencils ; Problems. .
do. Theorems.

. Representation of Loci of Points fulfilling certain conditions.
. Representation of Pairs of Lines. Criterion that Quadratic

Equation should represent Pair of Lines.
Pairs of Lines; Problems.
do. Theorems.
Representation of Circles. Criterion that Quadratic Equation
- should represent Circle.
Circles ; Problems.
do. Theorems.
Representation of Parabola. Criterion that Quadratic Equation
should represent Parabola.
Parabola ; easy Problems.
do. Theorems.
Representation of Ellipse. Criterion that Quadratic Equation
should represent Ellipse.
Ellipse ; easy Problems.
do. Theorems.
Representation of Hyperbola. Criterion that Quadratic Equa-
tion should represent Hyperbola.
Hyperbola ; easy Problems.
do. Theorems.
Miscellaneous.

L.

Plane Algebraical Geometry;
Trigonometry (2nd time).

. Circular measure. Area of Circle, &ec.
. Demoivre’s Theorem ; and theorems involving powers of gonio-

metrical ratios.

. Summation of series of goniometrical ratios.
. Relations betwcen angle and its goniometrical ratios. Gregorie’s

Series. Euler’s and Machin’s Series for .

. Miscellaneous ; viz., resolution of sin 8 and cos 4 into factors, &e.
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M.

Plane Algebraical Geometry ;
Quadratic Loa (constructed from Equations).

. Interpretation and classification of Quadratic Equations.
Quadratic Locus ;

General. Problems.
do. Theorems.
do. when B2—44ac # 0, Le. Central Locus; Problems.
do. do. Theorems.

Central, when B2—44ac < 0, i e. Ellipse. Problems.
do. do. Theorems.
do. when B2—44ac > 0, i e. Hyperbola. Problems.
do. do. Theorems.

General, when B2— 4a¢ = 0, L e. Non-central

Locus, or Parabola. Problems.
do. do. Theorems.
Miscellaneous.
N.

Differential Calculus (1st time).

Elements of sabject.

. Differentiation from first principles.

Differentiation of functions connected by addition, &c.

do. algebraical functions.

do. compound functions.

do. circular fanctions.

do. fanctions of many variables.
Successive differentiation. Leibnitz’s Theorem.
Maclaurin’s Theorem.

Theory of equicrescent variable. Taylor'’s Theorem.

. Elimination of constants and functions by differentiation (lst

time).
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Relations between functions and derived -functions ; viz.
F(@thD)—F (@) F(z+0h)
Sl@o+h)—f(m) ~— S (@o+0h)
Order of Infinitesimals.

Evaluation of quantities of the form -g, &e.

Maxima and minima of explicit functions of one variable.
Geometrical application to end of do.
Symbols of direction extended.
Cissoid, Witch, &e.

Tangents &c. of plane curves.
Direction of curvature. Hessian.
Multiple points.

Tracing curves.

Curvature of plane curves.

Evolutes and involutes.
Miscellaneous.

0.

Calculus of Finite Differences (1st time).

. Differentiation of functions,
. Integration of functions by indeterminate ooeﬂiclents.

do. product of n terms in 4.P., and of reciprocal of
the same.

. Resolution of rational algebraical functions into these 2 forms.
. Supplying deficient factors.

. Integration of circular, exponential, and other functions.

. Summation of Series by general methods.

P.

Euclid XI, XII,
and higher Solid Pure Geometry.

. Book XI.
. Book XII.
. Deductions from Book XI. Problems.

do. do. Theorems.
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Deductions from Book XII. Problems.
do. do. Theorems.

. Sections of Cone.

. Problems on do.

. Theorems on do.

. Higher Solid Pure Geometry.
. Problems on do.

. Theorems on do.

Q.

Solid Algebraical Geometry ;
to end of Stereometry.

. Representation and discussion of volumes absolute,

do. of magnitudes with direction.

. Theory of Projection in Space.
. Spherical Trigonometry ; i. e., properties of solid angles.

Napier’s Analogies.
Gauss’ Theorems.

. Solution of spherical Triangles ; inscribed Circles ; area of tri-

angle and lune, &ec.

. Cagnolis’ Theorem. Llhuillier’s Theorem.
. Stereometry ; i. e. properties of plane-sided Solids; inscribed

Spheres ; volume and diagonal of Parallelepipedon, &e.
Miscellaneous.

R.

Solid Algebraical Geometry ;
from end of Stereometry to Quadratic Superficial Loci
(constructed from Geometrical properties).

Determination of position, in Space, of Points, Lines, Planes,
- Spheres, and Cylinders, by means of certain magnitudes ;
and discussion of such magnitudes.
Interpretation and classification of Simple Equations.
do. do. Pairs of Equations.
do. of sets of 3 Equations.
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12.

13.
14.
15.

16.
17.
18.

19.
20.
21.

22.
23.
24.

25.
26.

27.
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. Representation and discussion of Points.
. Investigation of Locus of single Simple Equations. Representa-

tion of Planes.
Planes. Problems.
do. Theorems.

. Plane-sided Solids. Problems.

do. Theorems.

. Representation of Superficial Loci of Points fulfilling certain

conditions.
Representation of Pairs of Planes. Criterion that Quadratic
Equation should represent Pair of Planes.
Pairs of Planes. Problems.
do. Theorems.
Investigation of Locus of Pairs of Simple Equations. Repre-
sentation of Lines.
Lines. Problems.
do.  Theorems.
Representation of Spheres. Criterion that Quadratic Equation
should represent Sphere.
Spheres. Problems.
do. Theorems.
Representation of Cylinders. Criterion that Quadratic Equa-
tion should represent Cylinder.
Cylinders. Easy Problems.
do. Theorems.
Representation of Cones. Criterion that Quadratic Equation
should represent Cones.’

Cones. Easy Problems.
do. Theorems.
Miscellaneous.
S.
Higher Plane Algebraical Geometry.
. Eccentric angles.

. Similar Conic Sections.
. Contact of Conics. Osculating circle. Centre of curvature, and

Evolutes.

. Anharmonic properties of Conics.
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. Method of reciprocal Polars.

. Involution.

. Pascal’s Theorem.

. Tangential coordinates.

. Discussion of Locus of nth degree.
10.
. Discussion of Cubic Loci.
12.
13.
14.
15.

Interpretation and classification of Cubic Equations.

Interpretation and classification of Biquadratic Equations.
Discussion of Biquadratic Loci.

Discussion of Transcendental Loci.

Miscellaneous.

T.
Integral Calculus (1st time).

. Elements of subject. .

Integration from first principles.

Definite integration.

Integration of rational algebraical functions.
do. irrational do.
do. do. do. by rationalization.
do. do. do. by reduction.

do. exponential and logarithmic functions.
do. circular functions.

. Definite integrals and their properties.
. Rectification of plane curves.
. Quadrature of plane surfaces.

do. surfaces of revolution.

. Cubature of solids of revolution.
. Miscellaneous.

U.
Solid Algebraical Geometry ;

Quadratic Superficial Loci (constructed from Equations).

1.
2.
3.

Interpretation and classification of Single Quadratic Equations.
General Quadratic Superficial Locus. Problems.
do. _ Theorems.
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12.

13.
14.

15.
16.

17.
18.

19.
20.

21.
22.
23.
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- Reduced Quadratic Locus, (pa® + Qy? + R2? + 82 + Ty + V2

+ w=0,) when neither p, @, nor R=0; i. e. Central Quadratic
Locus. (Pxz2+Qy®+R22+ 8 =0). Problems.
do. ‘ Theorems.

. Central Quadratic Locus, when =0, i.e. Cone.  Problems.

do. Theorems.

. Central Quadratic Locus, when P, Q, R, and H have the same sign ;

i. e. Ellipsoid, and Prolate and Oblate Spheroid. Problems.
do. Theorems.

. Central Quadratic Locus, when one of them has a different sign

from the other three ; i.e. Hyperboloid of one sheet. Problems.
do. Theorems.
Central Quadratic Locus, when two of them have a different sign
from the other two ; i.e. Hyperboloid of two sheets. Problems.

do. Theorems.
Central Quadratic Locus, when either p, Q, or R = 0 ; i.e. the
Axicentral Locus, or Central Cylinder. Problems.
do. Theorems.
Reduced Quadratic Locus, when one or more of the three,
(p, Q, and R,) = 0 ; i. e. Non-central Locus. Problems. -
do. Theorems.
Non-central Locus, when one of the three, (P, Q, and B,) =0 ;
i. e. Paraboloid. Problems.
do. . Theorems.
Non-central Locus, when two of the three (p, , and r,) = 0;
i. e. Parabolic Cylinder. Problems.
.do. Theorems.
Miscellaneous, (e. g. Cono-cuneus). . Problems.
do. Theorems.
V.
Higher Algebra.

. Theory of equations (3rd time).
. Transformation of equations.
. Equal roots.

Limits of roots. Separation of roots.

. Commensurable roots.
. Depression of equations.
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7.
8.
9.
10.
11.
12.
13.

14
Reciprocal equations.

Binomial do.
Cubic do.
Biquadratic  do.

Sturm’s Theorem. Fourier’s Theorem.
Lagrange’s and Newton’s methods of approximation.
Horner’s method.

14. Symmetrical functions of roots.

15.
16.

17.

18.

19.

20.

21.
22.

23.
24.
25.
26.
27.

LU

Pxuoe

Sums of powers of roots.

Determinants.

Elimination.

Expansion of functions in series.

Invariants. Covariants. Emanants. Evectants.
Contravariants.

Hyperdeterminant Calculus. Hermite's Law of Reciprocity.
Canonizants.

Binary Quantics, Quadrics, &c.

Ternary Quantics, Quadrics, &ec.

Discriminants, &e.

Commutants.

Miscellaneous.

W.

-

Differential Calculus (2nd time).

. Trigonometrical expressions. Roots of +1 and —1. Imagi-

nary logarithms,

. Limits of Maclaurin's and Taylor’s Theorems.
. Change of equicrescent variable.
. Successive differentiation of functions of many independent va-

riables.

. Euler’s Theorem of homogeneous functions. *

Buccessive differentiation of implicit functions.
Bernoulli’s Numbers.

Lagrange’s Theorem.

Laplace’s Theorem.
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10. Extension of Maclaurin’s Theorem.
11. Elimination of constants and functions (2nd time).
12. Transformation of differential expressions into their equivalents
in terms of other variables.
13. Expansion of functions of one variable. Acccurate proofs of
Maclaurin’s and Taylor’s Theorems.
14. Expansion of functions of two or more variables.
Maxima and minima
15.  Of implicit functions of 2 independent variables.
16.  Of explicit  do. do. do.
17.  Of functions of 3 or more do. do.
18. do. do. not independent do.
19. Properties of Curves of the nth degree.
20. Contact of curves (plane).
21. Envelopes do.
22, Theory of reciprocation.
23. Caustics.
24. Curved surfaces, tangent planes, &c.
25. Singular points of curved surfaces.
26. Curves in space, tangents, &c.
27. Geodesic lines, &ec.
28. Curved surfaces generated by right lines. Ruled surfaces.
29. do. do. Conical do.
30. do. do. Cylindrical do.
31. do. do. Developable do.
32. do. do, Skew do.
33. do. do. Conoidal do.
34. do. by circles. Surfaces of revolu-
tion.
35. do. do. Tubular do.
36. Curves in space. Curvature-angle of contingence.
37. do. Torsion.
38. do. The polar surface.
39. do. The osculating sphere.
40. do. Complex flexure.
41. do. The osculating surface.
42, do. The rectifying surface and line.
43. Curved surfaces. Curvature. Euler'’s Theorem.
44. do. Umbilics.
45. do. Lines of curvature.
46. do. Dupin’s Theorem.
47. do. Osculating surfaces.
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50.
51.
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11.

12.

13.
14.
15.
16.
17.
18.
19.
20.

16

Calculus of operations, Elements of.

Laws of commutation, distribution, and iteration.
Law of total differentiation.

Miscellaneous.

X.

Integral Calculus (2nd time).

. Successive integration.

Rectification of non-plane curves.

Determination of the equation to a curve by means of a
relation between the length and the coordinates to any
point on it.

. Involutes of plane curves.

Quadrature of curved surfaces.
Cubature of solids bounded by any curved surface.
Properties of multiple integrals.

. Transformation of multiple integrals.

Curvilinear co-ordinates. Gauss’ System. Lamé’s System and
Jacobi’s modification.

Variation of definite integrals due to variation of parameters
involved in element-function. ’

Variation of definite integrals due to variation of parameters
involved in element-function and in the limits.

Differential equations.

General principles.

First order.
Exact total differential equations.
Homogeneous equations of 2 variables.
The first linear differential equation.
Partial differential equations of 1st degree.
Integrating factors of differential equations.
Singular solutions of do.
Differential equations of higher degrees.
Partieular processes.
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21.
22,
23.
24.
25.
26.
27.
28.
29.

31.

32.
33.

35.
. Elliptic Integrals.
37.

o
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Differential equations (continued).

Higher orders ;
First degree; general properties.
do. linear differential equations.
do. do. with constant coefficients.
do. do. with variable coefficients.
Higher degrees ; total differential equations.
do. partial do.
Geometrical Problems involving diff. equations. 1st order.
do. do. 2nd do.
Simultaneous differential equations. General principles.
do. Linear. 1st order.
do. do.  Higher orders.

Integration of differential equatjons by series.
Application of Taylor’s and Maclaurin’s Theorems.
Method of undetermined coefficients.
Solution of Riccati’s Equation.

Application of Integral Calculus to Theory of Probabilities.

Miscellaneous.

Y.

Calculus of Finite Differences (2nd time).

. Solution of equations of differences. 1st order.
do. do. 2nd order.
do. do. nth order.
do. mixed differences.

Summation of Series ; by particular assumptions.
do. by differentiation.
do. of recurring Series.

. Interpolation of Series.

. Generating functions,

. Miscellaneous.
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Calculus of Variations.

1. General principles.
1
2. Variation of f F(x, dz, d2z, ... y, dy, d2y, ...).
(]

1
3. Variation of f Flz, v, ¥,9 ...).
(]
1
4. do. f F(z, do, d2g, ... y, dy, d?y, ... 2, dz, d22,...).
0

1
do. 'l F (0% 4y 4 20 2, &'y 00

Variation of a variation.
do. of a product of differentials.
do. of, a definite double integral due to the variations of
the limits.
Maxima and minima.
9.  Critical values of definite integrals, whose element-functions in-
volve variables and their differentials; general principles.

I 4

10. do. relative max. and min.
11 do. absolute do.

12. Geodesic lines; equations to.

13. do. properties of.

14.  Critical values of definite integrals, whose element-functions in-
volve derived functions ; general principles.

15. do. particular cases.

16.  Discriminating conditions ; general principles.

17. do. requisite data.

18. do. proof that 3Hud2 is an exact
differential : its integral, &c.

19. do. particular cases.

20.  Critical values of a double definite integral ; necessary criteria.

21. do. . application of.

22. Miscellaneous.
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CYCLE

FOR WORKING EXAMPLES.

37 | W11 75 | G 14 113
38| R 20 76 11 114
39 | X 27 771 1 5 115
40 781 J 6 116
41 1Y 1 79 | T 10 117
42 | M 4 8o 118
43| T 11 &1 | M 2 119
4| Z 10 82| A 6 120
45| V 23 83 | W 14 121
46 | N 6 84| K19 122
47 19 85 7 123
48| G 15 8 | N 5 124
49| J 1 87 24 125
50 | W 29 88 | V12 126
51| U 8 8 | D 3 127
52| Z 2 go | X 87 128
53| T 4 91 | U 3 129
54 |M 7 92| C 6 130
55|10 6 93 3 131
56| X 1 94 | T 3 132
571 Q 4 95 | M 6 133
58 | W19 96| F 3 134
5| E 3 97 | W 51 135
60 o8| R 16 136
61| E 2 99 | Z 10 137
62 | K 26 100 138
63 5 ror | 110 139
64 | N 4 102 1 140
65 11 103 | G 8 141
66 | V 17 104 | X 36 142
67 | H 10 105 H 9 143
68| M 5 106 L 1 144
6g | T 8 107 | W 8 145
70| C 11 108 | 112 146
71 | W 24 109 M 8 147
72| R b5 110 | T 14 148
731 P 4 111 | J 4 149
74 | X 19 112 | K 23 150
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