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PREFACE.

HIS work has been prepared to meet a want felt
by the author in a practical course on the subject,
arranged for advanced students in Physics. . It is in-
tended to be used in connection with lectures on the
theory of Differential Equations and the derivation of
the methods of solution. \ o .
Many of the examples have been collected from standard
treatises, but a considerable number have been prepared
by the author to illustrate special difficulties, or to pro-
vide exercises corresponding more nearly with the abilities
of average students. With few exceptions they have all
been tested by use in the class-room.

G. A. OSBORNE.

Boston, Feb. 1, 1886.
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BOOKS IN
HIGHER MATHEMATICS

COURSE IN MATHEMATICAL ANALYSIS

By Epouarp Goursat. Translated by E. R. Heprick, University of Missouri,
and Orro Duxker, Washington University. Volume I, 548 pages; Volume II,
Part I, 259 pages; Volume II, Part I, 308 pages.

A stANDARD French work well known to American mathematicians for its
clear style, its wealth of material, and its thoroughness and rigor. Volume I
covers the subjects of a second course in calculus. Parts I and II of Volume II
treat respectively functions of a complex variable and differential equations.

PROJECTIVE GEOMETRY

By OswaLp VeBLEN, Princeton University, and J. W. Youna, Dartmouth College.
Volume I, 343 pages; Volume IT, 523 pages.

A THOROUGH exposition that takes into account modern concepts and methods.
Volume II deals with important special branches of geometry obtained by
adding further assumptions or by considering particular subgroups of the
projective group.

THE THEORY OF INVARIANTS
By Oriver E. GLeNN, University of Pennsylvania. 245 pages.

TEN chapters giving an adequate introduction to the study of original memoirs.
Both the symbolical and the nonsymbolical methods are employed.

THE USE OF GENERALIZED COORDINATES IN
MECHANICS AND PHYSICS

By WiLLiam E. Byerry, Harvard University. 118 pages.

A BRIEF, practical introduction with numerous illustrative examples. The
Lagrangian and Hamiltonian equations of motion are obtained and applied.

PROBLEMS IN THE CALCULUS
By Davip D. Leis, Yale University. 235 pages.
OVER two thousand carefully organized problems, covering the entire field
of calculus.

SOLID GEOMETRY
By Sornia FosTer RicHAarDsoN, formerly of Vassar College. 209 pages. ;
A COLLEGE course with emphasis on original work. The methods of conti-
nental Europe receive consideration.
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BOOKS IN
HIGHER MATHEMATICS

ADVANCED CALCULUS
By Epwin BioweLr WiLson, Massachusetts Institute of Technology.
A COMPREHENSIVE second course in calculus. Throughout, attention
has been paid to the needs of students of engineering and ma};hematical
physics. There is an abundance of problems. 566 pages

SYNTHETIC PROJECTIVE GEOMETRY
By Derrick NormaN LeEuMER, The University of California.
A SIMPLE treatment which avoids algebraic methods in favor of
purely synthetic. The book emphasizes especially the unity and sym-
metry underlying the subject. 723 pages

ANALYTIC GEOMETRY AND CALCULUS

By Freperick S. Woops and Freperick H. BarLey, Massachusetts Institute of
Technology.

A TWO-YEAR college course, notable because at an early point in the
treatment it intermingles the methods of analytic geometry and the calcu-
lus. The course provides over two thousand problems. 576 pages

THEORY OF MAXIMA AND MINIMA
By Harris Hancock, University of Cincinnati.

IT A1MS to provide for American students an adequate account of the
theory, freed from current errors. The book contains a great number
of problems and exercises taken from algebra, geometry, mechanics,
and physics. xv + 193 pages

ELEMENTARY COURSE IN DIFFERENTIAL
 EQUATIONS

By Epwarp J. Maurus, Notre Dame University.

AN EASY introduction in differential equations, primarily for the use
of students in engineering courses.  No attempt is made to adhere to
rigidity. Numerous problems are included. 57 pages

INTRODUCTION TO THE ELEMENTARY FUNCTIONS

By Raymonp Benepict McCLeNON, Grinnell College. Edited by WiLLiam JaAMES
Rusk, Grinnell College.

A UNIFIED course for freshman classes in colleges and technical
schools. It includes the most important topics usually treated under
trigonometry and elementary analytic geometry, with a simple introduc-
tion to differential calculus. 253 pages
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BOOKS IN
HIGHER MATHEMATICS

HIGHER ALGEBRA
By HerserT E. Hawkes, Columbia University

A THOROUGH development of college algebra that will be found especially
adapted for use in technical schools. The reasonable use of graphical methods,
care in finding the limit of error in numerical computations, and the use of tables
in extracting roots are all features in accord with modern instruction in applied
mathematics.

THEORY OF FUNCTIONS OF REAL VARIABLES
By James Pierront, Yale University. Vol. I, Vol. IT

® A mosT admirable exposition of what in modern times have come to be re-
garded as the unshakable foundations of analysis. Hitherto, in order to gain a
knowledge of the best that has been done in the subject, it has been necessary
to repair to foreign institutions ; now it is no longer necessary to have recourse
to foreign tongues, thanks to Professor Pierpont’s simple and scholarly presenta-
tion.” — The Nation.

FUNCTIONS OF A COMPLEX VARIABLE

By James PierronT, Yale University

ADAPTED to the needs both of students of applied mathematics and of those
specializing in pure mathematics. The elliptic functions and linear homogeneous
differential equations of order two are treated, and the functions of Legendre,
Laplace, Bessel, and Lamé are studied in some detail.

MATHEMATICAL THEORY OF INVESTMENT

By ErnesT BrROwN SKINNER, University of Wisconsin

THE mathematical material that will prove most useful to the modern educated
business man. The book treats the theory of interest, both simple and compound,
the theory of bond values, depreciation, sinking funds, the amortization of debts

“ by various plans, inheritance taxes, old-age pensions, and life insurance.

MATHEMATICAL THEORY OF HEAT CONDUCTION

By L. R. IngersoLL, University of Wisconsin, and O. J. ZoseL

A TEXT in Fourier’s Series and Heat Conduction, presenting along with the
theory a large number of practical applications of special value to geologists and
engineers. These include problems in the tempering of steels, freezing of con-
crete, electric and thermit welding, and similar questions. The book presents
an excellent first course in mathematical physics.
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BOOKS OF CONVENIENCE
FOR MATHEMATICIANS

TABLES AND FORMULAS. For solving Numerical Problems
in Analytic Geometry, Calculus, and Applied Mathematics

Compiled by WrLLiam Ravmonp LoNGLEY, Assistant Professor of Mathematics,
Sheffield Scientific School, Yale University.

THE use of this book promotes economy of time and effort. All
necessary tables and formulas are included, but there is no extended
cumbersome material.

COMPUTING TABLES AND MATHEMATICAL
FORMULAS

Compiled by E. H. BARKER, former Head of the Mathematics Department, Poly-
technic High School, Los Angeles, Cal. Narrow 12mo, semifiexible cloth, 88 pages.

STUDENTS of mathematics, draftsmen, and engineers will find all the
material required easily accessible in this handy pocket manual.

NOTEBOOKS FOR COLLEGE CLASSES

By RoBerT E. Moritz, Professor and Head of the Department of Mathematics in the
University of Washington

COLLEGE MATHEMATICS NOTEBOOK

Tuis notebook, of great value to students of mathematics, physics,
astronomy, and chemistry, contains lists of important formulas from
algebra, geometry, trigonometry, and analytics, one hundred sheets of co-
ordinate paper, seven two-place tables, and eight sets of standard graphs.

COLLEGE ENGINEERING NOTEBOOK

A TIME-SAVING notebook for students in civil, mechanical, and electri-
cal engineering, containing lists of important formulas, tables, and sets of
type curves. There are ninety sheets of rectangular coérdinate paper and
five sheets each of polar-codrdinate and logarithmic-codrdinate paper.
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EXAMPLES OF DIFFERENTIAL EQUATIONS.

——00H000——

CHAPTER 1L

.DEFINITIONS. DERIVATION OF THE DIFFERENTIAL EQUA-
TION FROM THE COMPLETE PRIMITIVE.

1. A differential equation is an equation containing differen-
tials or differential coefficients.

The solution of a differential equation is the determination of

another equation free from differentials or differential coeffi- -
" cients, from which the former may be derived by differentiation.

The order of a differential equation is that of the highest
differential coeflicient it contains; and its degree is that of the
highest power to which this highest differential coefficient is
raised, after the equation is freed from fractions and radicals.

The solution d_f a differential equation requires one or more
integrations, each of which introduces an arbitrary constant.
The most general solution of a differential equation of the nth
order contains n arbitrary constants, whatever may be its de-
gree. This general solution is called the complete primitive of
the given differential equation.

2. To derive a differential equation of the first order from its
complete primitive.

Differentiate the primitive ; and if the arbitrary constant has
disappeared, the result is the required differential equation. If
not, the elimination of this constant between the two equations
will give the differential equation.



2 DERIVATION OF THE DIFFERENTIAL EQUATION.

3. Form the differential equations of the first order of which
the following are the complete primitives, ¢ being the arbitrary
constant :

log (zy) + 2=y +ec.
(144 (1 +9) = o,
CO8Y = CCOS 2.

y=ce ™ 's  tanlp —1.
y= (cx+logaz+1)L
y=cx+c—c.

(y+c¢) =4aun. ‘
y*sin’x + 2¢y + 2= 0.

000 SRS R 00100 ry

e 4 2cxe! +c*=0.

4. To derive a differential equation of the second order from
its complete primitive.

Differentiate the primitive twice successively, and eliminate,
if necessary, the two arbitrary constants between the three
equations.

5. Form the differential equations of the second order of
which the following are the complete primitives, ¢; and ¢; being
the arbitrary constants : :

1 Y =c¢;co8 (az +¢,).
2 o =icie™ e
3 Y= (¢, 4 c,x)e™.
4. y=c2*+ %
5

cosax

Y = ¢, sinnw + ¢,cosnw 4
nt—a?




DERIVATION OF THE DIFFERENTIAL EQUATION. 3

6. The preceding process may be extended to the derivation
of equations of higher orders from their primitives.

7. Form the differential equations of the third order of which
the following are the complete primitives :

1. y=ce*+ce +ce.
2.y =6+ cysine V2 + ¢ cos V2.

3. y=.<cl+c2m+§>e’+c3.
Form the differential equations of the fourth order of which
the following are the complete primitives : :
4. y= (¢, F+cyx+ca?)er + ¢,

5. 2PHaly=ce*+ce 4 c\asinam + ¢ cos ax.

-
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CHAPTER IL

DIFFERENTIAL EQUATIONS OF THE FIRST ORDER AND
FIRST DEGREE BETWEEN TWO VARIABLES.

General Form,  Mdxz + Ndy =0,

where M, N, are each functions of  and y.

8. Form, XYds + X'Y'dy=0, : ’
where X, X', are functions of « alone, and Y, Y, functions of
y alone. :

Divide so as to separate the variables, and integrate each
part separately.
9. Solve the following equations :
"1. (A +a)yde+ (1—y)zdy=0.
52 (a:"’——yx?)g—z+y2+a:y2=0.
2
~ 3. dy ., 1 o K 2

de (142%)ay
4 (d?/ G >_ dy
~4, afe==+42y)=xy—">-

dw 7

da
“5 (A+P)de=(y+VI+H) (A +a)idy.
8. sina cos y da = cosa siny dy.

“q.  sec’wtanydx + sec’y tanady = 0.
8. sec’ztanydy + sec’y tanwde = 0.

»;\9. gﬂ 1+?/+7/2___0
de 14a+22



HOMOGENEOUS EQUATIONS. 5

10. Homogeneous equations.

Substitute ¥ = ; in the resulting equation between v and x,
the variables can be separated. (See Art. 8.)

11. Solve the following equations :
¢ 1. (y—2)dy+yde=0.
2. (2Vay —z)dy+ydu=0.
d d
V3, 2 mz_!/= &
g ¥En da xyda:
4. md—y=y+\/:v2+y’.
dx
5. wcosg-glg=g/cos31_x.
v do z
~ 8. (By+102)de+ (by+ Tx)dy=0.
W_y_ o 4
7. (x+7y) 7 Sl
8. wcos%(yda;-{-a:dy) =ysiny(mdy—ydm).
: @
9. x+y@=my.
(1) m<<25, (2), m=2; (3), m>2

Lt )
10. [(:vz—y2)sina+2wyCOSa—y\/w3+y2]£
= 2aysina — (2% — y°) cosa + 2 Va' + 3

12. Form, 3 ‘
(az 4 by +c)dw+ (a'w+ 'y +¢') dy =0.
Substitute e=2'4+a, y=y'+p4,

and determine the constants «, 8, so that the new équation be-«
tween ' and y' may be homogeneous. . (See Art. 10.)



