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~ . . 
t'llJnl'HUU ltJ"UJmlf1~L vJm 'lU 'Ur. uuuti"niJfl1 (Ordinary) 

• • 
""DRlJmlfl~LYlm ," • .. .. 'T' I: "". 

L 'HH'ilUlJ~lL '\flll'i (Pa rtial) thln!lD~1.J1n U~: LfHl1Jl nil::UDn11fUJn11U \4 11Jfl1fl [) U 

" 'i 'i'i" -.. IV ..... .. .. ,. I" (solution) lUUlUfI!IlJ 1 LLfl jJ flUnnlliUnnllnl'llVfll::"'''l1V\.\1'1f11fflnnlJt1lnr1' 
• • , t'.. .. .......... .., ... 1"" ... , i" , 

r91111fl1-.l1 'lJ." mW1El'U,tmmUJnl'Hi1'll'Vlm'UL'IHH'1JlnDU L""'D \'1'1',UHJ'" f'lY111Ul1 • . . . i · ~1·1 ~1 " , j , , • 
tUJ011fJvhlllflL1ulfnrmflO:: ''Hln:lJrI , \l,"(l flUl,] ':'lmnnll flUlJfll1 L'UIn11f1WLWfl .. .. ~..... (... .. 
lluL1'ot'mmum11Y1lJflUV.Uli (derivati"e) 'tIflJf11LL1.hmlJ (dependent ,'ariable) l'l 

• .. ..... .. ..: ... ' ''' .I .. , ... 
1l1r.!'Untlf11Uthflt'l1:: (independent variable) lml1't1flJfl[Jl"UDD~U"DU"U5 LH'l::rn • 
.. .. .. .. ... .. .. <11 ..... , ..... , .. 

lJfl11l1.hmn:ll'HIJf111flEJ1m 'UUl'UJ011fll'lt ~fIl1Ul '[Iflll U UlinlJf'11 lLflt11lJlJlnn 11"'\I.,J 

,,"101 tiU"1In11flWl wm ,"t 1t1f1ll UUW11 ;[J~ \Ofl011n~[J"J tfj,i lfl111J~1 ;t'llIm1~l~L ~n 
- i" ... .. .. t: 

L1Ul'lfumJ1UnflJ 1P11[] '!fJlJl'l,J\UJfl11lJ 10 nlJn11 

flfl tlJ'::lLrlf1"i~lLntHJnl1~unnLll 'Uf1111"L Yiu.] 3 tUJnl1,j""fin \tl~ 
nlJn11~ (3) ltiUt'flJnl1fi.,.,It'Vlm 1'Ul"lt"m UUfilllJf11 LL~fl.n;"mlnl1'\1A'tIfl" 

i '" j- Ai" ,. j'" " m::un ~\IoIl'ml1f11 fl[]lILLHLfHHI'U. Y/'t'il~JrI'\Ll'11nu lOa 1l'tl'l llft:LUUOl:Urlt'fAU • • .. ..... .. . ~ i~ " '-' 
lJn1111L11L'f.J1UJ UJ "" 'l1!f LlJtl f nVn11lJtl'Dfl.Jm:LLt'I l'l'fil lJ\1\.1.1!ntJu cycles! 

• • . i" " , i • 
second tllIn11U,:\11n1f1DU flfl.JflD tlu 

linear equation of or der two) 
• • 

"lImL,. nPl f1.J '.nrlJJn1ltl1':nnu (complemeo tary 
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ill "" ... ..... , ..... .. , 
equation) 1Jfl,HUJnl,," '1f •• ":~J 'UrllJnl1fl1"'"d ltl)JfH "'\.l,Lfltl1nUnllnl"lUUJ U fll'l1"'!!11 • 

n1 'Ul lJ ~'ii mm)J,n fl ri 1f1!llJ th:n fltJ (comp I e me n ta ry so I ution) 
.. .-, ,... , 
iJ fllJfl1ll'l1 n lJ fHul • 
l~Lnm"lJ Ic 

, . 
n lJ m 1'if ')(111[1" ~ lJn" Ul: nu lJ f16 

2 
m + 4m + 5 = 0 

~'';''!!fl'' m ,::,,j m = -4+'/16-4(5) , 
= -2 ± i 

001 ,... "" , ... ,- • , 

j lU"fI1nmm~ (imaginary) lJrmrnnu Y -1 m LlJ'\.l,11n (roots) lItl"~l.m1"",)O 
• • • 

fl1rt[llJl.h:n[lmlfl"":Jnl1'\.l, flO 

-2l ( ) Ic ... e c1 cos t + c2 sin t 

~ '" .. .J 
LlJD c1 LLt'i:: Cz LUlUl1fl"1'IfI1lJh'lDU (arbitary constants) 

";1I1tl~lfllf1l1lJLIlWl~ (particu lar solution) L1lJn11 Ill' 1~""'1~\ol~ltl1; 
.... II", ..... ,.. 1 ....... ... ... ~ 
ftl'Vl, utum,,'\.l, 111tl" 10n[l lon fltl11n 1'Il/un lith::" 1'11i (Unde term ined Coer fic ien ts) 

.... ... "",' tUJnlnPi:: V11mf10UL llyn:':lJlt.1fl "flO thl. 
• 

2 
d I. 
---, + 

dt 

d 1 
4 ---..E + 5 Ill' - 100 sin 20 t 

d t . , 
"n'(1 ,." 111111 DlID "tUm 11' L "'I'111lJ 11 

, , 
m 1 - 20 i LLn: m 2 - 20 i 

nJJ~;jl~ Ill' - A cos 20 t + B sin 20 t 

'" ..... ... . ( .. ..1 .. • 
LJJD A un: B LU1U'fllth::rnl'l1' 2 f]1'Y1P1D"n111'111Uf11 

~ Z3' - 20 A sin 20 t + 20 B cos 20 t 
dt 
2 

d Ip 
-~21' = - 400 A cos 20 t - 400 B sin 20 t 

d t 

" . '" ""'In.n ",: fl - 400 A cos 20 t - 400 B sin 20 t - 80 A sin 20 

t + 80 B cos20 t + 5 A cos 20 t + 5 B sin 20 t = 100 sin 20 t 
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- 395 A + 80 B - 0 

- 395 B - 80 A - 100 

" . " LlnnlJOl'Y1..1C'1f1.j 1:'\.fl A ... 0.053 un: B - 0.264 

• • fl.jlm Ip - 0.053 cos 20 t + 0.2b4 sin 20 t 

· fl1flfl'U I - Ie + 10 

- -2t ( e c) cos + c, sin ,) 

+ 0.053 cos 20 t + 0.264 sin 20 t 

.. 'It .... • ...... 
1..1f1\\ ~lI'Ul.j1.h::n1'nflfl.j01"'UfllJlnfl.j'DmWfl\"fll c1 UI:'I: c2 

• .... ... _... J • ... 
t'I'\\lUIUm11 (4) l mUU.tnllfll'h 1'lDl1t.H "If[)~U UUlillllfllUfl:t'llIOlll'1tnncu 

llli'f1;ff1nlllJ 10JjlL ~ll Y1QHDllD..11:n: In..1 (de fIections ) llthlfl1U1Ln""lnlfiDU 't~~ lU 

lJlntfllln11~,"~Lnnll'UJnl'l~mt:.j LWn::nJ!'ItJn11LU1.l.t'l1J011L;..1H't,"D"U,i'u~~ <U (x) l~U , 
to.. ", • oWl .....1 ~ 

111,"lln'!lD.jfl11.1.fltJ""ll1[)fl11)J[)11 C'l1U E LL~: I lUU,,1fl.jl'1tUJU,m (absolute con-

stanb) ntJfI"1fl.j~~ nl"'Ufl';11~nlLfl01 

filflDu~lil~D 
3 , 

, 

c, x cz x 
Ely - ffff lU (x) d.x + -- + - + cJ~ + c" 

, 2 
• _ ... I t: 

f flEl 011tJumnUl w (x ) dx UflfI:flH 
... ... • od ... <II .. 
,.,." lU~ lJ011~flY11Uftnt11Jn1i (1 0) L U'\.UHml''HlUUWll '!fUAllfl::L U," V1QHlJlIeJ . , 

n111Ln11::\1U'.j <theory of stress analysis) 

hi""1~rOJcum (operators) L'tlhlfl"'1;;f1 0 Uti:: D* 

• • D = - Ut'I::D = 
6X 6y 

,,, ;~~~"n11 (,0) hmJ'DJft''II'11mn~ftD<;J~ , 
4 2:.2 *4 

(D + 2D D + D ) P - F hoY) 

• ...... 1" .• 
n mfmUltJ.j 'H 1m f1 tJ mh:: nou "n l'110 u A Y c 
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"":l,;~~nl1 

(0
4 + 21/D-

2 + Dt
") Pc = a 

, . .. 
I'UJm l'IfltJ'il:m Vi U\I. 

, , 
m + 2m + 1 - 0 , 

, 2 
(m + 1) = 0 

2 , 
m -1 = 

+ . 
m = - I 

......01 .. I .. ... I 

mUJ11n1'!11n t'llJ.Jl1mml i Ll~:f]mHl.:ll1nlJfl1 - i 

Pc - f1 (y+ix) + (1 (y-ix) + xfZ (ytix ) + xfZ (y-ix} + 

-gl (y - ix) + xgz (y + j x) - XKZ (y - ix) 

· 1'" ..... t ... mnfluth:n!lu '1.U~lJnTlm·hvlDl'J''UllltlA Yi..1nnl. (y + ix ) UA: 
.. .., 

(y - ix) ':UJll.1U'W..1n 

• 1 ',. 'IU (e lementary function) '10 Lfl 

· - . nUl'!lJnl''Jf1'r'll 'i'lm 1'-'L '!IrJt'illL UU Hl'UJfl1 
, . 

(uaction) lm"," 

, 
'... .. t: ..... 

LU'lflf),lnflflUfl1lJ (satisfy) l'UJn11,,nt 1 'i1''']~f1 ..I ... .rI ,j. t...... .. t 

YI;JiUnlfltJUl U1..I. Vi,]n 'I"L' ..1~flJn {exponen tia I , 

nlVl,j"unlflflUL\\Wl : l;'L~'n"'u 9p u\riun,ufl F (x,y) n"', F (x,y) L~U;tl 

;..,n,"~.U;.JYiA"'.Jn (exponential function) L~ln"u 5 /:<+Y l~tUJ~~il 9p _ Ae2x+y 

.,......... ... ... .t. 
Utn "11 Ii L Y1 tlmUJ 11.,:; tn-Hi 

09p - 2 Ae2X+Y • 0 9p - ., 
D 9p 

2 
4 Ae2X +Y 

. , 
D 9p - D 9p -

3 
8 AeZX.+Y 

, .2 
4Ae2x+y 

D ~p - D D 9p-

D\~p - 16 Ae
2X +Y 

... ... ... ~ ,'" 
',nrl lJnnl YHIU :UJU1::ftYln: ~fl 

16 Ae21;+Y + 8 Ae2X +Y + Ae'lx+y = 5 e2x+Y 

t..l .. ... 
f11ftfllnflfl1U. 

25 A = 5 

A -
1 , 9 1 2x:+y 

P - s e 

• 

• 3 . 
D 9 p 

Ae2x+Y 



Differential Equations 

" , 
(,) xy +y+xy - 0 

2 
d x 
-2 =-kx 
dt 

2 
(J ) d I dl 

-, + 4 + 51- 100 sin 20 t 
dt- dt 

(4) Ely (IV) _ w Ix) 

" (5) y -

(,) v + 
dv 

m - -v 
dm 

2 

Applications 

( I) arises in mecbanics, beat, 

electricity, aerodynamics, strt'S5 

analYsis, and many other fields. 

(2) is famous in the field of 

mechanics, in cOllneclion witb 

simple harmonic motion, as in 

small oscillations of a simple 

pendulum. I t could, however 

arise in many other connections 

(3) might arise in the determinlltioD 

of the current I as a function 

of time t in an alternating 

current electric circuit. 

(4) is an important equation in 

civil engineering in the theory 

of beam dellections. or bending 

arises in connection with a 

problem relating to suspended 

cables. 

I,) arose in a problem on rocket 

1I igbt. 
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Di6ferentiai Equathms Applications 

2 , , 
.y .y . y (,) could arise in heat, electicity (, ) -; + -; + .. -0 
'x 'Y ., 

aerodynamics, potential theory 

f .'U 
, 

~ 
and many other fields. 

W .U 
(S) - k -,- + -, (S) arises in the theory of heat 

bt bx 6y 
conduction as well as in the 

diffusion of neutrons in an 

atomic pi le (or the production 

of D UC lear energy. It also 

arises in tb. theory of , 2 Brownian motion . • y 2 .y 
(, ) .. - a -; (,) arises in connection with the 

.t 'x 
vibration ot strings, as well as 

in the propagation of electric 

.'0 " 0 .'0 signals. 

( 10 ) ---. +2 2 2 + --.-F(x,y) 
( 10) 6x ftx 6y 6y is f amous .n tb. theory of 

s tress aoalYls, 

• 

u 


