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d1
LYE +RI+%  = E

xy’+y  = ex

dv
x = -g



2 1 2

L% +RI  = E

L& + RdI
dt2

x++  =
St-

&z
dt2

= -kr

aOy + alY’ + a2y”  + a3y”‘+....  = b
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Y =/ f(x)dx + C



2 1 4

?klu’w  5.1 wkwn75 9yy’+4x  = 0

%i umhul5~~lY 9ydy  = -4x dx

GirnsmlnY fy’ = -2x2 + C’

da
2 2

x +y. C
.

9 4.  =
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dT =
d t -k(T  - 30)

, I

m-d k > 0)

O'$'rn5?11; ln(T  - 30) = -kt + C'

&I T(t) =

t = 0; T(O) =

c =

Gil&l T(t) =

t = 3; T(3) =

k =

-kdt

C emkt  + 30

100 LlRZ T(3) = 70

c + 30 = loo

70

70 eTkt + 30

70 em% + 30 = 70

51n-f = 0.1865
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T(t) =
7. e-0.1865t + 30

'lun%?i  T = 31°c ; t = ?

31 = 7 0  ,-0-‘865t  +  3 0

1 = 7. kO.1865 t

II% 0.1865 t = In 70

t = 22.78 u-  23

a(r) = g = 2k
r

&&  -g = a(R) = k

1’ k = -gR2



2 1 7

2
a(r) = - E2

r

dr= dv
- dt v&

dvvx  = - kd
r2

”
nun?kuls;r~‘l~  v d v  = 2 dr-gR  -

r2

hiinsfi
2

u R2
2

= -gz  + c

= -gR + C

rnuc =$ - gR
LMUfll c dlununi~ ( 3 )  InY

v2  = 2g $ + v; - 2&R

(2)

(3)



M~nw1.4  (velocity of escape)

V2 = 2g  F2

Vo iAtln;7;” '3milM"  v = 0

lwiuni5 (5) t%n~mw%

9inTan iikmin R = 6372

ii'intums  tm:: g = 9.80 Lup15/(%J14i)2 dP-7
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v. = i2(9.8)(6372)

= 11.2 ihLWl5/iUm'

Mb,  Y) dx + N(x, y)dy = 0 ( 5 . 4 )

dutwnwm&u (exact equation) rY-dwuwmYw

e~~~~~b;3~;~~~~~~~,~~~~  (total or exact differential)

?lfNvsjr;&  u(x,  y) nmah

du = fpx+ $dy (5.51

du = 0



2 1 9

u(x, Y) = C (5.61

au M au
ax = LME By = N

A= aM t12U aN
ayax ay’ axay = a x

2
i,; _a = -a2u

ayax axay

&li.l aM aN
ay = a x

(5.7)

(5.8)



PIU?DU’w 5 . 4  w~k4un75 (2x + 2)  dx + xeydy = 0

t3M eM = aEJ
By = ax

2x dx + (eydx  + x eydy> = 0

2x dy + d(xg) = 0

Gi~nsnlfY 2xy + X-J = c

F(Mdx  + Ndy) = 0

(5.10)

nia FBM
BY

+MaF I
w

Fit!i  + NE
ax ax
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c

nim Nx, Y)

(5.111

a(lnF>  = .7 p! aN)
N ay - ax

7; A& -!zi)  = f(x)

&G’rnsnIY 1nF = Jf(x)dx  + c
\

M&l F = K elf(x)dx



~a&4 5 . 5 ilwkm7s (1 - xy)dx + by - X2MY = 0

i&i7 7; M = (1 - xy),  N = xy 2 x2

i3M aN-=ay  = -x, ax Y - 2x
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1

1iklWlfl pp) = J- Ixy-x2 -x- (y-2x 1 J

= & [-(Y-4

1= --
X
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pIammi5  ( 5 . 1 4 )  h-kifi  I = 0 dun-t5  ( 5 . 1 4 )  il:rih

&Slnsnil:ImY  In  y  = -I f(x)dx + c

Y =
e -If(x  +  c

= * e- If wdx (5.16)

B = I fdx (5.17)

y = Ae -B

dayeB=.  A (5.19)
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.
$x(yeB)  =  y  ‘eB  +  yeB  2 = y’e B * yeBf =  eB(y’  +  fy)

(5.20)

(y’ + fy)eB B= re

$$yeBl B= re

(5.21)

(5.22)

yeB = IreB  dx + C

I& y esB Ir em3 - B= dx + Ce (5.23)
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i-i&~  5.6 ?a&4aJnl5  xy' + 3y

%fi $+$ =

Iii! f(x) = $; r(x) =

J f (x>dx =I -$ =

Cnl5mwM~nsn&i e31nx  =

di.l x3 dY + 3Y x3
dx

=
X

= X2

X
2

X
2

31nx

X3

X5

da d(x'y)  = x5dx

6
iuM’~nsmG  x3y = $- + C

y' + fbdy = r(x)y" (5.24)
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1;  y = y’-n

g = (l-n>y-”  $-

&I y’ = (l-n)ymx  y’

(5.251

(5.26)

r;ruduni5(5.24)  &u (l-n)y-” e:lY

(l-n>y+y’ + (1-n)fy l - n = (l-r&

Y’ + Cl-n)fy  = (l-n)r (5.27)

Y =vx, dy = vdx + xdv
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M(x, vx)dx  +  N(x, vx)(vdx  +  x d v )  =  0  _

x”M(1, v)dx  +  x”N(1,  v)(vdx  +  Xgv)  = 0

[Wl,  v) +  vN(1, v)]dx +  xN(1, v ) d v  =  o ’

dx N(1,  v)
X +  M(l,v~)+vN(l,v)~~  =  ’

dN
-R = kdt

iwM’rnsn 1nN = kt + C

N = ,kt+C = .C ,$ = Ctekt.
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M” t =O,N=No&~~  C' = No

&¶.Yi.l N = No ekt (5.30)

is”vli i t=o,

i t=2,

i;s& 38

k

Y

No

N

‘ih  - N

&I t = 121 ;

N

= 36 i&MU

P- 38 6;lUflM

= 36. eZk

= j--In  +j

= 0.02704

No .e0.02704t=

N = ?

= 49.80
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-.kN

dN&I -g ‘= -xdt

N = Cevxt

L>Q? t = 0; N = No 1" c = No

N
-9. -AT,
2

= No.e 2

TV In 2= - = 0.693
2 x x (5.32)
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i & i 0.693;rlfldNlll5  (5.32) T4 = x

rib T'5 = 1700 il

x =
-%v-

= o.oqO4076
,

rib  t = 10; il 9incWm (5.31)

N = No.e -(0.0004076)(100)

No - 0.96 No
= x10006

No

= 4 %
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.

F = 10 - 2v

F.=  ,,,a= dv
mx Q&Y

dvIO-2v = dt

70 cLvzv  = dt
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10 - 2v = 1 0  e-2t

&I v = 5 (1 - c2Y

dx =
dt 5(1 - e-2t)

dx = ~(1 - e-2t)dt

iui?~nsml~ x = 5(t + + e-2t)  + cg

ia  t=o, x=0 s:lmy  cs = - +

&liu x = 5(t + *e-2t)  - 2”



.
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-@  5 . 2

(5.33)

Rg+$  = v (5.34)
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est dI + 5 Iestdt  = 10 cos St e5tdt

d(I& = 10 cos St estdt

.~Glns~le~mv I$ = est  (cos  St + sin St)  + C

I = cos St + sin St + C emst

lib t = 0, I = 0 & c = - 1

0 = l+C

c = -1

I = cos 5t + sin M cst
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g&cl mmni5 (5.34) ;~:lnY

zag-+& = 200 e-5t.

Gn $- + 5 Q = 10 e-5t

wnmni5 (5.23) L&l f(t)  = 5, r(t) = 10 e-5t q:ImV

Q = esst  /10 e-5t e5t dt + C e-5t

= 10 t e-5t  + C e-?

ia t = 0, Q = 0 & c = 0

&lFU Q = lot e-5t

wn I =$= 10(1-ht)e-5t

I I

e”lu7ulti5:;3;aJl~~FIL~D  dtal= 0 &I I = 0

10(1-5t)e-5t  = 0
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I” t = 0.2 ium”

(5.35)

. :- ,  _L . :-  ‘- j ,_  ‘+’
,I  .- ,- ,

z- :! ‘2. ..,  ,



2 3 8

W(u,,  u2,...q =

u, (xl u,(x) . . . . u,(x)

y,(‘)(x) p(x). . . . p(x)
.

.

.. .

t(n-1 )(xj
n

(n-1 lcxl
u2

t(n-1 lcx)
n

up(x) Tla  dx
E,(x)

, “yqX)  “no d”-1
dz-l ul(x)

tikbmn D(emx>  = memx, D2(emx> = m2emx

wmF;1  y = em ndwnmi5  (7.13)  srlnY

Caom2 + a m +1 2)emx = 0

MC;a  Som2  ,+ a m + a2
= 0 ( 5 . 3 8 )
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fium5  (5.38) rifm;-h=4un~sdm  (auxiliary equation) pImwn~5

(5.36) 24lJnl5ii~L~;;l  m t?lmu

mx1 mx2

Cle
+  c e

Y = 2 (5.39)

‘?bUlJ 5 . 1 2 wufhnl5 (D’ - SD + 6)y = 0

fi& 7; y I em" ;3:~‘F”‘Unl5Llh  m2  - h + 6 = 0

1nYS-m 2 5in”no m = 2 , 3 ““4&“im8~~lti”no

Y = c,ezx  + c2e3X

‘luni5wi5inmmm75&tl  ( 5 . 3 8 )  ;;Y n”-mm~5~57fi&fk&

fi57nr9ubmnu c+WBLI~\t~lll5 ( 5 . 3 6 )  9uUPll+dln  ( 5 . 3 9 )  &if

(l-l)  “5lih5vrlhYiJ

W9975tuimmi5 (D - a)'y = 0 (5.40)
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(D - a>'  wax  = 0

(D2  -, 2a + a2)veax = 0

hntl14 5.13 w&mx CD2  - 8D + 16)~  = 0
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= eQX(c,eiBX  * c2emiBX)

= eca CC,  * c2kodx + i(c,-c2)six@x

Y = ea(A  COSBX + B sin6x) (5.43')

ACOSX +bB si.118~ = clsin(Bx  +  6 )  k c2  cos(13x  +  y)

I I
lik!  c,, c2, 6 LM: y llhlfll~~P1laJ'L~ml~U

m"?oJw 5.14 9wkm75  (D2 + 2D + 2)y = 0

%%I mm&da m2 +2m+2 = 0

-1 + i LLn: m2 = -1 - i
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boll2 + a,D  + a$yp =

tm: ( aoD2 + a,D + %:)yc =

ZW’iWllZ ( 5 . 4 6 )  tb-3:  ( 5 . 4 7 )  il:l;

(as2 + a,D + %)(yp  + y,) =

F(x) (5.46)

0 (5.47)

F(x.1
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nl5n53Gih %mu7pIuni5

( aoD2 + a,D + 9)~ = A (5.4tll

t"uo ao,  a,, a2 tm: A lih6l"di L5lE1lmlnimurawl::

xwmnl5  (5.48) 1l.h  1 wnnl5n59eXh  (inspection) df-Y;1

?ihu1a  5.15 w&ml5  (D2  - 3D + Z>Y  = 16

*
ye = c,e

X
+ c2ezX

Yp = 16/Z = 8

+ c2ezX  + 8
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F(x) = x3 ; yP = c,x3 2 '+ c x +cx +c2 1

F(x) = eax ; y,, = ceax

F(x) = sinax n%  cos ax ; y
P

= c,sinax  + c cosax2

F(x) = eaxsinbx  ; yP = eax(c,sinbx + c2cosbx)

cos 2x, sin 2x, x, 1, ex

(-4a,-3a2)sin  2x + (4a2-3a,)cos  2x + a3x + a4 + 2a3 + 4a5 ex

= sin 2x + 2eX  + 2x + 3



-4a,  - 3a2  = 1, 4a2  - 3a, = 0, 2a3  + ;‘4  = 3

4a5=2,  a2=2

6&u a, =
3

--&  , a2  = -25 , a3  = 2

1a4=-1  ,a5= 2

n?nnu~aniGb Yp = --+s  2x-s sin 2x + +e" + 2x - 1

. , . Y = Y,  + Yp
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y;
= Cex + CxeX , Y; = 2Cex + Cxe’

2Cex + Cxex + Cex + Cxex - 2f&ex = ex

3Cex = e
X

(D2 + 2D + 1)y = (sin 2x) + (2eX) + (2x + 3) (5.49)

(D2 +2D+ l)y = sin 2x (5.50)

(D2 + 2D + 1)y = 2eX (5.51>

(D2 + 2D + 1)y = 2x + 3 (5.52)

LLt=4  :: ( 5 . 5 2 )  bkh
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yp,  =
- $-5 cos 2x - s5 sin 2x (5.53)

(5.54)

4 2x +5 sin 2x 1 exYp = Yp + Yp + Yp = - 25 cos - + 2 +2x-l
1 2 3

(aoD2 + a,D + 3)~ = cneim (5.56)



Yp  = vlYl + v2Y2 (5.58)

I Y
I”tihw&vr4ih  v,  LLR::

viYi + viyyz  = 0 (5.59)

Yb  = .VjYi + V2Y$

‘i = V,Yi’ + v2yi’  ’

11vlufl-i  y, y’ LM::  y” ~ihiNn75  (5.58) Cd

v,f(D)Y,  + v.#(D)Yz  + v{Yi  + v;Yi  = F(x)

Ml y, 1lfi:  y2 mtdun?mummm75  f(u)y  = 0
Y

ku?Je:l”


