3.1 Homogeneous Differential Equations with Constant Coefficients
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In each of Problems 7 through 12, find the solution of the given
initial value problem. Sketch the graph of the solution and describe
its behavior as ¢ increases.
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clear, clc
rl =1; r2
cl =1; c2
t 0:0.1:3;
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y = cl*exp(ri*t) + c2*exp(r2*t);
plot(t,y)

grid on

xlabel "t", ylabel "y~

title "y = ent”
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clear, clc

rli = -1; r2 = -3;

cl = 5/2; c2 = =1/2;

t = 0:0.1:5;

y = cl*exp(ri*t) + c2*exp(r2*t);
plot(t,y)

grid on

xlabel "t", ylabel "y-©

title "y = 5/2%exp(-t) - 1/2*exp(-3*t)"
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clear, clc
rl1 =0; r2 = -3; -1.3
cl=-1; c2 = -1;
t = 0:0.1:3; 14
y = cl*exp(ri*t) + c2*exp(r2*t); - .15
grid on 161 )
xlabel "t", ylabel "y~ /
title "y = -1 - exp(=3*1)" ey
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MAT AL code:

clear, clc
rl1 = (-1 + sqrt(33))74; r2 = (-1 - sqrt(33))74;
cl = 2/sqrt(33); c2 = -2/sqrt(33);

t =0:0.1:3;
y = cl*exp(rl*t) + c2*exp(r2*t);
plot(t,y)

grid on
xlabel "t*, ylabel "y~
title "y = (2/sqrt(33))*[exp((-1+sqrt(33))/74)t - exp((-1-sqrt(33))/)t]"

14 —Y = (2/eqri(33))*exp((-1+&qri(33))/4)t - exp((~1-aqri(33))/d)t]
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clear, clc

rl =1; r2 = -9;

cl = 9/(10*exp(1)); c2 = exp(9)/10;

t =1:0.1:5;

y = cl*exp(ri1*t) + c2*exp(r2*t);

plot(t,y)

grid-on

xlabel "t", ylabel "y~

title "y = 0.9%exp(t-1) + 0.1*exp(=9(t-1))"
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MATLAB cod:

clear, clc
rl = 1/2; r2 = -1/2;

cl = -exp(1)/72; c2 = 3/(2*exp(l));
t = -2:0.1:5;

y = cl*exp(ri*t) + c2*exp(r2*t);
plot(t,y)

grid on

xlabel =t*, ylabel "y~
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title "y = -(1/72)*exp((t+2)/2)+(3/2)*exp(-(t+2)/2)"
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xlabel "t*, ylabel "y"
title "y = (1/74)*exp(t) + exp(-t)"
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3.2 Solutions of Linear Homogeneous Equations; the Wronskian
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u = exp(-t)*cos(t/2);
v = exp(-t)*sin(t/2);

A = [u v diff(u) diff()] _
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clear, clc

syms t

u = exp(-2*t)*cos(3*t/2);

v = exp(-2*t)*sin(3*t/2);

A = [u v; diff(u) diff(v)]
simplify(det(A)) % Compute Wronskian
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-2 g, € —
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PAd 0 =12 yoe e (0s() T isin (22)

/<t U = cos (24‘)) V= g,',) (z4)

W[H,V}(fﬂ = 2 cos(z#)  sinl24)

= ‘Z 7/ Cj

262 2005(0A)
U e Sundaments| se?
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7(0):0=7 ¢,(1)=0 =7 C =g
\/(03’! =7 7/(/7‘5 = 26, (05(22) ey 2G =]
'_ 7(%) = 2 s (2.4)
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Mg/hﬁ /WATL/H_?, 5l

clear, clc Bl g
t = 0:0.01:7; > o}
y = (1/72)*sin(2*t);
plot(t,y)

grid on

xlabel "t", ylabel "y~ 03k
title "y = (1/2)*sin(2*t)"
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clear, clc

syms t ) ._ h/fb,ﬂ (/{) - ZCZ/{-#O

u = exp(t)*cos(2*t);
v = exp(t)*sin(2*t);
A = [u v; diff(u) diff(v)] R
simplify(det(A)) % Compute Wronskian
. C(, \VJ ;;nrkw7 aq

A =
( cos(21) e sin(21¢) e ) F“Vlﬁ/ém””%‘; / TZYL
cos(

21 e —2sin(2t) e’ 2cos(2¢) e’ +sin(21)ef

ans = 2e2!

- 7(4‘): ¢ efms(zf) t G efS/'r;(Z/f>
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y(5) o5 ¢etnzo = q o
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MR

7 -
7//(Z>: 2 = 0 425 ¢/Z(—/> = CZ:\

/(f» §/1/l (22‘)

e




(/{ Sllncx m A- TZ A- /3 \ 1400 , _ y=-exp(t-pii2)*sin(2')

clear, clc

t = pi/2:0.01:9.5;

y = -exp(t - pi/2).*sin(2*t);
plot(t,y)

grid on

xlabel "t", ylabel "y~

title "y = —exp(t — pi/2)Fsin(2*) "

6940(/1%/ AN Mngﬂwho/w/ 056///« 7‘/'7)4 a9 ZL—-; Ve

rtlzo =t 7=ro§/i/s/nf
[t wu- cost . v=sind | W) uvl - /fasxf 5/n/7L/=/%0
-sind cost
7’() Crcos(4) 4 ¢, sinlh)
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(D)=t = alE) e oll) =4 aeria

C,(f*i\—'Z“//E, ¢t (4273
. y(f)-‘ ( [+ 27?3 cos(#) + (13-2)Sin (1)

MS[//)@ WA‘TL/Q/S,
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clear, clc

t = 0:0.01:4*pi;

y = (A+2*sqrt(3))*cos(t) + (sqrt(3)-2)*sin(2*t);
plot(t,y)

grid on

xlabel "t", ylabel "y~

title "y = (A+2*sqrt(3))*cos(t) + (sqrt(3)=-2)*sin(2*t)"

y = (1+2*sqrt(3))*cos(t) + (sqrt(3)-2)*sin(2*t)

y

y
2T N T T
, . . . . . . "

r't2e t2°0, V=-2t7¢-§

2

\/: 0’/4- (US()f) d /' S;lzq(z")']

h
|
N~
I+

/et wid) = ¢ cost , v = e_rs/'n(»f)
From 27 Wlayl(t)= ¢F #0504 fundsmenta] se7
>/(7f> <, e’fros(f) e cfm(;{)
\/(7): Cé 7’/+fe_"7’ = 7
)'(,%)— C[é(an 'sran4—Cfes>hf+ecas]
/[;>: —Zz,(cgféi) to s =2 =2 fe‘f
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//ryw,7(7’) / +cze7_72§ =2 ¢, =
7/f> ffL’ Cos (A) * ff" Sip(A)

Mgll"fs MAYZA/Z //'w §Cr/'77)

clear,

clc

t = 0:0.01:3*pi;
y = sqrt(2)*exp(pi/4 - t).*cos(t) + sqrt(2)*exp(pi/4 - t).*sin(t);

plot(t,
grid on
xlabel
title

Y)
“t°, ylabel "y~

"y = sqrt(2)*exp(pi/4 - t)*cos(t) + sqrt(@)*exp(pi/4 - t)*sin(t)”

3.5

25F

05

-0.5

y = sqrt(2)*exp(pi/4 - t)*cos(t) + sqrt(2)*exp(pi/4 - t)*sin(t)

grAﬂl//W I'S a ﬂécg//hﬂj
0561.//4711'0»,

3r®

M:

2 4 6 8 10

“r+2:0 r= [ r)1-24 _ 023
4 ‘

Cf/‘ [505(1,‘_’?‘/7‘) o Sl‘m(cizf)]
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[et x) = ¢ 6”05(7/?2‘) //f/)-‘ S)h[“#’)

L/S/';nj NAYLAL e 5070‘

clear, clc

syms t
X = exp(t/6)*cos(sqrt(23)*t/6); . 1—5
y = exp(t/6)*sin(sqrt(23)*t/6); o A/[XIV’K (7]‘) - |23 é %
A =[x y; diff(x) diff(y)] —
simplify(det(A)) % Compute Wronskian
to
A =
] o)
o \/_e'(’sin(\/f f) o \/ﬁe’-""cos(_\/zﬁ_3 I) l .- X;)’ 7(7}’147 G
6 6 6 6
where fu”ﬂé'h/){l/l/d/ SCVL
oy =ell® sin(\/? I)

. A
. M(f): C(Cf/[f05(/}%:—5/‘/) - (2@/45,',,(1,?f>

V{/0> =2 =7 CI =2

/.{
M?f}: _; gf/cms(;/—?f> - 275_3( /CS;'n (?2‘)
T @”L/ésl'm(ﬁéﬂ t ¢, 7%3—67‘/4(05 (/3;71‘>

(
_z

. / [
) 7~ 23 = = =
- Ul6):6=23 0 t0 517/2_ 0, 7 =




_ A/6 7235 2
c{//ﬂ- 2 e cas(fﬂ‘ _17/?6

AL6 - (ﬁs
Sl :?—

Mﬂ'h% M/*’V‘Z/é/g Yla//oVL)

clear, clc
t = 0:0.01:4*pi;
X = 2*exp(t/6) .*cos(sqrt(23)*t/6);

y (-2/sqrt(23))*exp(t/6) . *sin(sqrt(23)*t/6);
plot(t,x+y)

grid on

xlabel “t~°, ylabel “u-

title "u(t)) = x(bv) + y(t)*©

u(t)) = x(t) + y(t)

af 7=1[, ul#t)= -/0

&/sv‘ng MATLAS Ao bt mare precise

clear, clc

syms t X y;

X = 2*exp(t/6)*cos(sqrt(23)*t/6);

y = (-2/sqgrt(23))*exp(t/6)*sin(sqrt(23)*t/6);
vpasolve(abs(x+y)==10, t, 11)

ans = 10.759770554354898553146701430956

ool b= 09558 . lu]-

4)
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Observe that differential equation (34) has constant coefficients
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clear,clc; y = (2-7*t/3)*exp(2*t/3)
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grid on N
xlabel "t", ylabel "y* -2 AN
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) 7/(4‘} - C,Cr] t szcrj L= 'z_i <0

//m C@j:O.

forn
Using £ Hapits rule,

/l‘l/)/)('j :/IVV)( 11_0

2

=~ e 4 10

Since  lin, (ﬂ'hf = 20

A=

" Limm C,émtf e, 1™ - 0
A==

(3) éz_ ?1&1 <0 (}’OoJS arc f(/)/n/d/w\ (WJ'MTQ{(S>
/= ’___ o (}746'6L>
2.

() =c, gb2ad c-OS(@ 1) + c, ebrRat (1o (\/? 0

But lim ¢, fos(m*>




27

ﬁmo/ //W' (5 S/”( hCé ) = O
1 o0 .27;(-

51!/1(

)=

Sinee mex |

: //'M/; \/f>:
A =70 /

ar. r (=0,

)

(43 F;’O’Vln mf CZ&IV&(Y[/V"I.S{"C ffuqvl/'mq

I Z/ -c - - Z[“*
}/\ - - Z— - i / a—?
Loy =c cos(\/gr) + ¢, sin(\/%‘)

v <] ecos(JEn| + e, sin(ED] <l |+, |

E 7/1) 's Sounded tor all £

(é) /ffmq/) 7"46 Clarac/’fm'mzl'c (7ch?//'m, ar” Fgr=0)
r- '-—é— i s - o, —‘aé’ - Yo a/zfszffﬂf roof s

2 o 2*a



_ 4
(N : ot et
_ 3
[inn yi) = G as lim e “/=O
T =0 Y e
-8,
Frmm //"): yo) 7’(0)-—C(+Cze“ =G tly

¢, + ¢, :7[0
/T rew >/(O>:7b/) [/7‘>— -gc C a

)/l[o): _E%“CZ :7/0 => Cz=~fi—Z9

l
C + -4V
I =/
Cp = Yot ?7'
//myff Y, %70/




30

[a) 7"— /oSI) )//'_--S/‘I/IJ
. (—SI'V)/?‘> ((S/'hz,f)((osﬂ (1- /faSjS;W/f> Sind

Cance/

- _g”,,j + /(s,y, Fosd 4 S/mj kmsﬂ‘szh/f = 0

ce) ———2 —

(@ Iy 0<k<D, ﬁeh [€ cost sind | < |2 cosx sint]
LeosTSind = s/n 2k
Lk costsint| < [sin24] <]
6 < |- lKcostsint]
(N T 1 Keostsind <0 ) LK cost sint] - Keostsinig
O <-KeosAsindt = | < |- Keost sk
O< | < |=Kcosksin
@) Lf Kastsint 20, | Keost s int| = Keost sint



5/

L 0< - |Keost sint| = |~ keostsint
/€> TE 0<k<2, Then K>0. sinf =0
S Ksin' A 20
(o/) Fronn Prollen “28 oIl coludions = 0 as #— o
[Heve, L[m sind #0

/{'*—7.@

TA( 501437,/'1%17//%/1 (s X = /n(/{“>~ /:;:‘m/m ﬁz{l Section 5.3,
Y Fyx) )= 0 - a6
/AfVl /72\/“(/1) + 0(/-/(/1‘\ */(6)’(1’):0) /7‘ [ 4@(0}4’165
Y+ (et) y(x) £ oy () = 0

x=-3 -l =—d
Convert fo }/”(X) ‘47’/@ *9//(7020

fl— #r-#zo = (f—2>2) 7= 2)2



57,

33

X

7/(><>= ¢, v e

Z In (1) 2 ln(#
7(/m(/t‘)\1 y(f) =G ¢ T ¢, In(A) € )
Jr y()= G1° + G 1 (D)
o<"—2, N S A |
(WV()’% 7L0 7/’(><> 4 yl(%) + 0'2{7(;& -0
fzrr r 02870, = -/I%—f(o.zs)‘ - ~2‘1)—3(.

2
/(;c) = C, e_: = & % ed—;'
-5/ (P 160

Y ([nlh) = y(ﬁ = C e r G Il e
Or, y(f) = ( P C, 7 (%)

X=3 . K-/ =2
(mf;wr)" Yo 70(7() + Z//X> f)’(x) =0

e 2r #) =0 = (re))” ) r=A )

!



\/(/Vl()rﬂ . 7(#\) = le— e, C, [n(A) ¢  (£)
ye = a7 r ¢, £ n)
Lonvert Ho /l/(ﬂ—zzy’m r g (t) =0
K=-2, A=) =3
[m’)u(//' Yo ///(X) ’3//()() 1 —Z—,)/[x>:o
13y g = (r-2) =0, r=3. 2
. /(X>'— <, (3/1% 4 ( (g/")x
3lnt
(k@)= gl 6 D a0 2P

r) y(/')'_C)/{ + Cz/f/z/”(/)

E—




3.5 Nonhomogeneous Equations; Method of Undetermined Coefficients

/Q/O‘Vnoﬁ(n(aus T r -2y -3=0 -’()”—3)(V‘+/>) r=3-1

Y, (£) = ¢ eﬂ + G, g'/f

WO'V’LI'C(/L/QV‘] ZCVL )}[j): /4(2){—, \/'__ZACQ/T') )'/’37/4@2*
(A -4A-3A)E 3T 3423, A5

. ‘///f) - "627{ + C, 63/{}- (2 e—f

//W”O‘S‘”(WS St r2z0= (r2)(reg) | re 2
Y lt) = ¢ e
forticulor: L1f g0~ AT B11.C, y'= 284+, 5= 2A
(24) - (2421 8) - (2447 ¢ 284 +20) = =24 ¢ 41~
O (2A -8 -20) + (2A28)F + (27 24+ 84

.-‘2/‘{’:?{_’/}:—-2



-JA-2R° 4-2R= -2 . K=3
2A-B-2¢=-4-3-2¢=¢0  C="*%
e Yph) = 24T 434 -2

24 =
+ C, e

‘/UL) = 24 k3L G

il

—_—

/Y/f?m()imeougz rorr 6= (re3(r-2)=0 v -3 2
Sy e o
Partrcalar o Let y = N7+ 8.2
VASE VR SARTC T ERANEER VAR Y Cad

(94 34 -ca) e 1 (98 -25-(RY =126 L p

é/f‘—/Z,/{:Z ‘7/3: /2’ g:-3
: \/(/”: < T szu p 251 3

e

/Y/OVVIOjH'VOUS " r1~2r-3 =0 = (V-S)(V‘f—/)) ;/“—_3, '/



e (4) = ¢, 1 ‘, &

/arv‘féu/ai’? /fv‘ 70): AIG'#)

clear,clc

(//S‘/.y]S /77/4‘}’—[/"/?, syms t A

c2 = 1; cl = -2; c0 = -3; %coeffs of diff eq
y = (A*t)*exp(-t); %attempt

; /\JCQ (/42/2(1 <d;; Vi

icldls =34t e

c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

Fry yof) = (42> +60 €T Dot aeet
A+ B84 +C since e‘*f's/arv“ of 7c(f)-

c2 =1; ¢l = -2; c0 = -3; %coeffs of diff eq
y = (A*t"2 + B*t)*exp(-t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

Using MATLAS, 5

ans = 2Ae"—4e” (B+2A1)

(24 —9//5\6;7 CfAtet s 3ot

-8A= -3 A:}- C2(D-4R-0, 55 7

//f) (247 + Za)e?
V(ﬂzc’ff”ze ¢ (%ﬁ*/’z‘ﬂé*

———




/V/Moyneows C S Pedy =0, r=0,-2
Velt)= )t (Ze'z’f

Pardrc ulur -

1) y"+2y" 23 (6 ahesdy o sdution, s0 11y y= A1)
[ ¥ 7(/1‘) AL )’ ALy
Ly 0+ 24=3, A

N

- yﬂ(if): %I ﬁm 7”*27/‘—3
(2> \/”+2/I = 4350y (Z;{'>
[cf 7/(/#) = AcosG) + Bsin(zf)

. clear,clc
”Slh MATZ/WS syms t A B
3 ) c2 =1; cl = 2; cO0 = 0; %coeffs of diff eq
w =2; %coeff for trig periods
y = A*cos(w*t) + B*sin(w*t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

ans = 4 Bcos(21) —4 Acos(21) —4 Asin(2¢) —4 Bsin(21)

YA+ 4K> cos(21) +(- 44 - 7‘@6;/4(24‘ 4 sinf)

YA 4R =0 Z “PA=d Azi  B= %
“YA-48 =4




Y (#) = <4 cosat) - £ sin(2d)

24

y/j): ¢, 1 Ge r %/7‘ — zl‘(as(zj) - —;sin(z/?‘)

ﬁ

/V/M()ﬁ(ﬂ(aqu Vi 2r Hl 26 - (N/)l, y =~/
. -4 F
. yc(ﬂ’f c,e v ¢ L

/ar%/‘c b(///'m.‘ e—fawa/ fc-/f aye /ar}’ or( Z,a'wrojcncaus

éo/q)L/m. e fr/ /(/7") - A/{Zf-/{-

1 ,cl
MAT LA /3 . gyﬁgrtCAcB C ans = 2 Ae™!
c2 =1; cl = 2; cO =1; Y%coeffs of diff eq
y = A*(t"2)*exp(-t); %attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y .
A=
. 2 -
- 7//0//f> = f¢ d
- -1 a 2 -A
. \/f/{): Ce’ v GAle” r f ¢
e —_—

/q/m?’loj(ncaus; f’z'r/’:—(y, r= *t

. \/C(/(-\= ¢, cos(f) F & Sin(F)




parql/'cw/alf'-‘
() Lot yi4) = Acos(ag) + Beinlzd)

. clear,clc
MA'Y_ZAE . syms t A B
c2 =1; cl =0; cO =1; %coeffs of diff eq
w =2; %coeff for trig periods
y = A*cos(w*t) + B*sin(w*t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

ans = —3 Acos(27) —3 Bsin(271)

-3/ cos(at)-3R sin(24) = 3 sinl21)
4-—-0) =~/ .- \/p(f):-fz'm(zf>
(2) [t /(zf) > At cos ()1 BA sin(22)

clear,clc

MA’TZ A—K, syms t A B

c2 =1; cl =0; cO =1; Y%coeffs of diff eq

w =2; %coeff for trig periods

y = A*t*cos(w*t) + B*t*sin(w*t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

ans = 4 Bcos(21) —4 Asin(21) —3 Arcos(2¢) —3 Brsin(21)

7/)1'5 )/l'f/0/$ A0, R=0 for Feos(2¢)
7r7 //f)= (A;fv‘/g) cos(24) + (CA+R) f/'h(zxf)

clear,clc

m,&-‘f-[/élg syms © A B C D

c2 =1; cl =0; cO =1; Y%coeffs of diff eq

w =2; %coeff for trig periods

y = (A*t+B)*cos(w*t) + (C*t+D)*sin(w*t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

ans = 4Ccos(2¢)—3sin(2¢t) (D+Ct)—3cos(2t) (B+At)—4Asin(21)

(e -38) cos(at) + (-4 -30) 50n(24) +




ri
-3

(-3A) 4 toat + (3 1 sind = Teorl28)
o Cro, A7, 4c-38=05 B=0
¢A-3b- -4(-5)-3p-0, D=3
Y ) = 3 hcos(en) + Gsin(2A)
.'. ) () t 7/)2(4) = .sinl2d) % tos () + dsin(2t)
= ’-f/f cos(24) - gsz'n (2.4)

\/[/ﬂ = ¢, cos(#) + (Zsim[/f> - *SI'ZLcas(zzf) —-g-_s/n(lﬁ

———

Zt’€$mf (’) (00!/0/ Am/r éf(ﬂ a(/O/b/t/. /(/Z{m 5;1/7 ano/
Co0S /\cfl/( Saw( /)cr:'oo/ (Cdzﬂ, 60 57[)’0:1'347"

to melod (2)

/Q/OVVWﬁfmcouSZ f2+ 0\)02’—0) = l'h)a
Su, (D)= C cos(w ) + G sinl(w,4)
/am‘t‘(u/ar VAR = M(;f) - /4(’05 /cuﬂ 1 /350; (m;f\

clear,clc

MA—TA/{'B syms t A B w wO
c2 =1; cl1 = 0; cO0 = won2; Y%coeffs of diff eq
y = (A)*cos(w*t) + (B)*sin(w*t); Y%attempt

c2*diff(y,t,2) + cI*diff(y,t,1) + cO*y



wy® (A cos(tw) + Bsin(tw)) — Aw?cos(zw) — Bw?sin(t w)

(/{ WOI-AW7>/05(A}#) + (/gtuoz— /Zw2> Sin (M:f) g COS(a)/f‘)
/g :O, A (Wdi—&x/z): /) /" = (4002-607")_’

U lH) = ¢ coslut) 1 Gsinla, ) + S cos(wt)
-

— ——

/7/074103(}’1(0(/3 - Asin #5 a!a(/(, 4, (A) ¢ cos(ad) + Cosin (%/T)
Pucticaloc: Lot alt)= Axcos (o) BA sinlur)
/W A V—LIQ' 6 . g;ﬁgriCACB w0

c2 =1; cl =0; cO0 = won2; Ycoeffs of diff eq
y = (A*t)*cos(wO*t) + (B*t)*sin(wO*t); Y%attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + cO*y

ans = wg® (Atcos(twy) + Brsin(twy)) +2 Bwycos(t wy) —2 A wgsin(f wy) — A1 wy? cos(t wy) — Bt wy? sin(z wy)

At A T cos( ) +(Be - Ru?) sin(a,
t(28,) cos(uh) + (- 244V sin () = cos(u,4)
.~./l‘:0) ZBLUO:/, /z?_(iu_o
L) 7 g 4 Sialu 4)

ult)= ¢, coS(w,t) + G Sinlut) r (l_l,o)fsl‘ﬂ(%f>




/0

(/.

/v/m%cmaws: rét vy =0, r- -/_2*"1'7?
)’C ()= ¢ e_)r/z(as(ﬁz—?ﬂ + cze’ﬁls)m(”—:{— ﬂ
/c«rv’z‘cu/ar: [+7 )/(7/) = A+ Bt
\/"+>//+$’/ c (A1A+9A)e" ,_(,3-/3#?/3)6-/":

CA=1 A

\\

¢ Y4BT, By

\//0 (4) = ée/f- ée_j

\/(/f) = C, C/‘_WZ(OS("—?/?L) t Cle_f/zsfm{@s:f)

s [
+ZC —‘ée

/s/mrz/)o?emaus; rtr-2=o0- (r+z)(r—{\)) y o2,
Vo (£) = G e e’
forticalor = Lot y()= A2 1B " y'= b, y'=0.

" >,”+7I—-2>/ = A“Z(A'Jf"/'g): Z/{

€j~ e”'t



(

-

“2/—,1/ + (/4—,28)1 Z/f’ A:-/)g: 2

\/f(/I“):— )
\/(/7‘) = ¢ ¢! Feet - -2
\/(0>:O 5,462‘2{‘—0 {36,:’23',6'(—2'
= | G =

/4%05//7(’04/5 S rir4=p =2

yc(f) T C cos(24) 4 ¢ Sy (24)
Pecr fi'celar
DR PR EE S B VY Y
ey 2R AT AR 9C AT
YA A 8=0. 2(3) +4¢C ‘—07c='“$’/
Vo) 513
(2) y' ety a3t Lot y(4) - A*




§ \(/f> = -19 (05(2/7‘3 # Z S/'m(Z/ﬁ-finﬂbifz—l
/ % /0 S s

/V/mbjm«omt P20 410 2(re) ) e,
A ER RN
/ari/'ca/mf : 7/)'(f)= 4 s g solulron
Cdook af y'-2y ey < 2L form oF Ala) e
whepe n=|_ . Lt P t)= Art+ 0

6/.1/1(1 C/f) fc/f art Solu¥ioms rrm/ ﬁt 4om03mtou5

(faérYLl‘m/n Start witl y(/f)"‘fz(ﬁf "K)ff,



/4.

5o tlal no term of /,(/f> Y o selation 7

7LZ< 4MOSKM(0US (’7an[/'77/).

/NATL AL
clear,clc
syms t A B
c2 =1; cl1 = -2; cO = 1; %coeffs of diff eq
y = (A*t"3 + B*t"2)*exp(t); Y%attempt

c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

2/361- r [4/7‘/ A7 . B=o

\/(f)=C,c oted ¢ 74
\/(0>:/ L Gt =] e, -8

\//(0>:'/ =3 'f(z < /) (2=7l

B

/V/5m03[77(06{53 I”ZFL/ =0, r=r2y

yc(f) - C coS(zf) G Sin(24)

ans = ¢/ (2B+6A1)

/ma‘/‘ca/w: [ )/(»f): AtcosCat) v BAsin(ot)

A/S/.mcl MNATLAR:



/5.

clear,clc
syms t A B

c2 =1; cl1 =0; cO0 = 4; Ycoeffs of diff eq _ . IS
w = 2; %period of trig functions ans = 4 Bcos(21) —4 Asin(27)
y = (A*)*cos(w*t) + (B*t)*sin(w*t); Y%attempt

c2*difF(y,t,2) + cl*diff(y,t,1) + cO*y

4R cos /2/{’> - 4 sin (24) = S5.u(24) | /Z:d)/% = '%(
v (1) - -2 Tews(2.4)

)/(/f) e cos(21) * Czsl'nfzﬂ' '2/7L<‘05(z4‘>

\//c))t 2 ¢ =2

y'(O} ==/ 7/: ~4Sin(21) 26 (05 (2f) -3(03 (2/7‘) f’%fs;n(zf)

: / _ . — 7
Loyi0)= 26 -4 -/, ¢, 7%

\//f) = 2 cws(24) - ésm/zz‘) - %/{—ros (2.4)

/Vzomoj(meood p flTJ_V‘ ""g:O; [ = -2374-20 -l 1 2
Z

Y1) ¢ eos(27) + ¢ efsim (24)

ﬂafYL/'coz/czr VAL & y//f) = Ad e cos(2r) + Wa Efs,'n(z,«;L)




IIATLAR:

clear,clc

syms t A B

c2 =1; cl =2; c0 =5; %coeffs of diff eq
w = 2; %period of trig functions

y = A*t*exp(-t)*cos(w*t) + B*t*exp(-t)*sin(w*t); Y%attempt
c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

ans = 4 Bcos(2t)e " —4 Asin(21) e

46 e—)r/asflf) - 7/[ é*S/n/Z/ﬂ: 76—#(05[240
B=l, A=0 .. y/,/»f) = fetsinlaA)
.. 7///7")"— C, eﬁf(ys[zjf) + G cfffsin(Z#) + jcffgin(Zz{)

>/ (})\ =] C" tot+t0 = /’) C?] = /

\/,(O) =0 - }l, = ’€~f(‘05(27f)‘ 2-(—;{5-{“(21)
_(.Z 6-1 SI‘M(Z/IQ s ZCZ CFIKQS/Z/IL)
+¢‘f5/'n /2,{> "/ff-fS/'n(Q/?L\ ’ZIG—IC”SKZ‘JQ

- y’{a): [ -0 -0 t2C t0-0+0 = O
\ 7
- - 2(.2:_/) (‘2—_2

y(/f) = @"”fms/z/f) t %6-75/}1(24‘) t A" sin(24)

E—

———e—

—



/¢

/V’O’Wozywwu&‘- fzf §r =0 = r‘(ffs)‘ /= 0)—3
vt = CF G et
@) For pn(/ﬁ :24”}) n = 4, arw/ S/net o constant

SC)/(/I’S f4‘( AVVJOOjU/I(DUS (’70(01}é/‘01/l1

LY = A (AT AL A At A 3
For £ (1) /7‘2(—3/1‘) n=2 and a constant solves

ﬂt 4M03emau5 (7(/(64 Y(/'Mﬂ.

L) s A (B BB
/(-W S/Iﬂ(gf), Ys(/f): CS/V)(N‘) 4—0c05/34‘) ¥

t) MsmcB M ATL AR,
X / f ) . g;ﬁ:ricig Al A2 A3 A4

c2 = 1; ¢l = 3; c0 = 0; %coeffs of diff eqg
y = t*(A0*t™M + AL*EN3 + A2*tN2 + A3*t + Ad);
P = c2*diff(y,t,2) + cil*diff(y,t,1) + cO*y;
collect(P,t)

ans = (15A40) *+ (2040 + 12A) P+ (12A,+9A4,) 2+ (6 A, +6A3) t +2 A5+ 3 A,



(/{Sl'mj YL/\( aéov( amfﬂ/gr1 QO/(/e 7£mf (0f7c7f)'cien$/8‘.

format rat ans =

A=[150000; 2012000; 012900; 006 60; 0002 3]: 2/15

B=[20000]"; 2/9

A\B )
8/27
-8/27
16/81

P 3 2
Y AA
/Z:Sf}’mﬂ/\ 2/7‘,50}@’[20000.7

2 kS

. 2 .-z _ _ ¥ _u
/10- 3’1A1' 7}A2~27’AS_ 27 f, = v *
\/Z //{') : g;ﬁ:r"ccég B1 B2

c2 =1; cl1 =3; cO0 = 0; %coeffs of diff eq
y = t*(BO*t"2 + B1*t + B2)*exp(-3*t);

P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(P,t)

ans = (—()Bgei?”j] T2+ (680673! —GB] 673!‘) f+281 6731—382 673!‘ ;
rom
Ile—3r

IR F (4B 4R A+ (28,-38,)= L
ﬂthc) 7"4{ QZ(‘/V{ answ<r So/Ur For Cor?‘r/'cicnqLé .

format rat ans =
A=[-900; 6 -6 0; 02 -3];

B=[100]; :

1 -1/9
A\B ) 19
3 -2/27

[ = -

2
P2 27 F

& |

. .
Bo= g, 5"

7/ (’ ~ clear,clc

3}{L . syms £t CD
c2 =1; cl = 3; c0 = 0; %coeffs of diff eq
y C*sin(3*t) + D*cos(3*t);
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;

ans =

9Ccos(31) —9Dcos(37) =9 Csin(37) —9Dsin(37) = S/n (34’>



/1.

7¢-90 =0, oo c=1)
~9Cc-IN=(, A=y K
\/(ﬂ’— C + G e *t
ISR FARS Y A VAR Ve
(gt gat -2 )t

_/ly Sin (34) — 7%/ 605(3/{">

/V/m,oimws SRS el (r3)(r-D), r= 32
N R e
(2) For €'cos(zd), [t Y,(4)= Acosot) + B sin(zA) x
For X (3vq) sin (), a/ﬂouﬁé M sofues 1 he
AVVWWS‘fwmws e;mv‘r'om, T fos ot
L) = (creb)eeostd) v (B2 +F)Esinir) +
7//1‘) = A ros24) + B sinl(24)

t (cr + /))ezx cos(d) * (Ext +F)EF sin ()



@ o/s;/,3 INKTLATS

. clear,clc
((/f' syms t A B
c2 =1; cl = -5; cO0 = 6; %coeffs of diff eq

y = A*exp(t)*cos(2*t) + B*exp(t)*sin(2*t);
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(P, [cos(2*t) sin(2*t)])

A
ans = (—2Ae'—6Be')cos(27)+ (6 Ae"—2Be')sin(21) = ¢ Cas(zf)

2A-¢43 =1 3 -208 = %, /3:’3/20
6A -2 =0 A=38  A=-"/10

: /
. \/, (1)- Y e’ cos(ut) - 3 e's in(11)

. clear,clc
>/ (2#> . syms t CD E F
Z c2 = 1; cl = -5; c0 = 6; %coeffs of diff eq
y = exp(2*t)*((C*t+D)*cos(t) + (E*t+F)*sin(t));
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(P, [cos(t) sin()])

ans = (—e? (C+F+Ef)—e? (D=2E+C1t)cos(t)+ (e (D—E+Ct)—e* (2C + F +E1))sin(t)

et [(m/‘—“)-z/;) + (£ +c)ﬂros(f) t

e [ (0-F -3 =)+ (C-E)t sin) = e (3.449) 5im )

~ _3
Ftc=0 ) 2¢=3 C=5  E=-%
c-F =3

— - - R
C+Fr/)-205:0 ( F+f) =27F-C="73
N-F 2¢-F<Y% ) H-F =4rctric= 4

2h=1, D=5 F=-%

)

yz{f\ - (34 *ﬁ)(foasfﬂ *('53/7"3)6215/%(1‘)




/5

#
- Y4 - C,ez/r + cze?

/ 3 ,
" 2o @’1605/2}) - 3o e’fsm(zj)

t(34 0 5)Heosh) + (- 4-5) s (#)

/7/074403(;1(00{5: 737"2'”7"2"0) o= —Z.Tz‘f—? . o) #]

)lc(/-): (l C\;{(IU;(/T> r CZ C-#Sl‘y’ (;f>
(@) For 371, [t Vi(#)- Ae’

Fov Zecos(d) o det p2sinet) . &30 )

s
a/rw§ & Solutlrom Ho The /)MOj(Mroo{S <gluation,
S et Vo) s A(BRAB Y B, cosix)

FF(C A Gt G)él sinit)

L) = AT

T t (B 1 s St + 5 ) e cosir)
bt (G A7 A+ C) 7 smit)



4 For Y1), 3" e 2y, 0 2y - A aphtuanct
A-2Ar24=3 (frem 3¢7)
A3 ) - 36T
Y.(4) s MATLAB

clear,clc
syms t BO B1 B2 CO C1 C2
c2 =1; cl = 2; cO0 = 2; %coeffs of diff eq
y = exp(-t)*(t*(BO*t"2 + Bl*t + B2)*cos(t) ...
+ t*(CO*t"2 + C1*t + C2)*sin(t));
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, “All");
D % display D
collect(T(1), [cos(t) sin(t)]) % t~2 coefficient (ﬂ (1)
collect(T(2), [cos(t) sin(t)]) % t~l coefficient
collect(T(3), [cos(t) sin()]) % t7~0 coefficient

/7 z. ans = (Bye™ —e™ (B;—6Cy))cos(r) + (Cre™ —e™ (6 By+ Cy)) sin(2)

{\Cancxlj N Cance) e
[—( C, & cos(t) 1 (‘é&> e—TS/'h(/f)]/fl: 41 & sinct)

60, G0 (B =Y B3

1
/‘f : ans = (Bye™'+e™ (6By—B,+4C))cos(t) + (Cre™" —e™ (4B —6Cy+ C3)) sin(z)

R~ Cancel - S—~—C¢Gncel —
4/30 t4ce, =0 ‘L//gl t ¢, =0 (V'O 4L€_4+erm>
é(‘%B*#C, =0 C = As C=0, .0 B, =0

/r- : ans = (e7' (2B +2GCy))cos(r) + (—e" (2B, —2C))sin(t) = / C’”{—COS(J"\

= 0

2342C,= 2 255, -2¢,
ﬁz"*C/ = {

As B=0, C =



Or. frovm matrices,

tctees o 00 ¢ 0 o
[Ze—’rsin(ﬂ—é o6 0 000
t C—'f(as(.z‘) L O 0 040

1efsim® o -4 0 6 00

£ 02 6 002
6 020620 |

]

+° 2% <inté)

?Cdlff/'chn{\’\ of
aéf?\/r (0//fcffo/
YL"VW]S

A=

406

N [eleNe)

eoeoloNolo e
ON I OOO

0
0
0
0
2

= OO o oo
W I O hOO

0 0;...

2 0];

%X = [BO B 2 Co C1 Cc2]-;
Z=]040020]";
format rat

X = A\Z

Vi)

—_—

+§e“]’_

2]

"y

C‘o
Cl
C -

2

W

(0r$&Yfrw/§

for Y, (1)

S (F)

0

Z

0
0
2

O

|

J

1
1
A
A
!

|

2

2

e-t cos(4)
¢ 1 (A)
e—/r (os (£)
e sin (1)
C’r (o>()f)

C-r S (/’it)

7\C0r Hicrents of ferms

;rom 2¢e " cost + 4e't? sint

P A(-54710) e cos (#)
ralAr e

]
PRORON

¢ e Teosth) + ¢, e sinih)



/9

4

//oknajenrous : V‘2*7=0, /= L2

Ve (1) = ¢ cos(24) 1 ¢, 3in (2t)

: 7, -
(4\ §lV‘(< € /S a/rfawél G So/u fl'(/\/] VLO /ijmraws

Z?’uatél'mn, U< L jf/ﬂn(/f’), n=12 7fro—m /{‘1.
W) = A (A At A cos(2)
FA(B A Bt /zl>5;}’)(2f>

Q) Usc MaATLAR:

clear,clc
syms -t A0 Al A2 BO Bl B2
c2 =1; cl =0; cO0 = 4; Y%coeffs of diff eq
y = t*(A0*t"2 + Al*t + A2)*cos(2*t) + ...
™ (BO*t"2 + B1*t + B2)*sin(2*t);
P = c2*diff(y,t,2) + cil*diff(y,t,1) + cO*y;
%Put coeffs of t terms -in-array T, terms in-array D desc order
[T,D] = coeffs(P, t, "All");
D % display degree of terms
collect(T(1), [cos(t) sin(D)]) % t/2 coefficient
collect(T(2), [cos(t) sin(t)]) % t~1 coefficient
collect(T(3), [cos(t) sin(t)]) % t~0 coefficient

Cocfficionts fo,/: D= ("t 1)

12 Bycos(21) — 12 Aysin(21)

1]
=
w

n

6Agcos(21) +8Bjcos(21) —8A;sin(21) + 6 Bysin(21)

7
Jf— ' ans

.4-0- ans = 2A,cos(2t)+4Bycos(2¢) —4A,sin(2¢) +2B,sin(21)

i

MQC /’VW!YZN’C(S 7L0 Sc/l/(: AX = 2%



X = A\Z

20.

Y. (£)= C e

A=[o 0 0 12 00 )<=[Ao 2= [ 0] £os
2 .
/2 0 0 0 (0 ';t I | A% s
b o 0 o & O ﬂz g J(a's
0 “%0 6 0 0 < Ao
oS
0 2 0 o o Y [@l 7! ¢
v 0 -4 p20 2 | /_Olls'”
Frcnnn  1sin(20) + (61 +7) cos(20)
TAC r;'jﬁy‘ hond S/ oAt
of Th=z A54. 3.
é/glrhls MATLAR
A=[ 0O 0 012 0 O: “ -
12 0 0 0 O O;
6 0 0 0 8 O; -1/12 '40
SRR cn A
0 0-4 0 2 0]; 13/32 A, 8
%X = [AO Al A2 BO Bl B2]" 2 o
Z=[016070]; 13/16 8,
format rat; %answers in fractions 7/4 57_

\/,,o//f): /{(-ffz 27‘-£>(os[2/f>
+ ,{'(;*j/f ";>51‘m(2_,{->

/JOMqajenc’aus C T Sr e 2 = (rt2)(reg), r= 2,

-

rC’,é

(G) There are S roups:



A1) 5iaA) Yy (1) = (Ab™s Bt +4,) cosCat)
(B4 B+ /?) sinta)e” (1)
3t os ) e ) s /M0§znzaus sofution, St
6(—/::‘)1‘ ' ol
o) M [Deostn) + Fsinet) ] (2)
o Ypur) = Fe (2)
(&) Yo(h): e MATLAR

clear,clc

syms t AO A1 A2 BO B1 B2

c2 =1; cl =3; c0 = 2; %coeffs of diff eq

y = (A0*t"2 + Al*t + A2)*exp(t)*cos(2*t) + ...
(BO*t"2 + B1*t + B2)*exp(t)*sin(2*t);

P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;

%Put coeffs of t terms iIn array T, terms in array D desc order

[T,D] = coeffs(P, t, "All");

D% display D

collect(T(1), [cos(2*t) sin(2*t)]) % t/~2 coefficient

collect(T(2), [cos(@*t) sin(2*t)]) % t coefficient

collect(T(3), [cos(2*t) sin(2*t)]) % 1 coefficient

Corff/‘cz'r m‘s 7(w N D= (1t 1)

/'/'2 ; ans = (2Ag¢'+ 10 Bye') cos(27) + (2Bye' — 10 Age’) sin(21)
I . ans = (10Age'+2A e’ +8Bye' + 10 Bye') cos(21) + (10 Bye' — 10 A, e’ =8 Age’ +2 By e') sin(21)
/ : ans = (2Ape'+5A e’ +2Ae'+4 B e +10B,e') cos(21) +

(2Bye' = 10A ' —4A e + 5B ¢' +2B,¢') sin(21)

Mﬁ matyices fo GO/U( AX=2



A‘- Z 0O 0 /0 O O X':r-/{,j Z:10 jz e/rras
-0 © 0 2 © © A, | | £* s,
[d 2 0 % 10 O A, 6 | £ teos
¥ -0 0 /0 2 O 5, O | 4 & <n
2 S 2 a4 ¥ so B, OJ I et cos
L_O 4 o 2§ Z B /Zl J z | [ g’l— $rn
J Frewm €*+1)sin(20)
V‘fac/ Num {4,«5 '{)’(‘/Vl/)
aéow MATLIRSR answers
USM% MAT AR
A=[ 2 0 0 10 0 O] . X =
10 0 0 2 0 O0;. 1
10 2 0 8 10 O .
-8-10 0 10 2 O] . 1 -5/52 Ao
2 5 2 0 4 10; . 2 73/676 4,
0 -4-10 2 5 2]: ; i
%X = [AO Al A2 BO B1 B2]" ! . 87/745 Az A
Zz=[0 1 0 0 0 1]%; : 1/52 o
format rat — %answers in fractions 5 10/169 i
X = A\Z 6 -161/4590 5,

; 5 g7
. }fﬂ(/ﬂ: (’g—‘zf *;Z%f - _72})61603(2)”
———— ‘L 2 70 /é/ .
*‘(S’Z/T treg T f/f?o)@f@n(bf)

/\/07%.‘ AT LAE s Cforwat vat” yr'c/e/s a

ro {'I'VVM{/ 2//07’o><{"’l44f/'(/7/1” fo 7"41 0/(6/'//1/1&/ 1/4//& 07£

_87 _
a variable . So, "Gk T 0. 11778523 apd the

. 4165
Text answer: Je sz O 1/0TTYSCI ... 1£av /4z



1o 3Zf fra ctions ol back of 7L€;<f, Usc MATLARS “yats”

A=[ 2 0 0 10 0 O:
10 0 O 2 0 O: X =
10 2 0 8 10 O: -5/52
8-10 0 10 2 O: 73/676
2 5 2 0 4 10; ... -4105/35152
0 -4-10 2 5 2]; ' 1/52
%X-= [AO-Al A2 BO Bl B2}" - 10/169
Z=[0 1 0o O o0 1]%; ' -1233/35152

format rat %answers—in-fractions
X = rats(A\Z, 18)

C

/.MC/-(QS( acluvecey é ,'ncf(aS/'M 7”4/'5 Mumé\’/‘
7 °) 3

\/,0 (/T\)'. 0 e eos(t) t £ éfsinet)

clear,clc

MA-Y—L/]—K syms t D E

c2 =1; cl = 3; cO0 = 2; %coeffs of diff eq
y = D*exp(-t)*cos(t) + E*exp(-t)*sin(t);
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

p=Ee“cos(t) —De"cos(t) —De'sin(t) — Ee'sin(r)

(][ro'm géj(as(f>>

3
=0 (mo ™7 Sinls) 1‘er>

—

F+3F+2F =9  (F:4, F=75
Yéfi):%ef




/JMOT’VMOMSZ 1/‘24 2r t$=o, r:'zipz‘f—Zo =~ +2;

R tcoszd) + ¢, sin(24)
@) (0 34  cos(ef) - Since eEEM o solutian
fo homogentous, look ot £ el2M, oy,
/(f A (At 1AV s v £ (R 4+B) sin(an)

(2 -21 <-2f(as(/f> ; f(hZi I.>I (s ol o

SO/D(V[/'VVI YZO Ac/maimmus )

V() = (DA + D) H cosld) + (G 1 5)M sinth)

(4\ %§/.M§ W/H’Llrﬁ Syaravle/7 7(a;f (13 am//2>

(1 \//,(f) < 1A ¢ 7‘/4,56"1(03(2;7 r £ (B £+B) e_js,'n(zf)

. —f
{0 v, 3te™" cos(2t)

clear,clc
syms t AO Al BO Bl
c2 =1; cl = 2; cO =5; %coeffs of diff eq
y = t*(A0*t + Al)*exp(-t)*cos(2*t) + ...
t*(BO*t + Bl)*exp(~t)*sin(2*t);
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, “All");
D % display D
collect(T(1), [cos(2*t) sin(2*t)]) % t~1 coefficient
collect(T(2), [cos(2*t) sin(2*t)]) % t~0 coefficient



(‘0(;:']{\/'Cl.1’m,l5 ;W - D=(r 1)
. ans = (8 Bye™) cos(21t)+ (—8Age™) sin(21)
, ( ) ( )

/ . ans = (2Age™ +4B,e)cos(21) + (2Bye™ —4 A e7)sin(21)

MSC /740!7LfI'C(5 7‘0 §0/{/( /4)5’— s

A=[o 6 8 06 | x| A ] 72=]3 fefoS(zf
§ 00 0 A 0 sm(zﬂ
2 0 oY Lo 0 605(24‘
O -4 20 [ B, 0 / ¢ s;n(zzﬂ
/‘C&o/ Vlb(mg-(;/s (\\
from MATLAR ans above 7(rovw 3te”" cos(2r)
A=[ 0O 0 8 0 X =
o o 4 ' o A
2 0 o & )
%X = [AO AL BO B1]" ' 3/8 ' R
Z=[3 0 o0 0] ' 0 ' 7

X = rats(A\2) (

- - 5 -
- 7P (1) = /34 /e jCoS(Zf) T @Ilé/{_&‘m(z:f)

@) Yy (#) = (DA +D,) e costt) +(E 415 )M sinth)

7CW : — 2te ™ cost

MSWS MATLAR :



clear,clc
syms t DO D1 EO E1
c2 =1; cl =2; cO0 =5; Y%coeffs of diff eq
y =(DO*t + D) *exp(-2*t)*cos(t) + ..

(EO*t + El)*exp(-2*t)*sin(t);
P = c2*diff(y,t,2) + cil*diff(y,t,1) + cO*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, “All");
D—% display D
collect(T(1), [cos(t) sin()])
collect(T(2), [cos(t) sin(t)])

éaefil'cz (:/zbls
/T A ans =

{ ans = 4D, e 2'cos(t) —2Dge 2 cos(t) + 2 Eye 2! cos(t) — 2 E; e 2" cos(t)

% t coefficient
% 1 coefficient

;W-' D=(t 1)

(4Dge*"—=2Eye*") cos(t) + (2Dye ' + 4 Eye ') sin(z)

—2Dge 2'sin(t) + 2 D, e ?'sin(t) — 2 Eye~?'sin(t) + 4 E; e~%!sin(?)

(/§< mMavrces véo So/l/( /4%: Z

A = | 4 o -2 o X = Ao Z =| -2 ya c-—zx-c'os ()
Z 0 ¢ 0 A, O | £ & eintt)
2 4 2 2 Ep 0 | 1 e**costs)
-2 2 ) 4 . E[ ¢ | e—zj-sz'h(f)
Vcc«o/ V)amzrf.‘b ;(ro—m 7Crom — 2te % cost
tbove MATIAR ans
A=[ 4 0 -2 0; ... ‘-
2 0 4 0; ...
2 4 2 -2i ... ' -2/5 P
-2 2 -2 4]; ' -7/25 ' 0,
O/Zoxzz[Ego DL EOOEl]C')]__ : 1/5 : c,
X = rats(A\Z) ’ ' 1/25 ' E

YA (j) 2 (‘_%—/f 'z]é'>e—2jct,s(z‘> *(é/f * %s”)f-ﬂs;” (f\




Z7

(4)

V() = viet Vi viet -yt
7/0(}/).: ’///C-—f V! /f"l/f -

[/e

et =20t ryc”
. ((/ ‘et 2y H/e’f> Syl ye )—ﬁ’(yg‘f\
sy syt (vt 3ue” -41/(,’4)
s yet sy 22,7

vV'-§y'= 2

Since wlh) = V'), w/(d) = v'(4). Substiputing

v'-sv'=2, WS =2

anLfﬁvaLinj facv‘or‘ /S Cx/ (f"ﬁ/o//(’> = C,g,f-




2%,

. W(s"x : ‘é‘ e_g t K, Ka consfant

(¢)

s
From (4> ws V'=-2 ¢+ Ke

ZMYL(TM le'mz) )

/

2 T _ = £
/vlo’muifnfmls AN N, . Rl



\/c(/f\ = C,Cos()(/f) + CZSI'M(/\/?‘>
Since AN# mi7 i/vr m= [ .. M,

[t t Y/)/;/) = E [4M cos (mit) 1 /g,y, Sin (mﬁfﬂ
m=)
N
j y/"l < Z [-m?/@m Sin(mik) + M‘mes(mﬁf)]
m=

N
- E [- w’ T A, cosCmrt) - 0[5, g,'n(mirzf)]

}// X fp 2(7{ m// [/l cos(mig) + 5, S/n(mmf)]

m=1

5/14(( de Sim(mﬁ/f) Aas V10 wg(mM) V‘rm,
=l

<>)l— mi/—r2>4m: 0 &VI&/ (/\\?_~ Ml/—/-z)/gyy, - a
02’) AMZO; amJ /ZI’VI: ﬂm/()ll" 1"71/72)
6';4(1 )L# VnszL

//)(7{ § (,\ 3 sin( mit)

m=|

i/

————
p—

y(j) ¢ cas(),f)f( Sm(a1) 4 2(1 2 sm(w, )




/‘/0)4/103(/](0(45-‘ /Lf-/=0’ r o= Tf)

Y, (1) 7 Cicos(h) + G sin(r)
Fartrcalar -
(1) 1 : [t Vo #) = At 3
. 7/)1” FYp T ARtE= A, A B0
y/)) /&/f

2) 7 Ly, = AT
Yty T Acd v gt 2pt=nlt

. e . -~ . A
= g = /
A 2 ¢ - \//z/f> '2( e

\/(f): C tos() b G simlat) t T oehe T
/7-/#) Ny

L eos(h) & sinld) + 5 €



Using y(o) =0, y'(o)=1,
(/\ C,toto =0 =2 (=0 fov 0zt
Y(#) = Coos(At] =] =2 im0 petsd
70):% o 44T
(2> Since y(z‘) (S cmv/mwu; o f /f:/’f)
y(//>‘ 7 from (1) ano/)’//f)«/ po b2 T
¢ cos(T) + G sin(m) 4 {f S |

~C|+Z£_:// —7£

——

A>T
)//(/?‘)‘ §/l/)(j{) t ( Cos(d) - ,Z r-4

N\\

Y S A )/’/z‘) - L

. 2
dI->7

o -7 - _ I e
G, //)CZ_/L7;f 77

7=
cos(A) —(/" Z )Sm(ﬂ‘) o= 6 )j’>77

N\N NI

‘.yMJ: 1, 0<h=T

‘Ffas(ﬁ-(/z‘ ")S/M/J‘) f’éﬁ*, Jsor




Mgl‘/li WA'V-ZIQ’/Z VLO /O/OVZ

clear, clc

t = 0:0.1:pi;

s = pi:0.1:3*pi;

yl = €;

y2 = (-pi/2)*cos(s) - (A+pi/2)*sin(s) + (pi/2)*exp(pi-s);
hold on

plot(t, t, "ob") % nonhomogeneous term

plot(s, pi*exp(pi-s), "*b") % nonhomogeneous term

pIOt(t’ yly .__r.)

plot(s, y2, "r")

grid on

xlabel "t", ylabel "y~

legend("nonhomogeneous term", “"nonhomogeneous term-",
"solution”, “solution®)

title "d™2y/dt"2 + dy/dt = t, pi*exp(pi - ©)*

d?y/dt? + dy/dt = t, pi*exp(pi - t)

4r
A O  nonhomogeneous term
\ *  nonhomogeneous term
3r * ) solution
B \ solution
* \
*
2 **
*%
1
>
o
-1 F
-2 F
__3 L I




A

Sivce 7’,(}” - 71(4") 1's o Solutrem fo é:y"*éy”“i}’ =d,
fA(k? 7 /Ofaé/{yy, #‘2{%/ gcm[/'an 377 Y,(/f)‘/,_///')_”o
as /7"—$ 42

Z‘/: 5:0, f<5f4/][ f’_ﬂf ;/'l"p(() g)/ /ypé/rm#Z?, S—cc.f.'—/

(2) Lef Yit) Lo ny solutron fo ay's by cy=d |
cto. VD)L s a solutron e
&7//7" Ly cyzo, sinc,
o (y-4) '+ dly-2) v c(y-1)-
(ay" + by’ rcy)-d = f~=0



//)77 28 p(!o(/(\ //‘Mo D’//)-%(]:O/ oy

0

€7u/'va/fﬂf/\/) //m Y[/f\ - E'C/'
£

(é) ) C-0, V'A'm /'1( )I,(/ﬂ CM&/ 7/2//7L> arc Solations
fo a\/"+éy’=/, a4 >0, Fhen {7 %29 ({)
of Sectrom 514, [/ \/:(Z[> L(A) = K, £ some

g constont
SO Y s any solution s A/"féflz/;
Fhen y - fzf ssoa solation fo a/”fé/'"-o
o5 aly- I+ [ (y-4r) -
oy + 57 -d = d-d =0
[ [ V() - 447 = & f*// fm‘) ($+8)]=0

I 7.0
/I'Vb) / \/(/TL>I - o gl‘n(t /l.%q /g/){ +K/: PO
[~ S S

7C0Y /'{' /\///‘1‘)' Wrre éaum/rc/, 7&404 s/t



27

LY - (445 9] 15 Sound-d, | G2 1k
WUM/O/ 4( 40(,(1/10{1'0/, A ('m/)?lrao//cv’/m,
(C> Lf !—’0 &V\ﬁ/ ¢ =0, 7/4% 070 : /) )///=;¥ )

\/(f>:2%f2+q/f TCZ ) So /?/L,V,,, /\/(j)):,o

()

(D-n)B-5)y = (D-r,)(By-riy) = My =1, Dy=r By v 15,y
b (07—_ (V,“"J’S + /;fz )7 :(,024_ 4/3 + C)y
()

§/M//r substitutron y/'r/o/s (@‘CB(/J-QS/ 25(’{))
W/IO/ 47 (QB) 7"/118~ 7/'L/C/S (?é)



28
3 d = (v t) (090 k)
. Zf" U= [A*I>\/
DB-4Vu = u' -4y =37

Z-mffjmv‘f”i factor = & i

;7{ (€-VTM> - 3(246-74‘ = ge-Zf
A
R

(Z) (0+/>7 *‘)’ Hg ff C)Ie%f
fﬂf@@ faYZ/'/’lj 7(6“%’7’ jf
c/ (z y> '53 N 7

- 5621‘

T C, S C,/Q (ansfé’r/’l/_



7.

50

Y4 L2y ot = (Vrﬂz_ (Arﬁ(/ﬁ’f/)y:lcdf
[ef U= (0+/)7

(N (D =Z€'j, v uu=27
jf/(/u): 2% =2 a2t v,

. Uy-s 2/'/6_/{-4 ¢, f—f

(2) (A+z)7‘~)/)+\/:a= 2057 e 7
jjé(ejﬂzz/ffcl) CJI}:JZ+C,/+CZ
':VTJZC_ZfC./{e'/fTCZe"/(-

——

r4 2y = (reo)ri2) o (n10)A) +2)/ = 3+ 45inCar)

ZtYL U= (/f) t‘l>7



/

(/) S Au= 2 34 Y, (o)
= 4 = Qe (24) 4 C:

/2_) ([)42)7 = Uu-= 3/1&—2603(2,7‘7+ C/‘
24

N

fm/(jmr‘/‘nj facv‘wf
. ;/Z; /c’“\/) Y P ey Tl

1
ﬁ/‘m [ ve du=— (au — 1)e™ + C
J a

au 0/ [ e™ cos bu du = e—bz (acos bu + bsin bu) + C

, : -2
y - 24 - 3cos(24)- $5inlaf) # ¢ 4 G e

L ——————————




3.6 Variation of Parameters

_ 3
) ;/'Z- Svt6 = (}"‘3)(1/"2)- - yc(/f?: Cle/f* 6162/-

X 3 21
.. (m/;gu‘/uf 7- M,C**L U, {M ) y,=€“‘, Yy =€

wly e Jezzf e:z’/, 5

ge 34 262/{'

24 1
Y, = - y(e €z£2c> - fZe'M R

—

S (R P

\/é) Z(f 7/: Het - 7/'; AL 7”._ A
Al - Sﬁ(/ﬁlc"% t é(ﬂfﬁ = 27




24=2, A=1, - /u-):/

_——

2 - 4
(¢) r -vr-2=0 = (r~2>(r+/), yc(/f)-—c,e'{+ fzez

-4 24 A
fo?': “4p€ +t U ¢, Y, =€ ,72=e2*

W[‘/)*/]: T I Pl
! 2 \(-A— Zéz/
O B i) € S
o f PR

L

3 e

u, - f (c"O[Z e—’f) % 6—3/7‘

Ly)= CRACT) e (3eT(E)

1 ot e~

- -—
—

wIN
AN

/ZMVL é—/f_/\s ammg Yc(f)“— C,cdf + C, czjf

yf()f)* - %jc”f

(\é> S‘/‘VICC e"{_ S ammqj )/c{f))



[<d 7//7‘> - (A7) e

L/gm3 MATLAR.

clear,clc

syms t A . ans = —3 Ae™’
c2 =1; cl = -1; c0 = -2; %coeffs of diff eq

y = (A*t)*exp(-1t); Y%attempt

c2*diff(y,t,2) + ci*diff(y,t,1) + cO*y

o 3fet s 26 =5 A=

'™\

y//ﬂ : ‘é/e'/t

2 L /5 b
L/f‘ -4y +] =0 = (Zr-’) ) )/c(j>: C,e/ . (Zj-e/z

(&\ valyrale '}sze ) 7,’—6 ) )lz_"f"*/z
Wf)’,)‘/zzz } i 1M =

2 /
Loth Tl +%‘efz

. 2
o7 24

A/ Al
L(Z__j((’/l(/j[@ ): 74L

/- J ()4




A (-247) ™ s ()4 = 247
V()= 2477

) Since " and 685 st ey 6 and 1
[T )z - (/}jz> g_’*/z

é/f//'j WA‘V_ZA@,

clear,clc

syms t A ans = 2 Ae/?
c2 =1; cl = -1; cO = 1/4; Y%coeffs of diff eq
y = (A*t"2)*exp(t/2); %attempt

c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

By P LRy

7/,01‘7 = 242"

/Y/dVV)OﬁemuuS . y"Lr / =0, r=1% |

Yo (£) = Cocos(f) + G Sm(A) | ¢, e, comstonts



Z(VZ 7/ﬁ= é/,[,{-) Kos(;{'> t Ml/}f‘> S/'n(/?‘> ) 7’,’[05(f),72=Sm(ﬂ

‘ ny,,yz]—‘ 0S() s | = |

“Sin(4) (oS4
Y ==\ Soalf)San(t) = | - sin'tr) .| resr)
o oS (A) /osff>

= §/'z/)//7‘> - /m/SKc(f)v*ann/zf)/
= Sin //1“) - /l’) [5«(4‘)7’ Vlmn H)] 7(07 o <A< Z{“

MZ: y(osfzf)v’anw) :fs;n[ﬂ = -rog[ﬁ

\//0 () = cos()Sintt) - cos( In] secd) n‘an/fﬂ
- fas/f) Si//)//f)

o 7/(;,‘) = -~ coS(t) /n [sec(ﬂ y vlan/;fﬂ + ¢, CoS(A + C,SinlH)

Z ‘
#0/4703(}/)(06{5: A +?= 0, /= 1‘51\

Ve () = C cosBO) * ¢ sin(3) , ¢, ¢ constands



[t 7,0/1): u () cos (31) (1) sin (34, Y, = cos (51), ¥,= 5in ()
ny,,y}z =3

C ‘ 2 — =35 -~
U, =~ gSﬁ(ﬁ)[? Sc¢ (B’fﬂ - y P (05(34)

3 cos*(3.1)

U, = st(&f)[?sfﬁ/@f)} = EJQC (3.4)

3

= /k, [5(c(31f> +7Lan [?f)z ;w 0 < £+ LZ:

\//)[/{—) = (—(05/(3ﬂ)f05(34‘> 1 6'/'/’1(34‘\) /m [Stc(Sff)‘i‘lt'an(Vf)]

= =1 1 sin(34) In [ sec(s#) + ton (30 ]

}/(/) = sinGE) I [secGA + tan (32)

———

+ £, cos(34) + C, sty (34)

/7[0/1403@;7(00(5 : /‘27‘ dr +4=0 = (V‘+2) , = -2,-2

~2 -
y (1) = e I P

Z(YL )‘f (/f-\) = &/I (j) C—Z/f L MZ(Z‘)/{_C-.L?L) 7) ’-‘C_z/f) )’2.:/6—2,{



ﬂfm/m AT LA,

% Compute Wronskian

clear, clc

syms t

yl = exp(_Z*t); —dt
y2 = t*exp(-2*t); ans = ¢

W =Tyl y2; diff(yl) diff(y2)];

det(W)

| A, = - {Uf—z*)(f%_m E -J) = ln(F) | F>o

SOF r
U y@*z’?‘)(/f e 2}6 - - !
2 =7 7
' 7/D(f> = ("/m/fwe’)/r 1 (';{)/1’6_”
= *é_ut In(t) - e_Z/f

S hce 6—21‘ /S a/rrmé /)ar!" (,ﬁ )’C(f),
Wf) R R 7 I N Yl

v 44y = Lsee(Hf)

2

NiI—

/%/OWI03(V)(0(45 A +—}, =0, r=*%

7(, (f) = C, cos (”72) r C, 5/‘0(/"/1)




[<t y/)(ﬂ = U () cos(He) + 4 (2)sin (7))

)/, = (05(’*/2) : ‘/7’:5/'//! (’T/Z)
Wiy ,y, 1 = 2
" - ([M (/f/z);iz See(th) _ (v‘an (1/:)

-2 /Vl (5((;(472)): 2 /M[Coé(f/z)} , 7[W AV s
U, * &05(#/2)K'21 SCCM/2> =jl - 7
2.
\//) = 2 /m)jCOS(/f/z\] cos(th) + S/Mff/z>
y(f) = Z/as(f/ﬂ Inlcos(#2)8 + 1 s/ (4R

+ C, CGS(XL/’L) 1 Cz_s’-V?(f/ZN

/VlﬂVVIOfc'n/ocfjﬁ I’Z-2V~+/ —’0 = (/‘—/)7’, = ///
/c(/f)= ¢, e’ ¢, te

ZcYL 7’/,,(1)"‘ Q,(f)eIrMZ(ZL)fcf, 7,261: y2=fef



ﬁro)m W/[TZA/Z,

% Compute Wronskian

clear, clc

syms t

vl = exp(t); % edit yl, y2

y2 = t*exp(t);

W = [yl y2; diff(yl) diff(y2)];
det(W)

ans = €

}f_
. (M)(L N S e
4 = (@7’(’ l+4% ] je4 ”KH’I)
_ (47’)((/* ) o
U - f;z‘f /uZ> ] JIML_‘ = Arctin (7)

\//0(,0 : —§; /p,(/ul) ia /fejA’rcv‘m//ﬁ

o Y(}f) = ’g_i/_/m[/hfz> +J(/-Arcvlaw(zf> t C,C’f F Cz/fe/f
2

/Vlo’)’ﬂojﬂh(obd ! /‘L~ S, +{ = (r-Z)[V-z)) e 213

7(\ (;{—): C’ CZ/f + (‘ch/f.

Let //(/'f)’— U, () & Mz/f)cw, )z'=c2/f N
wWly ,711'” -t cgt) S

2
2e d 543*




' o) 4 () J g
U= - (( @{Z@ = - L‘ e 4() s

t 7 3
u, (f) - J(%%i/_’ﬁ - L 635(5)4/3

- _ 2X 7 -25 3t
..y/(/z’)~ -e L € 6(S>0/5 + € (

1.

Vs <
4 3(3)0/3

>//o(7f) Can é( 5/,“’7//1[}'76/ 4//}:/(///'}43 flc 62/6”10/ e}’f

%(FMS )WYZO 7‘.46 /hY/(jVanol) S/ncc 7LZ(7 acy/ es
('07757[0!14{3 Vr/oﬂ//'(/c 7/0 (/O(V/'aé/( g . 7\4&77/ /'S)

A A
/~//j> f(ﬂf 3(€ Jols = f 7[(2‘)3(00/5

- 1
>’//> = C €2f +C egf a f [63(1_5)* 62(/#3)]3(5)0/
Ay




/0

\/,=/7‘1-' y'=214, y" =2
() - 20tD =0
’ -2 ’1 - 2 -3
\/Z—_/{—": \/2 ?_-// 7?/2 1
424 2 7)o =0,
B NCENY SRR
1] ya _ _ -2 -
Standocd Form . yop) S-A4°  t=0
2 _
[t 7,,,(/1‘)‘— UMz 1 u ()4

\ S 1 s o[- 2=-8
Wf/')yzz 24 —/f"z/
7 _J(f")(3-f’z> - fj"-g_’g S fnlh) e A
[ -3

M(Y( ':fll/(,: //-2/V)(/IL>+ZI



-3 3
. _ -l 4% d
Uy, = Ty = 3
- 42 2 -1 I
Since -4 egc,f vt ] ,/m/ £
y/(ﬁ: £ nlt) ¢ 7 3
pif) = Ao
U se MATLAK fo chek o
clear, clc
syms t ) o ans = 0
g% : :iexp(t); %edit yl1, y2, coefficients e = 0

a=1t2; b ==t*(t+2); c = t+2;

yl check = a*diff(yl,2) + b*diff(yl,1) + c*yl;
y2 check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(yl check), simplify(y2 check)

Standard form: 7"*"‘?':"2) (/ﬂ >7 21 | f7o

[ed 7/,([3‘— Uy, + Uy, = Y (4) + Mz(fc’f)

% Compute Wronskian s
clear, clc ans = 1°¢
syms t

yl = t; % edit yl, y2

y2 = t*exp(t);

W = [yl y2; diff(yl) diff(y2)];

det(W)



1Z.

U, (1) = J (ire?) (Zz‘) _ J_Z - -2

jlexl—
4y, ~ (-20(4) = -2.4°

645:(2L) = ‘f/‘(ifq (GZJf) . —Jr‘2<f”* = .-Z?Cfﬁjf
12e*

4 Yy = (—25—2‘—) (/CZL> = 21
Sut -2t € 574 (/(—)?} So /'cjmawft 'n W(f}
y/)(j—): -21°

ﬂf@ M/PY—ZAIZ 710 clac/(.‘

clear, clc ans = 0
syms t

yl =1+ t; %edit yl, y2, coefficients ans = 0
y2 = exp(t);

a=-t; b=-(1+t); ¢c = 1;

y1l check = a*diff(yl,2) + b*diff(yl,1) + c*yl;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplifty(yl_check), simplify(y2_check)

Sfawo/ara/ /faym,' )//I-(—{;i)\//f- }/-7 :j'(zf)/f>o
Zﬂl \//o(/f): 47 t Uy, = u, (1t4) f'MZ(G/{?



/3.

% Compute Wronskian

clear, clc ans = tref
syms t
yl =1+ t; % edit yl, vy2
y2 = exp(t);
W = [yl y2; diff(yl) diff(y2)];
det(W)
() (1) 24
Y (4) = - . = - |e =
fe

Use /MAT/ AL Yo C/c’ck:

clear, clc

syms X
yl = xX"2; %edit yl1, y2, coefficients
y2 = x"2*log(x);

a = x"2; b ==3*; ¢c =14;

y1l check = a*diff(yl,2) + b*diff(yl,1) + c*yl;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(yl_check), simplify(y2_ check)

ans = 0

ans = 0



Standard form: V’I—Z—qut %7:/}4&) %
Z{{’ YP(X>: U,y t Uy ¥y = 4(,(7«13* L/z(xl/"r/ﬂ)

% Compute Wronskian 2
clear, clc ans = X
syms X

yl = X"2; % edit yl, y2

y2 = x"2*log(x);
= [yl y2; diff(yl) diff(y2)];

det (W)
{(x bhx)) (Tata) . fﬁ”"ﬂz :*[/n(Xﬂg
X
3

U, Y, = _ﬂm (x)} ’
3

> %) /r; x) - /h/X> )
Uy (x) ‘—pﬂg(/hm ~ j e [Z z

X
X

4{27/2= M?L(xz/n(ﬂ» = XZ[/M(X)]g

)= (- 8)R b o ]




[

Usc MATLAL Fo cleck:

clear, clc

syms X ans = 0
yl = x™(-1/72)*sin(X); %edit yl, y2, coefficients ans = 0
y2 = x™(-1/2)*cos(X); N

a = x"2; b=x; c=x"2-1/74;

y1l check = a*diff(y1,2) + b*diff(yl,1) + c*yl;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplity(yl_check), simplify(y2_check)

S-VLahﬁ/aro/ FOYM . /// 4 )'([\/f * (/ 7&7_>>/ 3)< S/V)(X)) X >0

%—Compute Wronskian ans =

clear, clc

sSyms X _cos(x)?+sin(x)?
yl xN(-1/2)*sin(x); %edit yl, y2 x

y2 2 x™N(=1/2)*cos(x);
W = [yl y2; diff(yl) diff(y2)]; L
det(W) - = x

= S i ()
(/(’ (X) - _ [X fOS(K)] Sx2sinlx . 3 ('US(K) S'Ih(x)

/<

[

2 Sin(x)

_Z - o ) ~zl. _3’i .3>
U, Y, = 25in°(K) x *Sin(x) = 2Xx= sin (X

UZ (X> - [X—%‘S;‘mW\KgX-iSmfx) - -3 S/'mz(x\
~ U

-

- "5[{X §/<S/V;(l)<>] 2X+ gsfm/,Zx)



AY

| 3 3. -1

MZVZ—[ifx + 7S/h(2x>3>< (OS/K)
o3 4 32 )
I T2X COS(x) taXx S/V)(ZX>CUS(><

= ‘%chos(x) t 2>< sm&)(os (><>

1

_——

zo(x)—— 4y, t Uy, = —23- x 2 s)ng(x>

- 4
F 2 K i) costn) — ’2§><2C05(7<>

/

-2

Sm(x)[sm (X) t+ co§ (X)K zK Cos(x)

Cas(x)

-—
-—

_ _3_
- 2 X
3
; 2‘an(><> >

X
/ZMVL 2_>§ Sh(x) € g b‘); 0/f<7f Yerm /'h);o

I

(= xt costd

<

Use MATILAR ¢o cheek

clear, clc ans = 0
syms X
yl = x™(-1/2)*sin(x); %edit yl, y2, coefficients ans = 0

y2 = x™(-1/2)*cos(X);

a=x"2; b=x; c=x"2 - 0.25;

y1l check = a*diff(y1,2) + b*diff(yl,1) + c*yl;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(yl_check), simplify(y2_check)

§VLana/mr0/ ;‘N’Wl >/ (/ ‘fx )7 j(") y X 20

x2.



% Compute Wronskian ans =
clear, clc

%)
2

syms x _cos(x)? +sin(x)
yl = x~(-1/2)*sin(X); Y%edit yl, y2 "

y2 = x™N(-1/2)*cos(X);

W = [yl y2; diff(yl) diff(y2)];

det(W) (

e (x) 3
- - ( [esm] s ( E ot )
peS
X

Y, V= 72_2’5/;/)(7()5 f_%ws(f)j//f)a/f

Al

4/2[70 - ﬂx—éfl‘h(@]j,_&) - —jx_% Sih/x>j(><)
- Ux x>

. u, ¥, = K-%Cas/x) ( 1—315%(;‘)3M> A1t
%,

x

4

() = XHEISMGQ( A 2605/7/)3//0 di

%o

- X % coslx) S&j —%Sih(/f)j(/f) o//f

I

S ( /f”‘ﬁ/f) Zs/h(x\ OS(E) ~ s ()sin(#) | J7
%0

X

) = x*fy ﬁgm sin(r-1) dit

Xo




@) E?U&(('/'m? (30> (s -

}()g() yi(s)g(s)
Y = — ds ds, 30
(0=t f Wiy, e )fu Wiyi, y21(s) e

/\/07[6 TAaYL 7"4@ (/ar/'qé/f ya acls as o (’ms%anf
relative Yo the variaSl s, so thet y () and y,(8)
Con é( !faqjéVL cma/f}’* f!e /VIYL(jrq/ 51'514.

1
SN . | WSM/S)O/ ( Y, ()Y () g(s)
/(f> La WEY; )Y)_Y (5 W[}')YZI(S)

0

A Dis - )
- J fz (A () - 4 A (S @Mc/s
¢ W[)’,))Q](S\)

o

(4) MSMS YLZ( ﬁtn%memla/ T4fo/rm d( (q/cu/us, dmo/
C/efl}/ﬁYlI.Ut d[ &/Ofop/ucf, [/{SI{VIE (30))



/(anu,/'\_;
V()= v (A YA @D+ () 50 g8
! Wiy, v, (t) wly,y, 1+

4 1
I S)S(S)
/) ( Lb W[y),}’zz(d - 7/2[ /fo M/[?'. ) VJ(S)

: *
VA - Y.(9) 8 (s) d / f Y, (5) 3(5) [
N / KIL) /l (j>LU wfyn \71](5) S ); (/f) /t, W[Y:\\/z—s(q O/S [j

e
S EE RO - 1ROy e
[T Wiy 72? () 3 & g

Ms'{nﬁ LT, cinef using Wy 4100 = Y0) ) -y )y, )

_ Wy, a0
7"(1‘) z [ v (1) Y,(4) - y,’myz(zf)] i(f)
Wiy vy 3

1 y/
_y iy NERLONAY /'(/ﬂj 7, (s) 5 (s) d
V’ / >)/;o (/1/[\/”\/21(&) 7,2 /{0 L‘/[V,‘Y:&](‘) °

Vi
N yzll(ﬂ 7{(5\— )’,"(f))'z(s> Y
) = gt L Wy 50 xs X



VAN ISR VENADERTE Yit)

- j(z‘%L r (’*2/[';“>Hyf(gf>72_)@(s)o/s (from [31)

Mf KA NG ~ A AR e (Fromn [2]
“p), /u[y,,vzw 3§ ls  (From [27)

I
RO - LAVRG) o

= j(zf)

(rcarlfam%fn(\ 2 8ave /‘nf(ﬂ vels )

7 )’f/f)j W[l(l)g;]())ds +/0(f> )’2(1‘” Wfifliil())ds *7&) /z[’f ,L W[(I)g(1<)>ds

y (/f) I; W[( )8(]()) ds —/)(/f) (If) '[ W[( )g(]()) ds = 7(4L)7I (JL“. W[( )g(]()) ds

- 60’ [y 1) ¢ ,0[’0)’ (#) + (A/(f)].“ T s

[}’ (#) + /:(H)' ‘() + 7//{'>y[4‘>] I Fiadoy S
= 3//7‘>
as LIy, 08=0 ond LIy,0]=0



SO L PN GO, ) e R0
. Z[\/(ﬂzr g(zf')

e —

Also, From @),

% i
V(1) J LD JBEE g0 fs -
A,

WLy, T0s) —

0

and frewm ZZ?]

1,
V() = ( ) 1D - D oy,
/ 1 [7: syzz <§\ 3 —_—



/7.

/§.

[[73 = [ Luge) ./(4‘)1 = Llun] F LLun] =0t 3(4‘) =j(4‘>
y(A)= dlt)r V) = y, 10 =y,

/

7’(/@ NI ARNACAE 70'* 0 =¥,

(&A FYWVI )’"21‘/:0, r=*;, .. (og(jf)) SIVI(Z") ;Orm a
{una/ammfa/Sef LY 7, (f) = (oS //” avm/ )2 (f) = $i/'n (/7‘)
sofve LLyp3=0 , LL0netT=0, whe L3y sy

7
— c0s(s) sin(t) - €os(s)si'nm (4‘) ) /
Yﬁ>’L Wy, 136 3

0



_(f sin(t-3) (s)of
_L L‘/[Y,))"z’g(s\ 3 ~) >

/g(’ﬂl L‘/[% 177.18) -

(05(5'3 51.}1(6) - /
-sin(s) s ()

*
7(/()__( gim(f—3>3(s)0/5
Ao

o — e —————

B /?7 t (L Lyn]= (1), and yH,)70, y'(£)=0

(3)

(1) First Finod solution to Yty =0, yll= ), Y=y,
From r 41205 £z 110 =7 y(4) = C coslf)+ Csinbt)
Sy )E S0 Sinth) 4 ¢ cos(H)
)/(o): ¢ coslo) 4 ¢, sin(oy= ¢, = C = Y,
}/(") = =C Sinle) + ¢, cos(v) = ¢, =1 sz/o’

7’(2‘) A cos() + /O'Sl‘m(/m
(Z> U5fh3 (4\ amc/ (/) O!OVC, as/nﬁ /fo=O)



/1

y/f) = /o (‘C)S(/‘{L> + >/6/§;//,/;l> + f/rS/'h(/fL‘ 6> 3($>c/s

6

In % /é, )’,(/TL) and yz/,f) arc Solutioms o ZZﬂ:o
S/'nm Zfﬂ = (A—a>(ﬁ~é>7, Y= GML, 72-5‘“
Since r= (&:ré>r ralz0 = (r-a)ﬂf—é)

V() \/ZI(S) = y(s)y,(s) = Wiy, v 1)

WICQS) CéS}: ij Zé;s) = (é’c‘>€(c‘+!)s
C Frewm 216 ;
Y (4) - Y 05) B OO 1A oy S,
/(j) J/(— Wly, )‘/2](53 ;

£
: j fascé,(N ea/f'eés
4 CéG\ e(eué)s

]L
= / —é .{/f /r -G
I L[f L s [gdels

fs(s) a/s



20.

) ea(f-sw]gm /e

Vi) =

Bocawse = A1 4 5 o soldion fo The characlerrste
/7w,/m, 7,(1) v cos(ut) and Y (A= cMsm(mL)
dre a Fundament| sif oF sofubioms  Sov [Iyl=0.
é/s/m@ NAT 1 AB,

% Compute Wronskian .
clear, clc ans = uc

syms x u t

vyl = exp(x*t)*cos(u*t); %edit yl, y2
y2 = exp(xX*t)*sin(u*t);

W = [yl y2; diff(yl,t) diff(y2,t)];
simplify(det(W))

Wly, (o) = ™
(/S[VI(B ‘I'Z/C)

As

V(1) f [eospd) 5l ot) [ eortpt) i)y,

/Mczhs




2N's

j_
:f 67151‘)/{‘ S/Vl[/u(//' S]i() O/S
7 o

"
y(ﬁ 2/—01/— L eNj_S)§;'m [/4(/7‘—3)] 3(0 ds

Hecause =6 1s a z/ué/f roof to Tl< chavactor/stsc
cquation, ) (4= ¢ o AGE 1 Jorm
Sundomentsl st Vo LLyT = //5-437 - 0.

ﬂs""i MATLAR,

% Compute Wronskian Yat
clear, clc ans = €

syms a t
yl = exp(a*t); %edit yl, y2

V2 = trexp(a*t); . Zqs
W= [yl y2; diff(yl,t) diff(y2,t)]; s) =
simpII:)i/fy)(/det(W))(y ) ©2.0] T W [7. ) 727( ) <

LBy #/C,
/ v
/(f> J qs)]« G/:S & m{)(s ¢ 10 o s

Ao




22,

Vi
- ( [/1(6(0{—5) -5 fq(z‘—s)] SM o
7,

X 2 (A
\/(I> < f (t-3) e “ >§(g) o<

(i

P———

The solation to (A1 L0+ Oy = g1 dogends o
Fhe roots fo He charactorsiic eguntion r™sdriezo

() For real ancoual reots (/,m!/, £/5),
By Loomes (DD v,

Wf j [v(/f s> o (- ﬂ]jm /e

(4




/V/(/’() K(j-s) - ev(/f-S)_ eu(z’—s) |

V- u

R ——

W/y(l’( UV are (he fm/ fOOV/S JIC rtdrrc=o
(Z> For f(a/ r"(/amil«’c/ roo s (/oro{/rm #2/),
(0% L0+)y Lecames (8-)'y

i~ [ 0

(]

u (f-5)

6[g) ol

/V/FY'() k(/f‘S) = (/f-S) QU(/{--S>\
A/L.u't U /‘S YZ\z %ué/z /ed 47( fz+ gr"fﬁfd

\/3\ FW 00’\4/1/0/4\( }"00{5 (/)r‘oé/ew, #20>7
(AZ*§A+C>7 4rcom13 [ﬂ‘(ﬁ#/'u)][/)'(ﬂ—}m)]), |

f
/[zf) ( A §)§m[l/t(/7‘ S)I 3(0 As

A (A-3)
/v/(re) L(#-s) = ¢ Ssl'h[a//{-s\], Lhere

Uu

P\ T 1‘(/1 ff/OrZSWIf V‘At ('W//”X r'oM[S VLJ I’Z‘{‘ {7‘7‘6 =0 .




/\/07[" YL/GV[ r‘V) t’a64 Cese, K(xf’S\ pﬂ/r;fw/s aov
U,\/ //) Or U (2) cy }\\(/{/@I ﬁacl 7[}om4,, So/b(?ll'mns
YZO VLA( CAQ/’%CVZ(V/.SY[/\C (7(,(4:%'0;/;, Onc/ 56 k mé,
o/r/.om&/; on Y, am/ LS 7%1 SG/MVZ/'MS 710 74¢
0140/ MOYZ aon 6[/{)

Am/ﬂajfk)(o&& ?fua%'m ,

yh= vy e vy

7"(/1‘) =iyt vty oy
AR,

<V”71 L 2oy b ‘/7',//51”0",7(’L/O‘/7,/3 Favy,
AT LR AR I

=0

= W” (2%'#/07/’)\/'
_-, I; >/I (f) /'S a /lomoﬁ*u/wows éf’b“l?[lrah 50/(/17[/(0‘71)



then for 7(/1‘): Ay (4),

YAy gy =T e 2y v

-

57Lan0/¢ro/F6rm‘. )/"-;fz—y'f.i\/_ﬁl

/ﬂ/ >/7- V)’I = (//?L7 \//-‘f A /)amaﬁci/)c&us So/avlfon.

N R g

v e pylet s
Av' +[2+( f]vz v =
A AR A R

V) = TA -9t Ct e,
05/'hj [nudu=umu=u+c
(v dine -4+ o't - ¢t
CyE vt =4 ) ot A

5(71‘)



Z¢,

§YLQW0/aro/ ;‘wm N \/// 4_ 7 + ..5_- = ._){/__

/(YL 7‘ V(-[) )/' } /amyﬁfn(om so/m‘/mf;

!

: 7/,1/’

(#)v' (7 V& "IZ'EI)V' = (H" ;‘;V’ =

Iﬂ%{csravll'ms ;‘Oc;‘ar‘: Cf/o({,j_;>: /7L§

A (4v) =+ =245
T ’ é

VAR PR T S S
A l /5 =

Ma/(c C,'/—'f = C

y=ow= Gl £ a2 o

/




Stancturdl form: y" = (Fe1)y + (1)y =
(e y=(1+£)v, y,~ 114, a /amoﬂencws Sofuilsm
. 7- [ /ou): -(£ +1), ¢ (4) = tt
B \/)V”+(2\/I'+/07,>1/' -

CLVAENF. ‘(Jf/”)//r/r‘ﬂt/' =

Ctf) v+ [a=7/-1-43v

(1" - [’”‘} - At

=

"o j+/ V/_ / x
f2tAr © o C

Iﬁejmf/'wi factor C"‘/”( f;;:) - X/d/ ff f"/>
:éx/o( ( e /f-ﬂ)’—()?&( l(’,"”ﬁzmﬁ)
= €§0( f/f - T> = my[_ Intt) - 4 +Z/n(/7‘+/)]

= (/Tf/ e—
Fal

-V




o/((,y‘_z_/) @ﬁjy'> = (_/tﬂ)z(;j_z— ezj :(/{_H>€f
Al N A 1 e

/1/{4_/)2@”’ y'o= Y/Jeﬂ )

=C{L-/)e’f+e'f+q =t ¢

(f+1)* (#+1)°
Ms,‘m) MAT A,

clear, clc

syms t ans = T
int((E"Z/(t+1)"2)*EXp(2*t)) e (1—1) e’
int(t*exp(t)/(t+1)"2) (S r+1

e C e - ¢ (f—') c, £
L+ G 5=, 2 Ty =t G
(A+1) (A+) 2 (t+1) 7t

Cl ) ('Z (‘msyLaﬂyéj

V/f)i &g;_l)_ + C e/f C

j=— f 2

2(t+]) 1t

\/: \/IV = (/fz‘)l/ = 62/;(//_'/) + G C’/ t G (“‘f)

— e ————



3.7 Mechanical and Electrical Vibrations

U= Reosld) cos (28) 1+ Asin(8)sin(2t)
Neos(9) -3 Lsinld) =4
s 6) =5 Rsm(8)= /¢
0 [eosen) t sin(D)] 28, =5
LcosB)= 2 T Arecos(3) = 0527 rudd

Fronm 24 == 0, = 1

——

U= S cos(24- 0.727)

—————

Frowm g/ = w, =7

U = /?K(A/[) ms(ﬁ’/f) 4 /Qh([) iy (7/’,1")
Weos(8)= 2 Asm(d)= -3
o= (D 1(-3)" = r?l £= 93




%Q/tn/rf\ - =3 . Z:_v[am/ﬂ
/2¢os (6) "z =

§/Ar(/f§<0 | rdﬁ/f\ <0 = Quacyant 71
o(-’ Arc%am(g)f-f/" - 42y

U= VI3 Cos(//”f—$4/24>

e) K= 3 = (100g)(780 eu/s)  19,c00 55

S ¢

Vi

(00 u" + 196000 =0 oy u"* (Hu =0
Charvacterstic zfmm LU0, et
Cult) = Acos (uk) + B, (/41‘)
Ylo) - 0, u'lo) =70
ule) =0 = /}=0

(0 = 10 = 1 Beoliva) = 14810, 4=




(/{//‘{L\’- ";:§/.m(/42/’\> ) )‘m em, // /‘V) Secs .

(é> S/hh(/ﬁlf) /S Fevp a7L /él/f"‘d anc/ /9‘/{_7/7

- : /- 7a
- flfS“V? /CVL(,(/V’ vzu 67/,11//(;0'(/1“/: aYL A= I+ = J.22 4% sec

|

£
Hass 3 T B2t T 32

3
32

u'+ 129u =0 Vg = ¢z

() T Acos (s NVt B sin (872 4)

.. MM//_I_KU: (JU—/ /ZMZOIW

(//0) :‘//'MA = "/’é_ff) /m‘nf/fcyz/'m§
“Ca’lﬁfrc«cvél/“fj” YLO mean //1464 dém/(

f/l( 3 /VIJA €?u///éV/'um /(’t/f/-



//‘} = '/’i}_
W) = 20tfs = $178=2, 8= = 12
ulh) - ~/—ims(w€/f) e §/n(¥7’£/{'>, /n #1,

e —

(1) From §724, W= 8712 radfee

—Zg—f%—/i“- 277 Stc
§72 §

/(rOS(J> :—7; /25/#7(1[3: @
/% VIZ ,/_9? F ys’?g %
:7/_2,3 "—7/_L = 0. 175%
S7¢ 248

. 4m/0/f¢wg/< 2 0,954 fut

mf-

pa—

_ 1
12

Fan d - il = ‘251 Sind >0, cosd <0
L Quadant T
§:Arcvlam /' Z—:Z> Fl = 2.0/3 mc/
ouly) = ﬁ./?s’hos(ﬁﬁf - 2.015)




) (206>(?8OU"/51') : 31726 5/Sz

}’I/l
X =

(a) K : g = £x, K=
Y 7 YO0 dyn-s fem
mu’ +yu’t Ku = 20u’ 004"+ 39200 =0

or Ui 20u + /%« =0

)

CA&/O{C?[(’V)’SW‘C’ C?““{)'m”? e 200 119670 )

= -20 1 Y400 - 4050 _ /01 V384 | =-10T47¢ )
2 2

cult) = € A cos (41Th) # 5511/:(477‘)]

Imr'fl'a/ comd¥ions ! Ulo)= 2  u'le) =0

L Ulo)=2 = A=12
u'(4) = -/0 e’/”[z os(P1T £+ Bsin(4754) [

+ e_/M [ 972 sin(¥754) v 4817 ros(?‘fé_f)z
L UG)=o = -20+ t8TC =0, B= 77



Coult) = [2 cos (475 4) + rs/n(?‘f“/ﬁ in cm

I Secd

A(s,‘ms =N e Y e =
=feosd, B Rsind, tand = § |
tand = L Arefan(S,)= 1o20c
ulr) - /”[ﬁ cos(#777 - 5) | )
T Asetun(77) % 1020
(4) Quasi- Jregueney = 47¢ racl /s

du&ﬂ"/O(r/.aa/‘. 217 - _Z_ <ec
41L z27¢

L/I’I&/ém/ofo/ ()‘=O> Sy (v -0,
¢ /arm;/rr/'sd’/'c € aqy[/'cym,‘ fzf /7€ -0, I= t/?l,‘

d(t) = Aeos(4h) + Bsin(144), w=14%

L IT

[ = Y

Quas/—g(r/‘oo/ - ///272 - 7 ~ [ 4287}
Una/ﬂmf/eo//t’r/'aa/ 2/4/’//7‘ Zfz




(c) é/s/mi MRATLAB -

clear, clc

R = 7/sqrt(6);

w = 4*sqrt(6);

d = atan(5/(2*sqrt(6)))
t = 0:0.01:0.6;

u = exp(- 10*t) *(R*cos(w*t - d));
plot(t, 5 + u)

grid on

xlabel “t", ylabel “u(t)-

title "5 + exp(-10*t)(Rcos(wt - d))*

6.5

u(t)

55

45

5+ exp(-10*t)(Rcos(wt - d))

1
0.1

L 1 L
0.2 0.3 0.4 0.5

(0/) é/§/~/’lc3 /%AVZ/—/IZ/Z, ZOO}M f'V) N ?ful//Zrz'M:/w

/0§/vl/m/t, amc/ Vn// /0/07(_ M/f):

7/sqrt(6);

4*sqrt(6);
atan(6/(2*sqrt(6)));
0.2:0.01:0-6;
exp(-10*t) . *(R*cos(w*t - d));
plot(t, u)

grid on

xlabel “t", ylabel “u(t)"

title "exp(-10*t) (Rcos(wt - d))*

/{)/ /h;/(c{r'm/») 7C0Y

Tx0.4/,

Use MATLAL o Selve dlt) = -0.0S precisely,

[uthl <o.0S

0.2

exp(-10*t)(Rcos(wt - d))

0.6

015

"l
0.1\

Ve M(/T)"‘O.&S-:—O\ (/5}}43 f’&ﬁ’/ as ,';/'/y/'a/ 3(4(33_



clear, clc

R = 7/sqrt(6);

w = 4*sqrt(6);

d =-atan(5/(2*sqrt(6)));

syms t ans = 0.40454119866669580923467094660677
u = exp(-10*t)*(R*cos(w*t - d));

vpasolve(u + 0.05, t, 0.41)

T = 0. 404S secs

Q

(é) k: gt md‘zr =~ 30 /\//m
F

I N
: - == = 0.6 N-5s
¥ Smfs /\/W,

4
wl = 2 [0\ - Lefuld) :/GS;VI/\VV] 7('rmfm (74,«/./,-4,7&,«,

"

T 29" 0y +30u=0 . oy

)

r

v +0.3y +I1Su=0 M@)“—ﬁ.ogm,w’[d):o“n/s

)

Charactersiic (fum//w: r'e0.3r +/5=0,

r= -0X1 ﬂo@—m‘ - —0.S 1 5¢700%
Z

> - 05X

Ul e [/% (03(5.8700&1'> /3 51'4(5.8700?/79}




Ulo)= 0.5 =2 A = 9.0

ow' (A7 (0.05)e’ I[aogms(&&m i) + 8 sin G 7008
re "t r [-(a. 05)(3.57008) S/ n(3.§70088) + (3.;77008)/&03(%mw)]
. u'(o) =0.1 = [—0./@(@0@ + (3.87008) 3 = 0.}

R 002778

u(t) =e*""[(0.05)cos(3.870087) +(0.02778) sin(3.870081)]

Or, Ué"f'j Dz YA B> = V0.0S* + 602728 = s.057,9¢
A=Heosd | K- ﬂi/'n(f, J-‘Arcv’aw(gy

J\: Afcfam ( 0-0277K> = 0.50701 rao/,'oms

0-0s

Culd) = €9 [ 0.057098 cos(3.870051 - 0.56709) ]

—— /.h m<7’fr5‘ /[-SCC\\,

(4) QMHS/‘— ?rf7(/m(/ . /{,1 = 3-5)7008 rao//)“
(C) /\/aw‘um/ 7CV(7uznf/ J7C unO/Ovua/ocJdeV//W? X:O

Yt Sy O . S0 re YK,

/\/avlbf/a/ y(f(ﬁueﬂ(/ Y 7/?@,//5

A 2I72E o g 99125




From (6"« £6 1 26 =0, (ro carent = Ech)=0)
(026" ¢ (3x0°) G + (165) @ =0, v
Q"+ (1Sx0%) G+ (Sx0')Q =0
Choracyeristre <7uqv’rw: res+ (/.S“></03>r b (Sx0%)z0,

Mg;m3 AT B, S $ees ses:

roots(p) 500

. : —/000 £ ~Soo 2
L QR) = ¢ e r G, €

Q) = - 000 ¢, e So0e, e
—[n/vl/'a/ rmo/,'{/’mg; G (o) - /0‘47 a 15) =0
Q= /o " - ¢, + (,
G0) = 0 = -/000¢ - S00C,

From MATLIRE,

A =111 ; -1000 -500]; C =
B = [1le-6 ; 0]; 1075 x
C = linsolve(A,B) %solve A*C = B -0.1000

0.2000

. A -6
. C, 7 oKX, G 7.0 %00



- 10001

A _S06A
Q) = /0 (Zé - & ) (oa/amés, 7 in secs

Mn/aM/w/ motion. U tU=0 . rir(=0, r=1%j
Cult)= ¢ cos () 1 G Sin(t)
/ér,‘aa/ = 27
/Oam/oe/mw‘/’m-‘ L5+ ¥rd /=0, r=—% zm
A 5scme y-4 <o {v 5{VL S 1 hus or Aol Sjwv//‘mn

- Ul) - e*/z[/; cos (7/4-;%% /fs}n(7/4jzf)]

Quasf ’/cr/’oo/: 27 - 47
J4-x* V-2
2.

Quasiperisd . VT JfTT - 15 (0] greater)
Uﬂ'ﬂlaw’/)/rc/fcw'oo/ 277

W:Ji) Y s 4—%52%0) f:@3/4907

[A«zc/(.‘ )’2’ g = 2—?£)~7 = ”;<07

(/a/l'o/m)/)hﬁ QQSuM/ole‘m/\ 3’2*7‘ <0



Sorin 3 o t: K-
/r 3( n Q %3

U () A (’%ﬂu(f}‘-(), o '+ %M =0
Charactnstic cquations r*r 3 =0, r=CYE
ult): Aeos(VEA) 4 Bsin(YE 4, A8 constants
(N Yf A+ Bro, [ 274K, avd & 5.1

A= Reos (D). B= Asin(f) g
. J: Afcvlan(ff%)
: “/’f %/05/7//4‘ X> /(/4/04 /ms%rr/a
ﬁ/L

Q) If A0, alt) = @é,‘m(ﬂﬁ (,,oo/ 72;1
U coS \ crjod £=
(3) £§ B=0, ult) = feos (V3 4, / Jf,

1

. In a// Cuses, /(P,'W/: 72%_ = 277 Z/gl




/0.

/g\/ TA(O}’fW/) 3.2 /,

mu”t Yu't Ku=0, ult)=d, ult)=o
hes a U guc sofution | call 14 Vi), <o
mV vy Ky o, u(h)=d,, v'i4)=6 [T
and mu"+ Yu' Luz=0, ult) =0, u'(4)= 4/0'
has a un/‘7b(c so/m‘/‘mq) cal| i wit), so
mw" t yw't kw0, wlt) o wiit)=u [
[t wlt) = vie)+ wir)
omu Yy L :Vh{l/fk/)“* }r((/w)”r ((l/ﬂd)
?(/4/)1/"+ Yv'4 kl/>4 MW”'P yw'+ kw)

=0 +0 =0, SV satishies [1]
cnd &) satifirs 27

Tu addifron, uh)= Vi)t wlt) = u, ¢ 0= i,



/

sz/ M///t)) N V/(/fo) t+ w'//ﬁ T otu, U
gy ﬂm}’c‘m 3'2-/) M[/f): V/f)*“///f) /% 7‘4f
um'fm so/w/fmn fo:

mu' t Yu s Kuz=0, u/z‘(): Y, ,u'/fo)=%/

@ Lot r-VE RS, ard 05t o
A=r sin(-6), B=rws(o)

since Sinl-6)= —$,,(8)
0s(-@) = cos(g)

% ~Yon(e) ,or 6= Arcten (%>

e

o Acos(ut) t B sin(wt) =

o - A - rsinl(e), /Z*— /‘(05/9)

1

rsinl-e) cos [a/,,z‘) b rcos(-e) son(wt) =

/A 5/‘/7 (/t/o/f - é‘) M«simi Sf‘m (7< +)’)‘- S/hXMSy t (gsx Simy

/4/7’(;/;461&//'%/)/) Sincc co5(x)= Sin(x+3 1 an)) Nn=0,12,. ..

/?(as(wof-f> g /gsim(/t/,,f-f* er_me?A



(2.

= Lsin[wt- (5 T220m) ]
“vsin(wi-6) where
ref, 6-4-Tr247 = Arclon(8)- L 227
(4) From @\, r=r2-74+8

and 6= 4-% +2 m:f—gféf“g
v, 6‘=J ‘Z( 1%4) . n=0,1,2,...

and §= Aretan ()

/L/-fWV; Z&” * Q@l*’ c—/&’—:O, 7‘—4f cZaraerfr/mZ/'c
e«iua%/'m )si Lrtr Ry + T =0,

c
r= -Rt IR 9

2/

(r)‘//'ca//)/ CAWI/OU/ mceans /2‘ {Q/C =0
/Z:V (02 = /0% Ohms

JB’X/G




/3

(/a/ac vL(V/'S 7[/'( € uavl/'vmi wrorrr r Ku =0
7 )

2m

Crifieall /am/a/ y - é’mk 0
) s (A+80)e
Su//osf e mass crasses Vi e7u,/ s /omf for e
first fime ot 7, - Ult)= (A182)e =7 =0
A4 B =0, asc’l*"’z‘O- A= -4
S d(t) = B(4- /Sem
For 3240 f1, 20 and 37 >0
At)e ™ >0 for o)l }-1,
If B10, Than ulf) - /3/4‘-/1‘,)c'£"f /s rever O
for 224, 56 ult) ches mut cross ffu/’/fér/um

e —

1/ 3 0/\V].



Tf R=06. Then trom A=-B4, k=0, and
ult) =0, 56 The moss 15 modionless at The
/7a,'/,'én'um S/ov‘) s y‘mh,,zg//y s ni
Cross Ua?‘/o/n?'-

0l/f;/0/aw;/0{5/3 Y - Ymk >0
LUl E A BT e
/o= — 7T e VYt AR x}_—@K
Zn 2 Zm

2.m

Mote 1, < <0, as ¥>0 and m>0
fu//w the mass crosses Fhe egul i point Far
7 be 7(z‘rs/ dime al time A, 0 ult)=o0 ’4frj’+5¢f’f'
A g0 B oA
lh) - /F(en],-é(k"f’)j’cw)
= 4 (émL- TR )
L [Cu—f,m Ryl

L For A >1, . f-A, 20, S0 r>r, =7



(1-2r, > (1-£)r, =7
QRN E S )L e
6(;1‘-/1‘,)11 ~ e(/f‘—’fl)r’z S -

i [ RES Al e(/f-/f,)rzz v

CFoe A0, ulh) 10 S X4
(/f//f) G/OCS‘ Moyz Cross €7u1‘”{r1.(/m ajafzx;

FW /f"O, /3= _Ae(r,-r)/, = =0 so
L) =0 CGM/ mass (S Wox/[‘mx)/(ss gYL

€7w‘/l'érl'um4/;0/‘m {_, qn% So frcén/m/é Ozfcn;l (ross
that /amf.

Céaracf?m'ﬂ‘/'c e7c(ayll'ow.‘ mr® + ¥y FK=0

S S AT

2m)




Cr*lv[/m// 9/&»7/9 = a/ 7/(»1 O YORN A -y
M(/f> (A 7“/3136 i A A B constanis
Ul)= A= A=d,

v ~r r Ly
THOE -.ZL(uavu/sz)w r Be™ [13

Lu'(o)E o, £ 8 =V, 8= Ut

2 m

4
2m

(o)

_ - X4 X
Cult)= de T s (g ¥ g e 2T o]

2m

— _._b' ~I
() I v=0, utt)= de =" + yu, =7

2mMm

() ITF ultf)=0, Then o+ Tl t 20

4451/:;@1/13 L/ :—‘O !l + B’f =0 | /7L'_ ‘_Z__'fw <O,S)ncc

ZM '
m >0, r>0. . ~ﬂ(w /1S no A >0 for
NA/'&A M(/f)‘
- ¥
(2) Since  lim 62”’1 =0,
1.

[im ult) = 0+ ity [/ ——j—(-&;

A= 0 2m e Cir"'f
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ImV, + YU, <O
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Since leos(ut-N el " The relative
maxima oF uld) fall on The care of £ e
ard This occars when cos (ut -F) =/
(os(ﬂf—pr) bas a /()’1'05/07(' 7;, 5o
SUcerssive /Jajmv/s of fivnes when (as//m‘—[>=/
L aut c./m‘ao/ ot /Z*;Z o Time Letween

Su (CrSS/‘l/f max/'ma ‘S

(L)
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Successive Max/}mq,

u(T,)  Re " cos(ul,-5) 1 =~

' 27y — (Ty+2% . _217
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The gencral foem of the solution /s
u(t) = R s (it -5)
/v](rc) Y =0 as There is no /am/fni ferm .
R=3, and /oew'oa/’ 207, S0y
Also, u*= 5 (sce p 150 of fext)

4 s ke

Ult) = 3cos 01 -F) | 5o uld) = Scoscr) =2

L cos(f): 3
W'(4) = -Csin(at -3), o y'fo)= Lsin(d) =V

SN /ﬂ: %

2
v s
F3, Us 36(§>)

~N =

cos (£ 1 sirf(ﬂ =) =

V= 275
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(@)
From esuation (1) of fext, p IS2,
u(t): G’M/M[A cos(ut) t Bsin A = (e )"
SUlo): A= U, B
Cutt) = & L cos(ut) + By (ud)

u'(t) = - M/Z [o{ (05//1,#) @s/m(/uf)z
z
-H/ZM

[/uu Slh(/uﬂ4//f/3(m(/ufﬂ
NAOE ‘Wo4[/uzﬂ Vyy pB= Uy # U

2 m

K: 2/1/‘1/.,'{')’6/0:_ 2/44{/04 b’({o

eV (4Kmn- ¥=) "™
. 0(//T> = é—)}f/z,,,, [% Cos (/ﬁ + Ay + ¥, S{n(/m‘)]
(’7’Km y9) "
Or, “&‘) - C- )T(?’km }) Cos(/f (ZMV'PX‘/\)Q)V)(/A)f)]
(‘7‘(»4 )

e — ——
——————————
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From (2), A - Uy , 5= 2my, * 24,

(Ykm - )"
/é - ’y’/'\z'f A* = V;bz + (2”’”/0 ‘*YVOYL
Yhm —r=
:Wm C(DZ‘ ?(zc/ol + ﬁlmzl/d2 + S/m}l/ol/o + 2’2%?
Ykm -~
DA = é/m(/(qol N TAR, m/ov,,)
Ykm - ¥*
—
d(:Arcv/am/§>:Ar(.V[cn L Vo + ¥4,
Uy ($Kom-¥7)"

6?V70//</1 = l—%n(ﬁlkm-}z

(<)
/\jovlé : 0 < Y < V4%

/45 ¥ —0, K —= %%w(/(u]*wz) : Z/o/,)%ﬁ 2
YK "

S0 / a//aroacérj & f}'x*ﬂ/ Va/'/tf, /I.K’C
ﬁ/ofm/o«/ 7ff€<’ v:'!}’q/zkms.
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/ZAJJV;( ao/ava 'fV)’C( ﬂ/wa/v:s ﬁcV/S M/M/M&/

/ tnifrom, /73 /0/

| //;@ mg /o[“"m]jlﬁ "0
,;«,cS mﬁ:ﬂ/ Z% 7£0 (ancc/ Yfong
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/ ﬁofiu-plmf//b{ */ﬁjb/’;O

) From u"+ [t
om A /béf___ U =0, é(; IS a/osl‘vzl']/f_ errm)

. é(ﬂ{f&/ So/«v//wq /'s 4(03 (w,f) # /gs,'y)(w/fx
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Character/sire €7unv[/'mqf rrra2-o0, r= t712/
o= Acos(zr) v Bsinlrza)
W)= A=0. . u= Lzt
W (#)7 T2 B cos(Z2)  U'G)=T28=2= 812
Ut) = 12 $in (75 4)

MS/VI@ MATLAR

clear,clc;

t = 0:0.1:4*pi/sqrt(2); %two periods

u = sqrt(2)*sin(sqrt(2)*t);

ux= 2*cos(sqrt(2)*t);

hold on

plot(t,u)

plot(t,ux)

grid on

xlabel =t*, ylabel “displacement/velocity*

title "u = sqgrt(2)sin(sqrt(2)t) ux = 2cos(sqrt(2)tv)-



u= sqrt(2)sin(sqrt(2'_)_t‘) ux = 2cos(sqrt(2)t)

o -
3 - 4] N
T T /l

displacement/velocity
S
[9)] o
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T
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(&2}
T

N
o
wa
N
w
Fy
o b
o)
~
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©

clear,clc; .
t = 0:0-1:4*%pi/sqrt(2); %two periods %””j /7747245

u = sgrt(2)*sin(sqgrt(2)*t);

ux=-2*cos(sqrt(2)*t);

hold on

plot(u,ux) % ux on y-axis, U 0N X-axis

axis equal

grid on

xlabel “u (displacement)”, ylabel “ux (velocity)"”
title "du/dt vs u"

" dtiqt_vsu M{0)=0 ano/a'(0>’=’2

15+ AS j ;V)CVfﬁS(S 7(7’”)”7 O)
d \ /1'5/a/a(tmmf u(r)

05 ' [
§ ncrease s 0144 M(:(}
%QS_ /fcy’ms:’S.

ol C/a(,(/wigc Motion

S : dzc/paramzv/ﬁc //oYL,

u (displacement)
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(#)

. !
C arac%ﬂ,ﬁ('si"l'c €7Lmv‘/mn‘. /'z+ uv +72 =0

re g )it - —}’i __7/;27 i

2

1
ulr)= et [/Hds( %—72‘> 1 ﬁsin(@/ﬁﬂ
)= A=0. .. UA) - /?e’f/*s/m(f?f)
u)= = B8 M sin(TZ4) v 7T R M eos (A

U'le)= 175 =2 =2 L= 1¢

Viz7
ult) = e, f/gg'h/mﬂ
127 : 3

MS/WS /WA’TM@}



()

clear,clc;

t
u

frq = sqrt(127)/8;
B

2/frq;
0:0.1:10*pi/frqg; % five periods
B*exp(-t/8) .*sin(frg*t);

ux= (-1/8)*u + frq*B*exp(-t/8).*cos(frg*t);
hold on

plot(t,u)

plot(t,ux)

grid on

legend("u™, “ux™)

xlabel “t°, ylabel “displacement, velocity”
title “u, du/dt vs time~

u, du/dt vs time

15

displacement, velocity

15|

[?/§;ﬁ13 /6&7/?V—Z”/4}3

clear,clc;

frq = sqrt(127)/8;

B 2/frq;

t = 0:0.1:10*pi/frq; % Five periods
u = B*exp(-t/8) .*sin(frg*t);

ux= (-1/8)*u + frg*B*exp(-t/8).*cos(frg*t);
hold on

plot(u,ux)

grid on

xlabel "u (displacement)*

ylabel "ux (velocity)”

title "du/dt vs u”
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du/dt vs u
bA —

21 =
A0 7\‘"‘\.\ po;MYIS oM 714(_
1571 - 25 gy
N S > e Carve Where u=0
! ,-’/// ;{\.:-\\ \\ YZ
J ' e | i= hat7 \\\ .\\.\ r ¢ rc s
= 05 Vi /,/ —1 \\-ff‘ﬂl \ .
E =) ) Succrssive
T Or| | —ET— | . .
= 1% ¢ oeeE | uosi - /( Yi'ocfs
205\ e S o : ‘
L \\.\_H e of e VL/ me
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\ - b
15t e
<5 ! ‘ ‘ ! !
-1 05 0 0.5 1 1.5

u (displacement)

AS /T- /-V'/.Vl/.“/é 1NV szs /[rmxz/; ]:O, (/(71‘)
/Mcrcasrs awa/ L{’//ﬁ o/mrmsfs " Va/t/l.
ﬂ/r{(V//‘m 01( Wov[/mq /'l/) /o/msc/)/an< /'S

C/OC%W('SC as f /rnC'f(agrj,

(&)

(0 7—4( V{/oc/‘v// /'nq/ar{(% v‘o V%z 4SS /'S { 7Cfﬂ»7

2

(,{YO)—’—é. //:)-’Om /Chrvllc (V)(/fﬁy = Zlmdj



f4< Kl: /rm/arﬂp/ FZJ 7%( masS /rs E(Vl/)éz

(2) 74( /ga?l(‘nv//'a/fnfwv 07{ o S/O’P;WT 'S kal)

/(2 S/ﬁm5 (VMSYIJMVZ, X = o/fsv/aM(( dz( MG $S
From qwsvlr<¥c46//asz§lzbn. F rovn uls)=a,
=4, So /07[(47l/‘q/€nfr3/ 07[ J‘/or“)n3 aVl A=0

: g A
/s 3 Ka

0) ¥ O—) =/ fov[a/zne;ﬁ/ a-ﬁ s)/svlzm QYZ f>0 ;'S
2 md 1 {1 Ka" - é(%a"+méz>

(©)
Assume Km 207 G0+ K uld)=0
Claracterstre equatiom: 7 £ =0, r= =k |
CU) - /}(03(7;’?1) f /zsm(ygf)
U) =a =2 A=a
WD) = - 0 YT (TR 4 BYE cos (E)
W=l > BYE -4, B )z



M/)/'): a[aS(g}> + éﬁg;m(yg’j—f>

(¢)

[ook at 2 Hu® and Tma'tp)
ult) = a2’ cos(YED + 164z cos(IE ) sin (V5 4)
t 472 sint(YE £)
Uit = -a%—@;sm (VE 4) + é/as(@ﬂ
Cou'h)” - jﬁ. on’ (Y #) 2a4 & cos(1Z4) ez A)
r s (VE L)
Fov 5/'n7)/,'c,’;/7) Jet x=VE4
LK) 2 a5 )t ad Tk cost) sinlx)
L sinlx) D Conce
() 7 LK) - ad VK cosl) <ip (x)
1 3md cost (%)

: | 2 1, A2 L 2 >
s Kul) +amd = 5 Ka*[ o569 + sin /x)]
+4 méz[s;mlfﬁ r cos ()]
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L 2 oA - z [ z
o2 Kuld) v lew/zf\ = 2 K4 r 2 md

/-(-) YLDJC{/ f//]rrcj\/ q/ 4;4>/ v[/'mf A = fa?la/
§7’S’7lfm/) f&,erj}/ ot fime 120 .

(@) Eguation (21) /s% m e v=0 a

Frovng MNewton's 2od faw, = Fovees = ma’t)
wheve w(t) = posidion of mass af time 4

The Forces acting oq Tbr mass ars From
Fh= sprin g (Fe-buld) and air vesiston e
(F=-yu'tD). [t Th unstretded jorins
/osk//‘m be 0, /as/vl/'{/c fo mj“.
L omu () = - fult) - Y acH),
or, mu(r) YU (H) 2 Kalf) =0
This s (=1)




1Y

L) The diflence o5 ns raily invlid, 50 no
cnitial stretebing of speing. Thus,
e7w'//'4m'um For yr}mj /s unstretehred
/as[y’/m. W ith, ﬁmw'fy) cjw'/,lr;m /asi#z'm
'S The 57[r(z‘c//os/vl/‘w Ly om XS

IF €3, Yhen eu” fyo/erni/S n adddional
amount, S0 Yhat Vhe prins Covee numder /s
/ofrj(r Mhan just K. This acls mwuck bk a
S1ither S/Or;m3 (ome with « /crrﬁrr/( valuc)
T cco ., They Lkt cd®lc lkul, 50 Fhet

The force value os smallr Vhay just Ku
This acls Lke a Sodtre spring (e w1 a
smaller K valee).



Sromn Mewion’s 2nel law | 2 Forces = mu'(t)
The forees are From The spring [F- —(tared)]
ond air resisfonc <F= “yu' ).
- (fut €d®) ~vu' = My’
mu'(F) F Y d (D) A Kuld) + LD =0
“)
WiTh m=1, K=, ¥r=0, ¢ =0,
u"(t) + ult)=0.
C heractrvistc efuq//mq: ri+l 0, /2T
UA) = Acos() + Bsin(d)
UloY=0 = A=0 . u'tt) = Beosts)
U'Co)=1 = B= . wl#)= sin(t




4/”//'{1/:0/( ;._/) /Orwba/—’ Z—TZ = 27
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()

' rut ey "0, ov U= -uU- € o

7o 3mfrc,vlc Numtrreal c//rom‘ma{;'ms of utt) over
Lime, uce the [incar a//mxfmv‘,'m sing u'(t)
Ula+4) = U + u'la) b | where ula) /s

e a/mué £ rown Valye amo/ ularh) s He
next (/a/wc (/1(.) crmzv[m@ a s<7mm( oy arm/
ot values of ult) From 420 to 1+ end fime).
This /70(;4/@ Y /wou//('Ogd o U(2) anol ula).
§1Lar‘//'h§ oul 4 120, we bnow Ul and u'(s).
/</owwrr, the next sff/o in The Scouence 1

Ulat2h) = ulaed) s u'laed) A

M/( /(Mow M(&J‘A) ]{fm/z/, 7[4< /of)'or S{V




o ¢f u'larh) | uce e Lncar a//mx,‘w%fm:
U'lar)) = u'(a) + pu(2)-
e know u'(a) from Vhe prio stop (/@) = at
The sr‘am‘>) and ¢ "(a) = - ule) - € Uls).
o Since U(a) is Known From 6 prior step,
U(a) tan b calenlated, so ularl) con {e
Caleulated.
Use MATLAR o §cnrra/r The arrays, and e
/D/OVL ul(#) vs. ¢ime for a gt € .
Use Trial-avd-error o guess how lemg 15 plot
for the time ani's €5 investiqafe /er/o//a”v‘/.

clear, clc;
e = 0.1;

h=0.001; T _end=20.0; % try 20 secs

t=0:h:T_end;

u(1)=0; % starting initial values A/ .
ux(1)=1; ST a2 /N«

for i = 2:length(t) .
%get next value of u(t) from prior u(t), u"(t) A
uCi) = uCi-1) + uxCi-1)*h; mitsan ., /1 ke
%calculate prior u”(t) from prior u(t) in order
% to calculate next u"(t) to prepare for next A = . col 7Lo
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*(u(i-1))"3;

ux(i) = uxCi-1) + uxxCi-1)*h: //V)/ﬂ rove
end
plot(t,u) AccUracy .
grid on /
xlabel “t", ylabel "Displacement”

title “Solution to: u" +u + eu”3 =0, e =0.1"
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/ﬁ&a/f“f/ COt/e ﬁ!ol/( v/o yaor< accwfm/zé

clear, clc;

e =0.1;
h=0.001; T_end=20.0; % try 20 secs

t=0:h:T_end;

u(1)=0; % starting initial values

ux(1)=1;

Max = 0; Tp = 0; % for calculating amplitude, period

for 1 = 2:length(t)
%get next value of u(t) from prior u(t), u*(t)

u(i) = u@i=1) + ux(Ci=1)*h;
%calculate prior u"(t) from prior u(t) in order
% to calculate next u"(t) to prepare for next
% calculation of u(t) when enter loop again

uxx(i-1) = -u(i-1) - e*(u(i-1))"3;

ux(1) = ux(i=1) + uxx(i=1)*h;

if u(i) > Max

Max = u(i);
end
if (absu(i)) < 0.001) & (CL(i)>5) & (L(i)<7.5))
Tp = t(i);
end
end
plot(t,u)
grid on

xlabel "t", ylabel "Displacement”
title "Solution to: u" +u+eu™3 =0, e =0.1"

Max, Tp

£<)[fh4m/c an7)//¥a/(: 0.97 /fr/'o/: £

measurc.

Max = 0.9871
Tp = 6.0700

o Mg bt
i feccl

= 0.9y7)

/Z2’1’/'o cz// =
(.07

nl—
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clear, clc;

e =0.2;

h=0.001; T end=20.0; % try 20 secs
t=0:h:T_end;

u(1)=0; % starting initial values
ux(1)=1;

Max

0; Tp = 0; % for calculating amplitude, period
= 2:length(t)
%get next value of u(t) from prior u(t), u“(t)
u(i) = u@i-1) + ux(i-1)*h;
%calculate prior u"(t) from prior u(t) in order
% to calculate next u™(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*(u(i-1))"3;
ux(1) = ux(i-1) + uxx(i-1)*h;

for 1

if u(i) > Max

Max = u(i);
end
ifT (abs(u(i)) < 0.001) & ((E(1)>5) & (E(i)<7.5))
Tp = t(i);
end
end
plot(t,u)
grid on

xlabel "t", ylabel "Displacement”
title "Solution to: u" + u + eu™3 =0, e = 0.2"

Max, Tp
~ P o )
08+ /\ / / \
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04t
0.2 /

Displacement
o

021 |

04 f
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/L/:/)/ & = 0.3

clear, clc;

e = 0.3;

h=0.001; T _end=20.0; % try 20 secs
t=0:h:T_end;

u(1)=0; % starting initial values
ux(1)=1;

Max = 0; Tp = 0; % for calculating amplitude, period
for 1 = 2:length(t)
%get next-value of u(t) from prior u(t), u- ()
u(i) = u(i-1) + ux(i-1)*h;
%calculate prior u"(t) from prior u(t) in order
% to calculate next u®(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*(u(i-1))"3;
ux(1) = ux(i-1) + uxx(i-1)*h;

if u(i) > Max

Max =u(i);
end
if (abs@u(i)) < 0.001) & (Ce(i1)>5) & (L(i)<7.5))
Tp = t(i);
end
end
plot(t,u)
grid on

xlabel "t", ylabel "Displacement”
title “Solution to: u™ + u + eu™3 =0, e = 0.3
Max, Tp

Solutionto: u"+u+eu’®=0,e=0.3 Max = @.9496

' // Tp = 5.741@
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clear, clc;

e = [0.1 0.2 0.3];

Max = [0.9871 0.9671 0.9496];
Tp = [6.070 5.893 5.741];

plot(e, Max)

grid on

xlabel “e®, ylabel “Amplitude*
title “Amplitude vs e~

plot(e, Tp)

grid on

xlabel "e®", ylabel "Period®
title "Period vs e”

Amplitude vs e
0.99 T

0.985
0.98 |
0.975
0.97

0.965

0.96 | \
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0.955

095 \

0.945 : . s
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e
Period vs e
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G

E=- -0/

clear, clc;
e = -0.1;

h=0.001; T_end=20.0; % try 20 secs

t=0:h:T_end;

u(1)=0; % starting initial values

ux(1)=1;

Max—=-0;Tp = 0; % For calculating amplitude, period

for i = 2:length(t)

%get next value of u(t) Ffrom prior u(t), u ()

u(i) = u(i-1) + ux(i-1)*h;

%calculate prior u'"(t) from prior u(t) in order

% to calculate next u"(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*(u@i-1))"3;

ux(@) = ux(i-1) + uxx(i-1)*h;

if u(i) > Max

if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))

Max—=-u(i);
end
Tp = t(i);
end
end
plot(t,u)
grid on

xlabel "t", ylabel "Displacement”

title "“Soltution to:—u" +u +eu”3 =0, ¢€

Max, Tp

Solution to: u"+u+eu’ = 0,e=-0.1

=0-1"

~
s

Displacement
o
—

05 /

_/\ A / \\\ |

15

20

Max = 1.8347
Tp = 6.5500



€ = -0.2

clear, clc;
e = -0.2;

h=0.001; T end=20.

t=0:h:T_end;

0; % try 20 secs

u(l)=0; % starting initial values

ux(1)=1;
Max = 0; Tp = O;

% for calculating amplitude, period

for i = 2:length(t)
%get next value of u(t) from prior u(t), u“(t)

ui) = u(i-1)

+ ux(i-1)*h;

%calculate prior u'"(t) from prior u(t) in order

% to calculate next u"(t) to prepare for next

% calculation of u(t) when enter loop again
uxx(i-1) = —-u(i-1) - e*(u(i-1))"3;

ux(i) = ux(i-1) + uxx(i-1)*h;

if u(i) > Max

Max = u(i);
end
if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
Tp = t(i);
end
end
plot(t,u)
grid on
xlabel "t", ylabel “Displacement”®
title "Solution to: u" +u + eu3 =0, e = -0.2°
Max, Tp

Solution to: u" +u +eu’ = 0,e=-0.2

Displacement
o
I
e

05 F \ \ /

/
\
/
\

-1.5 ; :

ARARA

20

Max = 1.0691
Tp = 6.9018



clear, clc;

e = -0.3;

h=0.001; T _end=20.0; % try 20 secs
t=0:h:T_end;

u(1)=0; % starting initial values
ux(1)=1;

Max = 0; Tp = 0; % Tor calculating amplitude, period
for 1 = 2:length(t)
%get next value of u(t) from prior u(t), u"(t)
u(i) = u(i-1) + ux(i-1)*h;
%calculate prior u'”(t) from prior u(t) in order
% to calculate next u"(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*@-1))"3;
ux(1) = ux(i-1) + uxx(i-1)*h;

if u(i) > Max

Max = u(i);
end
if (abs(u(i)) < 0.001) & ((e(i)>5) & (E(i)<7.5))
Tp = t(i);
end
end
plot(t,u)
grid on
xlabel "t", ylabel "Displacement”
title “Solution to:—u"+u +eu”r3 =0, e =-0.3"
Max, Tp

Solution to: u™ +u + eu® = 0,e=-0.3

N \ /
a
\/ i

At

Max = 1.1148
Tp = 7.4100

-

Displacement
o

'
-
T

-1.5




clear, clc;

e = [-0.3 -0.2 -0.1];

Max = [1.1148 1.0691 1.0347];
Tp = [7.410 6.901 6.550];

plot(e, Max)
grid on

xlabel “e”, ylabel “Amplitude
title "Amplitude vs e~

plot(e, Tp)
grid on

xlabel “e”, ylabel “Period”®
title "Period vs e*

Amplitude vs e

AS’ ¢ /}/)[V(affs,
1,59- /élm/o//'vzmo/r ﬁf’l(/

w6l M /off/‘aa/ o/tcrrasc)
- \

| )
1.04 1 as N/(A /OS/,OLi‘I/’C éS‘

1.03 ' . ;
-0.3 -0.25 -0.2 -0.15 -0.1

° ,éj/7y4/47¥taa/¢3 &*l77//
7i5 ' periodvs e ‘ | ﬁ’f/'ﬂ 0/5 art jftavlff

Amplitude
=
~

o
[o2]

7[07 € <0 (‘/7"7/5/7’(0/

Period

fo €30

6.6

6.5 I I L
-0.3 -0.25 -0.2 -0.15 -0.1




3.8 Forced Periodic Vibrations

[cf A= 3 (a+8) B=ifa-<)

sin(a)= sin (A+/3> = Sy A cosiS+ cos Asin B
S (L) =~ sin(A-B8)~ Sink cosiS- coSAsini

sinCe) — e (D= 27054 sin B

sin (W) = sinld)= 2 cos(2 D sin(34)

cos(a) = cos(A +3>- fas/}raslg—S/};A S/ IS
cos (L) = fOS(A"@) = c0SA cos8 + Sinh s),qu

} ﬂﬁS(&) 4 Cos(é> - 2(03/4 Kos/z

. cos(FA)t cos(214) 7 2 cos( 57 A) cos (T 4)

AS () ?5//) 5/.14[4:\)7‘ $In (4>: Zs[hﬂrds/z



S n (Z,?q 4‘5)/4(7){') = 2 §}m(§;{)ms(§/ﬁ>

VS}V'@ cos (x) = cos(Cx)

(: ;/? _ /5’/3)(7,51»'1/5‘) i 490 = S’(?’Y)

-

0./ m
_ F 24l
Ie v Godmp = SO

Lot lh) = position Cin motrs) broms cguildricn.

3/0(/' t Soy + 4%u = /Osin (*/2)

Or, u"(f) + 104'CH) + 78 uld) = 2 gm({)

“n(o) =0, (o) = 003

—_————

(a) /</Wﬁjéwcoa5 | CAofachr’/'Sv//'c ffum//‘w L S

. rc 16tV re0-392

2
r= -5 /7 7% o< 262=2-7%

V‘1+/Or + 78 =0 )




-t

U (t) = ¢ [c, cos(T75 )+ ¢, S)n(ﬁ}f{(
/am’/'cu/ar s [ef u/,(,f> = A f05/'§7:> + [Bsin (;—1:)
0/5//4% /MAV—ZALK,

clear,clc

syms t A B wO

c2 =1; cl = 10; cO = 98; %coeffs of diff eq
w0 = 1/2;

y = A*cos(wWO*t) + B*sin(wO*t); Y%attempt

u = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(u, [cos(wO*t), sin(wO*t)])

ans =

(391 Ats B) cos(ﬁ) + (391 B_s A) sin(l)
4 2 4 2

32/ 4 . SB =0

—

ol

39/ B_ A =2
e

M=[391/4, 5; -5, 391/4];
N=[0; 2];
X = rats(M\N, 18) % solve M*X = N, X = [A; B]

X =
-160/153281
3128/153281

TZ«- fa#() 7@/#:6%'@4 /foo/(x(rs ansSwirs 1y
fracyl/'ywa/ 7(0YM4 7_/( “/8 ' lh?lrirr /'.S arglyzrc.ry)
(/6(0/ ?Zo da’/USVL ﬂtCCurﬂ? 07( 7%1 ;raax‘/'om/ 7(07’144)



Z /m’@(f Wuwgf‘f i/'vl'wj gr(oﬂ/rf acc»fracy, /? Ulas
Céajcm aS 7”4( 7(}’62071/'0;73 difrt W/(YZ 72( a nsa/cy
f/) 74( ZQCK of f/c gdd'é.

. U/(f)f - (L0 (05/"534 3127 s:‘h(%f)
/$3,28] (<328

M(ﬂ—" e [C cos (V73 £) 4 s:m(f";f‘)]

_ /69 Cos(’@ 3128 o, 4

163,28/ /63,2%]
U(o) = C, - /69 -0, C, = /€O
/6%, 28! /53,29

. S ¢ GO
M(;f) - e /é_fg,—zs/ WS(%??I) + G 5;%/7/7?/07

- (60 cos(H) £ 3128 s)n (45)

/53 281 1$3,25]
. , /€0 3
Cutle) - s [T e ] ¢ £ () = e
2 /S¢4, foo 2 74

)73 CZ = oo /53, 261  /$3,26) ~ /00 (53,>%]

o C. = 3 _ 704
2 r0P735 (53,281 V73

= 0.002927%¢5/

258,082
c75

cnd 153,26 ¢, = 448284/ =



/o CAC&k YAI'S (’ﬁkw/mléa%/'on ;W Cz ,
Z(rm/z// MATLAS

clear,clc

syms t u(t) c2 v =

%Define constants to simplify typing coefficients VT3 ¢, + _11493036051691091
x1 = 160/153281; x3 = 3128/153281; sq = sqrt(73); 2305843009213693952
%Enter u(t) to determine c2 from u"(0) = 0.03

u(t) = exp(-5*t)*(x1*cos(sg*t) + c2*sin(sg*t)) - ... c2 =

x1*cos(t/2) + x3*sin(t/2);

%Calculate u®(t) 1442056355617993189 /73

Du = difF(U(L), 1) 4208163491814991462400
v = subs(Du,t,0)
c2 = solve(v == 3/100, c2) 2 = 0.002927865071621785618144769793258
c2 = vpa(c2)
c2rat = rats(double(153281*c2), 18) corat = 258052/575
[ <t <t
- 0 - 2580s2 ~>7 .
Ul = 16« cos(P734) + 258922 7 (17 4
[/ﬂ [S3, 281 ) <7< ( >

/60 ws(f/z> + 312 sy (f/z)]

(§3,28) C, tfas Calealitedd o factor oul Te

covvmov) 155,268/ .

( é > b. Identify the transient and steady-state parts of the solution.

/faﬂS/(Vly/ /53, 29/ [/50(’ cos (173 /’)7‘ 28% ’é-zes-tg'h(fﬁﬁ]

57[faa§ $Yate [ [Cocos(4/2) ¢ 3128 sin (/f/z)j

/(378



(c)
s ;Vzi MAT2AR

t = 0:0.01:50;

ss = xl1l*cos(t/2) + x3*sin(t/2);
plot(t, ss)

grid on

xlabel “t°, ylabel "Position”
title "Steady State Solution”

(A

The /}’0{/‘”/) é{cwms ,as/'mS 24

Sy s

(o) =0, u (o) -

p/% Tze’ 7’(\<YL’ /./é/, /ﬁaa{'/'ﬁn [/51),
. (/ -

ZmK

Position

SOy + 4u

0.025

002 N\
N
[ \
0015 |
0.01

a
0.005 ff
Iy

o
T

-0.005
-0.01 |
-0.015
-0.02

-0.025
0

-

003

Steady State Solution

20 30

7 coSlw)

470 (1~ S0” )
2(6)(470

4Q) = m - 6/7_3/ faﬂ//éhs/Cec

40

a1

50



m= ¢ 145 L [4s -5~ K= F . & . /6 Msl,
32 §1/s2 7 TFt X 0S4

A/OVL( ro ﬁ/é?h’)//.hi.

T;M”/7/> t /é M(/f') - YS/V;(X’X’), oYy 01//*5‘7[“"32”.”({’7‘)

ulo) = 7 {7 u'le) = o
(D) Chavaclenstyc cquatiog: (] =0, 17 LY
U A) s cos (3 F+ ¢ sin(34)
Lordicular: [eof a/o//f>= At cos(8A 1 BA cin(i7)
ﬂsini VATLAE .

y = A*t*cos(8*t) + B*t*sin(8*t);
P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y

P= 16Bcos(8¢r) — 16 Asin(81)

S A B cos(8t) - [EA sin(Et) = 32 sin( 5t)
K=0, A=-2



‘4/(/7‘> = -2t cos(84)
(//[j): ¢, (OS(M) 7 C S/h(ﬁff) - Zfros(é’/l‘)

!
[,{[(‘)): ';z =) C’ =

U'(H) = - 8¢, sin(94) + Cepcos(§84) ~ Dcos(81)
/6t sin /o°/f>

Ki<

. / _ . - _’
_ a(@—o =7 &, -2 =0, C, =7

U(7) = g cos(84) + 5 5in(81) = 2 cos(82)

G) ') = - 2sin(84) ¢ Zeos (32) -2 o5 (14) + /6 fs.n (1)
= =26 (31) 1 61 sin(it)
U0 = 25 1) ~ J# <inltf)
o ocin(94) 40, 2 -16t = 7
For sin(§t)=0, 1= n7, n=0,/2,3, .

~ g7 T 3
"f:o)é//?)g'//

[ /T

Since 0<¢<% . 7{/'787'— 7/%,./”4§ at

é«/A:'&A urA)=0 0) %,%)

e ——————,

NS




M: X/\{f_ = é /55-52 /(: f_/!s - /é /!S/‘Ff
32 fi/s> £t 0.5 Ff

A//a/rnf/\/, &t(a)—‘O, u (o) = o

’r

78, 7}&(' t sl = Yros(ot) ,

\tl\

0#’] (,{/"’L{/+£¢(4: /é(’()S(z;{‘)

(AaVaCVZfo'SVl/‘C <’701@V/1'7W: fl‘" rr 571207

r= -1 7)-256

2
S Yransieat solution :

C*/‘ [C, cos (25 4) + ¢, sin( 7= 1)
€;§/7c261§; fsdtzﬂ/(':

ZrYL a/o(ﬁ = A cos (24) + I8 s/n(24)
MATLARL . Sne i

c2 =1; cl = 1; cO = 64; Y%coeffs of diff eq
y = A*cos(2*t) + B*sin(2*t);

P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(P,[cos(2*t), sin(2*)])




ans = (60 A+2B)cos(2t)+(60B—2 A)sin(21)

(/zqv//'hmlhg Tlr agouz /ac/e:

M = [60, 2; -2, 60];
N = [16 0]1;
X = rats(M\N) % solve M*X = N, in rational form
X =
24@/901
8/901
/éq 7 VY lg? _ &
7er 7 70 1

‘ §7Lt’ao§/ stafr Soludion
Ul = 7*5%“ [Zo cos (24) + <;'n(z,,t)z £t

_—

4)

/I’/P’VVV) (7(,(»(711'9'1/1 (/3) I./’) thxvz o’V]/ /é’/)
2\ 2 2\ 2 2
ff;_((l(u“jﬂ)) +F(:j0)) whereF:%. (13)
/y/(re) oo 4 ¥ E/l,k:/é, W= 72, W, Lﬂ—g
2 04/6 . ‘fi_ :] -€L
& /¢ [ ( /4/,,1 m(16)  16/m

p\2 L m s
{/[ﬁ— ?> to25tm ‘f,(



7/—41'5 /‘S a f(/QY[/"/( max, as m¢4 Mflakf\s
f4< fern, (- %ﬂz /n Vhe denom,nator
/aﬂ”(/c, $o / ét/f// 4 5%«//(;/.

et ult) - foS/ﬁ‘/'Wi o} mass at Fime 1

2 (/{” 1 L(/ + 3y - g(‘oS(ZJ{')'ZS/'h(gf) , A!rt y=/

F;m/n ngrr‘—13=0, r= —/f-m) SO A(/Wlaj(nwas
q
: - A .
§c)/u{/'m/) IS U, (f>'* ¢ & (Cl cos(ut) + G, Sin (/f%)>
&m/ ac(/?">——?0 as J = o

§Y[z’a04/ < aVZ? Sé/MYZ/c/W /s %Zr/qryl/'cuéf §d/n?l)cm,



[of u/(f) Acos 38 + B sinGit)
Using MATZAS: 1L

c2 =2; cl =1; cO = 3; %coeffs of diff eq
w = 3;

y = A*cos(w*t) + B*sin(w*t);

P = c2*diff(y,t,2) + cl*diff(y,t,1) + cO*y;
collect(P,[cos(w*t), sin(w*t)])

ans = (3B—15A)cos(3t)+ (-3 A—15B)sin(31)

. [
. -/SA1385=3 ?-7&,4:/3, h=-7 37
2 A - SR = -

/o(/f> Feos(st) + 7 sin(31)
: /Qms (34 - )
feosd =1 , Asind =7 £ Avtan (/)
e 7T 5T
( 7//> (1) - g
Sfeody stofc: ZéE s (34 = 37) pefers




(o)

[t dl) de The particalor sofution exprossee as
016> = Reastr — 8. w0
U)o cosCut) cos (D) + Asin (wh) sinld)
Tulsbifuting ity s sia= s o
W' 2 R sinlut-5)  U" = - eoslwt-d)
- Ao cos(wt-5) - Lxw siniot -8) ¢ X yos (wh-d) =
R(k-mad) cos (wit-5) - Rrwsin(ut-4) =
/(K—maf) [CUS (Wﬁfas(ﬂ s (wh)Sin (f\
~Krw fs{m/m) cos (£) - cos(ct) s;y,[fﬂ =
[ﬁ(/(—mwi) cos(8) + Rrwsin(f)] cos (ur)
L0 (K-ma?) s (F) ~ Ryw o5 (0)] Cin(ut) = F cos(ut)
D[ hema®Y cos () s vwsin(E)] = 1]
RLk-ma)sin(d) - Tweos@) =0 [17]



2

| Fhe abeve equiatioms
(ecomne mat-10) Y cos(d) - [Eo/zj
(— Y m(wf-ml)l [M(ﬂ] o
[t d = wl(a-a) + ¥ [37
(the detevminant oF the [cf1 malrix, and alumysza)

FVWV! (lfalﬂ’\{v’,ﬁ /M/()
cos(£) = (C/ﬂ5méuf-w’>) sin(D= (ElR)vw [4]
ol oA

/(i’lvl//’)(B 4)025 ;kl;1 K= m W,

oS0+ sivih= [ = (B0 [W(woz-wz)*fwz})
dZ_

Or, using [38 1= (R/)d , A - 7d
'K 2

Z CYL A - W_ :%2(W02~M2)2+ Xzét)z
4 A

yA)
L/ffmx fA/'S fo Sotgsr‘r'vLMVLC i nto [‘7'?, ﬂmﬁ//rﬂl)

cos ()= M(W,’—wzl Cosm(f): Y
A A
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_ N
%VVM\(—- feo = ﬁ; (,_._):)Z
w, Vi = ¥/ ime ¥, ok

741‘§ con !( 540«/@ 1/(7 /f G r7/6fv/lV( max ﬁﬁO/
NoY 6 refative wiinimumn Witbout C/éiwi T /e
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/0

/,:70147[/'014 (10) 1'S: U@ = Reos(wi = 5). (1o
U wR sn(wt-T) Assume Y70
FW a/)/ c;)(/(q M)’ 7—/1( 7«0//3 a ma X MZ@
(S/n//u/f—ﬂ/ =/ so lu'tp)] = wk.

or, V()= WR = whs - w Fo
' A Y () YW

7;) f} 7 he a '((0/, r o/l/(w) -
”0/ max 5/ sy L %

)

/k/m’ SI‘VM/O/:'Cl‘Jy, MOV/( YZaVL t/(w) 1S a max

?/(w) 15 @ Max.



(&

B} Z(f)(:-b%/:, g;/)o/ /”Z C = m;:j” | 50x) = V(w>
Stx)= ¥ lc(U-x) s 2]
L sx) = Le(i-)" 1
"7 L) )53—3/1 L2 (-2)(24) + 2]

§<7‘7[fhf) to O, ﬁn/ rearramgz'hﬁ,

)+ ‘27<2C<l-><z) X
ng_ZCX2+C +x1: -Zcxzf Zcxl’L T X
C)(sl‘ XZ i X-C =0

X=1 /s o Sofufjon as C-l+l-c=0
<t 7<7 +X-C = (x»;><(><3+ X+ (c-)) % +c>

/\/0ch C = WL >0 .

. (’ms,'o/ff b o

)
(l\ ¥f§ ¢c= /) YZ‘M Scnct X* 20, >0, 7L%€rc /'s

7o 07%{;/ X 5.1 S’(X)fo Sf‘l’l(? a// VLfans

Gt /OoS/“/,'Vr.



(Z\ r{ 0<C</, 7"/(V: ;W X >/,

Cc—1 -

2
X >/T/X, So XorxX t EX t] >0

TF o¢ccel and 6<x<l, ¢/<M
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clear,clc

syms x ¢ s(x)

s(X) = x/sgrt(c*(1-x"2)"2 + x"2); 1 _x(2x+4dcx (xX—1))
Z di 3/2

gé|ve25I£§8$§g,x,l) \/c(xz— U24—x2 2 G?(xQ_-U24—xﬂ

d2 = diff(s(xX),x%x,2); ans =

subs(d2,x,1)

dl =

ﬁws,x'—/ (s 4
(/H/‘cﬁf/ o;nYL, am/

oVl sblutrems ayt %)
X = '/) T, wWhicl, art 01// et VQ/’/ for %= Wy
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Ur) = ~/§€/‘V;ff>+ X, 0atzT

/\/Oh: 0{(77) = Fc,?/"

Mode 4> L Gr+) =0 . 70(/)= £ (27 - 4)

Cult): e cos(h) v ¢, sin(t) t Fy (2m-2)
From (&), u(m)= Ko , u'(r)=2F
-t v f7 = G =0
') = Cocos(l) - £ - Coql(m): -¢-F =28
€y 7 "3"{0

UCt)= ~3E einlh) + K (277-4) | 7erezr

A//O‘/‘L S oulzm= o | u'(27) = -4 F
(<) 0 SCORE:
UH) = C Cos (F) + Co Sin(l)
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From &), u(37)=0 =2 < =0
0(/(277’3—‘-’71/{ = & = th

U= ~4F sact), 27 <1

Fo (- $inlA)) 0 LFT
M//f‘) = 3 A s t F(l-A) T <A <27
-4 = Sin(A) 27 ¢ A
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LQ" +pQ t 76 =2
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clear,clc;

t = 0:0.01:150;

hold on

grid-on

for w = [0.7, 0.8, 0.9]
egn = (3/(1-wr2))*(cos(w*t) - cos(t));
plot(t, eqgn)

end

xlabel “t°, ylabel “u(t)"

title " (37/7(1-w"2))(cos(wt) - cos(t))

legend("w=0.7", "w=0.8", "w=0.9%)

w=0.7, 0.8, 0.9°

(3!(1-w2)){cos{wt) -cos(t)) w=10.7,0.8,0.9

40
w=0.7
30 | w=0.8
w=0.9

20 |
-30 |
-40 L L \
0 50 100 150
t
@)
A_S (a7 /3 a&«w,
M[/f): C, cos(A) + ‘, Snlt) + / 1(05@,{)
A
S _ - - w2 i+ 2
U (29) = / =) 6:11 + J-a? / ) C?/ l ‘Fjjz;yz'



M,//{?: - W_;L?\L §1.n/4') ? Z(‘as[/} w{/n(wﬂ‘)
w=| a)=l

u’/o\:/*—? (Z =/
Cooylf) = “T;I:I__[(qﬁz)mﬂ/f)—g(os(h/f) + Sin(#)

— e ——

(4)

— clear,clc;
M/f/ ZA ;z: t = 0-0.01:150;
hold on
grid on
for w = [0.7, 0.8, 0.9]
egn = (I/7(w™2-1))*((wr2+2)*cos(t) - 3*cos(w*t)) + sin(t);

plot(t, eqn)

end

xlabel “t*, ylabel "u(t)”

title (l/(WAZ 1))((WA2+2)COS(t) - 3cos(w*t)) + sin(b) w=0.7, 0.8, 0.9°
0.9%)

legend("w=0.7", "w=0.8", "w=

(1I(w2-1))({w2+2)cos(t) - 3cos(w*t)) + sin(t) w=0.7,0.8,09

40
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du = (B37/7(1-w™2)).*(sin(t) -w*sin(w*t));

plot(u, du)
grid on

xlabel “u(t)", ylabel "du/dt-
title "du/dt vs u(t)

/<}YL ‘)7 =/ {;. 7&&/0 ¢‘V1a/;
Nerd

groc/nof /{L" ég ‘f‘a VL/.(

2 /o()SC ,

/—LOz

clear,clc;

t = 0: O 01:15

w=0.7

u = (3/(1 wr2)) - *(cos(w*t) - cos(t));

w=0.7, t = 15"

du/dt
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t = 0:0.01:20; 15
w = 0.8;
u = B7Q-wr2)).*(cos(w*t) - cos(t)); .

du = (37/(1-w™2)).*(sin(t) -w*sin(w*t));

plot(u, du)
grid on

xlabel “u(t)", ylabel “dursdt-

du/dt vs u(t) w=0.7,t=63

title "du/dt vs u(t)

I: 22 ﬁg’V(S A c,/oS(a/ /00/0 ol

du/dt

15

10

10

du/dt vs u(t) w=0.8,t=20

= 0.8, t = 20"

du/dt
o

-15

-20

du/dtvs u(t) w=0.8,t=32
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20



0:0.01:35;

t = 30
w = 0.9;
u = (3/(1-w*2)) .*(cos(w*t) - cos(b));
du = B7(1-w"2)) . *(sin(t) -w*sin(w*t)); 20
plot(u, du)
grid on -
xlabel “u(t)®, ylabel “du/dt-"
title “du/dt vs u(t) w—=-0-9,—t =35 »

S o

/f‘:. 63 31‘|/CS a c/agm//oa/ 20

du/dtvs u(t) w=0.9, t=35

-0 F

-30 .
-40 -30 -20

du/dtvs u(t) w=0.9, t=63

-10 0 10 20 30
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20
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clear, clc

syms t cl c2

wo = 2; %From sqrt(k/m)

g = 1/8; %damping coefficient

FO = 3; w = 1/74; %forcing function amplitude, frequency
F(t) = FO*cos(w*t);

wc = sqrt(1023)/16; %Homogeneous solution frequency
%Homogeneous solution

Uc(t) = exp(-t/16)*(cl*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((wo™2 - w"2)"2 + (g"2)*(wW"2));

R = FO/delta;

d = atan(g*w/(w0"2 - w~2)); %check for quadrant
%Particular solution

Up(t) = R*cos(w*t - d);

%General solution

UCt) = Uc(t) + Up(t);

du(t) = diff(U,t);

%Determine cl from u(0)=2, store in ki1

k1l = solve(subs(U(t),t,0)==2);

%Get c2 from u"(0)=0, using k1 for cl, store in k2
k2 = solve(subs(du(t),[t,c1],[0,k1])==0,c2);

%Create transient, general solutions for plotting
T(t) = subs(Uc(t), [cl,c2], [k1,k2]);

G(t) = subs(U(t), [c1,c2], [k1,k2]);

%Create u~(t) for plotting phase map

DU(Y) = subs(du(t), [c1,c2], [k1,k2]):

%time for elimination of transient from trial and error
t = 0:0.1:80;

hold on

plot(t,F(Y)) %Forcing function
plot(t,T(t)) %Transient solution
plot(t,G(t), k™)  %General solution
grid on

xlabel "t", ylabel “distance”
legend("Forcing™, "Transient™, “General™)

hold off
3 i
Forcing
Transient
2 General
1
2 |l / | / | \
o 0H| | f ; \df\jﬂ\ NSNS N e g
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22
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plot(G(t),DU(t))
grid on
xlabel—~u(t)"; ylabel“u""(t)"
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]"/0 =3 w=2 (s W= W, =2 /ook Sov ffs‘”’"“”“>
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/\/m/{ cos(d)= &%“:O, Sin(f)- 2
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So USt [: QvrCsiN (%>: CfV‘CS/'VI(/) -

clear, clc

syms t cl c2

wo = 2; %from sqrt(k/m)

g = 1/8; %damping coefficient

FO = 3; w = 2; %forcing Tfunction amplitude, frequency
F(t) = FO*cos(w*t);

wc = sqrt(1023)716; %Homogeneous solution frequency
%Homogeneous solution

Uc(t) = exp(-t/16)*(cl*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((w0™2 - wr2)"2 + (g™2)*(wWw™2));

R = FO/delta;

d = asin(g*w/delta); %check for quadrant

%Particular solution

Up(t) = R*cos(w*t - d);

%General solution

U(t) = Uc(t) + Up(t);

du(t) = diff(U,t);

%Determine cl from u(0)=2, store in kl

k1l = solve(subs(U(t),t,0)==2);

%Get c2 from u"(0)=0, using k1 for cl, store iIn k2
k2 = solve(subs(du(t),[t,c1],[0,k1])==0,c2);

%Create transient, general solutions Tor plotting
T(t) = subs(Uc(t), [cl,c2], [Kk1,k2]);

G(t) = subs(U(t), [c1,c2?2], [k1,k2]D);

%Create u"(t) for plotting phase map

DU(t) = subs(du(t), [cl,c2], [k1,k2]);

%time for elimination of transient from trial and error
t = 0:0-1:100;

hold on

plot(t,F(t)) %Forcing function
plot(t,T(t)) %Transient solution
plot(t,G(L), k") %General solution
grid on

xlabel “"t°, ylabel "distance~
legend("Forcing®, “"Transient®, "General®)
hold off

plot(G(t),DU(t))

grid on

xlabel “u(t)*, ylabel "u"" ()"
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E=3,w=C (56 notesomanc as w>>uw,=2)
Mife costh)= "5 <0, sintd)= 3 >0
s in 7aq/mm’ 2. 4° arcy‘an(%,1> t 77
L Medfy code do cefher et

clear, clc

syms t cl c2

wo = 2; %From sqgrt(k/m)

g =1/8;  %damping coefficient

FO = 3; w = 6; %forcing function amplitude, frequency
F(t) = FO*cos(w*t);

wc = sqrt(1023)/16; %Homogeneous solution frequency
%Homogeneous solution

Uc(t) = exp(-t/16)*(cl*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((wo0™2 - wA2)"2 + (g™2)*(wW™2));

R = FO/delta;

d = atan(g*w/(w0"™2 - w"2)) + pi; %check for quadrant
%Particular solution

Up(t) = R*cos(w*t - d);

%General solution

U(t) = Uc(t) + Up(t);

du(t) = diff(U,t);

%Determine cl from u(0)=2, store in kil

k1 = solve(subs(U(t),t,0)==2);

%Get c2 from u®(0)=0, using k1 for cl, store in k2
k2 =-solve(subs(du(t),[t,c1],[0,k1])==0,¢c2);

%Create transient, general solutions for plotting
T(t) = subs(Uc(t), [cl,c2], [Kk1,k2]);

G(t) = subs(U(t), [cl,c2?2], [k1,k2]D);

%Create u™(t) for plotting phase map

DU(t) = subs(du(t), [cl,c2], [k1,k2]);

%time for elimination of transient from trial and error
t = 0:0.05:100;

hold on

plot(t,F(t)) %Forcing function
plot(t,T(t)) %Transient solution
plot(t,G(t), k™) %General solution
grid on

xlabel “t", ylabel ~“distance~
legend("Forcing®, “Transient”, “General®)
hold off

plot(G(t),DU(t))

grid on

xlabel “u(t)", ylabel “u""(t)"
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clear, clc;
%hardening coefficient, forcing frequency

e =1/5; w = 1;

h =0.001; T end = 60.0; % try 60 secs long
t=0:h:T_end; %time points

n=Tend/h + 1; %size of array
%pre-altocate memory for arrays, initialize

u = zeros(1, n);

ux = zeros(l, n); %ux(O) s u ", uxx() is u")

uxx = zeros(1l, n);
%-starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;
for 1 = 2:length(t)
%get next value of u(t) from prior u(t), u“"(t)
u(i) = u@i-1) + ux(i-1)*h;
%calculate prior u”(t) from prior u(t) in order
% to calculate next u"(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*@@-1))"3 + cos(w*(i-1)*h);
ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel “t", ylabel “Displacement®
title “Solution to: u"™ + u + (/5)u"3 = cos(wt), w = 1"

Solution to: u" +u + (1!5)u3 = cos(wt), w =1

Displacement
o
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M/'YLZ G //fl'oﬂ/:: 20 Secs !tvlwrrn maxime .



clear, clc;
%hardening coefficient, forcing frequency

e = 1/5; w = 1/2;

h = 0.001; T end = 100.0; % try 100 secs long
t=0:-h:T_end; %time points

n =T end/h + 1; %size of array
Y%pre—allocate-memory—for—arrays,initialize

u = zeros(l, n);

ux = zeros(l, n); % ux(Q) is u"Q, uxx() is u"Q
uxx = zeros(l, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;
for 1 = 2:length(t)
%get next value of u(t) from prior u(t), u"(t)
u(i) = u(i=1) + ux(i=1)*h;

%calculate prior u”(t) from prior u(t) in order

% to-calculate next u"(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*(u@-))"3 + cos(w*(i-1)*h)
ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel "t", ylabel “Displacement”

title "Solution to: u" + u + (1/5)u”3 = cos(wt), w = 1/2°
5 Solution to: u” +u + (11!5)u3 = cos(wt), w=1/2
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clear, clc;
%hardening coefficient, forcing frequency

e = 1/5; w = 3/4;

h = 0.001; T end = 100.0; % try 100 secs long
t=0:h:T_end; %time points

n =T end/h + 1; %size of array
%pre-allocate memory for arrays, initialize

u = zeros(1, n);

ux = zeros(l, n); % ux() 1s U (), uxx() i1s u'Q
uxx = zeros(1l, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;
for 1 = 2:1length(t)
%get next vatue of u(t) from prior u(t), u™(t)
u(i) = u(i-1) + ux(i-1)*h;
%ecalculate prior u"(t) Ffrom prior-u(t) in order
% to calculate next u"(t) to prepare for next
%-calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*u(-1)H)"3 + cos(w*(i-1)*h);
ux(i) = ux(i-=1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel “"t", ylabel "Displacement”
title "Solution to: u"™ + u + (1/5)u"3 = cos(wt), w = 3/4°

o Solution to: u" +u + (115)u3 = cos(wt), w = 3/4
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clear, clc;
%hardening coefficient, forcing frequency

e = 1/5; w = 5/4;

h = 0.001; T end = 100.0; % try 100 secs long
t=0:h:T_end; %time points

n=T_end/h + 1; %size of array

%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(l, n); % ux() Is u (), uxx() is u"(
uxx = zeros(1l, n);
% -starting initial conditions, MATLAB not zero=based
u(1)=0;
ux(1)=0;
for 1 = 2:length(t)
%get next value of u(t) From prior u(t), u-(Ct)
u(i) = u(i-1) + ux(i-1)*h;
%calculate prior u"(t) from prior u(t) in order
% to calculate next u®"(t) to prepare for next
% calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*u(-1)H)"3 + cos(w*(i-1)*h);
ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel “t", ylabel -“Displacement®
title "Solution to: u™ + u + (I/5)u"™3 = cos(wt), w = 5/4~
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clear, clc;
%hardening coefficient, forcing frequency

e = 1/5; w = 3/2;

h =0.001; T end = 100.0; % try 100 secs long
t=0:h:T_end; %time points

n=Tend/h + 1; %size of array
%pre-allocate memory for arrays, initialize

u zeros(l, n);
ux = zeros(l, n); % ux() is u"Q), uxx() is u"Q
uxx = zeros(1l, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;
for 1 = 2:length(t)
%get next value of u(t) from prior u(t), u ()
u(i) = u(i-1) + ux(i-1)*h;
Yecalkculate prior u“(t) from prior u(t) in order
% to calculate next u®"(t) to prepare for next
%-calculationof u(t) when-enter loop again
uxx(i-1) = -u(i-1) - e*u@-1))"3 + cos(w*(i-1)*h);
ux() = ux((i=1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel "t", ylabel “Displacement”
title "Solution to: u" + u + (1/5)u”"3 = cos(wt), w = 3/2*

Solution to: u" +u + (115)u3 = cos(wt), w = 3/2
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clear, clc;
%hardening coefficient, forcing frequency

e = 1/5; w = 2;
%, ’—Z h = 0.0001; T end = 200.0; % try 200 secs long
) t=0:h:T _end; %time points
n =T end/h + 1; %size of array
%pre-allocate memory for arrays, initialize
700 szcs u = zeros(1, n);
)i ux = zeros(l, n); % ux() 1s u"(QQ, uxx(Q) is u"QO
uxx = zeros(1l, n);
aﬂ/ Uusc % starting initial conditions, MATLAB not zero-based
finer mesh 4D
. for 1 = 2:length(t)
df— f/VVI‘C— %get next value of u(t) From prior u(t),;, u-(t)
u(i) = u(i-1) + ux(i-1)*h;
//?o/y;{j; %calculate prior u(t) from prior u(t) in order
% to calculate next u®"(t) to prepare for next
Z‘ =d 000! % calculation of u(t) when enter loop again
uxx(i-1) = -u(i-1) - e*@-1))"3 + cos(w*(i-1)*h);
ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on

xlabel “t", ylabel “Displacement®
title "Solution to: u"™ + u + (1/5)u"3 = cos(wt), w = 2°

0.8 Solution to: u" +u + (1;'5)u3 = cos(wt), w =2
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