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13. This problem is worked in the Answers to Selected Exercises. Here, we just wish to
mention that to help the student feel more comfortable about the physical process of light
extinction it might be useful to note the gradual extinction of light as we proceed deeper and
deeper into the ocean.

14. NOTE: This problem is nice for use in class or lecture, especially in view of its
environmental interest. Later on it will also make a nice example for the application of the
Fourier transform, espemally if the source is modeled as Q times a delta function at x = 0.
The solution is given in the Answers to Selected Exercises, so here we will just give sketches
of the results and (for possible class discussion) give a brief formal derivation of the
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wheoe VT =1/[p-0kNET]. _

13.  dN/at = (a-bNIN, N©O)=N,. With *t=at amd N=bNA,

s N) &N Nz (1-N)N; aNo)= No)= eNo =
_5'—_&?—& :(Q-b%N)%‘N oL %_(l N)N) %N(O)-—Moo’lN(O) ao‘@
8 AR R Teh o rE g s o B
LS, 2R, Lo CE  orep oo f

—-— -

4, L F, LT stand for foree, ﬂwgilk . ; .
oamd Tawns . B/g Nudm o 2nd L:Mr; Masy 4o mek AmA.L‘DWM' Maos = Toher - ?;—]

x T m FT/ L
x L c Fr/L
+. F/L
F F
N Viw
%o &
% /T

TO.WW%IMM& condrmation /L“H\z ponamding Thadl oo
pnds d T, puch ao Y, %,/x,’,,mlc,nc/k,'makn@wmmmm.
Let mo mae VD, Bary TheX 4o, t=X -wt.
TOMMMAJ\}%LXMMM &MMMJ\%{PMMJMM
M/\,i,Mw %o, X0/, F/R ) amd 2O .. Lef wo m%o,kagzﬁa-%’.
Netimg imnr;xz Lax dhd'OZDE Qe rmra
2 x %lE A X% x X(X) = Favmt 5 %,X0)=%X,
m T Ld %, X(X) + C;i—,o\i‘: X, X(E) + R X, X(%) t,l%%ﬂ(o):&;
W

|

gk
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) - o~ . - — — - ‘,l
oL MK, Qﬁ:’%_-t-ﬁ(»)% d_’é-t-k%ox =Famk 53 %X(0)=] ,%'(0)-3'-0- 5

ax it Wwx,
oL F 3 ' s”

-

Thuo, the mondmmensemabiged svsin, Cofouns, ol foun (rmdmensinel)
prsamdine o, 3,8, 8 nalho dhem dhe W@ﬁm(mmd) posamding .
How Cam met pee. Hhal o,@,%,8 ane MMMMAIQ?WWM YNy =
Mot the facl ik all Tovms anm dhe ‘{:‘”“‘Q"‘SDMI‘M (_m,W,M%a
) ol Aane Hhe Aame ity . Staey A2X/ATT 4o dem%c
Tvme raal It Fo0. Saner AR/AL o dimensmlens o ngmﬂmﬂa
fnthe thn By amd andiel condBHKmo . a»mMa.anc,‘i’fv.mz;wW—

Section 2.5

F_ x* Foxmy= fotax = -%f +P\03)

3 4 %%:’\32 = 0+A'Y) R0 Af@;’—' fgjzf’%= -EE-PC

A0 fo."))-‘: "é”“'@’*‘ C = ermalant Gweo K H)° = ) e

Thon,m(9)=-1 gmto P*-1=R s0R=1728, #0 X5+m3=1728.
(F) M,=1, N’Z):‘ v g.E-_: et+z —Fmz)= f(e+2)om = e'3+»a%+/\(z)

? L = y-snz = 9 +N(z) 20 A1 = - frmzdaz=cnz+C
a0 Fm,z)= e‘3+»az+c¢>%+c=cmt. apnreo e”3+/;)2+cr>e=8,my.
Them, 200070 gwee €240+ Cr0= B guee B=1, 20 €9+ny2+enz= 1.

h) M,3= trm+ cPX, Ny S6K+cny v
OF/ox = Rwnty +MepX —> Flx,4)= j(/s&ng+gcax)ax= W@+g/s~b\x+ﬂtg)
OFlay=  mydl+ Xy = worshy +p5k + Hey) o A= fody = C
A0 ch,/g) = x/a&nqwamax{- C=comdl. quro xmgwam\x.—. B)/.w;.
Them, NR)=3 gueo 2Mm3+3802 =B, A0 XA+ MM LT 203 +3BAn2

L (®) My=0,Ny=ov

4 MZ):b’ Nx=A)Ao'LL:. MMM«J% A=b.
5. (b) M:'j) N=9(J5V\i(,) M,g:ﬁ o - Mrg"‘NMx = l—xpzz:)\(,;l =—_9‘Z=-FMA% xm)
A0 T(X)= ej’-,(dx = éM=-§z. Thuo, cale Hhe ODE 4o %M-ﬁ-lmxdyzo,
oF/ax = - F(x,g)= j%wﬂ gﬁmc-b A(g)
3F/am= Lyt = &+ Aty 40 Aup=C . Thuo, Fixg)=mlax+C=amdt -
' L\’)C.: R o /2-(%): B//QN\% . f~Ldx
i
(€) M=I,N=«, MD#N,C. "i'agh’x = 0=l = fa akx-aﬂme,, M T=e =%

Thus, Acale the ODE an % dx+ dy=0.
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oFfox =4 - Fam)= % ox = bax+ Fktg)
OF/om = |..0+H(n9) ro Ay=m+C
Thus, Fox,m) = g +m+ C= ool ,Pmoc-i-g- B,, M= —Lnx+B.
h) Hma Ao Z. Mzl-x-z2 N=1, M_# M2-Nx _ =120 == fr. o % alone
00 Tz eF ™ = e Thuo, sesle Y ODENAs
e*(- x-a)m+e"° 42=0
SFx= €X(-x-2) > F(x,2) = [ €% (1--2)ox = € (x+2) + A(2)
Fhz= e"i 2% N2y so A= C. . Thuo, Fir,2)= €% (x+2)+ C= comat -
qux:» e (ou-z) B o'z,%mcm Z(x)—Be — X

N
oF/ax = SS;::(M ‘L)? Wé—mm) Seﬁ’ (py- %)ax+ﬂ(»3)
Fim= eV = [pelf™ ar +Aty) .
C I £ Thio 4o A(efm) /-\o‘l"vcmitua)mi apreas eS'PM

Mwwﬂ\m%ﬂmm% 1491’) tj;ww(j 0= H(g), A(g) c”"*x

Thuo, Flay)= [eIP* dx
w ey g?peffmy few%o@oc C

Lo = ede"‘ MMM&Q'M

Spox _ §pdac -fw
e el g+ C v mm= (Je ax+ C)
0T B %?ef"‘“&m Ade(efW)— &1 % iy b e
WW
oF/ Pd"‘—-> Foxm)= Aae,fpd”‘ + B('x)

aF/ax (Vj %)—Véf""“+8’cx) mmoB(x)——fe iw-nmi‘

20 Fxu)= M ,gefi""" ~(efP gy + ol = tbuch
“H\q_ Aowg M mone
7. (b (Mtg No /N = (39<,+4'3 —éx—4g)/(3x+4-xg) F fn. q xai.me
v XM= ( o d/(3xM+2MZ)E g | ag Tx) amd T(y)

domIMuzX’ Ty 0= oy x“gb(sxg—kzg Yo + %2 b(sx X*H4% Yy =0
neur N

SAMy=Ny , 4e, 3% (b41)y"+ 2x.°'(b+2)/~g = 3@2)X P+ )Xy
wohich R A J?? B(b+1)= 3(a+2) amd 2(b+2)= 4a+1),
Le, 0=lamdb=2, Thu own waliond as
(37@Z Soumt)dx+ (3334 %+ 4a*M>)
Flox. = 3ocn3 +2%M ‘p—» F= (sz';j3+2 ,‘6:)3:11:j = ggﬂc A +Acg)
3Ffom = 3oc/,§i+4\x\»33 = 3%"'+4R\Af +F\’tg) —
AO chua) Col. guro “the the Adutim M@Q
8. The 1dia, A that accx)&,zmg(gw?)- ~ ~Fen Xy and,
g{g) ﬂr\m %cg)«%u&(%) =0 com r{r(, made M L? L?
KXY amd ‘4\('3) 15 d(.vj:ﬂ-\m A(x)dx"'md/é 0. )0'(!, ):
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() Yhwo, eﬂgxdoc—ﬁjzdﬂg =0. We cam SF/oxz 6 X ao F= je—gx‘exz P r3

omd dF/om = -M2 0o - e, ik axmm% " (Wﬂs‘w M)j'omdp
mtg;mﬁjv 53-3%(-[,5%,3=o, __e; +_Aiz-.-c,on., Mx)= 1/(C+$e™3%).

©) Axdx-E€dy=0, [coxdu/mmx - [€20an = consk., In(omx) +£E%9=C
oty M) = =t La[A-20n(minn)] (2C— A, o1 commenionce)
9.(b) @ABMO +1)dn +P¢00,d8=0, M =21c00=N, ro wadl.
M(2,8) N(,8)
oFfan = 20mnE+1 —> F(,8) = [eraind+)dsu= 51%em® + 31+ A)
3FhO = 2pB0 = sTeho+A'8) gwa AB) =i, o Fire)=cmik guiothe
sl Pame += C (eadd pdae f51 500) drem),llé,&mmio\).
© (xy-e?)dx+ x(x-e)dy =0, M,=2x-€9=N, , so me.
SFlex = oxy-€F > Farm)="f (276'3—8'?’) o = XM -xed+ A{p)
oF/am = x*-xe? = ' xe" + A'ly) g Aty) = el o x»a—%e"": C.
0. 0= 4 (en amy movyno conslland’) )
1L (b) N dev For ex. o Moy = e*? MM[AJ,Q(): e/'d% | Hum M‘j(""J): ve’d
mrhenvog Mx(»;),'x) = /38’('9 #+ xed. 7
12. F@a)=C, so paticdan sdutin’ 1 Frrm)=Fia,b).
3. Drto (MePhy= (N+ Q) T Yan, kecruor & gnco %+%\=%+&& Q. 0=0V
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CHAPTER 3

Section 3.2

I (b) A Ak 4o LDy Xao ad LT, so X cand Le Lith . NO.
2.(b) {45 X, X+, %13, (KFX)-(xH) = X
= 4 [ ()= () + (2-1)]
ie, L0 x) -4 (ux+l)-L(x)-%x-1) = O.

@) 6(0)+0(2)+0(X?) = O, avdune €,0,0 ane mek all 300

A 6(x)-3(2%) + O(xD) =0 , shene 6,73,0 ane mdll el genc,
3. (b) Thaw Therow 3.2.2:
it eaa-x‘ ea"x

e
Wie",..,e" 1= ae™* az‘ef“x--- ane™™ |, 8/3%3)7&8»&4»&10.4,%«5

n-l_GiX n—l.ax n-l: GnX
a e a,e - G,e’

[T TR
- ea.x-ea'.z% "'Canx (.1,' 0:7_ a:n . qﬁhmn % e o o

:n-l ;_l ;1-1 VMMM &MGJ (/M.L

. G G -Gy | Extvnse T, Stdm 104) s0 of dhe

aéu) osw me &ZIVMM,MQ M%A\:\F&&& efax
Hodna an nevpno oL all %) a0 mevyeno. e heerm 3.2.2
thet i dhe azde ane distondt Hhan {%..., €507 4o LL. Sunaly, ke
G% oot Mk distincl them dhe d 45 LD, Fon suppre Q=83 , Fo amotzonce.
Thow  468% + 0™ 43X +0eM™ 4+ +0 =0 Lt the a,oﬂw“:&,

4,0-4,0,..,0 mt ol O.

© TS QNS &
WILiex,1+x¥]=|0 1t 2x | =sle =220 o (Thepma.2.2) LT
0o 0 2

€@ W[amx, cox, Anhx] = SV
“AnX =CnX A

wmxwwa O an 4w mimnl . Henee (Theaum 3.22), LT,

(‘S’) W[x_)'x}]: l’)‘c ?xlzxﬁ’mmmtm&ﬂyo on M
HM (Thanom 3.2.2), LT, Smed’wwwb&o%ﬁwmmnd,
J@Wﬂi‘omq’ws.zm M@a%m&ﬂb:\% then ;
Aunce , thay ane LT

4. (b) Mn2xX CH2x
Wlomex,co2x] = | 20022 -20m2x | = =240 »0 (Thm.323) LT.

ANK CpX Mx’l=ﬂl=-2w%,M
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©) (00 1 (b), e M gmk dhe %me ang dndicd

AduTiens o“ﬁf\,, ODE.) W= xe = *Ye et |
8 € +703 4e | X 4
e* e xe” et | 2+ 16

%MID‘?(S@MO‘}) = ©°%(9) #0 20 (Thm.3.2.3) LT. OFf conae, e
D7 MW%%(BSC)MA «wB

5. (a) W'(x) Ig ' = (/? 3,, Y, ﬁ;% = '3'“3”"91/’5 /3, M2
= 2 ’al 2
—A3.<~1>.¢;z Pea)- (p.»g. PN, A MRy AR Y =0
= pi( '}jl "Jz '}) '})z amd AJZ."'P'}):.’*P:'}){O
= -4 |'9 Lt = -pWix)

m'fwn (2) s Sadbm 2.2 qurrta Wix) = W(§)€ Sg 'P.(t)c\t v
6.(@) &{, ae LD thom G,U,00+0, M,x)1=0 (mI) mdh 4,6 wd Ath 0. s
bl /L Gy B¢ MWD, Lai'aziO,Aa?‘fﬁmmwM q,_MA
Mo (x) = %u(x) ﬁ My 40 4o ,v.rﬂ;,ch 3:&11
Aot ome ( u,) Cam to a
M= My miu (X)) = M, (X) =0 wku»e, mé A-th W 3o
( sy Hhe \QM*Aoi) Amep U,,U, ant LD.
(b) Lk u,0)=0, Boy. m/wmlp Ol (X) + 5 M, (1) +O LK) + -+ + OUNX) =O
M%W 05,0,..,0 md all 0. Hemer the a0 LD.
(©) Q)+ + Gy Uy = bl (X) F - + Dpldplx)  gquo
Qb U () + -+ (dp= b, YAhn(X) 2O. Siméce Ly ey a2 LT, & follows
M &-b,=0y...) Ga=by=0; A€ A=b,, -+, dn=by,.
7. No, & deto mdt fellow. \'dlfo() 4 amd % are LT (m:zz«-}) 1 amd. |+2X
ane LT, omd xo.mal w2 ane LT, m §1,%,1+2x73 40 LD adnce
11 - 2(x)+l(1+9-9£)
8. No, Mﬂh%mmmd%m%mamdm&

8Muﬂoy l(76)--—4/9(, tmd. P, 00) = /%" ane ml cpFimmouo om aiwrad
Cﬁ\'tmmg ?PM x=0 P AJW()

Section 3.3
L(b) e*e 22 od e® ane Adudiens (a0 o Aumimx}w
me,LI(NM:M«x& ))AoC(x e +C,e*
‘H‘ua WML“{ 7_

) e* e”“wa/wh«il(n Mmmm LT rddions fon a gumnal sdudion.
() No, wt meed Houe LIAGQMJ:-J‘I\Q
(£) V.w Gy No h) Yo «) Yo
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2. (k) EB%MAC()\G\SX, @W, ane LT, M&Mm%ﬂm.

Hewee {€%, cmh3x} 4o a daso o 4"-9y=0.
©) No, Frcawst snhax amd 2cphzx mmxwmdl“m ODE.
€) Yo, ane 3 LT sdima 0 : a boana. ) Yeo

3.(C) Om0<x<0? Yao. Om -0<x<0? Voo

4 (b) No; mathn e*mon €% i a sdulion o the ODE _

@) x+x izl amd x-xdnixl ane LT 5 o dhe ODE o amyg ardiwrall it
M“}% g — Auch aa -o0< %<0, 0<X< 00, amd €<% <I0.

5. (b) \Mmmx,w&quly 6 LT sdutima 5 4., the s & a
Iwion, comdinaton o dhe X and W € amd the cph2x o a lmaan
codmadion of the €% amd dhe €77,

6. Vw) Mix) = S@QA«&L»C. NOMJA«L«M?&N Thun 2.3.2 doto 1

Kol for vav'\w7. oL wigvna, wt ang bw\amg 1{.9.00 M?z(x)m
W&&,&MLM" “ ‘(%ODEMM%MMMLM) :
yo 0% C,03|!x)+C2?z(x)r?o MotMlAng_\tb QMM’BO—-»Icg_@h)lp Cometbincy

VA SOV, N , 6o cam fo checled wwvxj"f{wx

8. (b) Phe amswen 4o M) = -1-2X"~F % =&
Maple commamda:  Cdun: = 8;
dacie (§ Al (me), %, %) = 434 ()= 0, 4(O)=-1, Dlg{0)=03,
(x), M= derces) 5

©) Mix)= 2-5x+%x':—%x + A xt-Fas e
©) Mix)= 2-3%=F X +E o5+ . . . :
9. (b) ODE 4o 4 dhe Tyft (56) aondl Fhe emdiFimas ane ol comdions Mke (SDb). |
PUNZ 2.amd p,(x) =3 ane Colommans, fort all x Ao',)'}rl‘{mz.&l, the prdlom admdy

.

a mv-%u A&Jf«-m M —0<X<0 , L
(5) pylx) KX a cpFomnsnc en -1r<xq<,£rm (W x=2)

,00) = Pyrx) =, (x) = O, Ao, 3.31,dhe a
SRR i

oM
H.(c) MO0= C anx+Cymmr Miy=I= C P14 Ca Punl

2)=2=Cien2+C2Am2
Co! Al

res a wmb;u adudion foL G, Cz drecanae (mz le:ﬁlmz“’“&‘\%z = Aun(2-1) .

= Al £O'N | 1Cy=-0920, C,= 1779 Thua, Mny-mi% P:\Mm
TJ\.LW Amv\ /%(%)=-0.9202C-‘4:'X,+ 1779 pmX-

13.S (10) w',luo o (13.14) ( olnrwvg a=@=1) and (13.1b) ( ok-rw'j =0),
m adoo mud To Ahew (13.1a,b) & 6 (10), Mmdjgmti ¢
Llou+ po] = LIoa]+ L[ AN] (‘9 12.1a) = oLlu]+ @LIV] (Ly13.1b).

1% %“DM“H‘«)M LLot Uk + ol Mgy ] = LLLOOU -+ Ui ) F olpy iy ]
= 4 L[ttt + odpthge It oy, LIy ] }n) (1) with k=2.. Fuithon, $rm (1) Hhs
= o LI ]+ g LTUg 1+ oy LU ], 20 0 hebdo 01 et 1. Honer, Pr) helds o

0 A= 1.
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Section 3.4
4. (b) M= A+Be.
©) M= A+BE”, mo)= 3w?'fo) =0 g A+B=3,-B=0 4o B=0,A= 3, H=3.
mn) fa_em—» A% = 0 Mz, Xz£), A= +| +i Ao y=Ae4BE*+ CX4De™
I MX)= E caht Facuhat + Geont Haimt , $on rample
©) M=e ¥ » x‘*zx ~320, X= (2444412 )2 2122 =3,~; A=£dZ amd 2 L
2O M= ARePx+BE % + Cepx+Domx.
5. (€ W(id»{’,( (10, %,%) - 4*%%@»%} 5% ()= 0, 41, DY) =03,

"3("‘) > et /3(76).- 6%’5’

() doshe( A 400, 2,2, 2,0) = )= 0, MiR)); oo
x) = C,e*+C; cox + Czomx + ¢e
6.(b) Mix)= (A+B%)éa3" »9(1) e= (A+B)e 3=?A 2€ (l—e)
m=-2z -(3A+2B) e B=e%ze-2)
25 MO0 = [2(-e)+ (3€-2) 2] &3
©) Moa=hAtBx+ Cx?, Mo=3=R, o)=-5=8, 4" = 1=2C,
RO M(X)= 3-5%. + 32>
8.(b) (A\-24)(A+2i) = N+ 4, so Ythe ODE 10 13“-»4,3 0. M= Aet? % Be*?
n Cco2x+ZD/>wax
() (A-l-24)) A= (4+24)) = = 8A+20, Ao dhe ODE 40 ﬁx’ '+204=0
with MQM (x) = Ae(‘”””" -8 (@r2kx) - ¢ "(Ccozx»e:Dsz)
(§) (Y (A+2) = X-3A+2 a0 the ODE Lo m"'-3 +2A3 o
MMW Aglx)—(A+B'x.e+C y
9. (b)) X—=3A-2=0 gt A BL*A-9+8)/2 = 1,24 A0 M(X) = Ae e‘j‘.m _Gx
(€) Xe+i\-1=0 ?wtc«A."‘ (-u:{-TI")/z =(Lx43)/2 £o M= e%(ﬁe +3e
10, Rumemboen thadl | 4t izdT Ao “”ﬂ‘A“&“Q TI.
1@ (DAYD-)\z) 0. WAl=0 U= AeM™. Thin [D-A)Y =1k beeanea
ey /\'3 A@.x% d\&q)»wzn G
:““(?eﬂz JAL"‘B )= €™ R(Ae“' A g+ BY
(G (’\"M’WB) CeM+Be? (B,C abtiany conillaito)

I2. (b)) A=-252,-0.239%0.8584. M Rea<o, oo stald,, . The Maple commnand
mord pemas  Fadee (2734 3%% 2+ 2424250, X, cmplin);
(@) A= -0M93+04584,-0.297+£2.2364 , +0. 5903:0597& Mnce amstide
Qecanne w +0590. Ti\wnuwﬂitmmaudx&unﬂxrf‘w“q-
Secomne A Aao mixed /x'(wv

e e¥

Section 3.5

I (b) 3eoet — dmineE = Edunt+d), E={3%4 =5, =L (Z) =-0.0435 nad
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5. ;\)tm/d}ukm ‘fLaId';\g maen (0 = AR/ A&-FVZCL';A‘.-&,A‘XQ nde *
£, (o i) Wk o ot . Sian, csc i, mit Kx=O, 5t ik
6. (@) The fomn 1wty = & %F (AT +BET™) sall ke comencundt, tehene otde c/om

ard " Lo Jo®=d%; AB ane, cownar , didtid &kwﬁ&mmm

Kt)= € [FafeT™ -aRe " + A eTT-Bre Tt =0 quuw

208 _ B "+ LHS
e -W%.mwui&ws, / o
oA RHSmM@Ja&W. Simet, /
“the RHS 10 a coalland, mt Aont swtadly e 1
feLapel (X T,) o dhe anibiad endtimo ane | %
suchthat RES>I amd mene o RHS<I. The M?‘Mé v ‘Fo’l*f'f\afvw
cam.. For the endic cane X(t)= (A+BE)EF amd
xtt) = CoaA +B-aBt ) T =0 gwea ‘Lo = B o\ )/ B). -01 dhe Lutlin 4o
WJ’)&MM s M#«TD’P& o 0<tca), and ~L I a0 '()(Ni:w
WMWNWAPEmost<ao, ot
(5) Lt m=k=1 amd C= Co= 4mk = 2. Them ol=c/om=2/22] Ao X=(A+BY)e "
£, = (B-elh)fetB) = (B-AV/B. Y Bzl ad A=2 dhan £,< 0 40 dho ane mo
5w dhio cant kU0)=2,= 2 amd 2°00)= %= ~1. (€) Y wnilead poe Uk
B=lamd A=-1 ,Hhan to:2>OmMAon_\.e%Jhpa’t}Ln%% .
x{zixxo: -1 amd X(0)=%= 2. Omw :;l:rm M:Qj? ho Pheans gy
NOTE. dhio 45 a4 ‘W”ﬁuatm"—- ob:«)m 'pkr« vy lon, (42,
how o chore m,c,%, %o, X5) A0 anto aehne a coton Adarn ,

7. @) 2)= €L (Rcnlt+Brinit), whine dis c/zm amd {45 0= (clzm)*.
X't)=0 o Tamdt = ("B- ot (@B +A) = %, ey . The Lidtin has nees
L=t (e $otn % wn -k, <), B sucessae LS aplo ane
AL, A, WA .y 5O JO Coniidan Puscecsrmnt wanumna. cLM%&fw AT Zo 2T and
pmd =47t + 20T Tham, - X b K,y O Baccesdint MMEKAma 11%&:))

q=%n = eypl-a(to+ W) [ Aeo (It +2mm) + BAvm( A t,+20m) ]
Xnst "”‘lP [~ alt gt 20007/ 1L Ao (415 2T Bam (1, +2m+)MM) ]
= 974'3(+21F0L/J") o o Conank (i-e.,dcm’i'w wmcth n)
(b Q«MMM 8:%%:%9} (-211‘2-:.2_7EQ=_2LTC_/(_2AL_
3. i) e, thon B+ €'+ FO=0 10 un A ":2 o AwE-crm®
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Section 3.7
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Section 3.9

We call your attention especially to Example 8, on the free vibration of a two-mass system.
We, return to that problem in Section 11.3 and study it there in terms of the matrix eigen-
value problem It is an important problem, and you may wish to give it added emphasis by

discussing it in class, both for Section 3.9 and Section 11.3, and even comparing the two lines

of approach to the solution.

e-R(X-X3)  R(%%5)
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R:oo)/&mq am =00 <L X< 00, Sadem 9()()2 é;odn‘)(. ‘l’LQO.’.DELu:M

- n-{ o0 00
2 000X 200+ T 6, X0+ T4+ Xa M =0
oQ n N n
o7, Z_z (n+2)n+)a, X" +Z‘_l amfnﬂ)x + 2700, + Z’_°l°a X+ Ly A% =0
a
J

]
Zo L+2)n4 DA gp + DR + G+ Ay T80, X =0 (& =4,=0)

WM[ " 1=0 -{é’tn'-'o,[,z,...,"ﬂuoamnw
)= C(i- 2= Feat 4 27— )+ G, (g oot o)
8.(b) & ( diff (021, X, %) + 2% dff (), %) = O, M), = pniea );

Gt M(X) = MO + Do) - DN0) ™+ F Diy)o)x*~ & Dim)oyx*+ % Dig¥0) -+ O(x°)
oL, 4 13 cald '\%(o): A?w\o\ DmY0)=8, 2 "
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MeO = A+B(x- v ExP-Lat+ 2 «5) + Ox),
Ranua mith ow Aum X aim Extncin by (shene Ato Gy annd Biio 1/2).
($) Fon 'x? =0, cm Command  dadt (X 2% (420, %,%) =0 0, » (),
)m)?m:gl amncon afnd X = Oa;ﬁ% wz”/xruw?nﬁ
2=2, Jont A:I z—x—z soHe ODE Awcomua @+2) 7 (2 -V(2)=0. Now He
CGW‘VW\WV\A.
dadne ((2+2Y 2 % A (Y2),2,2)- V(@ =0, V@), :m))-
gww Y@= Yoy +DIYN0) 2 + & Vo 2% + (- —';Y(o)-&—,;b(y)(o

+ (s Yo - 48D(Y)(°))2++ (- &5 Yo+ 22 DYYo)e>+ Oz°)

1920
Mnﬂ»ﬂv (0= C,[1+ & (x1)" -ﬁ(x-x) +zbz (x—m) - (1) ]
e% J +C, [(x 2)+ -J¢(x—t) - (m.)‘* l—)>-35(x1)5] + Ot

0. () Ondun :=9;
W({d%(ng(x) xx)+4*¢ﬂ(/3(x),x)+falx) =0, Mlo)=! , Diy)o)=01%,

M), Fype = /wu.u.\,)

o /a{x)-l—-'— 29@ 8“‘ +" x° - 209x,+ X' - 21 84 Od)

Ee 40320

1L(b) (n+l)an+2_+'5ﬂdn+|+4n n- = O ?/w; ?'yl\:.:’-—- % %‘T%_!“N—S' 2a
n

N30 so b |Ansi /8,] =5 amd R 1/5. (.DM%AO«WJ\A‘LQ?
We mud fo mhaw thd Jo e cradind wedth (W)
NsedX Gnyy /apg, ~ =5 The WM Bpii /ap~ =5 o,

Qn/an_l’v‘s RO -5n ah An-| ~ =5 - An 'Li)an - _5‘_.6 an

N (DA (Y\“'l)an-«-l 5 (N+1)0n4y
~-5-& _J1__ . _5
(c) (n+l)"6i +(2nN"+1) Gy~ 440 =0 ?wto an+z-5..(n:1121[|— °) 4 a{ ~ =2
n+2 N+l n —-——-a’H.l ‘—“"(n-‘_l.)z' (-n+l)7_ an+|

Co N0 M}“NV\'anq-z,/an-Hl = Ian-l—l/an“ 2 A0 R /2. M%M\H\&A

n-Ye0
T, : ‘W[r hmwwﬂn, An+2/ Bpyy ~ -2, Thom
an+z=_.£ﬂt;"_'_+i'}_3&_~~2+ﬂ'-i ~-2V
Gnet (ne)z  (n4)* Apay ne -2)
(€) NApyy + 4Nl + 30,20 gvs 2’,:,2 = -4 - Eaﬁ] ~ -4 po Rz,
nan the wn\mf‘_- 3 fn - -
c&wlamg Arwlo'r«»gq ,aJn:l 4nan+.“’4—7"n-4) 4 v

T .
($) Y\za —3(V\+2)7‘a +34,..,=0 QMM' Ans+z = 3N+2) _ 3 Qn-l ~ 3
R: l/ns-‘..zm\ [::: AC ZA’A AN Pcntya’\-ﬂ n?. YLZ' an'ﬂ ;

W), 6, (@], 4nsz - 3M+2)" -3, Ont A~ 3-3 L L3V
G+ n* N* Gne n*9
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13. M"4#=0. m=za+an+ G2 G55+ 8+ 427 +-
(2a,+ CAgX +1204% “+20a5%3+- )+(qo+a,fx+a,_oc +43%3+a xtyagx®+-)=0
X°: 20,+08,=0 — Gp=-Go/2
xX': L+ 4, =0 — a;=-0,/6
X1 1204+ G, =0 — 0y=-0,/12 = Qol2
x’—‘ 20Q5+43=0 ~» Gg= ~03/20= a./tzo)

fan, M) = Qotd X~ Qon® %'.x +a¢x +g'o'x, -

=Q, (l--‘-x+-1—x‘* )+a.(oc~-l~x3+,—215x‘°' )

) iy = 1+9(_+9<,+ +9<.M+-3'—- AO Sp = "]T%‘ Thae,
Sn
St t SN _ (1) (=X k4 (=) _ N-(ar Xt oeMy o 1 & paxae b N

N N(1-%) N (1-%) -X 1-%
=L . l-xN fon Al L. NU lxl<d Hthis > L =0 120 = L_.

1 4 =% =X

I5. From Exevene 5, o

x
N

HAxI> L themthe XN->00 a0 N> <0 M&WWWM%{MH—O Amae -
Section 4.3

. (b) po0r= - o/ amd 900 = 5/% ane amalylic’ for aﬁl'x,#o mw}“ﬂ%
t owmX %-Ow% x.«% x,?a)--m and. x%(m).. sxmmA?u

© peO=0, (x)- —-I/(?c~3) S’M\yJ«m ad x=+43, "-'~y~0°ft hrecannae
(-AZ)PR =0 amd (%43 3 qx) = - (x-43 )"/(x-z)= - (%~ 3) 2+ d3) 45
d«atc X x=+43 ; Aot o1 x=-

(e) P = -/ (x+1)*, .L(x)._l/(xu Smy.ﬂm Fm-JraI x=-1, WMM

(XN P = -4/(x+|) ro mX at x=-.

(£) 'P('x)-' ,()Mx, i"" 2. S'myﬂm 3 al' xX=0, becamne
xplx) = XX io Aw.,% i-e, w whnx >0
pto o x20 , all 'xlmx -fa;ﬂié vk o x=0.

2[a)A(,+J“go ri: x=£°, dy = 2tdk,

%5 Lytdxny =0= -4:&& ‘7(t)+x'7’(t)__(.1£ YetY

yron Ve iy =0 o1, VLAY 4t Y=o,
tz 413 u.ﬂ.n M. J t=o ,!,w ;tﬁx)-—l amd £2Qt)= 1> ane

M,JA:))’&,,AI‘J:O

) Put T2 gat™t o Y- xYwatiY=0:
Z °°(n+z)(n+ll-l)ant“+’l'?‘ S tw)an k™ e S ag t =0
oL z (n+an+Jz-z>a g - ?.+ Z 44,.1’"““3 =0

S?\«{x wndaceg ; Z o (MH2)N+) Gy y Zs 48, £™ =0 +
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NOTE CAREFULLY: Recsll the # sdlipn. s the pbudion o Exenciae 42 /7, fon

14( H“’W“‘j: “ﬁu/.swm \ mdig am the 2nd amd 3nd Amas An
M(Ae zn)muao\m)wc%mgot'lk A e
M"bk‘t&m -H.q,—| ard -2 Jewern bmFo I5 0. Ne cadd do that

Fcanar the n=-t o am = 4(n+|)nan+2 My Ama,‘ww')w.cum dhe N1
sl ‘I’hn——zw n--ltmam}:“itlmu)mamzz myn:} tﬁe
o:['ﬂu zwnﬂﬁ&'dm ‘QMWM”‘M'PQ‘MM e Com
vew\ma,e,‘ﬁ\t 2o Xy (mm,tgl? a;3-a =4, %0), «t
-ZbemZ MWMM\““MMWMX mo-fcnn-'-zawvin-—l
o M%%Mﬁ—aﬂuﬂm? Mgm S5 ond chargethe

Z°° hr) Z bp W 0.78,=0,54,=0,50. F Jeamea
Z-z [(n+sz+z)(n+n)an+,_+4a,\_3]t =O,
A0 (N S+2)N+)A 4+ 4Gy, =O eoch n=-2,-1,0,1, ...
n=-2: n(n-2)4, =0 = AUA-2)=0, IA=0,2.
Thecrom 4.3.1 WM&M(%?L%,\_ mm@m)mﬁkn %
dhe (n=2) mld e Aoy 1c nﬁmwa
n-OQ:?LzW Mﬂ:&nm MMMWAI MM&M-FJ\MM WAk
SIO“I’LQWMMAO VNLMMMY\T—Z.
(n+2)nbp,, +46, . =0  [n=-1,0,1,2,...)
N=-2: gue Gy=ank: N=5: 354,+44,=0 A0 0,=-%q,
n=-|: -4,=0 A0 4,=0 n=6: 48ag+4a,=0 A0 quo
n=0: 0=0 Ao &= ank N=7: 630y +4Gy=0 A0 dy=-750y=0
n= |: 343‘-‘000 43'—'0 n=g: 80&,0+4-a5 =0 A0 a,o-—-'-as ,75a_°
n=2: 8Qqqe=0 40 G¢=0 n=9: 9294, +44,=0 ro &,; =0
n=3: 1505 +46,2000 Gg=-ka, M= 1204, T 44,70 80 B, =F5h, = 224,
N34 244,+0=0 Ao 4,=0 e ”
A Y(t)-a +4, 1%~ %aotg s, 2174-., aox: +.g2_5q,_t +

*ao(l—‘*ts+-‘—x'° )G (- 42t ) B

Moo= C, (1= i )+ Coa(I- e s )

Wlxuw*\"\b"](t)»«iatmmo} M%%Q(wwmmxm
%L-de K227 anx".

Qo&mm&k—w\. JW\I&&MMR‘OMMLA%%
..fdly}k)wm YOD(.MQ%MM?M—QM Wm%ao
Thenam 4.2 4 WM“‘, %, Aoax:?;&n":mtx} I‘a-l'f(X)'a'fjo(x)AJ =0 Thon thene ane
rwol..lb«{»tmo‘i’tvim M dote NIT saw Heat o X, 40 a negudan

/)‘4\%49‘.\1 It Lo LT Adutimo a.mJ?tc, X x,.
‘1;& anmmd M(d«ﬂ(*/mtt) a/t)uﬂ(v’m 1)+ 4%%"3% Yrr) =0, Y1),

9v,
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Aum), %v.m«
Yy = C x*(1- & i‘.5+ Oit*)) + Cz(ﬂnrx)(O(x"))-e (-2+ Es,:t5+ Ort9)) -
o M&Mma Intt) Tovm sl phon- MAQTM
NM’VM&"P&L MM%W%M%L*AI&V\W \'d?-
Ondan ;= 20;
dbaebue ( d«ucyw L1)-(/4)% 44| (Y, 1) + 44 L3 % Y1) =0, Y0), Tgpoe= pencac);

:Ym CE (-t 2t B x® + 0n™)
133875 10 IS 20
+c,_(ﬁmm(0cx‘°))+(z+1ax5‘ 21+ B £+ 0t™)).

3.(b) (=" +M =0, x1=T o1 x=k+, ?"‘"’“ t+2)Y &)+ Jc)=0

5. The nduond ;,OMLM ane. (5), (8) (35).

(B) 1=3,3. Thon mdeeral 410~J~m Ko (A1-3)(71-3) = N%-6R+9=0 20, frem (35), p=-5
ard §,=9. Thiw , the srplest 0DEM3MA«&33 5 5 from (),
%2/3" -5% +9/9"O MMM.?Q( 7'" S'/meg ‘+ 9¥® M= =0, Icause
PUAX =X~ XK/3 4" A2 X amd X =1+t~ L.

(€) N=2+3i,2-34 Than andieral l—joMLﬂvAO [2- (2430 ][~ (2-30] = =4+ 13 =0
AO:P‘NW\(?»S),-PO——SW =13. MWWODEMQMMM&
2%3( &, Jrom (8), e QWJ-\J Euﬂuu.jom 2" - 33 +13/3—o Crthen, examples.
x*n'- 3%(: sx’-)rn +|3cpx/9 D amd x‘.«a 3(|+zx)m~\xﬁa +13(1-x)M=O.

6. (b) 73’3 ~XM=0. M= 3] “an, X

(Y\+5L)(n+5L-I)CLn Ul = °°(n-m)an G 2 % X _ o

Z_ N+ 41N+ gy X 4 7 (nmﬂ)anﬂxm -3 G K™ =0
o, Zj[(n-m-n)?‘a,,ﬂ apy JX™ =0 (a,=0,%0)
A0 (n+a+1)" Gp4) ~Cp-y =O fo n=-1,0,1,2,.. *
n=-1: x°q,=0 4o =0, A=00 awd G, = mﬂ,—
Thue, sk N=0 Ln K (N+1Y Ay, a,,_'—o
h=0: C(.:O A (’\‘*l)?‘ Dn-1
n=1: 4,=< 2,_ Qo n=¢q: ds = —;.;_aszo
n=2: G3= 23 64,=0 n=5: aé-;jsza*-_—mzao

n=3g: a,= ‘;,_Ct = zzq_.,_ao
X
0 229(nly

A0 C%)— A(“‘. x'+2.‘z.q_zx/ "'Z{Z"_T—i.x.a’*‘ ) Z
Fen '*jz ot et (41b): i
My ()= '9,(1)1»«%4- 2 e x™MF
R s O. PM“\{ Firin 2o the ODE g
APTRRCIR M )
"['XJ‘A LV\'X_ +Z°°Cn9(,“+‘] O
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R i L R AR e

O, (C+4CX+ICAT+16Ce X3 )= (€ X+ Cox - Y=-2(fx+ g0 )
xX°: (=0
%: 4C,=-1 Ao Cp==l/4
X*: 9C3-C,=0 A0 C3=0
X3 16Cq —Ca= =1/8 40 C4=-3/128 , oamd AO oM.
Thuo ,
Mo )= /v‘(x)ﬁwx -Fx - 3t

028 the mkfuit Bl sgption § oin

NOTE AM«; NI /
2 lg(x) lgCI(xHCzK(x.) whow Ty K, W&»«l
a‘(cﬂ»&mo wimwwmm , 2 il Le
Badird n Sactem 4.6.° Cun M%) 4o T, (%) wmvz(x)féqwcmbmd‘-m

| T, and K,.

NOTE: Before continuing, note that the different cases defined in Theorem 4.3.1 depend on
whether the roots of the indicial equation are equal, differ by a number not an integer, or
differ by an integer. Since we will not be solving all parts of this lengthy problem, let us at
least give the indicial roots for all parts of the problem, to assist you in choosing which parts
to assign.

@r=012 @®r=00 ()r=00 @r=00 (@Er=-1,1 Hr=-1,2
(gr=-1,1 h)r=-1,1 (@()r=0,1 G)r=0,23 k)r=0,1 MDr=at+3)/2
mr=-12 @r=04/5 (0)r=01 @P)r=0,1/2 (qQ)r=-1/4,3/4 (r)r=-1/43/4
(s)r=0,0

© XM'+xy'-y=0. mx)= > anx™
AJZ (n+n)(n+n-|)anx“*"+z (nﬂz)a,,'x. M3 o AnX Moo
ot T [tneay-1],% “""-o ) [(m»n) l]a,l O f N=0,12,.
n=0: (Jz-l)a =0 amd = x| mth 4 anlrm
n=-: [(17-1]2070 guite Gy = Ofdx,mk n=i2, 3,... wxepk n=2; q, =ank-
Azt: [)=1]qa=0 Fute &a=0 -
Thoo, The smallin 2ot 2z oo the, ?’““‘4 A.,Amw; Yooz 4 +a
@)= CAX+Co% .
('l‘hﬁmwﬂ,n‘rt =2 Qlwto“i"\b Mﬂgh Adutepn M) = 40%0“.' )
OF caunae , an hio M%ODEAOQG»AQ-EM A%Ml'«.m and cndd dare Lo
pdned. omeie 1aoily by AuJomg MX) = X
) K"~ x>y =29 =0. M) = Tk .
Z°°M+n)(n+a-l)anx“"" Tomn)an X T - S 28, =0,
o L2 neaXnen-1) g, X" - Z (nen-na, x"" - 3 2 2a,x™"
n Zo {[(nwz)(mn-l) -2]@&y, - (n+2-1)&,_, } X" =0 (a_'EO)
ArO Lo+ )91 =2] &y = (N40-1) Gy = O {m n=o,1,2,. *
n=0:  [uU-1)-2]a,= 0 Ao A=-,2 amd &, anln.
S n=-1 (uho Wl hod $o bith ndutions o modhen) . Thon % becrmen,

YH-ﬂ.
N
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(r*-3r)q, = (N-2)&y.; - (M=1,2,..)
n=1:-3q,= -4, A0 &,= Qo3
n=2: -24,=0 40 4, =0 o .
n=3: OGz;= @, = 4n/3 QM"O QO:O) wmhieh Ao amm.m, =1 dotn not
Jod To 28k adLion. .
S n=2 (&I‘\VJ\ M_\_:Q.Q M p MR M«hﬂ\., Wd‘ddmg ‘bfm\mm‘}?»l)m *M
(3R, = (NN Ty - (N=02,.)
n=l: 44,= 26, Ao B=Qo/2- N=4: 284, =50; AT Q= Go/168
N=2: 100y = 3G, O Q= 3Q0/20 n:i 400s = 64y AO Qg = Go/1120
N=3: 124, = 44, A0 A= G,/ 30 -
Thuo m&?\sqoa-( 7»,2 , s%(x): I AT G G X+ & xs-u»]{gx‘-e“'z—oi’:f...
To find the rrsasng potatin Malx) et (HC):
MolO= KM ) I + X! 2o dnx
Bdtund the Lodlin ‘anto Hhe ODE qurta
n-3
2 [Rurdoc + 260 /% =km /x5 + Zom-nn-2ydnx” 1
-x’-[W + KM /X + Z?(n-n)dnx“”']—z[%,%x-v XA, ]=0
o, Zg5 (-Nin-2)dnx"" -Z:,o(n-t)dn x"—szo\nx"" = K(M+ XM, = 2m)
o, (24K 24, X% 6y X+ 12dgxt40) KX 223 St
~(~do+ d, X +2d X3+ 3dy K¥+--- ) }: +X 4 Lt -
-2 (go/x“ +d +dx+ dgx®+ dg X+ds x“‘-&--.) - 4x*3x> - ext-.)
X% dp-28,=0 40 d,= dol2
xX': -2d, = 0 »0 d4,=0
x*: 34/3—-&,_-;0(32 K(-4), & 4, =0, Ao mt rud K=0; dy=anls
x3: 6dy-2d3-244=0 ~o d¢=d3/2
X% 12d5-3d,-2d5=0 nmo ds= 3d¢/io = 3d3/20
Je

RO rgzcx) = 0™ 0 nx + x"(do+ doy £0xZ+ds X3+ %x,‘b, %3x‘='+...)
= do (L +4) + da (X423 +Ex%4--)

HM«ME alniady ()t eally sonan't oxpui«ﬁ onnia gine Tiwo mete

LT 3 Drdued, & Botan'k becavne te dy (ot o+ e ) adudion
I\y{atato' y.- ‘T";\Wl; mith  do=l, Aay,

=l +1
)= ortay -

(4) 3xn3'7': *olt =, M= S2a, X"

. on
2 B G X + X ey ™ + ?E: 2" =0
T “ “+ " + Z. an“%ﬂ-i-fl-l =0
n¥n-|
v Lo L3+ a, + m)an+ Gna 3% =0 (4,Z0)
A0 [3(n+n) —2(n+r)] Qn+ 4y = O for N=0,,2,...

N=0: (30%-20)2 =0 girta R=0,2/3 amd &, = ankn
Fach s mdae sl codndnde oe adudio.
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Foul AL n=0: Thn ¥ Ieeamsie  (3N°-2n)An=-A,,; frn=12,..
n=1: 4,=-4,
n=2: 8d,=-G,= Gy A0 4,=0,/3
n=3: 2103 =~Q, =~Ao/g A0 Q3= ~A/168

n=¢: 4004 = -z = Ao /168 40 Q4= Q, /6720
Jo

M}W‘.t'/\, a°=l Ny, .
@) = T-x+ Fx* — g x>+ L -
| le ¢7120
Nl LK = 2/3: Then * becomea (3n*+2n)q, == Ay fon n=1,2,...
n=1: 5a,=-4, A0 Q;=-4/5
N=2: 16G, =-4, A0 4= Qo /20
N=3: 3303=-4, RO Q3= - (o/2640
n=4: 5604=-Q; AT Gy = G./ 1471840
Lo
A5, with G, =! o NH2U3 2/3
N,®)= ZanX = X (1-

X485~ g X+ g X )
(m) x*M"—(243X)M=0. M= ZLanX . 4
4 o (n+n)(¥2°’l-l)a‘n 2"‘*" - Z% zanx“*’?f?z’;" g =0
. Z2 e+ an XM =T 22, XM - X Pz a k" =0
o I L L) nen-D-2]an- 34, 3x™ =0 (a,50)
A0 [in+)n+a-1)-27]4,~34 - = O for n=0),2,... %
N=0: (*-3-2)4,=0 qires N==1,2 amd qozwul:_
Ful) L 1= -1 (wheeh, mnld %mm A mathan). Thon % beconsa
(nN*-3n)ay =34y, fO N=1,2,..
nN=: -2a,=3q4, Ao &;=-34,/2
n=2: -2Q@,= 3Q, Po 4,=-3G,/2 = 24,/4 . .
n=3: OG3= 30, = 274,/4 gwcc 4y =0 achch, s QM.M, n=-l
Gty 1m0 netdions. We il ad e phTd frm 0= 2 and He than from (dic),
n=2: Then % Aecomin |
(n*+3nYa, = 38, o n=,2,...
N=1t 4q,= 36, A0 Q= 3G./4
n=2: 104,=3G, A &= 3a,/1o = 94,/40
n=3: 1845 = 34, RO 03= R:/6 = 34,/80
nzc:;; 2804 = 3@; A0 Q4= 343/28 = 9G,/2240
20, mith Gy=1,ke4, M =T ank = X 22 o B
To fud the muwswg pebulion M, (x) moe (4ic):
L M0 = Ky by + 2’:’ 4,\%“".
Patlimg. the Ladlin anto the ODE ginea

9 b ...
aapX +
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K= LKA+ 2RM (/= K,/ + Loy (n-nn-2)dn X" ]

-2[1%%“2? dpx"'] - 3[:%,/Mw+z;°4nx“]=o
o, Z (-)N-2)dn X e 2T A - 33 dn kN = ~2RX Y+ Ry,
o, & ok

4
(206%"" +2o\,x,+6d,4'x, *ri2dgxt+-) K(-4x*2x°- 2% -
—2 (g6 + dy + d X+ dy X+ dy X34 dg X P40 ) 1= X+ Fo3 gt )

—3(d +d1%+dz'x?+ol3x3+ dq,x-q"l' )
. "2d 3&0-'0 Md|=-3do/2-
' =24,-34,=0 ag d,= - 34, =24,
x" 245 - ;A’ 3d, = (4+)K o “K=d,= Fd, ,
x3: 6dqy - 24.4,"3&3— (‘2"!'3')'( Ao dq, %—43
x4 1245"26!5 "30‘4. = (- 2-'("2')}( A 5 4%0[3 %K

AG Angx) ﬁmx+ 3ol +9a!x+d3x+(3d 1%1<)x+(4od3— x<)x+
? ﬁm'x-t-ﬂ-.i. +x, - 13 %3~ %x*-r ]+d3[x,+3'x,+33x+ -]
Mfg\,uxe_,KamAd

),3 a -
C amd d.= C "me'ﬂw swoa He adition
Tl 4 oottt gt

ODE. Cum, MJ)MJC&
“ﬂ\td3mjg/ g_—f-‘mwda.ﬂ—rvt.)axdwkl/)wp,

AC M) = M0 +%J---—+x,— 15 3
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@1) avte. VX L 4" E, =Ry, > B, =F, -V 2, K
(42) » VX R 4XVE, =K R BT Byt VX' R, *
E%Ma.'ﬂ,“l'f\c W-MW o%# amd X, and WWZ’A%I’/&) AD
Iv,,-vi'Iv =T, ,+v¥'I,, po T, =TI, -2vx'L,. v
To downe (4.6), moe the Lown forvmuda am (4.1) amdthe spper fovmada, n (4.2)
©) Fuineb, st mud the Y\M,?:QL mamta $OU e rancewe Besad funelima. 2hesodd
tdle wo Hhd the mermta ane Bued T3,%) , Broad Yv,%), Rusad I x),
amd Buoel KOx) for T,00),Y,00, T, 0, amd K,(x). (W bdm't meortiom
The Hamkd) Jumelimia , nor dd & fud the Hambed fumetiod ﬂ?mgm
commands, Zhanked . 20l Go spressdatice, The conmand

. ] (%" 3% Besald T(3,%) ) %);
opreo %{m 3x> Bmirr%s.x)nxs( Bured Te2,0)- 3 Q"’—“%I@M)
MW( ' '9WMMAMM)B X2T,(K), am
mwth (4.1)

5. (a) Su Adutim fo Exerewse 2 .
(b) A vEn-vz amd bt 2 Le I, am @G4).

() Jgp(x)= % Ty, (%) =T, %) = ,{%(ﬁ%& ~ con) xr:)mm? N=1um (5.3).
g = -2 Y = J,,%) )’;) A«ﬂ:mj N=0 & (5.3)
= —-,J’% (Aomx + CBX. )

G.(@) M=aW, Y'=ow '+ ain, Nz o' 200 + TN, A0 e ODE deeomea
(O "4 205+ T ) + P (TN O N) + gotcn\r) =0
o I\f”-}‘ ZO"in Nl+ 1", Fg:l! ;g =
;g-;__-?’_)mx 1"\(0 v ) ° ’Jifx?(t)c\t

2=0, A0 T(MX)= €

w
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(b) Fonthe &M.L%Aalt.m O t(rx) /% amd 40 = 1- _-1;_ A0 O1X) = eﬂ dat

= et - X% D ) ) "
s § - (—)x,s”-w ((£X)+(-2)x* 1/ v =0

)’*Wg m‘+( ___‘t)r\r O

@) f_ 2(@)%—%+2_f (Cx=P) G4 M L 20 gaa (7:3).

(b) &“%Mm in mand Heal | mmakwmlkw
metation F muanoe 4{/4(@?»«0'1) 8o Jp(kx) meama AT, JAlkx), ne AT, (kx)/dy.

Nour snth Mx) = J (RX), xla’(x) = 'xé;(T (k) = K (k). Fusithen , with v=n
amd 2= J 4.2) fym

" T0) =-%X"T,,m), o - -nx" J'Coc)+x Tlg=-%"J (%),

o

ol Ja) = LT 0 =T, (%), »o ( x To K% )
KX Jq (k%) = n T, (RX) = KT, (k%) *
Bacomar ddhe 1 ok | amd Hhe - me J0)=T,0)=-=0, % guic
kx J /() =0 & x= o-pnn-onz MT(wc)onw
Flrwss frem # Hhat, ol x=c, ("”O"") A = |<=c:'-j:}',mn«:)]L
(€) Thuo, (23) gaea (24),
(d) n'—na ]x_ = n*J (k) ) = Y\?X(‘Kc) -n‘Iro) = 0 fn ld n=0,2,.-
%= o{nn-o o{dw\>|
X=C
(o, fx—ov = 9(,-2-\ -—f .'i.-zxaw,
= £ 6 J (k%) 1 ~ j (Txo]xdx = - [ “I7 (kY| S xdae

o0atx=0." toax ¢
AT (14) Xrumw cEK® [J (Kc)] +2K"{f [T (k)] xm} 0=0
od:/z -x/at 9 ('n) xf\3 & ,C 1"* -Jz
8. e = (x) Zk—o'g"( ) go ko# )

—oj "i'

The 1° ( ool g-k)w -Z . = 3:(7(.). Vv
(b) J-cr-%ji etit- 2 - Z_.o:rnc};%x o ()"
Omthe o‘tkm, M .
F(t-£)e B *)_-‘-Zn_ Jm)x -Juo:t ]

D I RN OV ol -Jn (x\t]

M S =0
=X LT - T0]tT W
E%mgwﬂwt@a&w prene 4 £ im K and % Govea
Jat®) = £[J,_(0-T,, (%))
() %%(H» L(t %) Zao n7J, (ac)x“'

}_‘ Z J0% +Z_°° LTt = Z‘_’; NNy
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o1, AMXJMQ whera, Lo 2T cof + L5, %3, 0x" = L2 )T, o0t"
) £J,.00+ %T,.,00 = () J, ()
N, , (8.3). ‘ .
@) A | (§2) dota mt hdd f1 n=0 20 A dota mt gue T/, Ik X doca Sl
fr n=i, “ J J}’()(,): %[J;(x)-ﬂ'z(x)]. UA‘MQ Y“k‘tﬂa,

( J,%),%); ,
gs T/00) = 0 = Tn), ke s i the pame, fermm. Honrn , 1ith
N=0 (8:3) qweo 00 = 2K — J x) amnd Thio mdo o st gpnta

J;/ (%)= J,:[J,(x)-—(?{c.( X_’-J;(x))] = J(x)- JL%Q 4

. 03 2 T 24
SR i e Tt
“ . . . &/
o= zj'o lszﬁe 40 (krcamne The mdigramd io supramTove adrnd ©=T0/2.)
2(F) B(HE, 92L) Ly () ain Exenece 16 o Saclion 45
T'(g{%;zl];(i') ,Q,\a (14.1) an Exencuoe ILI—K‘_ S, 45

nn

T 1ra - NRYp A-1)(24-3)-
= ﬁg—; T(4+)= %(3-5)[3’%)"'(%3%’2) =_g§ (24 l)(22323) ()

= I L (25-1)(24-2X(24-3)--(2)1) _ T (24-1)!
23 T ey -z 428 F Gl

L ; =157 0 ar (2hnl v (—lf 24 g
7 fify s d? T 2o gt * izl ~H Li0s) © JI2i G
A
= Zg:o '(-j—r)‘z(%-) = Jx) vV

10. Smf!;? wde o (@Gb,c) , mith V=3, 0, amd Yhe choer U= -v= -3,
k=" 08,70 0 .= anlr

l: (4-9)4,=0 #0 4,=0
2: (1-9)G,+6,=0 40 A,=~0G0/8

2

3: (0-9)a3+4,=D 40 43=0

4: (1-9)44 + 8,=0 40 Gy=-0o/6%

5: (4-9)ds+ G3=0 AC A5= O

6 Od,+Gq =0 no ae:aner. émd qqto. But Gg=0 de:f)e«-k)"ﬂ\ci Gp=0
Gred hirmce Q=0 too . Thio MowmmM.

: (16-9)Gy+ Qs =0 #0 G4=0

(25-9)4g+Qq, =0 40 dg=-qGg/lé

0 °

. L ]
ro M0 = Tt < a3 = 0% % ORI X +0L 0% +0% 8 20X~

Qo E+...
3 5
= ao(x -"L'('X, ‘+)

113
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. $0 vyorms : D 3, (D) 3 .5
Muemikde, () Gk ven=3) g T oo= G0 (£ L (%F 4o X 0 £
M=-‘7ﬂé(¢¢3_%+.--)w M )
amethn i

GTi1 “48 V%8

o ferugring usdL (o] 1 A a,=-1/48). ,The pont 4 To dlaswe
He Towen &2 07) ane jM adaut »1, 42‘—‘%;?::?,)\-(3 aI’PAo}rM o'yH\c

-meed. LMW Oa.
1. Lt mo dende the suiaht- A mi(zc,)m AT, 0+BI, ). Wnike

oY, ) + gd,0)= 0. (VF mligen) —— K
Thon o (AT,m+BI ,x)+3 =0, v, (AA+R)T, ) +o«BI_,x) =0 . We
WM JV)J-V aw LT EMM&MM(IZ)W(B))-@ medhen ang 1o &
pealon maltiple of the dthan] no X must fe Tung Hhd afrp=0 amd olB=0.
Sivet. Bz ~1/noavtr 20, & fdloun Ht ol=0 , amd thon that @=0. Thuo, X fllowo
:F'Wé\ % thet X}Tgv asw LT, s ,
12.. Recalll Prom the NOTE o 240 2, in () Shedd It wBinprdid as 2y,
Thuo,  (Cn)') +bxy =o% mey= % Zy, (oATBl 27%) ”
o= 2/(c~a+2), v=(1~a)/(c-a+2)
whing Z ) demdlic: Ty, amd Y 4 b>0, amd Ty ard Ky 3 < 0. Thuo,
. y MwWWMMMM a,b,C.
(B) X0'=20- XY= Oqpvior nf"= 5o rf/ = XM =0 N 10 4zg =y, cm o
(X Y by =0 oo M+ Lm+px Sy =0 A=2/3,V=1
ro Mty = x72 Ly (G32) . Homee, M= x ¥ [AL, (227)+ BK, (2x**)]

©) xM'-204'+x8 =0 ey M=%+ =0
, f ' ‘ - AO &=-2,b=1l, Cc==2
() +bx“ =0 gquter M Zorflae b0 -0” =1, V= 372

AT M(X) = X Z4,(%). Honer, mim) = x3/"[AJ'3/z(oc)+ BV, ]

@) w43 =0 @=0,b=1, c=V,
u ’ - =0,0=[,C=V3
M +%I\3 +b%c Qfa =—’O> A=6/7, V=3/7 Ao M(X)= 7(,3/6 'Zg/q(%x;'/‘)
Honee, w0 =4x (HJ;N (£x7%)+BYy, (& 277))

13, (b) desdre (2% d»'.%(/g(x),x,%)-?_* dLa(g(x),x) -x"2 %¥M(x) =0, (%));
Gawa  mix) = C % Baaod T(1,29%%) + C, x%* Banodd K?:, Zx52)

() The docbve command gurto M= C[-pimat xe0x ]+ Cy [+ xoum].
The Ledlin steme mok to WWMM&A!Z(C),MW 4;1«.,(2&)
amd. Exenear 5€)'n mddiom Thal

() = X¥* [ AT, (0 +B Y, (0] = x 7= [ AT, 0 +B O:E/z(*_’,‘ -3, doy (26
= X[ AT 0 + B3, 0)]
- R [ALE (i o) BT i3]
= C,(Amx=%Xepx)+ Co(XAmEX+CrX). /
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15. /\3 4/\3 a=0,b=4 c=0, o=iV=i2 A0 MX)= X "'Z.,(?-‘%) Thue, }
() 4% (AT 122+ BT, (2%)] {on, »w«lwi/lj 1% [RJ, {220+ BY, (2x)]
9 = A,«F A«~:2x+8ﬂ;c;>2§c (%EXMS)

= C, /wnzoc+C co2%. Vv
16 dn ha Lork © Busod Fomctima fn Ewm, 2ndsd .y N.W.McLaehlam wnitio “This |
/P)\«uvw\m Stndacd @DMB»\N«&L wn 1732, MM&LB Erden im 1781 .

Hhe X avistines @) a madion mhre Aduti e ane nowr
QJML& BMAAJL'FMw«iLﬂ%& dtkﬂ I*Qfﬁig::fE:ﬁ£:$?q *{{,Mwﬂuuui AnlchEnMnyn;ﬁum
’L :

@) " [pg-x) Y 1"+ pu*Y=0. L br=g, dlam (31/)'+2M =0 40, 4n(50)
aleb A7 cg ocz,vm/;)()—g'i(z‘*’ ,:9’—) /9 ’
o M(8) = F\U—(z“’r)‘l'BV(rr) .

v 7(x)= AT, (2 m)+8}’3(-qm) BM:I%QWBzo.

(b) Y0)=0= HJ'(zcoJI“ ).

A=0 then Ytao 0, bchuech B mo maten oX adl. Thuo, A#0 and
J(mm [t 2,\:;%4 d}(l'(x)) ie,d (2= O-F'me_r_l_n 1,2, . TRen
The el teon. {kag~u~u44.&3“”£ ‘20 /9 = 2Zn, oL,

w%}-[—‘ Z, (n=,2,.0) h/’\MLZ?Z‘?OA:V\Zz’a 55%8654%%

we call CdvuaPrnd~w9 chd4luka*wa (x) (nd ke amedth,
%@&fMY)

Y,(x) = Ad, (2405 A= m))’(%) A, (5520 [I-%; ), Y,0=AT(2.654N1-% ), £ .
Supa:\I(c)-Fﬂpf-& o A=t amd L=).

(c) > with(plots):
> implicitplot ({y=BesselJ(0,2.405*sqrt (1-x)),y=-BesselJ(0,2.405*sqrt
(1-x)),y=BesselJ(0,5.520*sqrt (1-x)),y=-BesselJ(0,5.520*sqrt (1-x)),
y=BesselJ (0, 8.654*sqrt (1-x)),y=-BesselJ(0,8.654*sqrt (1-x))},x=0..1
s Y="-2..2,numpoints=2000) ;

1 Yix)

-0.

-1

To Mo The Yrea2,, Focve (Baad T(0,2)=0,%.20..3); Gmea 2404825558,
facve (Basal J(0,0)=0, X =3..6); 7}& 5.520018110, and. fadve (Baol J(o,x),

%=6..9); gmw 8.653727913.
¥ Londen: ﬁx{oﬂdUM\mﬁ me 1955, e ?43#» 106 -107.
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CHAPTER 5

Section 5.2
L Nud 15e)< ke for all t>T
(b) G tabe K=10,c=-5, ’P-o,-anmpoe. Yo, ondan
(c) ¥ = Mzt- (e*-e*)2 ~ e %) an x~>oo Cam Like K=1,c22,T=0
Pov Yoy quu&ﬁa&dum.
©) No S -(e EXNe ~ e*/z_gxmm %M%W o2l Th oo,
t=cr oowr—no MMM\MWMMQ

e/z. =L g
Kec 2K
&) Yeo. Contake K=5, c=4,T=0 Mffxmfh
4 mp wm(mco?-qu%@w

2. No. Fu & 1) = Aw\(ex ) &
I af/dt = 2tetcoCe “) bk — M‘\'ﬁc et fotn.
3. No. Fon example Jith o= et and o) =1 anc LX fem)=et o md.
4, .S‘L scoﬁ\mj t7Ve e sF at mn'wvu\oa,wi' W¢MA¢L"|&J¢H
8 *oORoS-»OWLM
5. L{fc'3/z = [P ety mmwmmw s danerngund :
MM/PM (1;-3{2.>|)

an (12)

x-zlze-sr, ~ t‘Slz. (as X=0) gorca &
6. L{t‘zlg} It ‘%e“ax doo atink : s Tims 1788 5Ens £ (an £50)

a. AAL?"'A : 2/3<1).
= te €t (~anmat)dt

Gt
7. Sy Goat e‘*&r = -+6o
H agwz-eWs =¢- E..j A«max
T A, s Arz-e‘“/s -
st 2 St
-_-_sx._.,g_-(...é. e ] +J.J’oe, (qcoat)obt) +- %Iowate at,
"Hw.oam»elc,s

*Ls/(s +6Z). NOTE: I
MDLP me codd hane M= é.*

Ao (144 s,,) L{epar]=L ) Liepa
"(5""\)'1'&1

M= coak avd dnv= e St dr ) am
ond dar = c{batd:t ik
y coat €° cﬁjjﬁbe e*at= @.I

s

M;ig
(O+S-w,) E"(s—m :-t:z) T s%kat ’
j°° —(sta)t At
(l

-sx af = L I -(s-a.)I'

-(5"*4-) o
I
10. @) L{Maﬂ §°Le
(s-% w -(s-m)t _ Q _
-(s—-a) ] -(s+a.) (°+5‘0~) 2(°+s+a) 5=
=_15-r (sm)tou_ -'-f [s+m)xcu o
bt )\ =g, Ao ¥ W

@) L{tbw\at} 1 t/-w\ate S ax

Now, So Ie Bt yy - - 1™ 1 -5 %"fax =0+4
olv

{ | frizas - /— -u.as—f) 245 _

Ha) ] T 2L 7T (5-ia)E(S+4a)" = (s%ar




Section 5.3 59
-sf /?O ~St a.(-1)(25)
(b) %fmmx e tat = dS S-I-d" ?W'Q» - o;t;aw\a;t e’tdl= mt
- — 245 ,
qora LY xoimat § = (Feary O
. oo ~sk -
12.@ 4 gcooate ot = g B, gueo [ Tepake A= s * e
L{Xxcoat}= (s—a”)/(s-m'-) s ‘
(b)jes"ouci- &jeotr- M[tea.t-'z%m“,
0D - -5
S’gf (it ek e (T *ars-?;,wwm
S5t g5 4
13. L{e } j‘ 8 : dar = 5 dt— —(s-2) l T&J w’
at ) P —(Res- a)'r' —LMMS)'T' : 450
Lie }'%‘:Mw-'e("s‘-a')l ey S—a."l‘-no( 54 4 Rs-a>0.
RBel: |e -(Re5-a)T L(MS)'PI__‘ -(&s-a)’l‘\l -:.[Ms)'r'l -(Qs-a)‘!‘ 0 2aToreo

Res>a. Wene aned Yhe £k thd |€ ‘0= |cro+isind]|= 4 e + A e—wmama

4. NOTE : mﬁmkmmmmnsw l‘bdra#o Fen

M. MM(W)
Daplace (DaMa(t), X,8);
oxu(rfo 1 and NA&M»-(W
(batb

J% '“s (mmﬁg e“s Mnl S(I—a),

Section 5.3

l.(c) PM fractma: i = _A ,B _ (AB)s+ (A-Bla

SZaz” (s-a)(sm) S-a s+a . s a.’-

L ﬁ\f)a}* —l{%/aza s Mgzt =Lmsn 5 2a 5%

AN {'/S-a'j ~& {l/sm'g %Mw‘%"l Ll

= gL c"“t- & sk at

Condiion: U {2} = ' (a2 )} = e % €

= y P 4 -l 2aC
- [Tttt %c =¥ e eTac = € € Vmll = fachat. v
. -1
@ Pm ;WLM: = ey - ,»o ' {ggs) = L'{%-3a3

= ['{§}- L.l{s+|} a‘J’!""““""‘tjd[;D =1-e X

G : Uzt = "{-‘%*L{su}“l*e = (ftac=-&|F= 1€t v

2.©) madlily (Raplace): .
(/(5%(5+10),5,1); gues l-et. v
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‘ 3a
3.(6) VI5%35+3) = g5~ T (%)% i © Pt XD ety 2,
mwkh a=3/2 aML b=d3/2. e
1 s - _&.——- ( t/ =T
© V%) = myy = 1 e _’f ze%,)m& 2, (%9%/2 2’sab -r/)a
_re L—Q———ZL ;Zle ﬁ__.zﬁ__
= et~
S+1 (S-'/z)+3/2. S-Y%, 32 Afp
9 5= G - (- 5B 2L (5hy-Ta
e /zcou 3z ¢ /2 wa‘*t t/g_[et/z ot %ex/a +t/9_] _ zex_l
(WQMMIM%M%Q_ Mﬂ\dm‘i‘f\wm)
4 6'3(3), Mmm-}’an‘l g%ﬂcmﬂd Knductim
X Smonma To Hatk < xwo-an-k%md*LJQAoank I

n= k Lf_‘g:(‘k)} stLi } S&-l‘}(O)- ’Z§I(O)_“ -5 {_(k—l)(o) b
n= R+l [_H,Hz-m'} L{% } ' 5z -E( ) amigtn\
= SLfg}-?(o)
= s]s*L{s]- s"“ $(0)-- §”‘ Y01] - %0
= 5®* | 7§}-S*50)--- - £%0) V
5@ fx9= (THOEDAC (L -1 )

= [P g A = 5 ggoflapodp = gxs.

AT = j fcc)U 9(}1)3\.(1‘—1: H)Ap] 4T

(b) f‘%(ﬁ%’n): fo f('t)[fo 3%)#\(;(:-);)&}1]]*1_
] =5 f T 6@ 40 h(t-TR) ApdT. %

($¥q)xh= tr [rf(%)g(t-)k)ol)xn hit-DyAc o
= j f -&(/&)j(t-)&)*’\(t—'t)o\}xo\f m(c)m) ;\—f}it}*)dto\)t
hmbwmmd»&ma%mﬁ?mi«m H ROLIS TYh(t-p) dpdt N
FNMAJ )4—-5 V. Thew = f j f('c)gcv)‘ix(t-t-v)dvdt 5 Mmm
6. L{ £¥ H\} Lfﬂcﬁ*m} L{f} Ligeh} = F) [6GGMHs) = Fs)GeoHes).

7. Fam , Vs* = itt= 2.
O L’in/s’} ENEE e l%\*l" L Xat = 1% t= j”co\c £le..
o.m) LizeWj=sL{e*}-1 2 | | $9et]=g Lse*t-s-32
5= 53! 23 ° gg-—ss
= 3‘,1"—?_—}2 = S%(s+3Xs-3)
=33 Vv _ o sS-3
=2= v
(c) L§2t+st= sLix+sx-\}-(-|)2 L{2} =s*L{t*+52-1}~5(-1)-5 2
srErslnzal | g SEGE RV
=542 141 Vv
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10. (b) L{j14>3rx~1:)41:} L{mcasﬂ L{u}\_smgq___._z__:_%__

= 59 =

1. (¢) L‘{FCS)G(S)} _Zé_} = L-l{%s} = 2'2hxq= ‘_‘ixq- whies ‘5(1')3(*):*.3
Section 5.4
1. (b)\3x,+éx ce?t 3[s%(s)- 516)]+x(s)~t3%2 ?;.;ca %(5) = (5_2)2(5+ 755

= — 2

| -v(s—iz-s+.,3) po AUt =L (- 7).
. “A (B"

©) x”+sx lO 5*%-5%0)- X'(0) + 5 [sX -~ x(o)]- S b_x

- + BYBA ., A «= 1% €%+ Ac

-C
= 1o, ket C’Am (B+5A) (] S0, +Ae
=2E+ F + g % (8+5A)(l e J(°)/5+ F\e
Lamd , XUAK) = 2%+ C+:D8
() x,“ x 1+x+xz 52X - Sxm) ~X(0) - x+&) =t+he g
6,
BA .
s—s S-1 * S‘(s-l) + S3cs—|) + 34(5_n

Ao X =

xt) = (B-A)i*e + At +i‘a&e ++t% € +Ax
= (B—A)f e‘olmhe +j (T+4T +J—‘c3)etto\‘c
= (B- ﬁ)(er l)+ﬂ€ 4I—3t" 4 - %-}-43 m,mw
= ~4t- 357~ 413+ C+DEk
() '-«x'-120=X, %(o)--l x'(0)=0. szx-S(-n -0-(sx+1)-l2% = /s
%= (1+8% 53)/(52(5 s-12)). To MPMA @M Pructimo, LuXo MW«TQL.

ano\t((l-i-s 2-5 3)/(3 2%(s" z—s 12)), ,8);
- 137 47
o X=-hntims Z‘s+3 233 >

A0 ")qt)zqu, -,.1; 33 e—zi— 5‘_7_&417 ' ‘
0) OFf cavtar, Ao mwl&m:t appreveh £ o mbignadi fonet faondl :
X“(+)- X "“(0) +SKt) - 5""0)6’ 15 o1 xe5x'= :g_ +1. Ogaun,
K'4)-K'0) +5xt) -Sn0) = L +x o1 a'+5x = §:+x , omd WQH,%

53?(. 5/(6) §ét5) IJ-I-S'[S?'X, S}o‘fp’] 1. A0 (s +5‘5‘)x- 5+l
zq+55' - 24; 24 24 ____ct__;_ 24 4 300 3 3101 L 31000 ¢
T Sss) | 5 51 35 5t Vizs 55 65 5 Vies 53 Visws sz 781255 18125 S+45
146 3 ‘f__ 2,12 3101 4+ 4 3lol -~
)= s 1 et T+ T R T+ A2 (€71)
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() X —-2n=t, 4\,) =)= %0} =0, X "(0)=4 . S*X-S}0)-5%0)- SO)-4-%X =\,

X = (L +y). Ll uo #pamd (s%1) monv WM«O— an -SZT_'Z?:I'%S'& ‘
¢ l)(s (NOT€ We MMJWW "I’fu. +
L= +B.C D M%&WM/&%& Gnd AD Mrm AL

S|  g-] S+l t33 s

W Fecaune 1/(51) amd V/(s51) ane MAADMMQL) L'{sz 1= = A t
and, L {szu} =k, po
AU) = 2(MT—MX)+.L*( Ak X -1 pont)
= 2(muht - k) + £ [ (AT - ouinT) AT = 2(amhL-pudt) + 5 (GehT+ cok-2)
On wwvw{) YY\&?QL,
M({W{xm,n 1)-24) =1, 2(0)=0,xX0)=0, D(D(x)) =0, 'D(D(D(x))) 43 )
)—fdww %(t)--w%e* R A 2Awd:-—e
Z(a)rN\.L AM}/)«&&‘ WODEWMRM
’15””“:““9 Sy et A ﬁjﬁ“’f,’
S"x - S" " x0)- "(o)w " im 8. .uwcc (s)Acv
A(s) “M'H\L sh
£s) 4n (2. |) il Mwoom«ﬁv X JeasX one Lw"l"ww Q(s)
(b) Bg’p FroFmo, Xis) = 5?5')2:5&'3*5&‘5* +§0:_n§ mrkang. (nee Apponder
A, lew) a,= Ps;)/Q'(s;) ! *
2 2) OT% Hene, %(s) amd X(s) md‘h MM Lfxmd.
3. (@) mx"¥rx=f1); 'XIo) X, XA0) = Kby et oo
myie) - mao) + & 5 x(t)d‘t f f(0)dT wm
k) - ma - mxot +kj j 'x(0)dTAL = 5 _( Soydcar. — R

\\>><1:-x MWE ft -

o

+'a
x

Fetydcdx’= [ jc Fmax AT
= j Fe)(£-T)4T

ML) =M, - Xt +'kf XD(E-T)AC = f FI0)(H-T)AT

RUX)¥ X {(t)%t

(b) M¥X— MY~ —mx!L + k(%) L) = 00 X= MA S+mx! . F
) 'x—as 52 (Xs) (?FX )) Y + S+k\/

4, my'rcx'sky = £) 4
MX'—mX + Cx— CXy+ kf'x(c)d [ £(£)AT
mx~- A~ MY L+ c_(' X(T)AT - -cxt +A<J”*(’-'m)o\ux =, f -f(t)d:tdi:

Mk) - MY~ (X c, )t + fo [&(t-T)+ ] RIT)AT = j o (FD) §r)aT
B £% 04) + C#%E) % $8)

/

Omd RO M.
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5. Tu'+ x’+;tx 0, %0)=1,x10)=0. Lapls WM

@) f tx €’ *ax + SX-X{0) +f°%oce Stdx =0

st
fch:-t-sx-l a_g'x,eouo _ _ _ )
4 °- 4 [ "~ se«o)-x,é)]-ksx |-4% =0, -"4E -25% +145%-1-FE =0,
G0t vsizo, 44 Hco, Foep Bz, WLrHInE e
C
=’%C,A~a TR ,Qw(ﬂsﬂ) C W = o ‘
_C(H_Sz)'/z. Ld/sz—nTa»aﬂdme

(b —
) s(H-/;)/z
S 234 35 4.
(1451 z:l--;:n+%n,-"5n +3‘°;;n -z lmgRA - F A 2T

LoaL
X=G(-dhr g ghr st )=Cs 45t

so xk)=C(1-3 7t +g4|f‘L 'f%glx6+ )=C(1-4t
od tham XL0)=1= C guen C=1.

NOTE: You might wish to discuss the foregoing exercise in class. One important feature is
the complication caused by the nonconstant coefficients in the ODE, factors of t causing d/ds's
and hence leading to an ODE on X(s) rather than an algebraic one. The differentiations
under the integral sign (with respect to s) actually involve the Leibniz rule, which is
introduced in Chapter 13. Also, the idea of i mvertmg a transform by expanding it in inverse
powers of s and then inverting term by term is important. It is easy to come up with other

such examples, such as:

er Goa/w»t% W,MMM & &t?
g (,+a_+a)+(a) )= % +$‘L - = 1+ak ZIR

-4_ 5, a/s s
-l1¢_S :
e U'{gfzi=ceal. MT ¢
s - g, @l V=L G, L. oy -a? A>3 |
sz+a*—é—zmz"§(“(3‘)+(§‘) ) s-brg 7 CL LI+ L]

&) L§5+5§?WMMMBMMWYJM%
adne :
Qv\mukm L

SiE°S TR - L-E+5-5%m +) g mt g
an W'-A‘ft M= a mmmmk {founmed d.n.(,tﬂl
‘”r"?i dIvvaj

27, {Fi
| av’e_ +_L_@. (-3 _q”_ 35&+...
{5-a - =k(0-%) 45(' +—‘FS: "‘IL"€S33 )

l.3 '3' a. xR
b+ o 53'?-"'24—%577,"'2- 572t

‘V?‘ x/7— - 3/2. 3 S/a | 232 ‘
& x - “en -
1‘('1;) z e RGED) ‘?—%‘ vyt A’n‘x(""“k* A’%z. +) nC .

24 .,
- | Jfft + L
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6. C(T)= j'oo Tdaatd Tz(v)alv SaX 0.074¢= &,MM,M&AJ av =1 amd
yrt=s, ao C(E) = [, e (m)mx"‘atn_} "

(@) C('T') T, then C(rs) ,;g AO L{ZIES: ( )
po%zﬁ f( m i.{gg Jzﬁ:tn,{n( e(t) e =2 T

(b) ¥ CIT)= 'Pe”“mcc@)-r ‘"Mmfu—) Uiae®l=F %

Thuo, (:(417)- VA Quttomg I 7T 0
(0(1:)-24271“ \/(4a.t) o, ff”)“z'r_ﬁ’ —x/(4au)

7. Wewnd % hemethe Aol Kit,s) an Fea)= f K(t,s) fx)dt aothat

L{g’m}-«&w (e, a mulliple o} £ ac,wzz.:c) Wk,
L{smy= 8, Kct s)f‘(t)dx Kct,swct)\ﬁl:“j HKrs)fir)ar , #0 mbm«LK

that BK(ts)—Cu:m.U:prl.ma[;K sK M‘a»&«a sK?«m
T 3%
K(t,s) T SE bathaX cane, L{FN}=€ e STNEEAN K(tS)ftt)At
= -%(o) + 5;(5) )

=l

nehach, v the dusud farn.
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e Hex)

-
L(b) §m= € El—H(t—l)] t- e Han=E- € €™ He-D T\Q‘x
e

po Fis) = g - €' L{ €T Har- 1}

t.mmt-\gzo whne §1)=€ wq- 0
- L -gle’ Ll = ~s+D) i
= S+ €€ g T S+1 ' i o

@FWMMMF(S)KRA& Fcn.mm{ﬂl %dﬂm:tm '
Frsy= (g edr = [o € Lr:? I‘ Ty = [1-e ] Jis+n). v

(c) f(£)= z[ch ch-sﬂ 3[H(t-s> H(t—‘?)]+i H(t—v) fzw» . N
po Fe = 2(k- §77°)-3( & €%+ g i ;-—-é-—t,
= 2-‘-—5‘2_ +4§f’5 3} L

ank 1= H(t-Sﬂ) 7 = ik = A [(£-51) +5) Hix-5m)

q) fx) = .
LoHa)  =aued+pin(t-smHEST) | F [f\ Ak
Avner An(A+B) = AnAcrBmmBeoA. Thuo, Mg /'< N,
y,»:liwg 30 mdh f(:t) Aok aswa assm, . l Vo st
L - 1+e
o) =gy +e S%+|  S¥+| 2L
2. (@) »§ £ (b)g cn(t-2m) (c) &T E (d){',‘/ - R/{
b e’ I ;Y R ¢0 . P .
. . | w ot I t 2 3 T

' x
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o, £<

3.(8) Funik, et het §E eieerat =5, £o0 = = £ U0, amd aleo That
i 'EH('B)d:C =¥ H(x>+mm Now, T-2= M,

j 'CH('C'Z’)A‘C f (2+)L)H().L)d)x (2}“_#_ )H()*)‘t-z
[2(t-2)+ -L(t"Z) ]H{x_z) - (%)Mz) = (%tz Z)H(t"z')

@,L 1o He %n,',g o TH(T-2)
nLigamd (c-z; M«I&Z: mafaa 1 I /
(@]

[ ch(c 2ydg =§ O £<2 tez c(ef-)Hit-2).

f’ttou: t>2 + —z t>o0 _ 2 T
© j [I-Hes)]dr = £ - j “Hee-s)at =1- f HO4p =2~ /*H()t)\)& =1-(t-5)Ht-5)
(©) The avmplic rootam § [y |

ana I 1 _Hi<3_x
CM%\M&MT’\Z%) Hit2)- H(‘c-s) . P = iy =

I THee2)- Hcc-snm 1[| H(t—z)]+(3-t)£ Hex-2) - Hit-3)] = 1+ (-3)H(k-3) - (£-2) Hit-2)
(h) % Hige) = 5k Hio-) -0y AT = £ [FHanac - j%H(c—t)o\t
—xf "HOxdp - j eI = x/kH(}*)\“ (pti )H‘)‘)\
= x(x-t)H(x-n) [t—l+‘t"’ THE-) = U Yo

4, (b) m;t(x*Humo«A&(oc-z)) X =0. 1')
o A 1F-2 , mdweh Ao INCORRECT X hadd Je Hhat Tmea HiE2). 2
(c) (1- HM(%—S’),% 0..X);

W +L- *-IW(I-S)-P——-MM(PS)-&-% (‘:“Q’Q%‘W%)
0w, P (%) s, the B ﬂﬂwx Mrasan (92 121257

Mmuummau SN W i x<0
I& ’1 | e

Ao, (X) = 2Hm)-| -l x
Thuo , '

% = ${t+5-t[2Hk-5)-1]+ 5[2Hk-5)-1]} = T-(4-5)H(E-5), 4o foumd am 3(c)V

(€) 4l ( Heamarde (172) - Hoaroude (%-3), X= 1. indun®y )

-2)— 3 (£-3)+ -2)+4X -
ca(ww 5~ Jii.'zw[v\«wv(i 2)- 5 A Arsparn(1-2) N-r\vavx(i' 3)
= 1+ (£-3)Hit-3) - (F-2)H(k-2) , a0 an 3(e). V
5. (b) %% = € H(t-3), %0)=0. s
SX-0-% = _f°° st e* Hex- 3)ax f e X yp = g% /(5+1)

ro B= €3 ESY(sE). At = € Hik-5) Ach(t3) , from entinse 5 (uth
a=1)awd 30 (mith f)=suwht and a=3).
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() fet)= 214:———% = £L-HE2)+ 2Hd) = - tene-2)

Ao -k = £ E(e-Ha-2). STR=h~ S, RE gy ~5gemy

IV R R B t_ (Tt T =8t-‘17-l. A e st amd.
Fanat, S%(5-1) = 52 5-I —~Lxe —fo'te, 4T With this

_e?s - t-2
"”‘13‘3 30, s%(s-1) (63t “2)-1)Het-2), s0 Ah)= eit-1 - [e =t+1]Ht-2).
@ W-x=fa), xO=0. sx-xX= [ 1) e‘S’ar=o_ deeanne FE)=0 AMMM&
e o a ”‘”‘XQ‘ o (Whune & =200). Thua, X =0, X(£)=O0.
20“

)

fet) = © :———]9_ T =20[I-H(t:l)_]+lO[H(t_-el,)-fo_‘f;]= 20-10H(-1)-10 H (k-2)
T g the ODE gques S%-X = 259--10%_ -10&-

Y = A9 Al -S— 1 Q:'ZS
80 K= 200 ~ 1057 & ~1057 & )

x(t)= 20 1% €5 -10 e Hia-1)—10 €F % Hik-2) -
=20 [feac -0 [fHa-netTac-0] *Hen)e o ®
= 20(¢F-1) ~loHat-1) £ ¥ Tat - o Rt-2) §F e*Tar  ©
= 20(e¥-1)- OHE-1) (€ -1) - 1oHt-2)(eF2 - 1)

(¢-0x =
A0 % = 35 £(5) ‘ .
amd the consldlim therom (k)= e¥% $) = € % [20-10Ht-1) - 10Hx-2)) =ske.. .
Th pok el ar i T e fo o f g et 5y 25) oy e covrnedin
ﬁwww»)aomdf_‘d,‘i‘&mxxio ML{«&TG W%&W ’L-f(t) L—ou.wu e
wd “p % anstrar o] 1/05-1) b the Amartnvol ' Mji;i(s), Ame b, m mtmﬂa
the owamal o F1). Thad, the abnt odudion ueme « MWAMM
mm weth the fpreosion 20-10HE-1) -loHe-2) mf&}&iwﬁwﬁo’wdf,
oed thom amnerdid. The Tramntovm. , tnding alh “fhe ean v ) |
T"\wwm o-AJmooL& mm)w M)P m 2(3.
NOTE: How do a MT& Aip (gomg from Jone © To bie @)
§F Heen €% de = o) ) €T at? Mot qminally,

f: Hr-a) fen)at = H(t—a-)fz £(T)dT (a>0,%>0)

becance. The HeT-a) It s the sdignand 400 willd T=a. Thwo, 4 t<a thon
ﬂ\{miha nell , Hoarvntd. ”W%{W “Turwad m” amd 4 X>a
6. (b) dastre( {d%(«.(t),t)—xxx): p(-X ) * Hesnade (£-3), 200)=0}, x(h));

: - ettt L x "y -
Gweo The suodt x(0)= e* [ e, Hearvaude (U-3)dat .

TheX 45, M%MWWHWm
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NOTE: For the Maple dsolve command to cope with the Heaviside function (and also with
the Dirac delta function introduced in the next section), use the option method=laplace.

Thuo, dechre( {%c«cx) 1) - %(k) = 2p(-£) % Heanwide (£-3), 2(0)=03,
k), mathod. = .th:ﬂwc&),
ol Aamt amsun an lawmid abavt an Exetewe 5(b).
7. (a) «’=2 = H(k-1) , X(O)= 96(0)"0 Cabl Het-1)= $0t)
s*%-Z = §, X=g Fe) so AUb)= Mmm—mw Hee-1)
v = 5 Het-1) s (£-T) 4T
it ) = HOt) §F monhit-Tydr (dyboxed
= H(t—l) s pn(TR) AT fowda, pec

= ~H(%-1) J" x/mk/xd/w #Mm‘“)
A0 XAft) = H(t—t)[comt—u) 11 NoE: enh(-x) = coh

(b) #X-%=F, T= A= -E(s) po tE)= mucht % F05) = owchd % €T Hir-a)
4. j’ 8T Hee-3) A (£-T) AT
= Ht-3) 5% €%auh(r-t) &t
4 Hx- 3)!”(8” 2Tret)ar

sonht -f(t)

A0 UKE)= #H(t—s)[cs—zx)e +e ‘]

Section 5.6
l. (b) x"-4% = ¢ S(k-1), xKo)=0, 2'0)=-3. Calll GS8(t-1) = fIX).
= —:'-_.3_ A
5% +3 4% = f(s) o +s’-—q— £(s)

J.sz-_ £4)=6S(t-1)
o k)= = Fowhat + & mwhat & £8) = -Zovhol+ 4 [ c,S(t—l)Mz(t-v)dc
Gueto © 4, T<l amd

Thuo, 3 auch 2(%-1) *6, r>1
x) = =2 mrh2t + 3HE-1) ok 201)
Chack Lp mapﬂz

M({%(m) £, L) ~4% X(X) = 6 % Duac (1-1), %(0)=0, Dlx)o)= -3},
x0t), muthod = L.J,,au) ;

(c) X"-3x'+2%=2.+8(15), xm) x'(0) =0
(535 +2)%= 550 ) %= siggis #6) il ey ceval
ro xiE)= (& *_e%yu[2+514-5)] = j‘( e‘)mw Fsas* et u
= e* 28t+l+ie2‘*'5’ +-5° 1_”_ [acesrdong To (13)]
= e-2eb +1+ Hot 5)(e“"° e"’"s) Nele thak the fout Two fivme
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W&%M*MLW%M’MC ‘+sz)~meaWMW .
Co’\nwtomdmgié -Fo'\vm Town 2. amd The HMMMQWMM
cm/\.oofamohmglb%g_ -Fd\amgiﬁWv\.S(t-'S)

NOTE: b csg Hhe Ateps s Wﬂ%mwmmﬂ?
follow from (13) on 3278 ard ane Ldee Hhae am (16) im Exemple 2. Nunenthed

WKMM EM")"QM“M%WM%

fo S(T-a)$e0)at = Hi-a)F@)|  (a>0,t>0)

(£) 2x'-x' = S(k-1-S8x-2) , XO)= X10)=O o
2_ S | -
(28%-8)%= F A0 X= Pros s-f(s) 7953 = é-+é—7z—-> +e

o k)= (-1+e*2) % [St-n)- sit-2)] = f (sen-se-y)i+ eF 2 ) dc

= Hep) [-1+ @ F 2 ] = Heg-2) [y €F2V2]
() x’"—-zsct-S), %(0) = '(0) = X"(0)=O. A (A Sose bt Cam nola L\}
WM(.LC,% A»J.T:a&ﬁm) f()&tgwm
%(k) - xX0] = 2. jo 5(t-5)dt = 2 H(#5)
K(k) - W = zj Het-5)dT = 2(#5)Ht-5)
Ah) - 440) = 2 ¥ -5 HE-5YAr = (£-5)°Ht-5) Ao xth)= (57 Hit-s)
x X

T% (ts))/ ot

5 L4

(4) x"-4x" =38(t-1), x(0)=%10)= 9(."(0) o, x(O) !
(s4%-1)- 4-(5295).. f) X = 54 o + s‘* %,_.g:

RS TR SO - : — v
Fist, 5%-dat = 8¢ 554 -—*I‘%-‘-sz--"f (t~b)l>£~va\2‘to\’t_...%_,+ Avné\zr

A0 AE)=-EL +Fawhat + (- ¢t+-l-wzt)% [3scx-1))
= mt-x + -szt + 3 S S(t-x)[Mz(x—t)—ztt—t)] dT

= g L+gamhat + & Hit) [awhat-1)-204-1))
() x"-x= S(t—t) ) x(o) x'(0) = x"(o) x"0)=0
(s*-1) %= :?> X = s*l’f

Fust, 5% s B2 si+1 = 'L(sz '51:7)% T (poht — ) ;) aor
Ak = J.(Mx AnL) % S(H-1) =4 [ L ST Ak (4-T) - An(t-T)] AT
=4 H(/t—l)[wtt—n—ma—n]
2. @ Yo [ a) st = 70 gix) setrar 2
J “3(—1) SITY-T) = 9(0) 2
[ 96T §()aT = 4(0) 2
a(0) = 9(0) v
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3. NOTE: You might consider discussing this exercise in class. The properties of the delta and
Heaviside functions that we will use are these:

H'#)=6() or, H'(t-a)=8(t-a),
and

_|f@é¢t-a), if f(a)#0
F@o@ a)—{o, F F@)=0.

(@) Protdm : Viordy the addufion  xt) = Hit-2) s (£-2)
X'- = Sft-2) , X(0)=x'(0)=0.
xlt) = Hit-2)awh(t-2) a0 «0) = He-2) sunh(2) =0 Meeamae He2)=0 v
2/ (5)= H'(5-2) s (£-2) 4 Hit-2) epvh(t-2) = S(1-2)avnbh (£-2) + H(t-2) b (1-2)
= 0.$#73) + Hix-2) ek (r-2)
= Hi-2)enh(t-2) a0 x'0)= H2)enh2) =0 v
x't) = H'(1-2) erh (5-2) + H(t-2) sk (t-2) = S(t-2) eh(t-2) + Hi4-2) aulh(f2)
= 8(1-2) + H(t-2) smh (2-2) _
20 X"~ g,= §-2)+ Hk2) Ao (-2) = Ht-2TAwdn(£-2) = S(H-2) V/
(d) Potobbinn : Vanify the sdlichon xrt) = 2+t -26 T+ Het-2)(1- €~ 42)
X'+ %'=1+ 8(1-2), K0)=0, X/(0)=3.
Xt = 24+ -26 %+ Rx-2) (- ®2) so xo)=2+0-24+0=0V
2= 1426 T + Stt-2) (1-eF2) + Hik-2) g X2
= 1+2et + Hit2) €520 a0 alo)s 1424023V
K= —ze‘;:t-l— Sr-2) e‘(:” + Hrzi-;zz()-é' (k-2)y
= 28" + §(t-2) —HE-2) e Y
ro %'z et + S()r-Z)-Hrg;zaé‘*‘% Ot e B < 1+ S 0) v/
(4) Paddimn : V‘fwh the sdution )= B8et-4e?F + b0 Hit2) [eZt'é- et™®)
K'=3%+2% = 100 §(£-3) , X(0)=4, X'0)= 0.
x(x)z get-4e?L +100Ht-3)(e2t - e*%) so %)= 8-4+D=4 v
x't4) = 8% -8 +100 $(1-3) (225 °- ¥ ) & 100Ht-3) (26X % 573
= get-3e2 +100Ht-3) (2 C-e*3) 0 1/t0)= 3-840=0 V
X1ty = 82X -16€% +100 $(£-3) (274 - £573) +100H(£-3) (47 ¢ —X7?)
= get -lee®® 4 100 $(1-3) + (oo Ha-3) (4% - e273)
po A'-3x'+2% = _BEX-16-2F + 100 S(1-3) + 100 Het-3)d et - e¥3)
298t y24et —300 H(1-3)(2 2% —e173)
21T -3 roooHit-3)( e et 3) = psi3) v

Section 5.7

L (b) 1/(s%q2) > kamhad so Vst~ & Awhalx X pohat )
= L (% pnhat avcha-t1dt = L tephat - L snchat . NOTE: As mow
M“z,fzw pusmard, & une e piwpls, > brtation @Mmﬂx,
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Thure » L et Tham me wam o wnk. ot Hhosy aanaims amd Mo A
willl Aanve a FEGA mwﬂmmmwim&ﬁm
Jocww?Qe&vIo mre, the fadl il ; %o aihn a Jacden f -25 , ' w
o The 8- denrabiar, x}%ww Ifs%ar) . ‘lTCvSiAAa, e
1/(s%a%) =" L pwhat
20 (Theswm 5.7.4) &( ! )—- 25 __ o —tLanhal,

d5(secar) T Ts=ay

! — -29 - o )
('sz'_a-z)z .—--2'-§ W L d ‘12' * ( -a'-/w.J}\ax)

= 4 :'lekaa;d'c = —%Ma‘t*-% ephal M)‘%d‘c.
S _(5D¢z _ 1L, 2 %, = (et
(c) eah T rear T 5 +Ee > € +2e°k (\+zk)e
. : 2f
'PM@, ‘32‘1"" 2r M,L} S*M) 252"_'5)?.-? Ze :‘tt
©) V5> VAL 4o, J'D 5-phdf, 1/45H aae /{TX
S _(s-a)+a Y 1. a4 o JX
> (s-aye ~  (5-a)z ga. s~y < <ﬁ}+ 'I;)

Incanae, VA5 VATE a0 (Iy s-ablff) ViSE 2 /TE
amd 1/5% > 24X po (4 v ) V/(5-aYt — 2e i/
(L) Vst—1t no (s-ahdk) 1/(s41)— tet.
Thon (b £-abfl) €25/0541Y" > Hit-2) (F-2) €7
() LiF) = S50 € ol = Ja(1-L)  amd d/ds gueo

Pt - . xr .
[-tfnestar= 28 d ol 44 puhal = 20 [ smhatde

M so <1 £0k) = afpehat-1)
farce, F(E)= %(l«aﬁ\«i‘)

n) §%23-4=0 dua §=-1tf5 =S Tham 4 o L b
() S+25-4 s 5 =54 (5-5,X5-5.) 24'5( S-S, s-s-)
t +st 5t -B)E S
%z'y-g(es*s—e‘ )= 3z (e -€ %y 2 L X sk EL .
Thow £ 3)(3 5 EH3) € A5 (£-3) .
5,055,
4) ?(l_—i——e’?): L(1+ és+€::5+ é”—t»---) ¥
-_—é.-}- Es. + e"s+...
~» 1+ Het=1) + Ht-2) + Hie-3) 4o P >t
) L = LS, g g% '
S(l+e™%) S S S s

F4
1
— [=Het-1) + Hit-2) - Hik-3) +-+ 4o q,"pywu wont ;

(x) -;-L—g- =5t !;’;3- g::s{.--. - %1+ EHE-) + 1xHE-2) 4+ F
55-e™) = 1+ Hot-1) (1) + Hite2)(k2) -
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-25 -435 -(t-2) ~(%- q,)
oy ! -l e + (k-4
(u) e A TR S+ > 'y Hite — + Ht-a) €

vy € Vs-8)~> H(t-t)ez“ R

) L{Tm} = $° J,(4) e Far = '/:Js +]
onso ?m $2-£3,%) e, Yax = = s/sSH12 po S/(§+,)/z - tJd )
(%) e’ —--.e.(|+e S+ 8%+ )—'--—-8 - &

S((-—- 5" 50-e)
T;\L — — Hot-1)-Het-2)- H(k—3):r;‘ ,,\KQ,Q‘Q
2. mw‘ea.PQNf-—( eomand. Mw-wu aon mel ) X Canta .
Fou mmﬁ( &M A\.K 7?:?.«2 swoult v Canry (90) (), (L), (W), (%),

3. () ok & T, Aorcsv) gua _ats
= - -e” 7 _
L{pint] = 1 f o 5 g 1T = ok
4. (@) Lifat)} = § sane” Fark j f()ef’/"/a’#s LE(E)
Yoo ASZZ Yaiod 2t/
b | {F(o.s)}*zm dioo Frasye” Tas :{ijﬁfd‘xw Fye thz = L £(X).

Thw umwwmm Eqeavelndly, st cam ahor Hhat
?9‘?(“) Liz s =, £54 )es’AtJ[-Lf()t)e P adp = Fas)y
t/a/x )
5.(0) §(s) = 1——'—:3—,5;3&&:2:20& - e-ssfz eStar = J..ll_—_?_—ss Al -
2 3 5 -~

MM MJQIM&\//;{

Tre) = ..z -st _ L1 é-z(s“)
(@) 3= - e"ZS f ot = S+l '[’*efié"
©.(a) X+x=f), SR+X-%,= -F X= Zeo SH S-H'*F Ao K)= %X, e"t.*. e Ty $t)

Nows, ;rt)-l H{t 1)+H(t-2)-l-l{t =), AO
wit) = %,&" + [T eV [1- Hr-n+ He-)-Heez) +-JdT
- %,&" -x-e’:f1t e[ 5 lat
= %, € +e*{5*e@at ~Hit-0f Pt + Hp-a)[F et - H(rs)jxétm -]

r1

= %€ +e*[(e x) Hee t)(e’c—e)+ Het-2)(et e) ~He-3)( =€)+ ]
= 2,8 + (-5 -Hit-1)(-e%) + Hex-2)0-e2F) - Hex-2)(1- e”‘)-»

(b) The M 3 wlt) Ao the M«}WMMJW Y xzo0,fnex, xtt)mwatm

ez ee T
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&X:Aomﬁmotw\)éu 2 i, X(t) A widre. Fron Hhe swabt-hamd Lupne X Lerkea

mam(mwﬁwzﬂmﬁwwﬂgﬁxémﬂ;ﬁxw-.

Fnanample, 20170 Ao 2023 $0. W e ruahy Yok the 2t) graph (b X the ncght

&mem@w)km‘ﬁ“ ny the graphe s the Lopt-hama

ne (loh the cumeo Lddhd + cnndid 4 “W@«MM-W%M)
MMMMWMK&)M&Q%«W‘WMT+00.

)

To “Fhic pow oy’ Jnsle enthe L o o percdee
PP rpwirs vl e e S N
Wl ©

) - - - -
XUr) = &é’c-»,[_l—'ecw)]kl(t-o) - [-E* Tty + T1-€ * “1Hee-2) ~[1- & g)l Het-3) 4 -

X(t+2)= 2, &8+ [1-€X* D Htke2) -[1-E* O Heke) +l[_\:g’~‘ TH) - [1-6% P THA-1 ) 4
®

Olowwe Tl @ io sutical Jo @, sothe “pot Com ine cherme %, so Had He
WWMM?‘W«J&,%& J)MM&
X ~(t+2)

£ 1-g B4 Ly g™

%,€" = %,
whane mt howe, moed the faed that Hitez)= Hite1) =1 m £20. e
Ko= £, € = E24€", so e gt x,= 1/(e+1). Thallio, Y 2 =1/(e41) aune” o o
pres sdudio. v
T (@) Qo an Exerenst 6a), XHA)=2x.8 +€ * fi).

Thio Bime k)= Sk - 3H0t-2) -3H-4) =, 40

2r) = %8 " + [F @ F W [E1-3Ht-2)~sH-9- - ]4C

-t

= %ce—x.;. étf;et[%t—3H(t—2.)—3H(t.4)_...'_\d-c -
= 2,6" + &' £[F velan ~3Hita)[] ear-3Hit-4)], 74T —]

- =L x
=6+ € [ 2 € (E-N+E - 3Hx-2)(e-€") —3H(t—4)(ex-e“g)---~ ]
= %,€% + 3(t-1)+ 36" - sHir-2)(1-€ ) - sHer-u(1-€ )

-—vee

-t - .
(b) Go alne, x(£)=%,8 + E % $08). Thes hw | §04) = 2-4H(t-2) + 4 Hit-) -4 Hit-6) 4
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CHAPTER 6
Section 6.2

2.(b) /\2'=2%I\3,A9(O)=O. X,=0,h=0.2.
M= M+ Hxso,ngo)% =0+ 0(0.2)=0 o
Ma=#, Fey,g)h = 0+ 0(0.2)=0, and 50 m. Indud ) he ol s Hx)=0.
(c) Oo am (), YN =O.
(&) M'=2x€™, N=-l. K=, 4,7 |, h=02
M=t £, M) R = 4+ 22,€9°h = -1+ 2(2718)0.2) = 0.0873
o= Mt T Vh = %,arm,e‘?j'@ = 0.0873 +2(1.2(0916)0.2) = 0.527
M=+ F M) h =y, 4 X, €90 = 0527 +2(14)(0.5%0)02) = 0.858
3. (0) Exadl pdulon a0 Alx) = X*+1,
2% 0 ol 062 03 04 05 oL 07 0% 09 IO
Ealan 0y, I ] Lo2 o6 L2 120 130 42 150 1772 190

EX&&'I.I‘Q(X) [ 100 104 109 LI6 125 |36 |49 64 1.8 2.00

Yio = H(%)~ M= 2.00-1.90= 0.10. . -
4. (d) /9’:'-/3%95) M(0) = | s et adutm Mx) = €
program secb_2prob3d Section 6.2, problem #3(d)
real yold,ynew,xold,h, analytic Solving the problem y_prime=ysin(x) with y(0)=1, h=0.1
integer count .
print * 'Section 6.2, problem #3(d)' X n Eulers  Analytical Acc. Trunc. Err.
rint *,'Solving the problem rime=ysin(x) with y(0)=1, h=0.1'
P ooving the p y_prime=ysin(x) with y(0) 0.00 0 1.000000 1.000000  0.000000
yold=1.0 0.10 1 1.000000 1.005008 0.005008
xold=0.0 020 2 1.009983 1.020133 0.010150
h=0.1 030 3 1.030049 1.045676 0.015627
ynew=0.0 040 4 1.060489 1.082138 0.021650
count=0 050 5 1.101786 1.130226 0.028440
analytic=exp(1-cos(xold)) g?’g g 1 ;?gggg : .590846 5 o4ea
rnt*'’x n  Eulers Analytical Acc. Trunc. Err. : : -265108  0.045306
grint o vt \ 8gg g 1.298384 1.354312 0.055927
it e 8 R 1.391525 1.459932 0.068408
rint '(F5.2, 3X, 12, 3X, F9.6, 3X, F9.6, 7X, F9.6)' xold,count,yold
print( ) yold$ 1.00 10 1.500527 1.583595  0.083069

do count=1,10,1
ynew=yold+h*yold*sin(xold)
yold=ynew
xold=xold+h , ’
analytic=exp(1-cos(xold)) |
print '(F5.2, 3X, 12, 3X, F9.6, 3X, F9.6, 7X, F9.6)',xold,co$

end do

end

Enbinda mathed 4 & Foit-otdin mithal g0 of & fried, % powk (X=05 an Hhis
Intha vencine the Feoilam mwmm

=0.| f=005  H=0.00l h=0.0005 H=0.000]
Exacl M & %05 1130226 |.13D226 1130224 1130226  1.13022¢
Eamlin m ok =05 1.1017186 LIIS792 1127303 1.12876] 1.129932.

Ree Trune.Error <L =05 0.02844 0.0l4434 0.002923 0.0014¢5  0.000294
Qo\ ‘Lb Lte td. Lte
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Thae senu o ane imdurdl emastind with +he Eadin methed e c;fumﬁ'cd&n.

wlhed, dcanse E ~ Ch MWMM@Q%%,M%%O)M
bbWde%%c@u@MW&kfﬁ b)mdwo'r;:.
&«M)WMWWMM >0, an it shadd. For

mofomer | b=0.508a amd d=050(C,

5. No protlm with h<0, i.c., with making alipo 5o the Dft.
6. (a) Mner = (”'Ml)gn Ao o rerw /ww)&q, . " (o S2c.6.5.3) Hhat
Ao,wwb ardeed an Lo . = (14+ARYA, .
9= (tAh)y = (1+ARY A,
" 9oz (4R, = “CO+ARY
5 9= CEQM(HAM . ,

- Cerhnthhy | ¢ enfhed | cohrh ool
A0 M~ CeMn ag Ao N, M= Cehx,
) it (yint) = (1+Axh)kym) , Mn));
quis HO(1+AR)"

7 Y\O'UMMJ Eulinn mﬂ,&‘ﬂu/ﬂl‘ow Aawwld
The mtrotoon —Fdl prach wewdd Le Lo .
The vad sdutiom o’l '9'(76)2 —20400 ; 4lO)= Lo Aix)= €2°% . Sbam
&Qm’nm&?\,—&mmda,&n? PNQ,Q/SU«PM%"\: o<0¢<05,/»y)

e . . o{,
mw*wwwg Ho Adoind; Ik onee & Jigions 55 Lendd
MMWMM%W ‘ij‘ ,H
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l. 2rd-0ndan R-K : Hh-ondan K-K:

Ynt1 = Un + 3 (k1 + ko),
kl = hf(xn’yn)a kZ = hf (mn+l7yn + kl) .

Yntl = Un + & (k1 + 2k2 + 2k + ky)

k) = hf(xna Yn)» ky = h’f (zn + "2}" Yn + %kl) ’ |
k3 =hf (ﬂ:n +4 0+ %kz) v ka=Rhf(Tnsr, v + k3),

(@) iz 30007 MO)=2.  Exacl aduion (hy panation rveallic) so = 350015 8

2nd=otden R-K:  Hh=o0.02 ”
n=o: -k,.':“?\f(xo,'go)‘-' 0.02 (2000)0)2. =0 "
ko= hf(x,, M k) = 0.02 (3000)(0.02)2° = 0.3 < _
M= Mo+ (Ritks) = 2+3(0403) =215 #(0.02)= \HS00(0.02Y+ 8 =2.13997.
&, = hfxyy,)= 0.02.(3000Y0.02) (2.15)% = o.zsoco_z
&, = f(x,, M) = 0.02(3000)(0.04)(215+0.25960 Y = 041335
Yo = M+ B(Rirha)= 215+ 2(0.25960+041335) = 2485, 4(0.04)= 2.47712

n=u
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4h-oden RK:  h=0.02

n=0: & =R £0x,M0) = 0.02 (3600)(0)2° =0 .
ko= $0xge iz ot ki) = 0.02(300)(00)(240) = OIS
s = hF(x0h/2, Mo+ha)2) = 0.02(3000)0.01) (240015 = 013935
ko= hi(z,, '90*23) = 0.02.(2000)(0.02) (2+0.13935) > = 0.26219
2: = 204' F(kt2k, +2hy +Ry) = 214015 M(0.02) = 213997

= A Frxm,)= 002 (3000)(0.02)(2.14015)™ = 0.26199
/kz =h§ (% h/z, ’}jl*‘kx/z} = 0.02(3000)0. 03)(2.1405 + o.l3l00)'z = 0.2489¢
Rg= R $(%+hiz, 0, +hy/2)= 0.02(3000(0.03)(2. 14015 +0.17448) " = 0.33598
ky = hfx,, M +hs) = 0.02(3000)0.04)(2. 14015+ 0.233598)° = 0.39144
M=t b (Rt 2kt 2kt Ry ) = 247737, 4(004)= 247712

(b) ™= 40953—"} ©)=3. Exack aduton ¢ W MMM@) A =12~\(2on+ 83
an;a-m E—K:) L =0.02 Ly JL [ )
=0 &= hfon)= O02E0YE =0 o
ko= h (x5t k1) = 0.02.(40)0.02)6 T+ = 0.000797
e 3&)4——5(&,”3): 3.00040. g(aoa): 3.00040
V= Afx, M) = 0.02(40)0.02) e L0040 = 0.000796
k, = hfex,,94k,) = 0.02(40X0.02) g (3:00040 +0.000796) = 0 0ODT96
M,= g+ L(kerhk,)= 3.00040 +0.000796 = 3.00)20, ~(0.04)= 3.00159
sth-ondan BT =002 3
n=0: .k,:%{(xo,go)z 0.02(40)(0)8 =0 - (340)
‘kz = -?-Lf(x,o+¥;/z) 'jo+ #/2,) = 0.02(40)(0.01)€E = 0.0003%8
ky = hf (st hiz, Wty /2) = 0020000.01) € 504 2 6,000398
o= hf,,H tks) = 0.0204000.02) & 5T0398) - 0.00079,
M=+ (R +2k, +2k3tke)= 3.000398 ; M(o.02) = 3.00040
n=i: k= hf(x,m)= 0.02(40)(0.02) 300398 — o o796
ko= Pof(xehiz, M+ hij2) = 0.02do0)0.03) @ (3-0058+000598) g ) |
k= hf(x b, llﬂaz/z) = 0.02(40).03) @~ (-000EBHO0ID_ ¢ 15,19
’hﬁ'ﬁ{('xz) + 2) = 0.02.(40)(0.04) e—-(3.000398+.oone) = 0.00159

M, = M+ (R 2Ryt 2yt kg )= 3.000398+0.00119) = 3.00159, (0.0%) 3.00/59

n=l

n=\:

)



2.(&) /3':-/9'5:»&% 5 «‘g'(O)-'-'l‘ Exack scddation (lrg
Forham cale for Aotudim ”‘3 Ydh-ondun R-K :
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mpmai'»-m{l WMJ‘Q‘@ Ao M=,

real yold,ynew,xold, xnew,h,k1,k2,k3,k4 x Y (K’k) "3()()= CHOX (EM)
integer steps,i
OPEN (12, FILE='ques2') .05 1 9.987505E-01 0.99%7503
h=0.05 Jd 2 9.950083E-01 0.995004 2.
steps=20 S 3 9.887869E-01 0.28877) |
x0ld=0.0 2 4 9.801059E-01 0.9800646
yold=1.0 25 5 9.689912E-01 0.9 89124
write (12, %) v 3 6  9.554746E-01  (.95533(5
do i- 1,steps,1 35 7 9.395937E-01 0.9393727
kl=-h*yold*tan (xold) i+ 8 9.213923E-01 09210410
k2=-h* (yold+k1) *tan (x0ld+0.5+%h) Mo 9 9.0091978-01 0.900447 |
k3=-h* (yold+k2) *tan (xold+0.5*h) 5 10 8.782308E-01 0.8775826
k4=-h* (yold+k3) *tan(xold+h) ‘
ynew=yold+ (k1+2*k2+2*k3+k4) /6
write(12, *) i, ynew
yold=ynew
xold=xo0ld+h
enddo
write(12,*) 'Exact solution is' , cos(1.0)
end
6. (@) Ubwsg maple ;
> with(DEtools):
> de1:=diff(x(t),t)=0.02-0.01*sqrt(x(1));
0
del :=—x(t)=.02-.01 Jx(¢)
ot
> dsolve({de1,x(0)=0},x(t),type=numeric,value=array([0,600,1200,1800,2400,3000, J M ' )

3600]),abserr=Float(1,-5));

Error, (in dsolve/numeric/rkf45) cannot evaluate boolean

Hhe, s&g%—Wr
mThod fadid (idhuck
‘rma" MJ{‘Q

> dsolve({de1,x(0)=0},x(t),type=numeric,method=dverk78,value=array([0,600,120
0,1800,2400,3000,3600]),abserr=Float(1,-5));

Error, (in dsolve/numeric/dverk78) keyword was, abserr,
optional keyword must be one of, control, initial, number, output “"‘v ‘X(O)LMM
, procedure, start, tolerance, value MM)‘OM&WWW e e aobu
> dsolve({de1,x(0)=0},x(t)type=numeric,method=dverk78,value=array([0,600,120  4), s0lu¥’s call fen
0,1800,2400,3000,3600])); ' e d ‘78 514
[ [t x(0)] 1 (a7 -3¢k cndun RK
0 0 - Hone ane the duoned. seanddta . mIhed) niliod..
600. 3.313877493498139 || Olbmone The apbronch % the
1200 3.852107843603627 || Aeedy- ety adition x =4
1800. 3.967238747167962
2400. 3.992701615124026
3000. 3.998372087416714
[3600. 3.999636792316914 |
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4" 0
7@ %'=Q-o0.01% - too ¥ _ 4 2aouo’u-_,u
0014“ &, X - 1008 t - 1008
200 (M-1o0Q) + 100Q) du = -dx, 2001 +20000Q In(u—100Q) = £+ C
M=100Q 2004% + 20,0008 I (41X —100Q)= -X+C

(b) Then x0)=0 Jres C = 200000 In(too®). Olao, Lt ma mm;tt I (4% =100QR) an
o (1000 = 4 ) Jecamse [duf = D [th] Aot masd Fo smdindlind Hoe  Inl )20 as
Al Do, Simet %U0)=0, mt appronch %, %Xn—a«w- RKer, 100Q= f5 anll] bt
>0, comsntind with s Inl | MWM T, with Q= 0.02,

2004% +4oo»9m(2-4") = =X + toD In2. .
T‘e\m‘l“w, MA-H.L covmmand.
Fachve (2002 2"01/2)+ 400 % I (2- A (1/2)) = - 600 +doo% In(2),%);
gon , fo0 Meo0) , 331387493 . Changug Thin? T 120,19, ..., 3600 quuito
xX(zo) =  3.352107844
X(1800)= 3.967238747
% (2400)= 3.99270|615
%(3000)= 3998372087
%(3600)= 3.9996 34792 .
Wﬂh dvenk 78 swodlo | in Exenennt 6(a), with Hase, e aee thd He suonlts

a.oa;\u, &IOM&—Q
8 E ~canwmwp? 20H30, dham 15 C. To bbbt hall

r'/owvm, UL C=1 and p=2. fd’L NJ«M@ i‘ﬁ mt hane
hzol h=bo h=0.00 .
ChF = 44" = ool 0.0001 0.000001 4 ougumal

HMC 0sCH = o5h'= 0.005  0.00005 0.0000005 < Adtin
p, CHF= 1p¥= o000l  0.00000001  ©.000000000001 « Much hettin
9. We mesd Jo arpand. § L%t oth, aafxn>+@:ftxm rmm wn h. GUL X FHx) R Thim,
Xy chain &%\Wm Flth) = {f-a?\{- éf& 3 + p#lxn o] 2 %
a" + @55
AC RHSQM) = +{a§ thLF+ (fy+ pifydh +- J} =
= g+(a+b)%+ coc§,<+@ff,3.>b% v



i0. (a)

(b) Ciui?u&r:

#include<stdio.h>
#include<math.h>
FILE *fpt;

main ()

{

/* Defining the variables now */

char c;

int i, steps;

float xold, yold, xnew, ynew, h, x n, y n, ki,
fpt=fopen ("answer", "a");

h=0.05;

x01d=0.0;

yold=1.0;

steps=20;

fprintf (fpt, "\n");

/* Starting the loop now */
for (i=0;i< (steps);i++)

{
kl=h* (yold+2*xo0ld-xold*xold) ;

Section 6.3

k2,k3,k4;

k2=h* ( (yold+0.5*k1l)+2* (x01ld+0.5*h) - (x01d+0.5*h) * (x0ld+0.5*h) ) ;
k3=h* ( (yold+0.5*k2)+2* (x01ld+0.5*h) - (x0ld+0.5*h) * (x0ld+0.5*h) ) ;
kd4=h* ( (yold+k3)+2* (x0ld+h) - (x0ld+h) * (xold+h}) ;

ynew= yold+(k1+2*k2+2*k3+k4)/6.0;
xold=xold+h;
yold=ynew;

}

/* Writing out the results to the file now */

fprintf (fpt, "The solution y(l) using h=0.05 is %2.9f \n", ynew);
fprintf (fpt, "The exact solution y(1l) is %2.9f \n",l+exp(l)):;

fclose (fpt);

/* Result obtained- closing the file */

}

The exact solution y(1l) is 3.718281828
y(exact)-y(estimate)= 0.000000009

Ciui*»&t: The solution y(l) using h=0.02 is 3.718281819

The solution y(1l) using h=0.05 is 3.718281474

The exact solution y(l) is 3.718281828
y(exact)-y(estimate)= 0.000000354

Thus, computed order of the method from Eqn. (28)= 4.0075

{

The output after (x_n+h/2) was changed to x_n.....

The solution y (1) using h=0.05 is 3.701259429

The exact solution y(l) is 3.718281828
y (exact)-y(estimate)= 0.017022400

The solution y(1) using h=0.02 is 3.711558039

The exact solution y(1l) is 3.718281828
y(exact)-y({estimate)= 0.006723790

The new order of the method ~ 1.01

It is no longer a fourth order method.

78/
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©) Beald e crmmwand, mmg (25), “thaf the motso WL 1/, 216, 2/e, 1o Sram 35 4.

,AOM“}{L .ul'\m A...-a.aw. Anerveng AQ«P. Howwor | Foredhe MM
t(& +3éz+2&3+)¢4) the w«%ﬁkn&tm% L, rowe do
mxmyaﬁ*miu o o gl by, o b it e
i»ﬁm %gw /gn—i- :F(xn,rg,\) c;wwx?/.w_( 13 dhe Adutioy t) ~'= fox).
dheo n wt 3Txn ) b
case % M e gﬂ 9t 3500014

thon the /»,km wvu ) CrmenaL
0/:‘2‘:% /3"'3-&7(,/9)) /Ku«:c, st conrae (e, 756'1\:. 1}1‘24 covuct
FO,M)).
. (a) The ;\aﬂm ?w%—w
(b) Expusa fix)= A+Bx+ Ca*, M"Hw’t' fx,)= A+Bx,\+ Cx?
Flx+ We)= A+th,\+ e )+ Clagthe Y

fex, )= A+ B +Cal
S"Q”";ﬁ the Lt fon AB,C gueto
A (2% 5, 4255 £, ~4XE 5 e T 3%nFahit T o 4% Sy U R T

B=- (@x o Fnt q'xn'fnﬂ thfn-c-'/ +3f Rt Fnsihm Hnars ) /ﬁ
C= 2(4,- 23°n_,,./2_+ Fasi)

meth ( don
Londure ( ([[x,x x'2] L1, x+h/2, (x+hr2)'2] [1,%,272]1),
wwqaaeun)
AAf{\-ULQ. %F,G‘,H one d 'Fdl an.)'fn){““/ )'.Fn.ﬂ )
) X
jf&)d« j‘ A+Boc+C9c")Aac (Ax+BX+ C%S)l’c rh
Xn

= A-‘MBJ%\( +3)+ LC(axzht 3,0+ B3)
amdh ; the ol 50 AB,C aato fhio masch
qmc.MQQQM omd mﬁ#m) g %
X L % +hj2)+ .
o $008x = L C5len) + A5 hI2)+ (%)
P.d:tmﬁ%amxm (1H)! W“l’k &uawd sl (11.3).  The Wwailma
J FX )N, miﬂkm%ﬂ‘n swlle)
_f f‘mdx ~ < wlfxed+ :f'("vn-n)—l“"‘) (%M“'Q sule)
[ L[5 + 4§l ot Ri)+ -;(xm,.)] ( Swmpoomin nule)

gﬂt /X-{o ﬁ&wm% fbf(x)o\oc .Qrg )L«::DE«M “H\-L a,

M Md'o‘\’k Q, !H'A 6\-&-2#\ b amd A«Mr\mmg A:QZPQJ
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2. (b) -4%, (2)= S} fa_'r'\-lte-—q- = Adon2x+Bep2x.

2'z-m, z(z) 0) Mhin 2 =mY4 = (Aep2x - Bamax)/2
Thon M(2)=5= (Am4) A+ (cot)B }%‘”‘A = GAung
amd 2(2)=0 = (LE)A- (_.&)B R= sept
80 el AduTion Ao 00 = S(an-mzx-l-mL#cnzx)-Sc.o(zx—t!-)

Z(L) = 5 (Al CO2X = CO4 Am2K) = =Z. An(2X-4)

Henee , axack #(0.2) = 460530497 ard 20.2) = -0.973545856.
Euden: m= Yot (X0, 402 )h = Mo+ 42A T 640 =5

22 2,40+ Yh= B, -moh= 0-502)=-1
Znob'O'nAJJLR-K The aﬁacmﬂmw et = /g,\-«--‘-('k-i-k,_)
xm’gn) b] kz - ‘F\,f'(?(l,\ﬂ )"9 +'kl)
A0 fon a suplim M= :F[x,»a,%),%‘ 3(x4,2) &

it = Y+ (R k)
2:‘:2 +-LUZ + 4,

ki = AFXn, Y0, 20) , Ko = M(xM.,g,ﬁk.,z.wQ')
I /Q -'#\g(xm"jmzn), Ly=Hh 9(%n+u"?n*"kh2n+ 1)
n the y fnn=0,
M(w (0.2)(4)Y0)=0

2= ﬁ(—/y,) = (0.2)(-5)=-I

k= hlaXz2+L) = (0.2X4X0-1) = -0.8

L= h(- (»9 +k)) = (0.2)(-(5+0)) = =

ML= Mot T (Rt R, ) = S+ £(0-08)= 4.6 (much Lithin!)

2, Zot J-(2-&-!21)~ O+ & (~1-1) = -1
4-th Ondan RK: The ﬂ«o-gd‘i(w/» a0 W% (6):
% M(xo,g,,zo =(0.94%, =0

) = (0.2)(=4,) = -l
%(xw*/z Mot JE:/‘o.,z+ il2) = 0.2)4(2s+ Yi2)= -04

,Q -kj( g ) = )M+ *i/2)]= -
ky= RF(%HN, MR %+»Qz/z) 0-2)4 (2+02/2)= - O
l_a 4&3( " = 0]~y o~ *2/2)]= ~0.96
KRy = M(x.,ﬁjﬁks,zbae%) (02.)4-(% +123)——o'748
L, = ’hg " = (0.2)[-(,+k35)]= - 092
My = Mot (kr2k, 2k +£¢>/c, 4,60533333
Z, = 2.+ (4 +szz+zJ23+Jz4)/c- -0.9733333

3. (b) %=3 x=5 x=10
Exack: m(x)=5co(2x-4) =  -2.080134183 4800851433 -4.7188297402
(B0 =- 3 Mv»(zx— ¢)= =2.2732435(7 0.698538M5 0719758292
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mth (DE Linda):

dadtue ({di{/[(r;coc),%) = 4Kk Z(%), dl}{(z(x),%) = =M(X), 42)= 5, Z2(2)=03} , {(x), 2(0)]
% = W) by = w‘uwzy ([3,5‘,[0]))3
gpatn ‘theae Suoudto : L%, (%), Z(X)]

3 =2.0807342|10 ~2.273243577

T 4.80085153!| 0.698538%7649

10 -471882976l  0.7197583300
4.(2) x'06) = F(1,%,4,2) = M-I

;  x0)=-3
ME)=6( v )= 5 MO0 ,h=03
ZH=H ") s Xex+3(z-4+) 5 EO)=2

EM’QUL: -x’n-ﬂ = 7<"’\‘l"F(t)‘\)9(‘7\)131“;iw)‘?"
a1 = Yot GO )Yh
Za0 = ZatHO ¢ Yh
2rdOndutRK: & = hF(,,%0,M,,20)
8, = h6( " )
m = %H( " )
JR?- = %F(rn-l-l)xn+kl)/‘)n+2l)2n+m|)
2, = ‘f'\G( " )
m, = A H( " )

Koy = Xont T (Ry+R2)
Mt = Mt 3 (bt l2)
Zap S Znt T (MtEmy)

4‘%03'\-AUl QK' kl = %F(tﬂ)'x“)ﬁﬁmzy\)

2| = {\G( )

m, = hH( . )

Rk, = APk b, %t kil Mt 82,2 00 /2)
,Qz_ = ?\G( " )
my = e\H( " )
R; = hF( Lt b, xat Ralz, Mt da/2, 204 My /2)
2y = hG( ! )
Mg = ;\H( . )
Ry = hF (Lpy  Xnt R3, /\9“+-Q3,2,\+\M3 )

‘&p = ‘f'\G’( " )

Mg = hH( )

gy = Xn+ (K t2k, +2ks+ky)
Mast = Mnt T+ 20+ 205+ L)
Zpa1 = Bt T(MFE2myt2mz+my)
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Nowr At s 2ane the Eamdin amd. 2nd Ondien, RK nehomia, bpron dovt, To emp 2,042,
ol %X2,M2,22 for the M 'VX'-’MPQO
Eslen: x,= %+ F(x,,,oo,,,AJ,, oM = Kot (Y1) h = =3+ (0-1)03) = = 3.3

M =MrGL )’r»*13+z,9\ = 0+ 2(0.3) = 0.6
2, = Z,+ H( Y = Bt 1,4 2+ 32,y 1) Th = 24 D-3+3(2-0417]03) = 3.8

X,= At F(x:,,x.,y,,z Yh= Xt (Y-Dh=-3.3+(0.6-1)0.3) = =342
n:) G v )h= M+ 2R = 06+ (38Y03)= T4
=2t HO )R =2 [+ 243025 +0]h

=38+[03~ 33+3(38 0.6+1)](0.3) = 6.8
2nd Ondun RK:

£, = hin-1) = (03)0-1)= =0.3

£ = hz, = (0.3)X2) = 0.6

m. AL+ %+ 3(2,-Y,+1)] =(0.3)[0-3+3(2-0+1)] = 1.8

41(/3 £2,-1) = (0.3)(0+0.6~1) = -0.12
= h (Ze+m,) = (03)(241.8) = LI¢
m,,: %[t,+xo+&,+3(zo+m,—-%—2,+x)]
= (0.3)[0.3-3-0.3+3(2+|8-0-0.6+1)] = 2.88
% = KXot H(Rthky) = =3+5(-0.3-0.12) = -3.2]

M= Mot £ (4+L) = O+£(06+1I4) = 0.87
Z, = Bott(mtmy)= 2+4(1.8+2.88) =434
ky = (1= 03(0.87-1) = -0.03

«Qu = h2, = 0.3(434) = L302

AL %+ 3(2~y,+1)] = 0.300.3-3.21+3(434 -0.87+1)] = 3.5
Je h(g,d‘ 1) = 0.3(0.87+(.302~1) = 0.3516

2 = R (R, +M,) = 0.3(4.34 +315) = 2.247
My = hLE,+% 4R+ 3(2 M= =L+ 1)]
= 0.3[0.6-3.21=0.039 +3(4.34 +3.I5 -0.87-/.302+1)] = 4.8915
Xy = %+ L (RtR2) = =3.2(+4(-0.039+0.3516) = —3,0537
M= M+ % (2+22)= 0.87+ £ (1.302+ 2.247) = 2.6445
2,2 2.+ 5 (m+my)= 43¢ + 4 (315+4.8915) = 8.3,075

We mtnent anled 1o mwte\%{amrmm it Lt o do ro

M&({&aﬂ(x(t),t) ME)-1,

3(2k)-Mt)+ 1), occo)--3,
o xt)= 1%et - 3—x
k)= ( Fiat) e*

2(4)= (4t +2)et

(’j(t)»t) ztt),dﬂ(%(t) )= I+ k) +
M(0)=0, 20)= 23, { xth), M1), 2113 );
AG  %(L)= %l0.3)= - 3178512707 , X(X.)= %(0.6)
= -2944037232, Aa(t,) #(0.3)= 0931402577,
M(ky) = (0.6) = 2.842505329,

Z05) = 4.444035471, %{tz) 867328
The, 20d iden RK ot Lok 168 imacewnae , It d s mo 2nor. PHMM

Loasre b barap
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5.(b) iA'=u

o . R i(O)::i?l
M’=~-E-M~T_§A,+-3-LE’(x); )= L

€ fg‘m 3 ME2)=T
M=nr ; ME2Y=4
V= 28mM+3%; N(-2)=0

@) x'=u 3 XUON=2
MW= =22 +3M +10cn3t 5 M(0)=-

=  go=4

= %50 ; N(0)=3
. (b) n'= -3+ 2" ; M(0)=1

Z=u 5 2OY=2

W= 5 M0)=2

N'ENU-R G N(0)=-

moth (DE terdo): .

dadbae ( { Al (), K) = -3 X XK E(X) + x*2., (2(0),%)= M),

d’ug (w(x), X) = ML), df (), ) = Mx) 2 % U -2e), HO)=1, 20)= 2,
u0)=2, N0)=-17, § M) Z00), M), NTRT ) Tope = mumence,

= (C,,27));

X) M%), 2(x), Mix), A(X)

1  -3.183072016 3.291053188 .2557593258

—2.555374357
2

5.052211938 -29.02733440 -247.8533442 -1286.070148

4%«4\% pmdsnloned nafuca ane the mea calld for.
7. with (DEteto): .
dadbrt ( L e} (Yo, %) = U, daff (U, %) =\, &K(V(x),x)zx"z*)’(x), Yo)=0,
U)=0, Vio)=1}, {‘/(x),U(x),\/(x)},TAW‘-'W, nadug = amey ([ 5,1,21));
(mhane Y, UV ane Y3, Us V) gy X = OF, 1 2
. L0 = 125018999, 502382754, 2.21220823
Nedk, daddat (§al (Yex),2)=Ui,

(U, %) =Ny, aff (N, %)= o2 % V1)~ 4,
Yo)=0, Uto)=0,NIoy= 07, § Yo, Uea N0}, Tape = o, waliug = aman (L5,1,21));
| 2

(whoe tho Towe V,UN are VU, V;) Wtﬁx 0.5

| Yo(0)= =.00003720 ~.00496551 —.624¢HL44
FWM:,, (1) grio M(05) = (2.0)(:125018599)~.0000372D = 0.25000000
M) = (2.0)(-5023827754) - .004T6551 =  1.60000000

Inded ) the am d%‘mnﬂuﬁahw’ , mamedy | 0= 2%, amd,
%dewm WMM%MM?

84
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8.(@) M'-2a tm= 3k M), Hl2)=3. m)=T
M@ = GY o0+ C Y00t V), whne
LIY]l=0: Y'=u

5 Y.0)=1
M =204~V 5 Vo)== u0)=0
LLY. =00 Yl=nw 3} Yel0)=0
Nz 2xN=T, 5 Y/m)=na(0)=1
LLY, J=3mmz: Yp=mr IRAGLY?
. M= 220 =Y, + 30 % 5 V0= w(0)=b.
Thanm, ,D(o):i = GV o)+ C7,0)+ Ylo)

= G+ a. Tduwo, L ue chene a=1 , hcaune than C,=0 amd wmt donk
mud Jo eompud V).
~()<z)=3 = £,7,@ + CYy(2)+ pl2)
o = GY,@+7,(2) 40 C, = B-h@)/V,2) . QMMbw,wa.
= 37,2 S
M) = _\L_é)_. PAGEN AT -
A we puk i) o x=05,1,15,

) (a&%, x=lro a/»‘u& M)-j’kw\
with (DE tada) :

dadve ({dh(Yen), x)=nr(x), au[{(mx),x): 2% X% (%) - Yx), Y0)=0,n710)=11,
1Yo, w003, Tape = mwance,, Aale = amnaw (0,05, 1.0,15,20]));

(YioY, hane)
" *= O, 05 , 10 , 1.5 , 2.0
V0= O, 052220452, 1.24916180, 2.623792392, 7.L39140I2|
tnd, tham
daddnt ( {dlﬁ( Y, %) = mr(x), dlﬂ(w(x), )= 2h X F ()= YIR)+ 3% MAA(K),
Y(0)=1, w(0)=03, { Y, w0, Tt = mumeerne mﬁu=mwg([o,o.5,l.o, 15,2.01));
(hune Yoo Yp) awhech grcta
A= O 0.5

R , 1.0 ) 1.5 ) 2.0
Vo= 0, 09325135480, 02%II308, 1733975626, 6.15603737 .

M) = -0.H31403% T + V00

Ao % =0 , 0.5 , 1.0 , 1.5 , 2.0
N 1 (gaam) , OTNCTEBIH] , 046200650, 0649981006, 3 (gquvem)
Section 6.5
I.(b) No. The % 9 ol M'= Ag-ze"‘ s /9(%)=Ae°°+ € amd Hep il
cord o, MO)=1= A+l guea’ A=O,
sl coamat

s Moo= e”. &“»HA,W«,Q Frev
: b & -P\MO)MMCAM%L Ae* Lwm
o dffen dnasbc

, o A mmeneanta, Pram the wxad psdution €%, Lot ma s
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The %{‘DE Ldo):

da&,c({d,.ﬂ( (0),%) = M) =2 % ohp(-%), M(0)=13, {03, 77%1—-
(L0,2,5,20,401));
MMMTK@, QKE45 m&tkd ?MOMW%
xX =0, 2, 5, 20, 40

RKF45= 1,0.13533528, 0.0067369, -3. 238, -n.aox(o9
pehenao the wecX pduton so M(X)= | ,0.13533524 0.0067379, 2.06XI05 4.25x10 '8

‘B‘JCM)‘*M“&M Mm%%m&wmﬁkmqm
%‘:\] MM,U, A e

(¢) No, Mﬁﬂ (b). )= A€ —-e" " and (0)=-19wm, (x):-e
() No, medan 1 (b). Thic Tme ?(x) Aed* +x amd m0)=0 %(x) X

A Each 4 the Tnma (Rh+d" )" w (A=Y w (2) ant aduigns o (7). Lt o
Chick fhe foral  thim amd Lane the Ehn for s Pudlling €= € (ARECY!

IS (1)
oL .(AA+JI+A‘0\‘)':“ .=/C./(A4\+,h+ﬁz ey +2AA§2.'(AA+41+F\%‘).
Dwdirg {g ¢ "™
(Ah + A1+ pepe )* ZN;“-:- 2AN A+ A1+ A7)
gl Pz 2AR T + 1+ AR = 14 2A+2R0 4 T
5. (Ah+ i+ FR )" dea > 1 A{%—)o mith n foyed . Hovtven, mt s o takr dhe Londt

»0 0 Jo J«_-Fq(,u\. anutuchMx—nexw
n= %, /kmv nm«qm %Mm

o (A%.+JI+A=&") = (AK+J|+N'—I‘)""/8‘~(l+A?\)x“N‘

Bnd Af do NOT drvisna (ret tvem Tt ) thd Fhe Ladlin > an h>0.

8, @) W Exdrn :

= M)+ (h/2) [50n, Y+ L4y, Mot f g, “’3}
dgn 3 + (hi)[ Ay +A(ﬁan+*\A*;JA%

= (1+Af+ A__ = (14 o+ o22) M, oz A&
Phos, & Ag

2
—-(|+ct“' ot/?_) Mo = npAA(H“"'“/Z) ~ nﬂw(HA?\) N Ant Axa

A9° € /jzlvo
/:omdo P\) Bad mc'se ankrd o conacden Aot
T g %,,wﬂwemﬁwwm‘m%
= (et LR hn 5 Mo =t €
sumumj%c

. /gnﬂ..(x-»ouotz/z)/\j 5 /\20 Mo
OJwto
onthe Cn .

Cni = (Ha+ ?2) 6, 5 ©,= €
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The bidin quea €= (ra+efiz)' e,
Mwmmmﬂ<o mmwa&m ‘%mnra
o=| g, M&o« te) MJ\M% /lervttp
i’\al+ot+°ﬂz/2.l<j_ e, 1< 1tk % < | A% ‘W‘? |
o(+°‘/2<o A (A0 A< O o, smee

A<o, ot mand, - lAl&/z_ >0 A
< 311 -

~——>A%+ﬁ;ﬁ'+z>o.

Let - lAlﬁ+1ﬂg\f+2—g(a)wﬁmo¢=lm&.
‘@)=0 = of-I

"(:) >0, po Mam @ o=l amd X = 3/2dhne.

g(oc)>o aMo( Aimer Hheo ””‘1:*‘%
The spobdl 2o thadt f A< Hhin ' ‘%’upwm)ﬁ) h<1/2A1.

cht wmn A>o. %Mm en= (1a+oln) e arans avth N beeaune
X >0. (On,the '-F , adrovt, camnd At AJUM Jicanne o050.) Hownen,
M%A>OM.M Mﬂar{u'l N 2 Nmcniasee Iecaae Fhe adutn

M%W”M‘% o th o A o

% (\+Aﬁg};ﬁf/z)l€ol (:+A41+A‘45/z> 18] = (&ﬁﬁjﬁ&) le,] < Il
Mcamoe e 1+A&+*A"N'+ > 1+A4\+%A2A‘ Thue, u% A>0 Yhon aue dance
M‘H\w\ (ie, A>0 &2 <0) < 7A] E WM% 2o
(b MW Eudin mdhA :
/‘9n+ 4\"\? [96 +‘& P) '9,{" g_" f(xn)’gn)]
- »{)n-k«p\.A{"jn LA, = (1+Rh+ £ RR)Y,

MMAO'”\(M%MM@-) Ao Hee Pomal sl i Hee sammne :
R < 2A1 = he, foT

9. (@) Mo = Yat (555-;5%‘“.1+37§n.,_~9fn.3)% hohene Fa B F%,,M40)

Gl A{ ‘9’”“’3 M A}“"" (H 2 A{"')gn l'\‘e\'gn-l-*';"l-Aev‘éur\-zm2"4-}‘\‘&'49"‘3 )
Then, 0=
f> - (I+55'0L)(> +59oc€ =37p+ 92 =0. (o= Ah/24)

>0 =0 5o 0,0,0,]
. 8 e f ¢ (’
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§o= QT+ Gl Gl Cop]
~ 0+ O+ O+ Cy
“rflmmﬁdgo‘lsoo a fode arabie, 02 0,
on how cdine Ao‘ibl po sk L= |+ A+ &2wd fmd @ . Pﬂ«% SOk
(1+4a0/+-- ) — (|+55°L)€1+3ﬁ.0(,+ )+ 59 (1'+2&0L+ -+ ) = BT (1+aol++ )+ %l = O

K 1=l=0 v
o' 46-36-55+59-37+9 =0 —> 4=24.
Thuo,
b AR AR
o~ Co(14240) = Cy (1+ARY = Cp & e e = C’qux

~ Ly
fon >oo'1A<o M Jkl«v‘«iéj
u(b)ﬁwf g = "06’"‘0(’
T = C,U) + G- ‘)“ = Cl+ Czc"')

A? -l'-C'-‘-Cz' }—’ C|-2)C2" '

/‘3 =3= C Ca o) =2- ('l)
n+2. ekl

R i i el ) LI
a= G2+ G (-3) f () €

"90”9 C+(Ce }__, C,=5, C.=4
M= -2- 2C.—3C,_ = 5 ()" +4(—3)
i =(p-p-spi =
()-(:-4(01-4« 0—760—1,2. -2
W= C 1"+ C, 2" + Cyl-2)"
Aa—s_ C 4G+ Cs } Ci2l,Cpr=2, G=
_’

n+l

=5 = C,+2Cz "2C3 op ’jn I+ 2

? = Ci+4C+4Cy
2. (b)nbl&({ng(n:-z) B{n) 0, 40)=1, M1)= 3}, Min));
W /2 = 2-C-N"

13. 2 obe B e = (2D +b) =0
/9 f F (J g-zbg+ b'=0—> p=bb.
Mw&nm wth, ODE M)T;? M,z (C+ G
% 9“""9 rC o [C,+ C,_(n+z)]b -2b [C,+Czln+l)]bn+l+b (C+Cn)p =0,
B Plagg C,(b ~25+8") + G [In+2)b* - 2(n+) b +nb*] = O v/
]

a,(n) [jc /\Q;Bz+Czﬂgi‘lz+sz] +a,0)[C, "va Cz'\Jn-{»]-*VY;-l'l 1+ az(n)[(‘, (1 ke, (:: 7,]

:F
c,[aothn 1+C, EQOW azmnj‘”]

+ [apmVt 6,0, + a,mY. ] =
40 GO+ G o]+ [$.)=f, VvV

?
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I5. (b) Howmegencoma, sbution f gurey »zf> (f>~z‘(> =0 pzz #0 4= (2t
Posteadan aduion : S\j Ma= Amc:-tscan Thow,
Apsenntny +8 ern+) =2 Asian -2Bcon = 3amn
A(smncnt+ sunt eon)+ B(coneol - aumnsuml) = 2R san -2Bcon = 3 sin

Aan: Acor -Bavni~-2A =3 _, A= 3(2-¢cpl)/ (4cr1-5)
B= 3sunt/(4erst-5)

con: Ansvnl +Benl - 28) o}
- “ 3@-¢pl 3w |
= G G ¢ g

(e)HWmmhM o pap 2 =+ p-2)8 20> p=12
P c.n?c‘?.z; _C(’C?:(’ ¢ <f> p-2E =0 p=t

Patthecdan adition : n = A4 Bn +C.
An+2y+Bm+2)+ C + A(n+n) +BMm+1j+ d‘} -2AN%2Bn-2C = n*

n*: A+A- ZA"lf—Nexwd%lumg T‘\&W&MWCMM%@
n: ate MWMM’A W%‘l’fv. C,
¥ ate Tovn am Hhe entona, i | 0
Lan \ aa
My n(An+Bn+ C)
- with, the mlu\alok fn ODE ),
Piuﬁs (n+z)[ (n+z) (n+2)+ C )+ tn+1) LAY, B(n+|)+C] 2n(Art+Bnt+C) = n?

A-2A =p v
n‘: 2A+4A+B+A+2A+B - 2B =] R=1/9
n: 8A+2B8+4A+2B8+C +2R+B+A+B+C -2C =0 [T B=-5/38
1t 3A+4B+2C +A+B+C =0 C = /54

£0
n
A= Ot Gol2) + Z(n=Zn+ 1).

16. (b) M\r{(na(m-l) 2% (n) = 3% A (n) , M(N)); ‘
Depl =pmn-1)-2Am(N-2) _ 3 Awl 2"

4nwn-
fra M= Y027+3 ~S+4enl -5+dcol
To A thaX o Rgree mlh on swandX | alve, am 15(b), Su-ppprusa X an
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S'=a.= {2 (%+1) M\O\‘X'“S/\fi,m X'=x+l,x(t)= Bl

‘Vu-ﬂ:
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cnﬂ‘_,_r __]f_‘_r)w(nﬂ r)
mr~ (mr/4>2 amd N = 0,-!,..2
2. V. For o, X'z X" »9 omd ' = x‘+v‘+( 'fvwm.
3. ¢| (D-a)X-bY=0 [(D-a)D-d)~bc]Y=0
D-a| -cX+ (D-4)Y=0 +W~¢3E “ 1X=0.
Thuo, Y'=(a+d)Y ‘+ (ad=bc)Y =0 wy eM,
Ne=(a+d) +(ad=bC)=0, A= Gtd t (a+d )* - U(ad-bc)
= [ard 2{@a-d\*+4bc]/2.V To fund C3,Cp #m
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¢-4cs+ 855 IIcs=BC20 o, fB(sEc ) +9cs =0
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(4cs—d8St-1IcS+ dEc?)/3 ane >0. Wall, t=%

: Ag
o 4-2BE+UtE 4 -245(YR)+ /S _
Je b= = ?('8’{/9) =V

2B L+ _
and Y%= 'r3/4* iy SM)J? t=z
=f8 gweo @*>0 omd ¥*>O0.
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KX’'=2X~KX 3Kz
K= /43 (wnaladdle) ~YT5 (otadde).
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)
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= (2-NT/2) = (M-nT1/2)
= cpnIT (x-nT1/2)+ conrr('v-nrr/z)
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“_4c=0: lruumMcme. )
Y i

Ta+d=-2 ad=bcC =1, a0
fm& Jocuo /sé'xh W et o
(-, 1/2): /= 1 (ol )+0(/:)"/2)} Az(-2249 )2
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X'z (x41) +0(M-12) }&,X'-: X+oY %m/wk'ﬁki
N zatxt=2(M-)) V=K-2Y. hoe sdlns
s gt X=X, KX=-X-2KX 40 [= (-1-2K)/K &1, K==Y3.
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(€) Ry =2, s0 2’0 chorre )'L:"S’,l)ag..m%
weld, S prredan To Thel on Fig 6, InE ashondt dioe
roellatmd e (6,0, (2T, 0), (4T,0),... Meally bt
at e in dhe Alas M bt pebns Hhow, the paddlio —
ow of (1,0) twrd (3TT,0). JU sulfuce Yo M(m,o)).

nearwas o= = O(K-TT)+1
?:xeoxmcmmvfm =Py e
V=KX guweo X7= kX, KX'=X-3KX 00 K=(1-3K)/K, K=.3023




Section 7.4 103

n“tOZ)'oGé
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OF Sy Yhio bcrmaa X'z =3X+Y } A=(-l3t{49+2%)/2
V'=.06X-Y X =22,~1.08, mplrao
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(b) N n=y2, (32) gwea Sy =0, 12), bmu-mﬁ (31)
O—L‘rj'"ﬂ\at 2«««» X = --‘-X-&-‘)’ DA J-X
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Horedal: T, cods’ — T, cpeo” —-T £030" =0 o'n'P ~ 05T, ~0.87T,=0.
(C)P a(ll‘-l-)mdfé'ﬁ\cmr\. WW
ol f{ (X)) + 0.87 - ﬁz)u%,gg).f 0.5(- %3)(,@”/3) =F

Gmd fN A= ZMM(B‘
0

0l %(oc-g) - 0.5(-:’;;2)(«,4»4’3'/3) -0.87(- .§3XJ§ xt#)=0.
We caudd aebet thine by the Liebue command. amd put the nesla Lo (ust)

}'-0 U{&*ﬁ; rpl’lT.z)rrs . 13
13. - -
§§P<'x, 10144 =0 j\
z » X > X

% '2(.""’3:2.

Wé&{ Lol4 1o (OI

(and, hamee the M(’ujlm x,ng) X+1.014M =0
B mevt fan mone tham i

camata P B mevt , beeanse e

boway L1 amd L2. ane odwmaal ?N\Q,O«QA,Q
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CHAPTER 9

Section 9.2

(C) g f: —-ﬁt?:'@— 7 (d') n
// . J/ \\\
/// é @ \/ﬁ \\\
/s ~ \
PO . N 7> C=147R- 14783
Q \\\ //,

Ut )+w omd Mt (5+ )

S



Section 9.2 121

Z.(@) Subbrae of and /oL B ardim i @ s, Thin, aWj'!b“l{\:. i d peallen
Heim & FRowo M&%M @) =0 amdthat @M =Q so th
oL (BY) = (o(@)%.MT) M o, @) M ang al N0, Tkm_pg. Ao lP\M MM aa.
M and () 4 1ol Bomce 2o deng aor BU md [el)lp] Bavie an Loy an L. Likucse,
(@) 4o [ e letll gl Twto 2o an M. Thua, oL (BL) and (/@)A1 M#’h Ramt
. Naxf, eosidunthen W.jidwp MJMMAT\%M
ﬁu%m%%éh@md{@g)?@mmv i douctin (4 20,
B>0) dla duuctin sevtnoal (L}o«o,(ko))' an e mn cany, The o Suwenaale
mo mk Thua, 2(BU) 4 snthe same doucim 2o . Libunse , 6 >0
(ance o, afe the same scqm) Aot ()M 4o tnThe sonne At a A . Thus,
RPAL) amd (MBIt hon Hhe hame duiestipn. Finally, splse o and WW
W.TMMD((@%)M(&@)%MMM ﬁmﬁlfbm L Rance
The Aame an toch othen. W&WW@Q)MA@{&MO{,@,N.
() Y 4= thom (t+pIU= (4@)0=0 amd Au+pu=0+EE=0¢0=0. v Nud,
U+, Wa cam Tudl Hthe canea mhune e ww WPW,WM‘,M,
Mo‘ly\g\»@&w .TMMWMMMAOM'M&OJ\%‘H\Q
cant hene o, @ >0, Thn @+E)U 10 B Lt uﬂmg e M Bnd i Bamy il
Ao W5 ol amd BU A o owd @ Mmmjw%,w%kﬁa)w&%Aw
L Qo AL, Ao U+ BM *bd+(6waoﬁm w%w&mm
o A, quﬁv, 4 =0, @ F0 Thn (rEIM= ()i = L, amd it B4 = olpbo+OM
= M40 = LM Mn.&og'—‘ly o#0,@=0; H Asp=0 Thun Bt Hu=0U=Q amd
oM+ LM = 0L +Ou=0+0=0.
(C) 3540 widend from Fiq. 30 Thal The sttty amd otld, oy, o+ olty” Fuarglio ane
simidan . Thus, M +olfy 4o of Timas A 0 MAN amd am the Aanee diruclio
Go M, tondk it The Bome druclim ao M+ The same 4o Tue d atlyry), so
) fotlewo . '
(d) Y 4=0 thon 414=10=0 o (4d) Aldo . J‘ MFEG Thom 24 s 14| Tineo as
0cs AL amd in the Ame direction 2o 4L, po KX 4o uald To 4 .
5. @ S»{ﬂ:ﬁe A+B+C M=Q.mﬁ\,@/ﬁ mannX ,%fd‘m\qw:

Applyvg the ~ ®
d fzwoiim, nel= AL+ (181~ 2IR IR coB,
i 25 = | + 4 —2(1)2)ced,
CoB= 5, lrhuch 45 wmpeadle . Thuo, He

ABC e caomndl e
(b) This Tme 25 = 16+4 - 24)2)coe, A0 lcodl=5/16<| 0 Hhe AB,C e cum

e (by adpudtions the douctios 4 A,B,C). X
6. ¢
Qg Garven. that A+B=C, davme thad C-B, de C+(-B), w0 =A.

) Lo
~ ) ,."
h

-
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@) Y frB=0 tham AtB+EB)=0+(B), A+0=0+(B), A:-B, no 2dhn Aswd

e MQW ,t;r w,mﬂvmm?.’?hwm'@
n, so A=B=0.

Add), by assomplion, 20 Q=R
(b) ¢ D AB+BC =AC<-awfn AB RE= o BC
- - y — ::.L -
E BRE-AC= A PorcSit AB BAE-AC=£(AC-BC)
A B Tembmmodn BE, i AE,
AC-BC+aBC = AE e 3 AC_ L
PAE"_%BC:%AC}"—? AC (1 OL)BC -—2€AC ZPBC

(“;_%)AC =(|-oL-;,_‘(-3)BC

. e
AC, BCmd allgnid = | 28=0 }moaé
3. and. |—oc—z'(3-=o 3
g
7 OB=0p+ B
= Op+afic
= BB+ (9C~0R)
= (I-aL)OA + L OC -
o, __Butey - Quipey : :
T2 ebmik % ootio thm T2 et g n/zmgmm /e abndk
=X\ GAA0 : 2t % erira
/ A"

1

)

1

!
A

SN
3 v -
-l i
so A>A= A" hene po A2 A= A" Ldee A" 2o
A" £ ot (1,0,-1) . & (0,,1). Thuo, 8+8 + 6,+5,

whoneao 9+6,=6+5; rudd hare 15
w;{,gm&a Huwe peon, .
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Section 9.3
(@) Wev = Iyl cp® = (5)( F/ee30) co(90+60") = - 25
(b) MmN = (3)6)epO =18
©) v = (eXe)erIBO = =36
(d) M-y = (4/co30 N(4/ep60") €030 = 32 '
2.(a) oM = {nyuugnme ) Uweg = aey defsd Iy (2).
0] A(:YJL%:Q
(b) g-u:{“ﬁll"mo uFG s 0 4 uF0
" © 4=0 =0 4 u=0
(@) (U+EY) 4y = Qi) + pIVeay) ®
Fon o=@ = (M) W = MW+ N W @
Fv B=0:  (@M)-w =ol(i-ar) ®

Thus, O W?f»w. ® and 3. Co‘MMD'/Q? @ 2nd ©
(ol ikt BN)e L = (U)W + (BN)- W 1>m ®
= o((u\ w) (N ur)
TM,WM Wﬁ ,;.%qmzfnm@w@
Foud @:  (utn)-mr = llu+nrn liw Il e (€-¥)
" = Ilu-n-r\ruuw\l(cpem?}-ll—memx)
= W Nl + ilicos WNA«MS
NSl Il (e s + BD )
= Iwll [iwl coe + IVl eplo=-9)] >
M omd Mo+ = [l )l e® ~ W LW co (8-$)
Nad, ®: %obo, oty = lloeu || | c€r = o(lmlllw’l\co9>\/
o((uo»r)—- o lulllwll e
J)( aA<0, (U)W = lloaunnwllca(ﬁ-e)

= [oL] Ml (-co8) = a Jullllw |l c& > N4
oL(MeM) = ocuuullw'l\ cro

M

Omd ot ane e,

3. (Urr) (We ) = A (WHX) + N (W+X) pon @ adreve

-(A«r-m) Mot () e N MMM ( Exencrae 24.)
w.u+x-u+ur:\r+x/\r pn @ alavt
MMT+M9¢+N‘W‘+M"X, pn ,
4. (b) BA-OP = BA- (®A+R‘D+%AB+J~A®) oumet DC W
= 0+0-+0"+0 =- Yo

(c) AC-OP = (AD+DC)-(BA+ AD+LDC~-LOA)

- = AD- (OA+RD+ £ DC-$OR) + DC-(OA+AD+ £ DC-$OA)

= O+I+O+O+0+ —-3/

€) OC-OP= OC+(OC+CP) = 34 OC-CP = 31 (swies SC- CP= -1 from park (d))
=2,

nn
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() BC:OP =RC(CA+AD +DP) = 0+1+0 =1
4) AO-OP= AD-(F+OA+L+AB+AD) =-%L+0+0=-%
th) CP-DP= (J-A®+-'-BA) (De++ A0+ 4 BA)
+ A0 (DC+3 AT+£BR)+ 4 BA- (DC+-LAO+lBA)
o+J—<o)+-‘-(l)+O+“ =0,
a could J\M« er«\ Ao Mdu.
Mau&k(ma%%&)ﬁmww D
() BP-DB =(RC+CP)-(DC+C
= BC+ (DC+CB)+CP-(DC+CR) = O-1-$ +0 ==
(§) PR+ CO = (PC+CB)- (CD+DA+AD)
= PC+ (CD+DA+AD) + CR(CD+DA+AD) = - £ +0-4 -0+1+0=0
(k) AP-PB = (AD+4DC+% A0 ). (RC+CB)
= PC-(AD+%DC+4A0) + CB* (AD+—~DC+1~A<9) O+z‘.:*—-(-)-l+0+0 -
(®) AD-PA = AO-(£BA+1OA+DA)= 0% +0=-%

90

v

PA - PO - .
5.(0) *APO = G TPATTFST = c,,'|f—}_—®ﬁ+%6ﬁ+s>an) l(lg-Aeau“%BAm)f?()

— o)~k A+ -1 o
= Co = 2 =
Freseir=r= T

() xAPB = a5' BAPB = ol Lo = sz - 45100

IPAIL LPBII .{%'.,r_g_
€) ¥APC = c! PAPC_ = el = 90°
ieaTipen - © © = %0

d) <MD =co! PRPD _ sl 3 S = 54m4°

Y Y R e ce &

€) ¥xABP= c! BA-BP S M U AL
IBANIRB = &P = 65
BANlIBPI (L. AT

($) ¥AcP= o' CRCP _ o5l 2 - o'l = 0

icanncPl = BT
-1 PB-PO -l L -1 o
= C0°o m——— = . P
) =50 eBiPel = g = o ¥ =103
1%
thy ¥BPC = of' BB-PC _ ol 4 _ o5l o osp

upBIIPCH ,,[_E_Q'.g 3

: = oS B PD - 0
L) XBFD= coo = Cn 90
) IPBIIFDI 0=
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- . -1 -4 - o
() ¥ CR9=q | BC-PO _ = o 2 = o [ i) = 125.3
| iecljipoll s [?r ( i3 .
6. Wesrand B showr ThL oF 84 = oS W on, sqpiralundly, HhaX
R Tl il Hariiiall
Wk et WAL e I e Al e
fall = sl L 2 ARl -
M N il
and, AN I e I L gt (L v
Il i
Section 9.4

L. (B) 3f-5U = (5,5,712,-1¢) pun (9b), Them (24),Then (92)
@) 4L M+5(w-24)] = (-92,-4,-8,-24)
(e) ~w+f = (6,2,~4,~4)
(§) donoim of, mclote md defumid
(8) T+2u+3m" = L +@u+34r) po (10b)
= £+ [(%,2,6,8)+(-376,15,18)] pn (9b)
= L +(1,-8,21,26) po (90)
= (6,-8,22,28) P (9a)
thy L-24-40 = md defurad ouier Ly ane d4fuplea and o 4o 4 3-Luple
(L thgugh m) ako mitlme_«i
2. XAM+N+M =0 Lo %= = (MENHW) = =(7,6,-3,-3) = (7,76, 3,3)
3.(@) 33X+ 2(K-5N) = W
sx+ 2 {4+ [-(60)]} = W pan (9€)
3x +2§ M+ [-(10,0,25,0)]} = 47 pn (9€)
3%+ 2{ M+ (-10,0,25,0)} = 47 pan (9d) thew (9b)
3%+ 2(-9,3,25,-2) = A (9a)
3% + (~18,6,50,~4) = A pan (2b) o
[3% +(-18,6,50,~4)] + (18,-6,-50,4) = M + (18,76,~50,4) m}:@mﬁo yes .L%uaﬂa
3% + [(18,6,50,~4) + (18,-6,-50,4)] = W+ (18,-6,~50,4) fn (10F)
3x+0 = (22,73,-48, 3) pan(2a)
3% = (22)-3,-48,3) pn(0¢)
(FX3%)=($)(22,-3,-48 ,3) W%Mg J%MQAJ Jr? L.I)M,Qo'

ix = ()¢ " ) (10€)
X = () 0 ) (loh)
%= %,4,-—14,,1) 1>zn(9b)

N )MW&MM&O@‘ Hhac dﬁ‘l’im&w,mwm
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(b) 2% =4Q + 1,0,0,0)
= O+ (1,0,0,0) qwxaofc)
= (1,0,0,0) pui (J0a) ‘than (10C)

(£)3x) = % (1,0,0,0) MW; L%Awﬂa, % 11)“50@
ix = v pulioe)
% = " o (ioh)
= (£,0,0,0) pn(9b)
(C) M-4x=0
(M-=dx)+4x =T +4x ' sanale 1o ranale

(M) +4% = 4% +0  pn (9€) mLHS amd (l0a) o RHS

Wt (A +(~4%)] =4%  pan (10b) Ham (102)  LHS and (10€) on RHS
M+ O =4% pen (104)

M= 4% p (i0e)

FR7 R0 mblplyng sqpal by sl

= (F4)% pa (i0e
1%

% pn(0R), A0 %= (4:%,0,75) pa (o)
4. (@) ol (2,1,3) + e (1,27%) + &3(0,1,1) = (0,0,0)
(20, + oty , o420l + A3, 30~ 4clp +0i3) = (0,0,0)

I

)

2dg+dz :O
o +20,+ o330 amd Gowso lwminadion’ quco m;.%mm(dlm
30, ~4aly + ol =0 o= oy = ofy =O.
(b) Qo am @), Wt yx
2&1 -‘w3=o . . \rt\( .
QU+ oty +o3 5O dmd Gruno o guvto The 4 Frmdy o .
3ty =z =0 rdoFiona of=C, o, =2, s =C Lt Cdomlniiuy

) Oo w (&), mt
20 4+dl, ~2d; =1 amd Gouwrn x.ﬁwn ?«Mo Mm'.t\&e o oly= 29/2.3,
o+ 20, + o3 =3 o, = 2/,
30, =~ Holy = 0lz3 =2 o,=39/28,
(@A) Go un (a), e 4L
20, =203 52 amd Guuoo . shovo Hune do NO st Lorthe otk

3d‘+°(z_ "0(3'—"",
(€) On #n (&), mt 5T =0
20+, =0 ?\m%mmhilm o, = 0y =O
"40(1""0{7_ =_O

$) O wn (&), Wt ok o, + 20 = -2 wm%
20+ 0 —0lz3 = O Mt v oly =6/,
—4d‘+dt+d3 = o 0(?-:_2/'7)“!:-2/7-
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5. (2) No. Ea, &b 14204,0,0,0) amd N'=(0,0,0) then L+, 05 =0 gra
(o(,,d,_,oo) (6,0,0,0), MM&% o, = oy =O
() No. Eg, ] 4=0,00) and (7= (0,1,0) Thum ol + 0 V= (0t,,02,0) = (0,0,0) A

d=c,=0.

Section 9.5

I @) Nl = fg2¢3e =5, 1!ml*42”~+ -1 =45 e Y en' 83 = 634" Lilsad
~ ’ numwu B )

©) 1l =415, )| =4H5 =7, &= ¢4'0 = 90; Mz 5ad 5 dﬂk.,m&
(e) 1l =423, 1)l = {1 = 24— &= co'o 9%, rr/zrwi
(@) Jlwll =415, || = {85 = 345, c6 FET' aa(os‘ootf)"lzo 209M

2. (Q)(C) (AQ) (e) ('h) (L)NW %@Mﬂ'\@mm

3. @)
A SLABAC . _ =l (z,0) _ °
7 XCAB = C(D,msmmcu =Cn (é ))((2) CO(# 45

- BA-BC -1 D °
¥ ABC = eo ey = o LhD = o5 (»“rl’) 084
1 CB-CR et 251 (3,0) _ oSl
¥RBCA=cp TCRIICAT = >5 3 = Cco g 26.6°
Sum. = 4’54—1084-+266-[80€Aé camat&n
E - (02. Sy
@) D FEAB = SEmRer =% 3% - ool ) 185"
A C «ARC= lIOB‘l— Pwat(a) )
B =c5' CB-CD | - =2,-1) (=1,2) _
¥BCD = o5 SRRy = o' (el 52 = odl(0) = 50
l.:!_.x‘___].).g.—.: ‘("2'(‘2)0__ -l L\ = °
¥ CDE = ¢ o] = % SO = oS )= e
-1 ED-EA -l (2,0)-(0,~ - .
DE LV ch . ,0)-(0,~2.) = -
* DEA = & 1emiEAT 2z - °0=%

S = 1354 1084 +90 +16-L+ 90 = 540" (Covwel fen oy W)

) H -1
FHFG_ . o5t (4L5)(,3,6) _ o - 0
FV * W6 = ¢ ymmirg = R e =9
L6 VGE-GH . _ ooV (,3-0)-[34-1) _ o o} IS |
FOH = oo yeeiem = o Sl = o5l B Jiot -

SLHG-HE o (3,~4,1). (-4,-1,-5 =1
% GHF = oo reiiapy = o0 bk Lboos) - = Ty = 7067

Swwu = 45.1+4 64.34 0.6 = |8D° vV

=¢4.3°
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-l HG-H] -3~4,1)e (-5:4,-3 -128 .
4) <7 * 61T = & g = '(’3“‘,("—%5%‘—“2 @ o - 32

S U TG = (5,4,3): (2,04) - 450"’
< HI6 = o et = —-%ﬂ(z—o‘—- mm-‘m

co GI-GH _ _ .S ¢ -zzo,~4) (324, D _ =050
XTHE = co o ehT = JEz“?B 5.0

Sum = 39| +459+ 950 = 180 V4

4. () i=2e(2,2,2) = (W5, 143, I43), N = T (-4-5,76) = (=471 5 /477, ~6/d77)

B 23_‘>

N4
?
t»

¢ ¢C=A-B)(8-8)
¢z = A‘A-A-B-RB-A+B-B = A2+RB*-2ABcna

. (4) 4}=( 0, 8= (L,0,1,1), W= (27,1, 1).
weM Hone : ML =G, =3, AT =T
Mo =2, Mo -I,Qf' m= 4
Mo* M = (R+dy)- M = 6+20= O s o=-3
Mge Ak =(u+pf\f+xw) M= 6+2p+¥=0 O
M3 M (u-&-gt\r-t—XMr) (M-30v7)

:(6 -6)+ B(2-9) + ¥ (1-12) ==-1p-1¥=0 @

O omd @ gt p=-154/35, ¥=14/5 .
Oko, ol=-3, M =4=0,201),
Moo= H-3 = (2,2,78,2)

- 1 —
do=u-Br el =Grb b

() M= (,2), F=(02), W= (1,-1)
Wx-’umw\ MM =6, (eN =4

? S~ o~

) 2
luw\rqlu\ ol |

e
y T =2

Moo My = (Mtdar)- M = S+40L =0 , o=-54

Mg M= (RF BV HIWY M = 5+4R-¥ =0 @
Mg Uy = (Mt RUT+YM). (u-%ar)

= (9—s>+(e(4 5)+ ¥ (-I+Z)

= —F-+3 =0 €y)

@M@) p—"‘3/2-) X—"‘
Odeo, d_m) M=M= (1h2)
ML"' M"Ef\f" (' /2.)
Ms_u. 3,\3— W"(OO)M%-L%U\OM&IO‘I
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SO mt CN/W\K: -F\M.d chj\, om, d\ﬂ.ﬁr‘.\,o‘i A.(x.
7 @) M-z (-1,3,-4,-1) , W=7 ]| = {149 +16 +1 = 427 = 343
@) g sl = L for iy E o)

8. () I+ IF+lu-yllE = (M) (At + () (- A7)
= M u+2u-Ar+N'-N’+u M=2ue + 0N = 2lll® 4 21N\
9. (b) Mel2,1,1)= 20U, +U, + M3 = } : M3z=3a, M= -5a, U, = oL
Me(1,2,3)= M+2Uy +3U3=0 ) AO M= o((l,-S 3) fou uwmg ; ey a Lne .
(@) Mo (1,-2,0)= 4-2Up =0 G-u«szQuwx opvees Mg=Tel, My = =ol, My = -20L
Mo (2,3,1)= 2U+3U,+ M3 =0 } AC A =ol(-2,-],7) fo MJAM&(; i.e, albme.
We(70,2)= T, +2U,=0
(h) me(2,1,-1) = 2+ Ul ;=0 *leM . Wm@mww o= 0, ol3=0
e (1L,1,1) = M+ M+ M3=0 AD M=
M+ (3,2,1) =30+ 2 + Mg =0
0. (@) M=M+Me = o+ Mo

~

WA = el O afxr«»oc Ar-u/ligu":r:\}-g/ugll
A0 M, = oLN"—" N'"*'LN- = (N‘-M.)N' amd My = M-My

lwu

T heae mmxmﬁafdzz-mdsqu M-Fu\n—nf:acb(n>2)

(£) M= (2,,0,0,3), N'=(0,0,1,-2,1)
&= (0012,1), fu =3/ 40 = @u)F =2 & 1 (001,-2,1)=(0,0,%,71,3)

A~

MM;_ M-bL."' (2!, 2, ,.2_)

Ho (@) (@ih)ens = (ot gy i) o (09 ) ooey Ny ) = OUMGNT s LM VT,

ol (e N) = ol (A ++ UnNy ) = (U Ar,+ -+ oLy NV, >%‘M‘/

(b) (Ut ) emv = (M ooy UptN ) o (A ey )
= (U|+M)M’?+"'+(un+"’;t)wn = MM+ U Ay

+ Ny e +N“M)“ = e T
(€) (Ud+Ba ) af = ol (+ 1) + B4

o(=@‘l oémm‘rh MMMM (M) I = e 7 N T

=0 W‘ﬂ\b Mfwltfw. M i) = o (e )

|

(id+ BN ) dr = (h)e 4 (B) - it st
P = O((wa)—l-;(r\r-Mr) ﬁ anoeeatne m
12.(2) Y=ot = /Ml =1, Z{uend eul

'Qz- o = Mo /MUl = M, V2

Qi=cod= Mg/Nkll= u,/f
) M u=04,0-3) Hen L,=4/, 8,70, b;=-3/5
© X +12 e+ = (u/d u‘+uz+u3) (uz/.(ulmawg)-k(us/.r ut+ul+uz)

(M|-H&z,+u3)/(u +ME+ Uy ) =
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13, No. Forog, 4 d=mr= (4,07 amd = (0,1) ,thom Meyr=0, 4+ 17=0, bX e =120.

4. (6) No ©) Yo (d) Yea
IS. (b) %+ %2 =O} Gousa 2. gt X3= ) A2= O, Xy = -l /fo?é:oc(-l,l,l)
A sk AL MMM ‘]KMWM e (L1 1.

AU — X+ 2%5 =0
<) 96,—?6,_-5'9(.3‘:'-0} Goune, 2o, . Gpren A3z, X, = =4 +6, %7 bta

96,_+4x3=6 A0 %= (b+a, 5“40(-:“):.“}‘_6 XX L
hﬁ%m@ﬁwmmx\m %
W"_%MW O 17/

%= (6o, 6-dol,ol) = (6,6,0)+0L (1,~4,1) %y Xe
E %o + oA X

The et alimg L 4o oy, mk . Soubey it meslin B snd Jungtl,
: Wmm.t'ﬁ_%(l,-@,l). M,Mwa&am%aL

dM 4 T %NMCGWWEWW@.EM%.) '
?{A = (8,-2:2)-('7,2)1) = (|)44){),‘ﬁm’mjw(9 P M,Qwa;u\ sparta

~lo(=2. -2’610(=l
tﬁ(l,‘q—,l), an

NOTE: I believe this simple problem is a good one to assign and discuss. The
common error is to simply take the resulting x vector and scale it to unit length,
whereas the x vector is not along the line L (unless the two equations happen to be
homogeneous). The key to understanding is a simple sketch, like the one above, and
it is important for the student to understand that it does not even need to be to scale,
but only schematic. Generally, students do not use sketching and visual aids enough,
and this example offers strong encouragement for them to do so.

Section 9.6

I (b) Letua ote. Lk st = (0,20,38, ., M) aond 47 = (N, 205,305, nW) Lt oy T el
an the A'Fo«q, “Thew XM = (o(u,zau,...,no(u)i_o mn dhe Ppace smd. AN =
(U ZUE2N; v, N NNT) = ((UA), 2 (U &) .. (UEN)) 40 an Fhe Apace
20 the apact 4o cloed smdin peslen et amd neeln addSion. . Fusthen,
.\é—.:(u,m)...,nu)[ = (0,0,..,0)=¢C a0 MX&{\LD‘PM:L)M ao dhe hu;a‘.t\,w_ Arareral,
== (=2 ’fﬁf&) 'P.!:- Qhoo, M+y= (Ut 2UF2N) .y M)
= (N, 2N 42U oy WNHNU) = NHAL , amd 40 on . Vw,ﬁt&ga,\,—% pace.
NOTE: M '\Nzi«-w\*ﬂt Mpace LZ) 'fwww\ﬁ O< U< 0, A«y, mliad, d —cp<l<o0,
Yhin X arsndd mewmdwamxhwm
sealn MMMM [e"ﬁ" G2 )(M,20, ., N) = ("ZM-J""H-'-»-":"M“).
= ((“w),ZC-Z.M),...,nC-Zu)) sy m& ainthe D‘F&@Q] ) M»dL""f'ﬂ-BMAQ paon. AL nrecllen —
dota the Apact codam a wrrw-t Amactnol =4
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) Yeo

(d) NO,MWMW»";‘P X o rLa mJb'LnFaa. (wAJnﬁval)
(1) frda Arney M+N = (44N,

dhe Aot ; an ag,.\mo.g
Mmhanrag M= = (=M ey N u.n >‘mt w
(2) foda, Aumer (A+Q)+W = wmr., ,u“-mﬂ»m

y M)
= (M=M= e Mpy=Npy=Mn, )
bhiuss Wk (VM) = Ak (45b . e >MWMMM°1
= (Ml NTFMT, - y Mp=Ny+ )
%,%WMMM%M—),& , BAwel

. ‘;é"'(".:})" (uf'("'uu))"': un"["‘un)) = (mn"' )wn)
koo, (6) foda Amer @A = ((dtEI ) .. , FIUR)
, mhswas oMM = (dl fy ey A= By
(e) No: (3) fado amer ut+0 = O Wl,fi)
‘H\at At () = ) ) e MFAT = @MMWZ

~ *

Qlso , (6) “file pme, (oe+@>)u ((ot+p)u., ey (@) UR)
oM+ UL = o.
2. Yo, & tdatio (2) mmer (%t@')ﬁ-w = (U2N oy Mk 205, ) F (05, T )
= (M 420 +200) ) -y Mt 2N+ 205, )
mhannan M+ (04 W) S Mt (NH25 ..., Np+2W5 ) = (u,+2~;+9-uq,... s Unt 2N, + 45,
Glso, =1 = (M, ) doo mal sadioly U+EM) =D Aumee
) = (U F2L) oy MnF2(-M)) = (=M, Mp) = M, Wl T
lso, (6) fods Amcr @+@ . = ((OH'@)U-l s oy (4@ Mn)
ok +BUL = (ol +2pM,, ... ) M +2@Un )

3. UHEDM = AU+ pan (8)
= (1+E) ML pn(e)

ou =0 Pm(lS‘a.) Thom (-1 )u,m&t - M(L(L)MDMM
4+l = °<(5+9) poL (7)

= oM 1:4:1.(3)
Tham, Pu\(u)m:DM‘?él O(Q:Q.
5. =0, S»ﬁ;ﬁto&*OM

W MEO, “H\mﬁc

mramw Mo = Zw’u Ny Ao Mto‘ng,(léd, ), whane the wa«m>o
(léa) NoU = §w«y§u} =

(bb): Mo = Swgul >0 cQ..,\:z;) -Fm&QQ,u¢ )
(e): (aM+py )-w- EW (o(

md =0 .
= céZ‘W‘u w‘ +(32W NW; = oo +RN-W.
N&TOMAWMMM m?,w:f PN (&
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mnCLions ot Hhow : X\fg%”{)‘\e ,wugm amd. A o the W Qw\g:a'm:t@
7. Guwon & &8 pratud such Moy = nru. (i)
Mot >0 #Laﬂgi‘g (b)Y
=0 fon u=0
_ mAe)ar = ey w)+(5(t\rw) (16c)
dond 0. NiBunad merwn Tkl = JRLL, Hhen
Hotthll = o (otd)e (eid) = ot [ @a)] pon (6€)
= Ao olig)-4h] ot (164)

=:Joz2(uuk P (lke)

= lelNueu = ol v/
Nk llull = - _>(c)> iﬁ#% P (1cb> %

= MM AN 4 N

= I+ 20 + I IE o (160)
S Ul + 2]genr] + )=
<

l\u)l"+ znullllr\rl\-l- lln‘li" pov SM%

(13) am Sec .95
(I )®
ao lu+arli” € AN+ INN, amd anvt'ne dime. Y
8. We Mmmﬁ«}mﬁhwi'!k Exencst 7 bcanae The Mm:drmmm
wL & madined mows. Now, A“uu [y 1+ + A ] Thon
o] = loeu'1+ St o | = Tl 4+ letlidn] = tecllll v

NJ‘Xx I\MH >O E“*fo)) MD&@M Ponel, Ma\lu}po

—

Fszly ko™ = (urnr) s (uen

1

Fa , lwenrl]l = 1 (uen, Myt N = a4 I eng |
Nowr, fdz, mﬂu»a a,b .«tm ALMM latbl < lal +1b], Ao
IA+ATI S [+ IN ] L+ I,
= 14+ Ml + IN] -+ ||
= K+ ur\rll
9,¢a) o 1| = r%mgc L | wy_?

S%mmmlu\M%mmemdmmwm
lloeml—;wx lotas; ] = ol gv;gc wl—!uumu v4

Ns

Nuk ) gl = 2021 51._.0.1“*@ a&u&vmxow v

FA;,\%) u:gu-gyllzls\f*\%»\ggl m’-w\g < vm;c (lugl-i-ll\"() Moncs, [atb| € 141+ b

Sgjen M jl+ ,‘}\;2‘ w51 = i+ Uy
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A i”wa .\_g,a,,wkmaﬂ_md‘m N&ﬁwax'fc\c rarXiand, mn ® amd © mud Mol ereur
B in@. o
' L (1ab) and (17e) ane mot . Fon

() do ikl = Pome Lyt okoy 2 (17a) Ao
- amd N =(0,3,2). Thmllull=1, IInI1=0, lintarll

W w‘fﬁ M = ca,l 5)
=l =2 40 I¥li=o m%% #0 ) wn Mmq,{!ﬂb)) and,
2 %0+l shows Hhak (wc)mmm mmmfaz

1. .\V(Y <UD Z S M0 o0 wr(x) dot (ur('x)>0 o 0SXEL) | Yhin
<N = f’ N"(?C)M(%)Mrlx)dx _r u(x)/\r(x)w'('x)m KU Ny V

myuy = foum)wcoc)doc >0 o HO0%Q o
=0 fn um=Q

(ot @)y = ) @mcx)-(-pr\rtx)'_)mx)\'rxftx)m — gt fumclion
= ot fiy Meom) Woe) dx + (55 AT WEX ) dok

= M<MW7+F<,¢'M>
O, Il =43+141 =J1 , INI={i+4+25+6 =446 , O< ATAEE v/

12. (&) (M| =|3+2-5)=
(b) |- = [i0) +5(8) + 3(4) + 2(-3)] = 46, IRN=A1(1)+5@) +3(16)+2(9) =487,

lorll = JIBTFSAEI T RECTS = {85, A< ATTITE = 85,99
(e [yl = | 1(2)+ 2(2)+ 3(2)+4(2)+5(2) | = 20, ||| = {10+20)+3DFED+S(1) =45,

\lf:"l\“»J|(4)+2(4)+3(4)+4{4-)+5(4) = 60, 30< (5460 =30

) ﬂull-M'mx) ax = {1973, sl =4 [, (31 . = 45
K, = 1§, (2+x)39<f'doc| W4 < APRAYS
2715 £ 3.376 VvV

13, ‘T."\( A*gat'v»'\ ) 1‘”{ —Fd‘vM ByXyt -+ QX =0
: : ©
B X+ F B Xn =0
The ad | Xm)idﬂmmw MMMMJ{;QW
Ny MMM O Yhon 50 4o y+A Itcanse

a, (u, +/\r)+ -t Qm(un"' n) = (Al +amun)+ (@unit- +am"r) =0+0=0Y

O My + 0, ) + +4mn(un+'\") (amu+ + Gpn Un) + (@, +»+a,,m h)=0+0=0v
et 4

Ahso, X coFamme the nedoL u=(o,...,0). Mq«'ﬁwo mraalint
Mm&xuwﬁ u{{u (M ,u)%&%%w-
(u“ Mn>d¢wr&0 Gnd. X Ao clred mmdun M\‘W%@M%

M = (u., Ly M) 5 O than Lo deto U= (Al ) U, ) Ame
Guloth,)) + oo+ O (M) = oL (G U+ "+ GplUn) = (0)=0

am (d“.‘)'*'""" amn(dun) = O(.{a""u"*“"'*' am)\un) = O((O)Z O
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Section 9.7
I (b)) = Uit oMo + clgls + g Uy Grte N = oLy
Ny = d.s + mu,

Ny = of+ Oty 4 oy + Oly

. . . . 4
%m&MWmWfﬂwng,mﬂumr

(€) Wzonll++ olghl guea A= O 420, + Ols
N, = 2d|+3d?_ + 013 + g
Ny = oy + 2dg
. Ny = 40y = Oly + oy 4 30y
12001 N l2001 o 1200 | N
23101 f\fz__) Oo-110- N:o_-zm 0+ | O“ (\Tz-'zl\fi

i A d
01002 N, |[01002 NG 0010 | Nptn;-2N;

4-110 3 Ny 0-%2 1 0=l Ng-4nN, 00-303 NL-9IN,+ 4N,

[ . . . .
1 2001 MW°’4= MWWNJ%-\C&D(,, .
0-l | 0=l Ny-28 oly, s, ol Thua,the mw‘:ﬁid{mmnpgm
00 | 0| nytNy-2M; R¥; dunee, {Uy,, 4s) Apana [RY.

(00 00 lb N t33-N, -2,
(€) =zolMi+ chMet iy gues W= oy +20 + oy

Nz = ol,+ 2003
Ny = o) - ol — 503 -
Gaune tbwn. guea (121 87) 121 5 12l
o012 Mm||012 M, |20t 2
[l-l-'SN'g 0-3-6 ] 00 O Ny+3W-N,

mweh Ao N_{\W‘M&M N33 N, =0. That 45, UM, Ms 40 NOT npan R3,
mlvxvpow\% st oilﬁsm% the N+ 3N~ A =0

)Y (R)Yeo @WYe INo (k)No W No (m)Yea ) No

©) Yeo  (p) Vo (9 Yeo

2. (@) (b )
N 4

3. (b) No, & o md fod smdir mctor adddion .
F«nw»w(sﬂ.,, Rt 05 = W a5 &k mnthe space > R it on

.. ‘ T A% p

(©) No, oL 1 md Tue Hhal ecceh aelin /7 Mé{v@/
A;v\,g*ma qum—y.m/g %‘M/-/:?//

...L‘é_ i

Txl
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4o (b) 2t %o+ X3=%,50. %=, X328, %,=%, %, = of--3,
Ko % = (%-p-¥, ¥, B,0t) = ot(1,0,0,1)+ B(-),0,1,0) + ¥(~1,1,0,0)
Thuo, the sl apace (udweh 4o a A«J‘W\PLMM RY¥) a0
{0,0,0,0), (~1,0,1,0), (-1,1,0,0)}
@) Gouna Lom.: [l -l OJ [l-l ! o]

S gata K,=0, Ky=ol, X = =0, b0 X= (~0,0,&)
't 10l lob200

o pcbufion o {1,0,0%,
mich, i a ﬁ{“‘m Rs/.)?w ’
@) Gounsa 2bim.: [x A 1-2 0 o]_)[x-n 1-2 0 o] Guata X5= 0L, Xy B, Xy 220438,
l=10 1 2 0] LOO-1 32 O] %,=%,%,= 2B~(200+3p)+ ¥
= -200-B+¥ 407 % = (-200-Q+Y, 3, 200+3B, B, o)
= (-2,02,0,1)+B(-1,0,3,1,0) + 3(1,1,0,0,0), o the \ apace io
apar. {(-2,0,2,0,1), (-1,0, 3,1,0), (1,1,0,0,0) }
(§) Sotulion space 40 {(-3,2,0,1),(271,1,0}
5. (B) Xg=al, x,26, X, = 30t~ 3B A0 %= (3-1@, B, el) = o (3,0,1)+(3(-%,1,0)
20 (3,0,1) amd (=%,1,0) /SPQM%PQAM :
NOTE : WM"%'H\L Ljombnw o ontouna, 2%+ Xy 6%y = Y 2
Thon ?CS-‘-'-O() ?C,_=@) X, = 2*30("%‘@ Ao ?‘(:-': (2,0,0)+ ct(3,0,1)+ @(‘%,I,O)
A0 the amowtt iothe same: (3,0,1) Gmd (-4,1,0) »Pmt& plane . The
el (2,0,0) Tk ma from the i Jbapn&t‘m'l’&/pQw,.m&Tﬁm
Y40 ) Tkt s from Thene Jo amy pod anthe plane .

This variation might make a nice examination question.

6. (b) The rde arne rdevtical

ot(l,2.,3)+{5(2,-l,l) = ¥(1,2,3) + 8(3,1,5) .
At (ie, cronlin ) fou @ fdr gt ¥, S amd. maa rona. .
LX mo st (by Gruno 2o, .) ¢ g
o+ 2@ = ¥+ 38
20~ = 28+ §
) 3o+ B = 33+ 58
Pt fer o, . Them, X io found T be & conoistint Ay inHe mmbonnima.
%@, U uw sdie £ ¥,8. Gauso:

I 2 ¥3% I 2 ¥+38 I 2 %438 ] Thuo,the Avplun so mdl e
2 -l 28 |10 5 55 |70 -5 58 | milind i gmirall, Sk el
3 | 3%+58 0 -5 -4§ 00 %

4 §20. Thuo, mo,the tiuo
©) Sawe Lenie axv ion (B). Fanak, Jit s acbn (4 pealde)
4oz+(3= ¥+28 }
ot B= Y-8 *
(3-- 3=28
fen o,@. Goausa, :
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(g 1 ye2s] Tt 1 %5 1 Ty 1 %8 [1 « 3¢ 1
lt | %5 |4 | msl-‘o-s -33+65| ->|0 -3 -325+68J
o | Y¥-2% 0O | Y-2% o | Y-2% 0o O

4o coadlint (F91 Al chacea U,S),MWM»}*/{O&@OM&%S-

Gomsa: [1 2 4dar I 2 Jot@ I 2 4ot
1 -l a+g-> 0-3 =30 |08 -3
| -2 o-4+-42] loo o ‘

%o trnatind (for all chacio d ot,@), 40 the Tivo ate ane sdintread.,
@) Sawe Lepc a0 dm(b). Finst, Juk ina sedee (o prodle)

A-3@ = P+8
20 = 3§
-l = O

M,%W;Mw)mﬁmd,@,wﬂw KS,
Svmet, Yhe 3ad mg«a:tqv( »),wca §=0 achwresa Yhe Aremd gpto. ol =0 n__!z)‘{ S$=0.
Thus, Mo}, the Tio Ade ane md adntical. |

T (b)) Lt 4 =(1,2,4) omd Moz (271,3)+(1,2,4) such that My l, = 124 210¢ 2O
AS d= -12/2] S=8/T. Thon Mp=(271,3)-%(,24)=(2,-15,3), sc an ON
. ~. ~n i A 7 7
AT spom §(1,24), (271,30} M M, 7’5’1 (h24), M, = ﬁ(a,-s,w,

(1) Showr d'= rppoon LMy, Mie § wo chrd wmdin addB. Lk Uz i b+ ol Mg
oord Y= Bd ot by b aomg Too ellone uin J' Phan -
U—n—'}] = (o 4.&"‘"*9&*.410H@:‘él*‘"*@kt‘k) = (o tROM et ol + Pr) My el

. : ot o

A_g‘w\‘g W;’Iwa y 41,%“...,%1:,\/
(i) §' &etn cordamn @ pno el Jeeanse
Ol +-+0My = Ol + (O, +--+ Olg)

O+ ¢ o ) Ay (54) in Sec.96
OMg 4+ + Ol4 (3) wn Sec.9.6

Q,D:u/{g%%e =OJ.<,L£=Q"‘./

% To dlustralicthe sdia, (2307 )+ (50 4) = 210+ [ 45U+ 4N)) Iy (@) bin Sic.2.6
= 2 (3w (450 ] My (1)
W+ [(3r+4a) 4547 by 2)

n u uy n

= Ut (TS by'ce) »
= 2t (Su+TV) by 1y v
- (s 1y @ -
= U+ T | by ey »

Thall s, (2U+305)+ (U IT) 46 Amply, = (245) 14 + (3+H) N
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(i) X'MW 3 M—g-ﬁdMUmg'm
S A AR =

AL

(St Q) + (b e b ) = (o o)+ (gt Il [0 in (]
= OM,+- -+ Ol

(o)
Q440 =0 v
(@) §' o Leed amedin nealar mwl,t‘olw_d:m Prover,
o= (oMt + olphly )
= Loyl + (oM, 4 ol My )]
= oo M)+ o (ol Mot + olpp Mg )

(7) 2 See 0.6

= (ol )4 + o [ (ofp i)+ (alsMa++ olplhg)] 4y (5) i Sac. 9.6
= (o )M+ Aol lha) + ol (g th g FOlp My ) (1) 4 S2e.9.6
= (oo )M+ (ately Mz ) + " b;(a‘) ain S1c.9.6

= = ()Mt (e ) e

Section 9.8

2.(p) By mopecim (2,8) = 2(14) +0(3,-1).

) *~ (-3,3)= =3(1,-1)+ 04,2).
(d) S& a(1,2,3)+b(3,2,1)+¢(5,55)= & ,n,

a+3b+5C=0 1350 1360 1350\ A0C=,b==-5a/4,
24+2b+5¢=0 Gown:2 250(~»|0-4-50|=>(0-4-50 | qa=-5a-3(-Fat/4)
36+b+5=0 3150) LO0-8-100] OO OO =-S5/ so M Mt

X ol =4, e, Then 0=-5b=-5,c=4 20 -50,2,3)-5(3,2,1)+4(5,55)= 0 .
Scbvvna, £on (1,2,3), $o wample,, (,2,3) = £(5,5,5)-(3,2,0).
3.(b) a(,3)+b(2,00+¢(1,2)+2(-1,5)=C g a+r2b+C -4 =0

30 420454 =0
a,%Gmmzﬁ\&w.,(tzl-lo) |
0-6-16 0O Md:o{)C:é,b:—é—@-}-q)a:d-(g-{-é—@.q“

=-o-5g. LAIO(=OM~A[3=L, thn d=0,c26,b=-1, 4=-4 »0 .
-4 (1,3) "(230)""(‘)2)"'0(";5):?_ . SMD 'FO’I (2,0),4:5'1' ‘(J;MMPQL) W
(2,0) = =4(,3)+6(1,2)+0(-1,5). LD.

@ Nathon vt s a peslan multifle fthe Hhin 20, by PR 9.8.2, Hhey

ane LT.
) LD Mcawne, dm A A, 60,0,2)=—%(o,0,3)+0(2,-1,5)+o(u,2,4)+0(v,9,|)+o(z,q-4)

$) Wade &(2,3,0,0)+b(1,-5,0,2)+¢(3,,2,2)=Q 1,
20+b+3c=0

3a~5b+C=0 cban%?m c=b=a=0,r0 Fhead s LT.
2¢ =0
2b+ 2¢ =0
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(9) Wnde a(1,3,2,0)+b(4,1,2,-2)+¢(0,2,0,3)+ A (4,7,1,2)= @ , o7,
atldp +44=0 [1 4040 4040 140 4 0] [t4040
At b42C+7d=0 5|01 2-50 |, |0l 2 5 0 |02 5 O |o-l2 50
20-2p +d4=0 |(0-100-70 oo-%\?-.'?-%'o 0020271 0| |00 20270
-2b+3c+2d =0 [0-23 20 002& 3o 0029320] (00O 1O
DO Q:b:c:d:o) b Ny LI
k) Lel’a moe Maple fon Hhio e
mh. (faala):
A:= ey CL2,,4],00,2,-4],01,0,3],[1,3,-9],[0,-2]1);
b:= asnany (C6,0,0,0,01); '
guto, fon the st 4 a(2,0,1,7,004b(1,2,0,3 1)+ C(4,-4,3,-%-2)= 0,
o, 26+b+4c=0
0a+2b-4c =0
16+0b +3C=0
-0 +3p-9C =0
oa+Ib-2¢=0, , .
the ol “ =31y, 2.%,-517. WAk £,21, say, wet have a2-3,b= 2, =1,
Ao -3(2,0,1,-1,0)+2(1,2,0,3,1) + 1 (4,~4,3,-9,-2) =& 5
o, srbng e me %‘ﬂu reliora | (4-4,2,79,-2) = 3(20,1,1,0)-2(1,2,0,3,1). LD
) LD M 0(1,3,0) + 0(0,,-1) + 5(0,0,0)= . On, (0,0,0)=0(1,3,0)+0(0,1-1).
O-f'ﬁ\& MM«M, 1), (m), (), (36) are L13
¢k, (2), (), (p), () ane LD.

4. (c) Mox 2.644,+0.8M4
22‘6*.51
I
~1 Mg
=0.3U3
5. No. Fn ) M M= (1,0,0,0), &.=(1,1,0,0), Uz =(1,2,0,0). ‘T‘m My, M, ane LT
(feeanat o 0 oi,‘ﬂv. hen); wU; ane LT amd Uity are LT,

\[J) QI)BZ;ES are L(-L.) M (1;0;0;0)+(l:2;0»0)"2(b|,0;0)=Q,.
6.(A)F(,Q0€ Fou WAMAPQL) M yl":"':gk:Q- T‘“""\ {QY)QS-",Q} 40 LD) L‘u‘ Vol erc
mt pn Apan {9, , 0} (MQM N£Q).
(b)TM,M J N owtne an pApa Wy Mgd then {g,g..,...,gk} sl d hane
Bhe LD. (NoE: A=>Bimphia nB=5ndR.) ~

(© FaQA{)W {\\;r M(x N;\ APM{QU)HK} doto md wajv‘fiw\t {‘-\,v-J %l:"‘)gkg 40
LT. Fuex, A A= (1,2) amd At U, =--= LUy = (0,0).
7.0) {O, Yiy , M} 4o mbufaoamlg LD lccane 3Q +0U,+ 40U =0 M\;uwi—m,‘,
Yhe Jex 3,0,..,0 kumg 3pno. .
) S%J.«b M“AM(I o au X o raesrotny, ot (8D, )iks -+ + (g b DUy = .
Samer, W ane LT Iy WWFL-O:\, et sl hane ,-b,=0 (Po&y=hy) , v, R4b) = .
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Section 9.9

1.(b) (3,2), (-1,-5) 40 & bmoce -FdeRe‘iH o« (3,2)4 oy (-1,=5) = (N],N2) admda a W
adudion fe1 ol 0l foU Ay rdicea xl, Ny, Lefla st (304-dl, 2067500 )= (v, ),
=T o (3 -1 )_,(3 -l
2a|-5d,z‘:.'l\rz 2 "’5 '\rz O—-_?. -%n)‘;-]-[\rz .
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