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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—
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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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