Z

Tue 1-D Wave Egquation

Shark ] +Hhe wave QO\VQW in 1-d

i
Cl y _ _L_Z dzj_/ - o
dwr V& dte

We ave already vacd o e idea of normal
Mmodes as ?Saoc\ h lou':lc\m% blocks 7 for more Com-
plicated ways +hak, say, 5+rma can  vibrate,

The vormal modas leok  like & dfmchon of % , which
descrlzes + SVlaFL of +he wmode, +imes oo Bnc-
hon of bt that deseries ibks oscillabon -

So lets ook fe sollns of +his eqn Yol ook

like F6o 8Lt§. Pluog +his  mio  egn: e e

qlb) Fx) — 33 T GLE) =0 € prme B dfox
Now divide b‘q ?(x)é(t):

\ . .
7 Fo R ve gled 3 =
l___v__J L N
Funetion oF > FunctionN oF +

Sometang interesting has happened. The vadables
X £ t opre mcla?emd.am)—, So how Con o Fvchen
of x £ a fwchwr of £ add up o zew ke al
values of x £ £ 7 1f ik worked @ X<=lZcom £ b= Ss,
Hiern i+ probalbly Waldn't- work 2 b=9s rl‘Z\n’r’f

Theres  only ot Wy ths Can wok iE x 21 ae rally
independent.



Eachh  park of +Hhe eqa  wmusk be equa)l o @ Conshant,
and +he  constante  most  Cancel

| n" .
s F'(x> = ConsTanT }:; _3:, —\_/Lz—— s
.. d
éz‘;) 3> = Vi (SamE LonstanT)

Lets assome ow constant 15 negadive (we'll see whyg
later) and write #+ as ' —k* . Then:
T = - EFF0D gle> = - " v glt)
v— ;
This ic remarkable! We made o
§imPlipv\nna oess abalc o solln of
fne PDE, ond i+ tumed wh bwo

ODE <!

\/\!ﬂ know how ‘o <olwe Huar eﬁvwf'vwlsl,
AN A (kx> + B simn[kxD
S\Lt) C cos (kvtd + D =in (kvE)

So wele fomd a family of  soluhwns  of tie wave
e in 1-D. Ths s called a ™ Seppralbd” sol'n ble
it Con be expresad as »Frodud— of  fimchuns

oF each 'lﬂd&'}z&mdﬁ.m\— Variable .

fl

]

F() Sl{:) = (A Cos(kx) + B 6m(_k>z)>x( C cos(kvkd +D€m(lw£)>

This s more Complicared Haan  Hwe nomal wodis el

Vaud Yo: Hure ore S arbibany  wmbnewns  huc (~ 26D,
£k)-



Buk that makis sermae —  differenthal eqns hove  wul-
tHple  sollns £ we hove fo 6F€c'|Cu\ ‘H/NﬂaS It ke
loamdanxl condihons € inthal  Condibons (own R
each dervedne) o Fnd & @;&ciﬁ-a Zplohon |

Ao, remember dhok Fhe wave o eqn is LINEAR,
So £ T add two <olins  wl gifferent b, £ ko
the resold s shill @ sol'n. O T could add
bée,-Hfu.r- a. milhan ot Hrewr, o evenn an 00

numke,~ of Sollng.

Thae Separmble Solln we ek worleed  suF is o
6ewral bui\dma Block . We will add +wm rn
s-re_c'l-prr_ Com binatens (uswvb what welve  leamed abwt
Forer 4&r1e5!> o build  more ComFl‘\Cal-ed sollns.

e gven o et pf boundam/ £ initial emdihons
ovr Shrm’ré%k/ will be o mponC. RS many ol Hom
rs  pos=ible @ +the level ofF Sepovarble  Sollns.
Then  we’ll ’dd up Hoa solns £ -F[aurﬁ ou

whal must  be done Yo imposc gy MLnoining  Con-
Ahans.

For mé“ﬁﬂa) o familiar example 15 A 5‘\1’\\/15 w/

lenghn L dthak s clamped  (held 0 plaw) @ x=0

£ x=L. In tewms of lbndy conditeons  Fhar means:
vio, &5 = ylL &) = O

Con we moake on %mel@(« solhn $au’r15Pvl Haeac
bou\nclom/l eomdihens 7



' o
(o) Flo) = A costeod + 'B@n/[{@) = O
= A =0
() FLY = O cos(kld ¥ B snmlkl) =0
Two ?oéé'lloi“htsf

e B=0 , bot thew A=z0¢2 B=O = FxD:=0 !

[ 4m(k[,> =0 = k= fl—:—r w/ n= I,Z,g)..-
So  +he aefu.m.l 6e_]7ar‘a\ou. sol'n  +habk  sptisfes the
boundawv[ Condihions v = O (P X=0 € X=1L is:

Ef(x)g(_{—,) = B sin (%)x (C oS (EE—V{;> +'Dem('—’f-v{:>>
And r'{,all\/ ) wWe Can ‘gbsob’ B into CZD (ﬂna_,
only e  Combos BL £ BD Shav Uf> so & hotler
NIV o write Fhis s
3"()09({;) = sm("{f)x[cn COS(n—E~Vt> + D, $‘”("1,_T_\/t>}
X
v12: S~ We moay wonk 4o odd

k= T S0 ow~ \\;uildmé 4di€f, b_}"[dmé Plocks Jo -
b\oc,lC5’ ar<. lakelled b\/‘ aej—Mr So weld »Fm\aa—

Gn m""%ﬁ" n=1,2,%.... b\v\ have &iff. C £ D
—pvr each n .,

Now what abevt initial  condibons 7 For examp\L, wWe
Could elae,c}Cvl +he Shape oF  Hhe é#—rmé e t=0.
Moavhe b has e ?\uclcca‘ Slhape fom on  exompc
Whur  we  were workws on Fouter sertes.

%= o x= L

J

e *60 SCD) = Cw Sin (-n—rg

—
Ovr aup . sollns gl look lile
oML Waves !




AN o Sep- sollns  look  like sme waves, S0 il o
inihal  Condibow  Lr  bae  shape of the shms @ B0
looks  like any -H/unz elae welve ouk of luck.

At s point,  we hove 1o oask " whar 15 He
Mot 8e.n1,ml solln  we can  build W/ Husce blocksT

o=
. nmx niryv . NV
\/(){}-‘—/) = g S (T)l[cn COS(T l;) +Dn é(ﬂ(—[—— {;)]
T
Sol'a ¥ n=0,1,3.. so add Hum vp. The 4N
15 lwar, so Hars s sbill @ solm.  Adp,

each wmode s Zeo (L %<0 z‘ X=L zp theu
Sum s olse tero @ X=0 £ X=L!
Now we have o lob move P\{Xi\oi)i\—\q whwn  jm posInsg
ow  iniha)l  Codibhoms! Lon we Fnd o colln ek Mo
6‘/10117,(_ ol s«!vlv% @ Et=0 s Some F(x)”

S amx e Somt  plothony
Y(X,O) = g Cn Sin (T) = F(><3 QW»?& L/ F(n)r-FL(,)=o‘,>
— V— J

Wuat 1s THE FourER SINE
SERIES oF FIXD 7

We know how to do +he! Fomiers +hmck Sves s
e C,)
L
C. = é—jdx F(xY sin (“-?)
0
Bot what gbot e D7 IF we ossume thak we re-
lease  +ne  shmy Rem cesr @ t=0  bhen

|
o)

®)
O = \./(X;D> = Z St ('-"—E(> [-—Ch‘-n—ll?/$Mo> +D,,~'—\—EV- cos, _C_\/0>:]
0o

n=1

> 0-2 D, sn(2) = D=0

n=|



— More %eru.mllu/) iF the 6+wma 1S Movmg  in Hu \{—du—,

C t=0 +hn we vvu'al/\l— describbe  its  velecihy @ each
pbe X by Q(X,o) = V6. Then:

ylx,0) - Z:D Y g (2F) = V6o

L
= D, - .Z_.m%[dx V6 ﬂn("{l‘>
o

L

And +hatéd it | S-l—ar%na Bomn o ?uu-ml Separable
sola we Gpplied +he B.LC € Hun e inihal cond -
i MLS +D -Pmc) Q;* Wﬂql;{_ S0 \ la .,

Y{X, L) = jZ;‘S'm ("E"%[Cn Cos(mrvb> +'D sin (""VJ;)}

7 L RO Sam of km\dunb blocks Mot
R nmx .
C = -'——— J-dx F(X) Sin (—:‘_) $al—l$£ul =0 @ x=D,x=L.

n
Sl«a?c_ of sk @ t-o0

nrx is F(o. \/e,loc,i\—vl of 5‘|'V1V‘é
-—m_v c:lx V) sm( ) éfe pb.x @ b=0 15 Vi

1}

Dy

tﬂns is +he Se/wm\ solln ofF Hu wave
equahon b o clamped Shnse.

- OFf course;, we'd qeb @ diffecent solla  w/ different bndy

Condibeonis!  The pressoe Wave  in @ Fube ke v &
pipe oragm) sakisfes +he same eqn. (F Hac hhe
is (loaed (@ o end f, openn @ anothe~  tho BC aec

= =0 Dt kL= >, ", .
P(o,b) o =5 A _ 20 e
! _ R N _ {ZasD ™
PL, ) =0 = Bk ts(kl)-0 = k= =

Q-? has an gnhi-node @ ¥ =1L



- Bot back o an Shng  example . Why dd we vac
0. negmbve.  umber (—L?) £ o So.V. gonshank 7 Wel,
Whar i€ we’d vadd o ?06'\+-'1\/€ numlee- 7

-:P”: +L¥F e F- Ae,kx+—15\[kx } Moo o sol'n ofF

. _ +he vl Al
-3 =iVt ? 3 = 8= Cﬂk\/b -I—"DLZVb o eqn,

- Ths s =& chc{olrlyl ?jm,d sol'n of tne wave eqn, ik
Juﬂ' isn't Mok uvsel| v o clavaCJ WWV& ‘PvD\psz\l

Look  wuhat IMLﬂQMS when  we +vul bo enlree Fua Y=0
BL @ X=0,L:

?(O\ = A£D+—B~ao = A+B =0 = B=-A

LS = A _he™ o 5 efho okt

o pTEL _ 4

, ok then FO =0 The only ot
?oée‘l\oili\—\q is 4o reczl\)
Lo

One sol'm 1s k=D

e”7 = tsB+ O S k=LK £ ZKL =1lnr » K= T
_eam z _ n_z_n_zl
BOL -I—)'u/m lC- LT_ 2 k" =- L -

- The lesson hee 15 Haad Hure may  be more Hron
o -[:p.milvl ob  Gepable sollns | and we o
find +he ous Hwr ace well-suted o tne B.C
ond inikal Condihons fvr ba ?/DHLW\ welre Hulrﬂ%
o solve !

— Lete ook @ one. move example oF S.o.V. ke a PDE
w/ two mdependent-  Variables:
d‘lA 2z dlu

Je "% g “Bw WO, = WL, E)=0 £ ulx,0)=F)

o, B > o!ll



— F\‘ve-\—, lets  loole -Cr/r-aL se,?awo:bbL spl'n X (x> T :

XT =<*TX - pXT -2
. . Divice By XT
X +B = «F al !
T X

— As belore, each side muek eolua\ Hre samt
Cans\-mn\—) which we’ll call NP7 T4+ could he ?04/
H—wc, e, o~ M?‘AA’I\/C

X' _ P L B =P
X T

- We have 1o enface (o by o enfreed 4+l BC
X(0) =D £ X(LY =0 , so lets jJust Pocws on X0
£ +Hhree Fo%ibi\iH{S >0, P-0, £ P<o.

Von't lnave Yo do Has, bok wri\—fv‘fb v
z/’m & Rem Hukr mokes i exphicdg
() P>0 & P=+Lk™ positve am be hadpfi!

RN

=
X __‘zx

X~z ><”=§;>< = X6 =Ae* + Be

w P=o0 @O&B:T":o s X'20 9 Xd= A+Bx

ey P<O = P=-Lk"
Lo s kT e XX 9 X0 s Ken(Ex)
+B 61"‘[5%_X>

- Now  what happens In each cast whun we  Check Yo =0
¢ XL =07

() P=+k? XO)=A+B-0 = B=-A

k 3 kL kL A=0O FDP-CE.
S X = Ax(e,‘*x_q:';F> - X(L) = Ax (4,_5(-_&— = >=>{k=0 } X(@'—'O.'



(k) P=0 = Xb=A+rBx
X(o)= A+Bb =0 = A0 2 Xb) =
XILY=BL =0 = B=0 2 AW =0 X&
() P=-bk*> = Xbo = AC%(&’O r B 5"‘(%")
Wo) = A 0osl0) + B. 570> =D > A=0O
SH6) = B osm [£5) {g,or?m X><0 | No gg0d

No aD‘DD‘

(L) - B 6m(€'—LL_> =0 3

nml. NeZ

|4
"'L=ﬂ'l 3 e =) =
< ;Lo 3. Dk T ol

- %o d-&‘?enc\mé on +hw S5 of P +mure are 3% quai ~
4'0-\"1\/4/[\/ different ?oésibih‘-\—iﬁs -Qv' X6, Buh m""l L
of Hum (PLO) Seems 4o be ComFa.H\okL w/ +He B.C.
we wonk o 'IM]’ofu_l S~ DUE B.L.7 DI solias

£ pecome reluvent!

pnz.,,f
P=-k* 3 X = B s'm(“[‘”’x> wneZ £ az1 foo)

- Nom we Can solve Hae T 6ﬁn ‘Far Hus  Cuse:

I ) . .
,_4,]5___wrro¢ ’—?’T=—(l5+nl::°c>'r
— This eqn has et one decivatve , and ives an
exponuntrad : .
Tley - ¢ o BT JE

So e a,wum\ éLPmmbl/.. so\ln  Ctanzistent with an
BL @ %x=0 ¢ x=L [+ " NormaL MopeS” b e

FVO\DLW> Qre.:
( nlrro:. L
X(£) T(t) = B awmn (—ﬂ—r‘:x> e B ) neZ, nz|
{

BII-: B X E ﬁ m /I-) -H/u_r(_'s (-Ca.l\v,
Jdﬂ’ ornie oversdl Canstand-



- Now we aud 4o M pose e inihal  condiben
wlx,0) = FGO. Note ot Huresl anlu( onc £ —dorvahe
4o onlvl 1 inital condibion 1 neded.

- Fueb, tan we wmake Hie inihal  condibon  work of
Just o nowal mode? (

X6aoTlo) = B sm("‘:' ><> e—([5 e z F (x>
L )

v
Onl\7 i Fbho 1/10\\7?&/\5 o he &
d &=

S Whwve w/ ?erio

- Fur ”"“f“""“b elac , o Sl Neviedl modtt wan '+

Work ., So we use ow normal modus os ‘ou'\ldrﬁ-%

blocks Z look e @ Combbinabour  Fhak works.
YILITOL')I;

-,/L(X)-I;7 = nZ— Bn Sin (_V‘E‘E x> e_(‘$+ L=

T
™~ Add vp all Ferm}ssilgle. bv{law\—%
blocks . Wel delermme M amanb
B, ot eachh onc Yot we awd!

o)
Wx,0) = 2 B,om (AT x) = Fb

=\

— ﬁ ]
What+ 7¢ +he FPowiter sine
Serrce oF FOO7

(BT )E

nl k) = MZ; B, sm (—“E”: ><> e
L
w/ B, = —E— dx’ Flx’) sin (-"lEél>
o




OCS

So far welve seen bwo exampus  of S.oV. - PrES
w/ two Ind.z_?_ewdani— Variables @ X £ b,

For one eqn ($he e e,qn) +hhe SLp. sollns  were
Produdfs of- —V\g Lonchons.

v oo other example e ‘u_‘;. sol'ns  were -i—n% Pmc -
fons of x  tinus e,x?-or\ml—mls of t.

On +he HW \/w’ll solve¢.  an aqua,\vwl of e Fem

d* . d* v =0 — LaFlaoL.’s Eqn m 2-D

de dVlZ
ond Frd  +hot P “ep. zolns  are -\—ma fvichons  of
one Variable — Hmes e,x?on,mi—rals ot olhar.

O e eqns nelod. +He 1-D huat [diffvgon eqn
Like lashk example wi M

dw d*

-_ = oL vy

at v e Bw term!
and  +we 1-D schrac\m%&r‘ eqn Wl oa POHMM) Hrnat-
deFer\ds on X (buk nok £): /ﬁ'ow Mis

x Mopern Pavsics !
R A R i, VIO TR
dt 2Zm  dax?

What  obner ?oseiloil\")ﬂés are thaure W/ Ewo variablus?

Two ‘\’Inmas Come. Yo mind. F’\fﬂ', we Mrgm- wort o
splve L@Flaocé eqn  in, so Po]ar- Coovrds  ov— Sont
obur OCS wnstead of X £ V-

[ d( d 1 d'w - O

2 _ 4 du . d*u
Viulp, @) = P dp de P dg*



- ée,?aralol& soln 7 wlp,¢) = EF(Jo)S(Qﬁ)

. L d(_dF Lt
- sl E)s - wFLLE
£dpdde A A e 45,
= f__ é_ é—_ﬂe . 1 é_L_éc MuLTiPLy BY fl
© F dJD (fdf 3 dde |

- S5 we hawe o fmchoan of P Y;lus o Fnmchon of
&b The only  way Yuac con  add Yo zeo 15 i
H’t,u/ ave. eplval to 'Caws‘—wwl's w/ the some Ay -
nitude  louk ozgoeﬂ—e Sisgn

— For reasans Haak will become  clear 0 o mo'vumlr/

lebs bt Wl e fwchon é(¢) There are 3%
Fosé\bih’hcs B i conslant:

S glé) = Aeb? e Bt

!

0
5 = @) = 6(;10

(!

()
J

() %‘ A B¢

0%) %,81/ = -k = %CQS) = A cos (k¢7 + B 5m(k9§)

- Now, in ar last example  we vad o BC o
decide  which  sol'ns  weve  rddevant,  Bob we haven'd

%,Nem v cx?\\til— B.C. I/u,w(,l L\-owe,\ﬁer) e ca\l  Hok-
¢ is an an%k vesaswed COW Rum il x-axs.

[ - Srace gé Is an ongle, increasmsy
i ’f;’/ < i b\/ L brrngs vs avowd Yo

’ﬁ e ” % e some pank., So on \MPLIC\ T
e Condibenn on ax sol s gb:rzﬁ)



"SINLLE =~ VAWED ¥ & '\k&dx‘z’
- %0 how do we inswe 8(§5+'er\ = 6(;25)7 Look (@
each Coan

() A e’l:ldi—Zﬁ) N B_&—-k((ﬁa—lr\') _ /_\&k‘# N B{_k?{ v ¢ .7’

9 A~B=D (30900 or k=0 (cutmdels L*70)
(o) Ay Bld+zr) = A+BS VL¢ > B =0
- 8(?57 = (Lonsmaut

() A cos (k-(gﬁdrﬂ\) + B an (k'(¢+Zn’7> = A coslkd) + Bon(kd)
- A=B=0 lgso) o k e Z

- T\'Lz.re are.  two ?0693\0;\”'1-(_5 heve . E\'-H/Le/r' ow— S.oV,
Constant iS5 Teo, 1a which  casc %qu = Cosglont, o
+he S.eo V. is — 147', m  wWhich Co= ]4 must  be
on ln-\—eécr— and Stcﬁ = Acos (k) + B an Ltgﬁ)-

- S0 what ave the £ sdhs Yhuae bwo cases?

. e S —k—zlo
) _gi—o fj—;’ =+ kY wlkeZ £ k7 ot _pteo!

A i Y
d d _ z z
L fd}(fa}' = +LF 3 £ 3 f — k*F =0

You con solve Hus  via Me,W.ocl of Fmiﬂemius) bul

ts moe work Han necessary Aay  Hme gy have

an  eqn  whare (Powexs ok f)-— (£ of dorivabies) T4
e Some 11 eeny fermn, by PP oas a soln!
)= P77 o wle-d p" s po ETPY =

> (w2 o - bl)fxso
5 o =4k



So +the solln 1a bas  come 19

_S(f) = C {)k + D ]O‘k'
P A 4% d | a2 T ok
e - = a é____ _ ondy (o) mws

aF 4% D

- Now we kraow 4+ Smé‘{.—valued §<,'f7ara‘obt sal’ns)
e oms  cosistent w  wlp,d+zr) = wlp &D.

C+ Dim e 5($) a Constent , 50 Yabserls
3 gl#) - d o cep

(Acos e+ Bomligd )(C pb+ Dp™) LkeZ
k=

W itnoot 'mn\?oénflg any/ {:L/r-"[/wr- B.C. , IRV 'a,aru’,ral
6m6ke,— valved Sol'n is:

[r=)
Wpy @) = A+ bomp +g;-_‘[ &bfk cos kob + bbf-kws kb
+Cl,_j>k‘—fm k¢ + dkf—h Sin kgﬁ

- A< w/ oW Ffe\/laus examples, e wer o~
6(,)?0"’0\)01& sollns besidus +he orus included here
(lite e,tbyﬁ). Bor H’u.\/ weren’t  Consrsbent o an-
IMPLICIT condibhon Yhat +he Bnchan  shald e
smsl - valved  smce Frtm £ ¢ are suppoaed o
be 4L Same AN

A iva\rcilf Condihmn 16 Somiineg we offen don'l bothe— to
Stake  explic ble i+ seems obviws, bub i+ has tmportan -
Wseqmws ermwmé duuw\ Hue sollns we consrder.



- At Hus ponk , if we had bau\ndaw] condi hons
we Could imPoéu_ Hremn Z +vy ‘o narrew  doun
+Hae solln.

- By P\rsL/ lebs look @ anokher— example of an
implicit Condibvon  on  ow solln,

- Our P sol'ne  take +he Form fh; f“k)' ond
n JD . IF welre lo-o\cinz C +the whole Y—7/
Plam, , thur O £ p coo.

— l/\“/\y is 4hs impaerM—? Ble dwo of o
spllns  — f_k £ J/vtf — belhave ‘OOIALI‘ @ P = o!
And f"‘ ¢ dm p are badly behaved (2 p »oo!
IF we want a soln that gpplies (@ pP=0 o pac,
we'll nwed Yo address  Hue!

— For exomple; suppore T wWank do bnd a solln of
LaPIau.é eqv (Vtu,z'o) on o disk of radivs Z)
ond T kaow +hat w(R,¢) is somC known fme-
hon  — well call i+ OUh).

. _— T a disk | 20 i+ males
sense +o uae Yowne (Cooeps
) W p=0 (Fhe orisn) @ Heo
- - __--7————- - = 3x Cenker of +hu Aisk.

R_ s upé a quanlﬂ—u/ st we
ik shald he Fiuite 7 \F

50, then b,=0,13:0),¢ d, =0
¥ kb, blc o P diverge @ F:O‘,



- S0 o Finite  soln on dne disk  looks  like
%(F,Sb) = 0, +§ft( a.kCoS(kQS)-l— Cthangﬁ))

We ve dePCd +h I p £ f‘k ferms | 5p all
hats el ace 4erms thok cemain Hinite
fr ol ODcpeR.

- Now we uvse wWhat we kow agbak Wl @ ho
pr down Fhe A, £ Cp

%(2,95) = 0(g) = o,+ lZ‘ \Zk(&k&)s(kg&)-&-ckém(_kgf))

x_ = —l—Jﬁd o)
° £ o) SA ¢ Fourier Coeffaents
P fr Fhe Fmchon
e Trj‘ dep ol cos (gD T(g) +hot Yells
‘{n. us abot Fac he-
c, = '?fdgzs 5L$) sm (k@) havier oF wlpid)
o @ -P: .

- For example ) i+ B L was
Wl ) = 6(p) = 1 ecost(f) » sm>($D

Then we Could evalvale Yhe inke som,hs (or use
mulhi - “"?5\{ Formulns  like 6'm7’9§ . %9!19‘ - '&sm ’6¢ D
o obtan:

nlp ) = -% + éf smg + szzCosLZz;é) - :'{—fgsm(‘scﬁ)

vz p?cosluep).

— Likewise, ¥ we wanted to solve =0 on $nc
region R<p 2 oo, we'd rule ool M bnp ¢ Fk ferm !



- The importont  pounk- hWve 15 Heakr S0V in an
OLS besides Cartesion (oords Mo »

1) Lead +o ﬁua\.li-l-avl;\ve,hf different solns!
tk 2 kK Difr. Han S.o.V. sollng
f+ =(XZ+\/ ‘) - «— f dw L dm
/ o d_*—‘l_ d,ult =
Cos (k@) = cos [k tw"(k)) ete.

1) Eﬁqutre N 'm/l?\ic,'d— " tondibuns  fhak  rechact
H quralou solns Yoo are inkerestes) n,
Exo.mpu_s of this oare the requiremaent Hak
%L</+'Lfr3= 3(967 , or e,\immod'mé terms  like
dn o £ f”‘ iF were looking L a sol'n ot
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