
@
-nlo,^0I . AO e N ÜYf t.lY" tt+'"?YÉ

d'r '1?P L-l)r ' V=o
àL' Í

I ê =-nfi
I

9-,
ie"
\

\i\l\
trt,,{u\lr^\ \l\ I

».,

.,\
.v

ZL

I

0'1-" h*L4

I

Í

I

,0,1,*
fr*y11q

a

r* .?* #A.1 *,U7 l4k '(-'f t t' fb

. Aa^**+ bru.*l á^e ?* *' {Y=
It'

-r-- 2rí ,,?n

//{
;;1, ,,4)

I
r" *ír -L) = ^(lT# +^)=t"( L/m' t") =

t@

= kt, (r[.f$
x tr xZ:-: K-
9z z )roo)

F

=*r( ,.*W)'-)=kLj

§t-fr. F u,(ti-oS: fta0 v

x= L.ü 'i- L s'

;o{ o+wi=o ) *!"ár:
Lê

t) ?'4 o^^" J A"*""-"k* !

RJ+.1;n Rd=rt<

' n1€rLr|:i'o; gr
\X*9i+!4,-'o t t ,,í

f* ; l"'*'^^*(;* l,

-=-**-*.-v*-

!.'o'
0 =o )

trz
Ç+!-0.ó

jlyt

ií
t'

'/'' r0,

Rt"
2És=o
íR

t+.3

A

Llt
í.(r I +nI Ke

I
l

xrLpno
K2Ltn0

t.)nft1 5

-[, É* n]0"^, L= *(r,+rt) Lra,"u

ç 6 ,"^;{' V"y-*'"'P Pt^ A z €

ítítL ç e(x,+ \<z

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

1



/= A * (*ot. *) c.''w do'

i, - Aurr,r\ (-rati)
' * A'*'ü (*trO)nr: !^ i " )

u, I Kxt= lnA'u.,=(u'1,"4), / .'(*o+.{) -{n/;(*,1&)
e N Estl) vcr*'r /^/uvntnl

Y ^,' 
ü (u+04) = ; (*'+ r 4')

,r** (*,+*f) - *i fu'tré) ;

, {aa \'=* e**{,CI

, - ,,,Í (^,t+ Ó) ' *"{*oi. fi)

Y l*r'. I . \'/s*t 
"ho

) É(*,+04) " l-

6 (r,{rq)'b tuL qt+$' a'tc *'b= 
"

x(uot+f''/,') ' Ah15o"

;.1, l, ^ "^^4^y; *'*' d""'

ar*|yl^T**t^ fu^á+à'* 4''.- lP' ?'f'

L , o,1o4,A
\F
-ltlfaa a a*o'|*^ !#"^^tJ ?-^t")-

t ln .*- f t;'t-'l' 
u^ín: u,.^ 

'

//ltw
X
A

X6

[-ru

-- lo /* úrtl cr-.vr &. 1o'ü^ t':'tu^t

- 19 7rer1 alut orh iu' 1o ' ao c- ttrt

- t o,u^(u,o,ss)- to Fn (z t' o,s)'

= '2t t86a*'

lg

í ir-xu, lodotu.B l''to wÁ éAu^+ *t'l'' a-(zt'o'tyu*'{u'+'i)-
t-

!
\ "-19,1 'n"^'t

lt
ff \E

r\aaa À,1"{ }* #i* I. , Í

f1 x++a ae4LLr4 "^'tQ 
,ÁLo ,

tlno an,?.€=-{'t'.

(/*Xr/t,r'l"*=a ; L* *L'o
t;í-

1-, )-U T

LA

A11 =

.t

eA f,Z

t--7--lr*e
à,í*4 U=V Z L

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

2



@
4d "rMà+

d ^4^e7*6,â
à^u ,* ,*'L^ *-l éL4 t"" 't'^{ ',J^

N
'= Ví

,zÍ:n-fiR

tb*K0=o

// /l
ru

l.a.( 6o,X-

1' c 4

I 0 + fiqa.o^4 ?A, =o?d
Rvi{ T* J "*,-"*;.* ê-Áe*Jut a 4u üç" f

L cn ã e a *-""*.*L A ;*áu'' E, ?/u4

nalz c.aa o§ "^; t.^lp4-A tuLrJ es, p A^* J- l'l-l
. ! ,o?,

" 1** ?MÀa ft.
'\*u

l.z*|'yr*l k *,,ir^ A w4a'**.i )

Aad ,:. r*t- A eB 
,

?e* frtu* l^ n'PY'- lY-'*$ n'c'ntso' ? "

ür-í/,^;^r^1" j* at u i;o * c"-l;**Á l- ..'4 *'dL

X yril- W (u*va '*l'u' 
n'*^ l-'-* /" 4-r>'D J*'' x71 '-

[** L. *'f,*lí,e W*^ F"j" "Ã f J^ tu 
'

z!qí n\

Y^ =aql
Aí,Ô

3. Ü1 ü *w N^*J- *,*J* + l*y>*1,^,t, á, o,ul ,qrq a*, vua*-h -- | , R

6a^ \- ,9X, qP^4 \\1àMo n '[(=f ?&
.1^ o n(tzR

ftcb

+ ilR,o =l?n 
(+f eR)Y']-" - -L' \ I'.cn ,,

*-v*ç

fiiÂ. v tL z p z 
^

= 

-ío* 

=:-: í r=rT *
çirrt+124 et rL+(

(= çn(3+a)

Á*

à"

Á

,^4
2' u't

"í'r/\ =/ crl

)^ * "40, ;4 rs t

iY, tC"1 

^. Aca

i lrr, 

-
,A?h

f íí1

c*irR.Y\ ' ,hn
t1W

Y
I
cq
,*WL

Ç*, yuAa"la.

a,.rFt
, t'lct I

r?À

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

3



e"^l;h, C*.k 4 ,

(e t=€a(;+a) ' í"-1,ü .4a-,j*t'f

';n' t". á) *

ry* Y c4-L c'"twv\'? ?a

d*= f
a
Aco

?.

/+ tt

R áa

Irl4
J

T
z{ 3z rl

-R',gnlÀ+,ÍFR,J

I

i
A

J : j^ * J-
? haà r\? b

Çi u oj.r.*u,f,, ,

64 U.il* a

b 
3*,u= *çr")(, ui=*f u',*.u'

="ilf ^'*íf R'= (n-fle€

fr.É)edBrÍR(ri+:) 1o'*,R 
c'rva{ Y*Y' rtn,"^o'&

r U.1A:* *; b *- - & -?- -r,o i"t ?*'

t';;7
I vlçJ

= E,b1r I *;í* "
Y ut-

J,u-,\ b=ru,fg,l-F=8,t- rr\l ;-11 I '-'"v í v n

,E'ur

1t 38 lT*J*r,

(TL+3\R\ 3./

I 7. lrt Íí1,1

e êt Aw0=0
.z

I' + t1d

ntá

{,,r FV,, * l")^

ryl-
Ç s / l s,. .-,( Ld" *'$b-
vw"-tt a bo"* f""."t:

/ "t.r-'., ("- na') a *nX{o --a
i

i tron,tá'ár*Xâ0 'c

#^ a *r"-.*h e"'fr-^Í'J )-

l;'* I trà =f )-,,"h lri)ro "

G.rnà')o r\24Po^a=o

ntl
ler { J'

nXàl^§"

we

aü'-*%)

aj ii (o,q) - -
*fráI

L

Jt^'. t\àzb+aqá0=a à-11 õr*o,o
e á-4,{^1". , ff
q *, $ ào í--t"'l T-
u) a(u=o") =-?*4

d )(,,rr[ü**)
-------7-, l1-qnÁú':ilCI=,14

\/ l"+\l
Y"

c) 0 -_

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

4



+,17

Mo n^*lrrÃ **q ?-. o> &*, f'rr*" )*,--; L*
A e4^*"*m ct*,if'c+ W +{" a .r---rií" /*,,L)r*, ,loJ" ra iV-*-l ; .*+a*- 

l,rt*-r.4
4'o.T*l*4 ut ff+ ,W , , =G ?;, Lf z JÀu, i.,,,4^L,1, Irq,R;,Í,+t n *.: z 14

fW= 2,J. l,s,41t . A z4-u*?44 i,*lh"*^, !ru,t*'=!,IrAl-1A-*r:) . rt^,(*)'r"'.iTrrr,
n e*-,\; f.44,*,.-"4(e 1d)1, * Ofr.U* e Vg"o , \'N 

'

t t^ *Í., na/T F* *i. tt 
V,tr-,,,1,F.,(,lt ) \.\f{=r,?= ze ») 7,-t

Lr

[ 4 \0,.:;*, +'+ o,' *"\ í ' I c' 1

L, l,lu'i,À t-oli i
ri 

"d
-*^.ttf^\ 

51 I . tLn4rt\'-r,P'
, I e) 'oi'í;*ítíl-é
l\L tl

-À\
0\

r,,ll ['\)(
r,,l)l--)i,'

ru ^' *-;* J. cr1 o,-o ofr* * **a-7 A : t=Vl #)"{'i tf
,H=f ü-

lô Í '0,-r1qo'^úL "* ÚFY* q à*nll*
a 4*u*ui A,, 0 

I I o*4 A- 
-{.1

tí,t'G ,, Y ? A-a ar&!o,o; á"*-?f'"
$*iJl*\-*o'o ) O*+-*-""'o'-zo + ' vto e

v ántn- í ' lT,ÍT6 '- 
n/t\ a,^!!utt ' 'fu'*ú) e 'n'lt{t VT

S*7""-* {t^'. ek)'A"*{ut.é) 0 ='Aufqn

4'a â{t=o), o ",a c* I e n Alo /t'" i' ?

t=o áft.r).'Au7*§ 4'\^1 k^ W "'-Lu'o' oG'4'

t,^,, f.a rá(r)'-tF *.h rà{o)"'tlru a0t')"-tl'
tl { í

U-,r-A,l/ü{ e At 4_7 A - b ^L uaü 9-t\Y \',

lE

(,,,) p 
" 

L; tor,=!#.:r {iqla{ J'vifrÉf 'í'1";) =l=J;t*,

+' 11 f§.{ ' -11-),t{,':" ílf,A'ti':^nt,I\),, ,^,,=!ir+tí=(*.+)'t"":'q'tt"4qt'

l1
e à(o)'-? e**l..á"

,-1-z lL,rlt_e-.*'íítl T {r 5v
q

loa
tl w

1 vlã-r u 'l
E - -"\ I":íW I tzs

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

5



Wo'**n, knli n,

ê V*nq

f^-

e(t)" / r*(utri), -^t-*, rt . A *L &,7* 2

ü 'Pr^
nJq.

1*, *,r+- *t O.

ff'lTr
//

3

1,9 'i,-tf,
,, 4 E

hNTtr=,

lT rzzizo=V R

o tv,üi;**-A I *;*^;/^l a' f*'+ T' 6 T^f'

wc4"+i6i;,, f"^^
)--

a.haV*>.a,*r ê e*r: t --.Á*J' 4- T,

*-1, :T
a*ta'taa-*ç

L
9,Ê

lt

,") +k,y. + krx =o
,, k,+Kz
l+-X=O)

T

- 

k,,x

.-Çx

-uí

Q)=

LÇ o* A',

Zl ,, 3

kz

x. (;â) - r, )r^t o h = k;E- 
*,

*x* K, x-K, *-sÍ-v--o
"B .B {<, + K2

/ o, _\x:o j*{* *, ( ,- lí;, ) ,
ndr;ri_
k.x <_
'A

+ r'l:u^')
*.- *l

, o,n,
.rt4 

l<,.t K7

r<, f l(z

l - ltl

I

| ,,"(u,*u)
rl
V k,('

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

6



11,ts

rv n-t !
in l* fin i - lry

-[--l H,.

-níu
4 xr(xo-x6)

f t /nr= ttv; ! u,'iV

n *.o= -u,(x^-xo)

fl í, = t,(+-x4

\ (io-iu). - r, (X -ro) -,0,(&-"o)/ l-

)-Ehc,;,^/o:

l= A *{wtr6) f"

L=o t"L L=Ac*,$

L,o' {.V;=Y =-auP*i"Ll

- fiat*em("trú)

" hyr,d* Q. i '/q'* 
"

=' o' , 14 
'A=- 

+ *'-Yt[F
a a^*pl^L-L ver,',"

tj

x. , X-B

- , i7^r, ,,, i

-W.
* tl'ío

"_kr(IÁ-g

A au*avaiÀ l" **.-^"^A Lr*" X^^"*lc

ZÇ",*F*J"A,

Íç *" {-n"À l,

n (in-io) 
= - z k,ú*-*") ; in -ii + * t"-r')=,

W ,e-re. t . Eru, i r'!t l.o . /1.ü,, 
^= r[T e -r-' ="rf§:

P*o "-)ú*, a *,*fr{"í'-* L v;\^^f, à" '"-'t va^.-a L+",W*r a !*a<-â '

n
Lt<

í_^

r - xJ l.^';)"
v

i. l;,'u\' )ut a

-t
"rtM

ô

&= X,a ful "?'1^ Jr"tfiL

ry} ao a1*'"d" rN
a h'v^lt a ^

q^ âa)^aM'h
vÁ *7+à a I

t^ $**

A f"Ã é" ;.z"L'^t <"14 f r\

íg ,r+ ar^-lr+ lN'^ Ab* n *'n"1k

,^yrr)+ frr^ * A'rt"i h,t 7 a

nÁpo k f*ela '
a^r-M.14 .ah ' !

1.1* a ç.** u P**h ^ vv'a4+4 \4

* l-üu't À^ àA h-'' À

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

7



@eqt;n.
q Cn; l^§th"xâ,(z--dx* ; \=ii*trn

; --1x.*Ji6q*3'l 's'A

u^ r;4,*""f @ à=o e Jo"t**t üt"l- ;o

Er,aai* |,4*,^l a^^*.l**-Á 1,'t **'{. *' fi"n @ ' )*án

Ê\,*-ú a',*íl;"o ü b+*e+ +1 1't'a tr-1 @ ' !'nV;'

I?.t*,-J. " 4+*l'LP'"'-* Á^ t'àtl|
IFa*$* \,1 =t;; = ?'rrl\r|= *€ ' uL uJ';'L't !' q 'r'j wto"f"'u

L;A-,-L .

do-l o ,-*i{LÁ t*- ,4a|r'* Á^ *-L f

/Ç=a. tVo p--{" O {<' ;l L*xs-w('o*x*-L)'a ; i" -,*&-,J, -;*
xo.*&-^à.*

,t tt ak t
xn -xb + fi(A-rr)=

en"hn, W

tlb W A t$""*i 1t\io-(x(ç+r-t)'o1

çt*;u {.e*n , *n- iu "É .#h_+). Y. # ,

l*7-xo W y.

*i5-&l=@ e,t4 V2w

4't"3t\ l. 3"1
" 2L n z'q'

t, L + Ât e /*L.,rtit.;h t."w: i'r * LL*t "#L" * 
c....

ts t'7
d= Vt/; . e à)W*L /<'n'*:

*1, = p!,^ ut e ô"t' A.^t â» tr I e *r*'"*':" e4rb. *;W*

eo-, ü'o 4,f'o e áf ' \ = Au ' d'E o= * àt/F -

*.r*r*^. a *,* l'L-i J' é* ,u',-!"-*-t ). *'§ü ( n "E 4

s«!
2w

fL"

tl, '
lLo"

el
t* t4', a Pf.a*^t*t 0 u''^ 

'

Gtr'[!a'§t

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

8



A d,r*u r-ta oa )o
)

A,,h
Í*b4frn:*-1" vt

L,àvz= x K

*, ( *, n*r)

ar-+.^-.A ü^**

".*ikr-
V+5 ; K Xt= vL1 

I

h,V,=-\rV. na Vr=-]!U,

!kx'-**,u,'*! *ruj

?u:r 
ou r,' 

= e *u,),r) = 
-,?.,,nn.) u,- o,t i

>r, t h4='X

*^ fi^*ü p ^-**,é., o V

^'b*^l*V*l* Pfr*"
h*'* , 7*r r*, ?e w.

v - v /-:i--o "V*, 
/,r y\
ç Hz/

Qa /'*'," a+

V.l* , úr:Vr+X

*, (t+ !3\
' lqt J

€/|tr^" /,;* la /A"2.'J*/4 l, h, c & ** +*a,r.^t* 
-Í*J" 4 ,-^**W ?fr""'l

o **ou 
?^ ^*J" o *4, T.* ***/ à**á^

* kf*ri-|" i, ?a<-- .,,- f -; L l. u"r,, J;l'^ /;Á" ,

v;*!,4 a,^^: u**L A v"L'-'á^Á vê o-'là &"*'

*1, v*L { 81'#'*"- t; /-""'

//I
l?,lg t4,18

(n- ";il t kx 'o i* k *=u
fitw

aK
LÓ =-

t1 t r^t

l: I ltav r{ ; * = A»'*o-' al' ; x' -/tu"|'^*L

\\*

n44;* " "-,.*J,1 
t J,, A *o P

-- Ar' 1< ly

W ,/..h*-;*, â

f,. A. !3*" :ôc:':"Y)
u-k

x . lfl Ú1.t:,
Ittx k

t7.tq
//

V,,-61
a\

t\

u,r^o,. ti *?= i.,r? 
S-*,f, ' o,I 

J

T=?*urfT= , n ?.#; k. h çzr,J.,,zQ';i.?tsí Í/;t

t hk .jh1: x'=''o-' | )*-J" x=ott55\=t5t3{/\
nà> w J,ç3 

- 3

E un *r^^: Á^J4 a í n v-a^'t : 1 M' 1 \ t' t w7s"= t'=''i â*;'= l os1'-.i'

Ev,,*, : J,83 rl;t = 119! to'Xr*"7;'. io'oÃ' = ?,8e,ro3 X,a''

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

9



I

f/r* I I cú-*- ,-? J.,-*, I e z |ín** <*t PÃl'.

à^freh, , &>;çÍ* Lç"t 77tQÇQí /o uln W t,V *n,

/z$a^^ , F^ fu &üf** 1,.". t

CI ,;*d- W * *&p l* Áú*o I * ruLY

on ü** 2., ê, ?rár ,*.t /r**|*J" 1'^* »kf 0't

ád /*ca I ç.* ou)-ro, 7, *eca}

t* tàro z aa''t a'-0"'a 7 P+co't

ft&2,

,ú:) (t = k, ê1 €, " 
::*

Zrskret êr,*

ô,fité, , ?. L, +kt kà K

?ut* "*)^ *.^- )-,- l;á.o f A*""*' 'L'ttat*tt-t2

T,à,tk,ê,=o à,r !A,*,
G,

rc,t
"", = Ví

1'*á,1 krilo=a á , *5t â,=, Qe 
=zTt'

z ui

A l*r*;;- â^ -t'r** k oí'* I F" ; 14:-/- C *.?*)
úrr-t- k l*.*L'*ae,;t t, leegr§t

t ,'.k f çv^ ?*' t"o*LK,={(l- r h:.0';:

n'-- a' ,*3*: a,-t"{ t l, Inr'+ - l, 'T'-T*'
0, 

= A 6.t ^ çt CI, ' 4 *, e*' *-t ?Íâ1

t

e riv^a l, = 72, 7 V*t* 1íl
+#

t( kr ke

&,n*"nLVê'
R,il\'u'#'ê,o4
u, tTz ü)" = o

1r=&
k, 3t

e c4 -e tÍ\ lu-a, I,;* ,'L*- c*^fr;'l;-, wez êãu < l'*14u1 l-Í;"' 
v/w:

E - fÇ :::= !a. o' ' 1' o\ *r-- Ij ^, 
e

-,-: .d, 
ê-.4 V í 'V í I, ' i. l<z 1'z - Í,

,4.-L*6rt^* lo áa< {, J*, :* {q,^^n + = + . 
=-L* i L, L r * L ; ! {,*fr), ;-

't 
- kr l<2 k t1, 

**, 
t k í(r Tz Ri kt ( r"l /(

l(.: l( {r* '' \ = * 
r'+'|a e R,=P'l}

t\-Í1 4'rL / J> ál

, fo t - /444 : d,=t/Y tl +. +:'<t'- / , t< r,1!r 
= \ lR * \i "l Í" "ír, 'V a, Jz V 7,7, V \ r1

t.l,t-lr!,;
*=o 4 =4ú,

lr(2,, Í,) = Izf {, = -}*'gÍ, +Í,
e,

A, = ---2-
r) h),

Élo

-T "gk-
,,<z

€ A, = ê" pl" w !t, a,r--uzttfra{

f; z,o- 7ro

u2 Y, !=-
Ít kttdt

f=*-
lt'7'

\,, í

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

10



I I ?,lo {@
c*A4 *, f .zr,:v

o l* U t(g 2 6'35 N;l

AAa I

Wq

A t^;

Cqt-r s

fr u»t

ü,. g , N, n* 1**i< *,-, ?,^1 
,q *L"& o l*h^k

a a u.ba. rp / *ía. ,-n ; ,a..irla -,a, l- ^r-. .--
I

t*p d" ",+.ru^. L,-*1" ; vÁÁ* . f-n ^.-,

l.^ r.*)xi@,t?{ Ef*l" i .ulta.q,,s

Á^ Wr;).e.át)'M* hyn ^\>it*n J,a '^l*,
§, ,.L o.,,lra*y # 4*L, a f o '"*Ç *-

)s q. /*,!A l"^ h ,u*i*h,
IY

â" -A wn**w* ;'i "'Awu**t
z,-.e e.r^li 3 =rtutfi^

1,9 A *\ '<q,g
2o+25

1 ê < l,s **'{, .\r+'q,r 4-' Y" lY
e§.36 ts'3â ,/'* a)

's Y

?o t5
R

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

11



@
ve).4 J*A< & v+ e,"xç /e ,-*tfrt,, ^2A = ) "")

hqn^l+r.l h u^/"*^.L );^-r*J ', vtVo 
= zr-\ \

av.)--LÁ k T* z\^4 ;-'l'''1"*"*"1í *+í o

wa
vo"r/z1A

- )\/- €,*
-24

*- f"J"
,Tuu

?'vse

akr
"-- 3vÁn?*,L /, -(r*, {L* "'"7'- á*. à*f.Á t A= il

l\Íb-;, F^;" /^'{*'*:- *l'í o;|*A ' ':l'z|

,v**u ).!u,sl.\ t^r,*l- z*',+Ryto )''-l"t-=F''{T <-

ríT"'1
o S*r^ra- '/-a*n '. -l= zlt I -f- 

g

Ch*^l* h **fj"'f'-'L )t-üu'^-ã1"--Át )tâê'a'|*L^ut '''/4 W

d .. \, n* *--J*7* â /'-l'""*;r"*" a { "-fr' á*' "'*'A; 
fu 

': ^':'

r-14 t= o ,+ 1'-/,-' e -*ü a ' â

a-,t.o b=-U4 e *'|'ia i .-oL)/uL*t*Ç***L o W# Lut=-V4

^', , vl - vo- @-= -Á e v<a^'
rr^ a-»fu ".' ;= - ;-:',-ry4=''"vví

â" A c*,^tt-fip-<*,;t - A (e, *+ #**)'kb'i 
41 'rL' 

nb\rt*'u*)'

= /)rll u (*'t'*ts) 'e a *'-/'L'í'*)^ k '-s't'-'*'**l' u' et|

,^^-!- ,r,.^ )ü- ouel )^ {^f t' Í'-''-t.k ,"rt' & ;*l'& aartí t

A \E- A - A(tã -)

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

12



I 7,27

0 = â, /tu^ í,ü+ ;

lorv,Qto e

.J

â, Á^-J4rL J

?^ ^t +*A

-t I
rÀÇ g

?* r,
*f-, q"

z*
L+u"a"

êq^r' 
'q

oá4.*.ã J"

a")

J.^-J* o

ô , o*t * ,,r, el

n .,l-ri -= Vfl e

{f o"+44 a rtu"l 'I/ "
e ü Or*y'e tLt t/tlwo

fvn o**4*r* - tt e- J+-,n t

,àn,u'rr' ) Í€nu,Í'o]

tu*y'a a*fl^ "t'Á,

tu;

ü

^t 3. N^ Í l-iu;'?Jnr'?l?u'=
ru-;,-/;turr*,L; J^*fn'

&

ol
4 =OÍ1

//

-Í"+

t?,? r tlí á§. -I 0

u=rF
,u fl*T r

[d+I*3 -r--4 j
Llí

g rlÍ.á e,uÍ
r-"T*',1*

) t"tttv ngd

à'- ?i f n1;=,
Lli' í I

lr i,zs-.l
")

ü

2

,',,)

.,::':

1aà
6t

/ qT
a

. ?rn

912

{ü'
z

út

,lú7

T*e.

!
e

I

:-4e,
I
L

c,J) Éry=brrl|" a*-t
, ,tí. nl{ 

7rr*4

à,t4",

rLn A i yta r*; **; *; g^ * k 'J*L" )

v-t^ ,1, Á 1* "^^t4 a A; ç^'h I

z

l\ ü4
q íiz

I

m4,

# "r*((.rr)'( r,*ü/'» ",-? ( L-q-) -# ) n 4 *"

â,4 d4

o

a,

,

rarÍlá,* , lc I ,3,*-n. J t l' t2 t

,âf " {' {'
': /w; - & Pw f u*Lb a /ukl *ffi'u'*o j* L -J*{" &

ul

q
e

n7

' Àoà' t 3
d

á.

w

, -."."-.."''.".",H\

J "' ) w r",'*J* )'i t

d,.Í4 T=?nf, {H'

f-*

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

13



l?., z(
êru\Q y e

e
.z'i

'", *LO

rur."e-í\lr l\\ t<\'' 
lu
I*u
t'l

Â

r*À^)4

t*,, O = WLO ; $ - {o.o
!4^ ír r,- ,;L,f-l l^ 7-r* 8'e<11 o'* íl; à' = *"*l * '*L'fi;A 'tu*"

u'- L,o, 4ç r,lÇ ^ r*h ,1§ fo * -'ffir 
',a l&'*"

agLf Vd i f * a ',*'l"o,oi, 
?''L-''? /üf* *'L+*'

e, Aewt . u;firi
^ 

v.,*t h +

C*,tt*,l),;;;, t'o 0'-o =2 fi+B'a Í't ts*'A
- -i '---' .--' 

r,o ç. * .A/r - rff ; A-s,y,lT,n-(n),.A )^"-A

D v. E- v; bt*w o,+(rff* /*')
tlz 

zL 'l í'rW t t ttl\ I

?^^ lr^-*u*t ,u'r\\s t'*à*' à z Ôtl a o o*t& /- *;t- b": 4'* e

;rv l;N^'t* a'o W /'1 t'*' -Ü:''*l' t=T ' V't*' '*lã

A. -i* ( "ffr--yr) 0,\ --q+= ,u'-;" v*"1--t "JT
b ,JLl 

a,.T

4q, tr- tr ' o''* ? K' e -t zà z,ort ,àà

Á**,r, ^=rf-{- 
1 FÁ v {'Y = Ç' }Qlvv

l4oa.i /"L f-t 
T'z1L'* à'1w' - -v & 

, r;_--\
2

e*.À;y-i*ol-l'o"+r';fp{=i(""t\/u"*l)Q't)'''

/-f*-f,J- o oJ* '{ $at" 4 zÚ; L b' ' loo + 1ao-z§s ê Y"'o

-Tb,w,.*)a s v)*, A Yr çu'a f 
" 

'oo 
J'*A T'* Pn' t*o t sfl!

U

L

I

I

l

L1
lu*" a* a^)

2 .J,
4aç)L

4 ed +**

*ff".:;* **[".

I
l"

Jl.. âl

ul.o lno----J 
'I

nt*n

o à* u.J^. )-a Y I oJn e l,*à '**Q'n 
o e -P

..tro=-nLs ; á*f-e="

1-- - r^*oo;Á^il{L §e0
lvr+al ?^ rh4 t*

CI--Aa*ut4 , O",e'a7t**u'tt I á'-At"

oa l,a-*r" lí". rv* tLJ,.À àu*àl-

(c,u-Jil*

A;bL

fr r-<*r"zf.r.<.a ,ç;J ,

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

14



h C.vJ4:

t*ürt fu t

0,,-*A z u4a,4r.ú._, \" t
*-,-*^n^A'r^ -$Hkrkt

4 l)r/t-4/t+ú

<
O\ I = étt

tl
v

-l
,.^ Í t<J-. J,I;

t1 -à.vtr

tt44 W (-*,* )."-J,

K

3-'.)- e K,'- 2K 'l<t k

ro--#*-* 'Y "a-''k 
tb4t 'w*/'; lr*tul*

H
Cn

I *,4.*'l*lrr^k

Ô il1 ru*ãn ru

t lLlb -- rll
3 zK

n i*í1', )< =a e^r--tl

í8.
íVz"

O ttàL.-

lD=

eu

/U,f I

g,Le'L

,t }1v'a,n

/ ,,71
=vÉ-

ú;T/"J,

e Vuu*',
Fí

t/ v 3 í
Kl

I --:- 
'-4ú u,{

t{e õ
rl'/

l/Elrr: )-í1'a^ 'u*4 //*'4 :

É
T . v,\A lrr* 

Ç
, F\

Ét Y2(*o-fr), t<rt*s- í I

r(r t ?) . vzYB; r' ffi*s
,-r',] '* t^tt

I

k2

tdr't
h, ia n x (Y*-Ç=, )^ r * 1ry'x$ 'o

,, ir + K (xs-ro\=o i', - ü (* -*u) -, ,, ,rn"lfn ;r/* , '/""* "

L- l, - h ú^-rr) ",* (r*-16),, â?r Ir- i* * k (il '*) (§-n; = o

»o

àt?

l.,Ja+ /-

$;-}*
ilfr'*-l

('t@, á*; c,44',r', í'u.;' ;?^"4';' P

e .;t**w. "'-â^y;h ffi )*

v e;{ {
y,n 1ââ - rLh ,";* l"t* +-X

F{.% i" . 6- )*,*. ,'^--t.o. h , t 14 , & $';v*l*&z 6' )""*rv.* o

â^ lJt', R = 
*"t'

l(, + k.

r)
ôk 

-Z
- l* Kr

zE zí ,r,. [!T=*= -frq=trt 1f a
w tl-

Vn4

4l *e
C,ii^1 tat z 

-

ttt, + vt7

Ár" bb, a -*l§

* á*/érÁ.t
Y

*3
q.'
í

tÀP*W t-*
rr-1 _E.znlf Tl € T'

L lr^,g,**:544"'é j* La,-i/'' **,,-f* 'J" 
"l;*l**

frt**a;a+ W,

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

15



W
.) lfi+4Sel",o

ol'JL . § -
11 l' !

)lu

'i--zí,8

tz-VT

b) u,4y ç'L
2.

4
.Jâ- q- '
V+ 

^zí
€rr{,* f*
" JJ"r^ L)

Ti+ z.?í!s=o a=-Lnt

n*du
-ET-

..' . j

l, o'.

rz gl' _, _tL J*-:;;- -- " tz 4qt: t L

inÉínz?t*#*'u
J

w= d! 7
I

lz
tl L'

L l-T-'-r-- zi ,l 
-vta v 3

! X*r
, rfro

////

Z
üt=

V" ar^,Ãert*. t\,lo vü'tt' ?' o ol'' {àJ* L *'t^* &

't+1A*k

f̂rt ;

on ,üXo I "- Pr,r4. e P.t- f ^^* e.v,n ú 4r.- J^J"
,,3r1

l= ("1') = {- o,A*4=:*o=*!-n- - íYtÍ ,'+ t' 3'8 b

úr.^,-)^ . ;lr, &* t á-r" l*r- /* ?,*L l' "p^: {'L* *-{- ,,,'\

+zrrpt ?" l r'W.l di Z. nlt;",+to-nXfae

Ec*)i,, z=\n?o\ á-f iÍ(*'**f0'o
3 tJ , J 3" I -1

i iiÍr-. ;. r = -r, -L t4 tt t 2,f pkr " f"l" Y a

<9o
3Z

ü z'eti
32 'I

f ,^"e

s,23 &

; )^L f,,L

, W-z
T=?n *V 3

c©2018 Afialapis.org - Exercises for the Feynman Lectures on Physics - Vol. I, Cap. 17

16


