
I POST - EXAM PRACTICE PROBLEMS

III Use Gauss 's Law to find E inside & outside this

very ( ~ A ) long charged cylinder .
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- Cylindrical symmetry tells us that E can only depend
on s

,
but  not ¢ or z . Likewise

, it can  only point
in the 5 direction

.
( What

 would tell it to point  in

the + E rather than the - I direction ? ) So  whether

we're @ a point  inside ( SLR ) or outside ( s > R ) the

Cylinder ,
E will have the form :

E = Els ) 5

- We 'll var Gauss 's Law to find Els )
,

which might be -

have differently for SL R E: s > R .

- Our Gaussian surfaces should be cylinders  w/ the same

axis as above , radius s
,

and length L :
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- The discs on the end of the cylinder  don't

contributeto the flux since II. 5=0 . All the flux is

through the wall of the cylinder :
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We  don't  yet know Els )

,

OI
E

= Zits L Ecs )
but  we know how  it  is

related to the flux

through this G. s
.

- Gauss 's Law tells us that the flux of E through any
closed surface  is proportional to the amount  of charge
inside the surface . So how  much charge is  in our

Gaussian surface ? It depends an s !
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then  our G. S . encloses some of the g in -
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← NOTICE  THAT L CANCELS !↳ E ( SLR ) = gtfo RI I it's just  a length I  chose

for  my G.  s .
I Could have

used any value - Im , 1cm
,

etc - E can 't  depend an  it !



- If s > R
,

the G. s . encloses all the volume charge out

to R C g
-

- O for s > R ) as well as the charge on the

Surface of the charged cylinder :

as .
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- These results make sense , Inside
,

SCR
, moving

away from the axis means there is more chargecontributingto E ( enclosed by the as ) so  it grows .

But once s > R
,

a larger as doesn't enclose any more

charge .
The are of the as grows ,

but the enclosed

charge & hence the flux don't  change ,
so E has to

decrease like Vs so that Ee = ELS Els ) stays
the same .



- One other thing happens as soon as s > R
.

The

gene suddenly
'

jumps
' b/c  of the constant F on

the surface 5=12 .
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Gene for a cylinder  of length '

, & radius s  is discontinuous @ SIR
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- Since gene suddenly jumps by a finite amount ( ZITLRO
,

which Could be pos .  or neg . depending on the sign of -0 )
,

Gauss 's Law tells us that the fire through ar his
.

must  also see a jump as soon as s > R
. And since

OI is proportional to Els )
,

that means E also has

a discontinuity . We see this in  ar expressions for E !
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- As long as  we treat the surface charge like an

A - thin layer ,
the E is discontinuous @ s -

- R
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HI Sphere  w/ charge density -010 ) =  Of cos O
.

A) TOTAL CHARGE ?

dqlo
'

, 0
'

) = da '  

to cos O
'

a T

R2 SMO 'd O 'd ¢ '

I § Resinoid 't '

 "  ' o ' 9.ae/jaIJoIo'Ro-osin0oos0
'

= O

B ) V @ F -
- ZE

,
2- 70 ?

F = ZE I '
= Rico '

, ol
' )

r -
- Vt5 = Fitri =p -ZZTRZ -21270050

'

VCQQZ ) =¥gfdqE' ) the =¥eo fifo . R 's
.no/o-ocosO#Z2tR2-2RzasO

'

= Roofie 's .no . cost2-7122-2122-050 '

u = ZZ TR
'

- ZRZ cos O
'

du = ZRZ  Sino 'd O '

0-1=0 → we Z 2+122-2127  = ( Z - E) 2

,
O

'  
-

- IT  → u = ( Zt 1272

→ vio.az ' -

- 7¥ ful "IEII
F-

cos O
'



no .az ' -

- R÷fi÷÷i÷. fu CHIEF )

=r¥e
.si:1?IlEe#Hru-zia.rnI=I*oIlEi*xrnli::i

:* .# " hi I

Now we have to be careful : R is positive , and the problem

says Z 70
,

so ZTR is definitely a positive number .

We can safely say that :

VERY  = Et R ( ( z TRY)%= ( ztR)3 = Z 3+3242+32122+123

But ,
Z - R could he positive if Z > R

,
or negative if

ZLR .
So
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Notice that these expressions agree @ 2-  = R
. They have

to - the potential is always continuous
.
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We assumed Z > O here to keepthingssimple.
However

,
we recently solved

this problem using S
. O . V . & found :

V ( r ER ) = ztozorcoso
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C) To find Eco ,o , 't ) we take - TTV . We don't expect
to get an Ex or Ey @ T -

- ZE ( symmetry ) so  it should

be okay that  we're using VCQO,
z ) rather than Vlx

, yes !
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These disagree @ Z -
- R b/c of the surface charge :
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