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Exercise 9:
Consider a longer cylinder of radius R and length h uniformly charged in volume with a density p>0.
1- Find the electric field and potential at any point in space, we take V(0)=0V.

2- Plot the graphs of these two quantities.

Solution

The electric field under these conditions is radial. The Gaussian surface in this case is a cylinder of radius r and
height h, with its axis coinciding with the axis of the charged cylinder.

- In this case, two regions are distinguished.

- Region (I); r<R
a)- Find the flux through the Gaussian surface S¢

The total flux through the Gaussian surface:
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Wehave E L S, (E LT,) etE L $3(E L 7i3) , since the field is radial, then :

ff Ez.d§2 = ff Eg.d§3 = 0
S2 S3

with E || ds, and in the same direction, then :

So, we obtain:
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Hence:

gﬁ;SSGE.cﬁ:E 2 rh (1)

b)- Find the charge inside the Gaussian surface:
The charge is uniformly distributed over the volume bounded by the Gaussian cylinder.
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Qine = phrr1? (2)

From equations (1) and (2), the Gauss's law equality gives us:
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- Region (II) ; r >R
The expression of the flux through the Gaussian surface is the same as that of the first region.
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b)- Calculate the charge inside the Gaussian surface:
The charge is uniformly distributed over the volume bounded by the real cylinder.
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Conclusion :

The field created by the uniformly charged infinite cylinder in volume is given by:

- Find the electric potential V(r) created by this charge distribution at any point in space:
We know that: E=—gradV

The electric field in this case is radial, so: E = E (1) Uu,

- Region (I) ; Fr<R: I We substitute the expression of the electric field in this region |
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dV = —E(r)dr = dV = L rdr
2¢g
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-Region (II) ; r >R :
R 2
AV = —E(r) dr = dV = — (—) dr
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1 The constant of integration to be determined :
pR2 v
= V() =-— In(r)+ G,
2¢,
So, the electric potential created by this charge distribution is:
P2
—-——7r°+( ;0<r<R
4e,
V()=
PR iy +c >R
22, n (r) 2 ;T

Now, we need to calculate the integration constants C; and C>
According to the exercise data V(0) = 0 , we notice that this data belongs to region
r=0->V(0)=0

We calculate first C;: pour
p 02 + Cl = Cl = 0

V) =—-———
© 4e,
Hence, the electric potential in region I is:
p
Vir)=———12
() 2e,

To calculate C2, we use the continuity of the electric potential at r = R between region I and II.

Vregion 11 (R) = Vregionl (R)

pPR? p pPR? 1
- mMR)+C,=——— R2=(, = (l R——)
2, MR+ G == 2= e\ MR =3
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Hence, the electric potential in region II is:
2

o= (n ()-2)

So, the electric potential created by this charge distribution is:
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