Gauss’s Law Name:

‘ PES 2160 Prelab Questions Lab Station:

** Disclaimer: This pre-lab is not to be copied, in whole or in part, unless a
proper reference is made as to the source. (It is strongly recommended
that you use this document only to generate ideas, or as a reference to
explain complex physics necessary for completion of your work.) Coffysfg
of the contents of this web site and turning in the material as “ori
material” is plagiarism and will result in serious consequencgs

determined by your instructor. These consequences may ificlu failing
grade for the particular pre-lab or a failing grade for the éwtix€ semester,
at the discretion of your instructor. **

1. In Prelab questions 2 and 3, the electric fields predi Q Gauss’ Law for the
infinite planar and infinite cylindrical change sy tries will be given to you.
Using these results, you will recast the eIec@ields and charge densities as
potentials. Explain why this recasti essary.

‘gFA/e plotted out the Electric Field using the
re the Electric Potential — but difficult to

As we saw with the experiment

carbon paper; it is very easy t

directly measure the El ield. We in turn used the plot of the Electric Potential

lines to effectively draw in the Electric Field. Similarly, if we can recast everything in

terms of the Ele '@tential, it will make the experiment easier to perform and
compare to a@etical value.
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2. Consider an infinite plane with a uniform surface charge density of o .

teealed Gaussian
Surface

From Gauss’ Law, the electric field of an infinite plane is:

K

Q\a

The uniformly charged infinite plane has equipotential susfaces that are parallel to it.

E- %4
2¢,

Since we can pick anywhere we want to be zero p ial, we will call the equipotential
at x = d the V = 0 equipotential, as shown i@ure atrightbelow:

a =10

C‘ A 3 '

a.) Usi@elgtionship between potential and electric field:

%‘b’ AV:—EE.o@,

find the potential difference between the points x =d and x = x.

First, let’s plug in the electric field we found above and the infinitesimal displacement
(pointing in the same direction as the electric field) [IMPORTANT: Note that if we

went with the bounds of x=>d for the integral, instead of d=2x (as we have) ... then
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the displacement vector wouldn’t have the same sign and would be pointing in the

opposite direction as the electric field! This would result in a -1 for the dot product;

but still gives us the same answer. ©]:

sz_lz;:odn (Ao )= [dn @)=~ dn

O o O
AV=—T(n)=—-Z(x-d)=-2-(d -
(0l (x=d) =4

(o] o]

Next, the trick is to use the negative sign to “flip the ratio”: Q 5

This means we can determine the potential at any arbitrarv‘iis x from the surface of
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the charged plane.

b.) The potential you found in ;Kﬁ%&;s the form:
Q “mx+b
where mand b depa. Use the fact thatatx =0, V =V, to find mand b in
of*e |

terms of V, instead n this lab, you will compare the theoretical values of m

and b to the&@hentally measured values of m and b.

It’s easy to &QﬂQ% form mentioned here and the form we found do match, where:
; ) V=mx+b=|--2 x+ﬂ
2¢, 2¢,

[}

2¢ 2¢&

[¢] 0

If we apply the boundary condition at x = 0:

V(0)=-2-(d-0)=29_v

2¢, 2e °

A
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Now, solve for 7 and plug this back into our generic V(x) equation:
80

A
d

witpn
U/

This means, now:

v O
m=—-—and b=
d
Y
We have now successfully recast the electri@; an infinite charged plane into

e in the lab).

potential (something we can measure and com
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3. Consider an infinite cylinder \ﬁ a with a uniform charge per length L of A. «
y @ ge per leng

g ’s Law, the electric field of an infinite cylinder at a radial distance r from its
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The uniformly charged infinite cylinder has equipotential surfaces that are also cylinders
and concentric with the charged cylinder. We will call the equipotential at r = b the
V(b)=0andatr =athe V(a) = V.:

= @

a.) Using the relationship between potential and electric field:

AV=—II§-d§ Q\'

__find the potential difference between the points r Rand r = br.
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This means we can determine the potential at any arbitrary distance R from the surface of

the charged rod.
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V(R)=-

b.) The potential you found in part a has the form:
V=AIn(Br)
where A depends on lambda and B is a geometric parameter. Use the fact that at r
=a, V(a) = V, to find A and B in terms of V,, a and b instead of lambda. |
lab, you will compare the theoretical values of A and B to the experim

measure values of A and B. QQ

It’s easy to see that the form mentioned here and the form we foQL&lo match, where:

V = Aln(Br)=2kAIn 0

A 2kﬂ _ B ,,[Formatted: Lowered by 12 pt
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ot plug this back into our generic V(R) equation:
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This means, now:
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We have now successfully recast the electric field of an infinite charged cylinder int
potential (something we can measure and compare in the lab). Q
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