
Physics 167 Luis Anchordoqui



From Coulomb’s Law to Gauss’s Law
➢ Try to calculate the electric field generated by

➣ Are there other ways to calculate electric field generated from a charge distribution?  

➣ Electric field is generated by source charges ☛ 

are there ways to connect electric field directly with this source charges?

 a point charge 

 an infinitely long straight wire with evenly distributed charge  

 a wire loop 

 a round disk 

 an infinitely large plane 

 a solid sphere with evenly distrubuted charge

easy

hard

What??

only at special locations

only at special locations

The answer is YES

From Coulomb’s Law to Gauss’s law
l Try to calculate the electric field generated by 

l a point charge ç easy
l an infinitely long straight wire with evenly distributed charge ç hard
l a wire loop ç only at special locations
l a round disk ç only at special locations
l an infinitely large plane ç what???
l a solid sphere with evenly distributed charge 

l Are there other ways to calculate electric field generated from a 
charge distribution? 

l Electric field is generated by source charges, are there ways to 
connect electric field directly with these source charges?

The answer is YES!
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➣ Electric flux ☛ electric  field passing through a given area    
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☛  angle between the electric field direction and a line drawn perpendicular to area
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component of E perpendicular to area  

projection of area A perpendicular to field E  
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FIGURE 16–42 Inside a laser
printer: a movable mirror sweeps
the laser beam in horizontal lines
across the drum.

A laser printer uses a computer output to program the intensity of a laser
beam onto the selenium-coated drum of Fig. 16–42. The thin beam of light from
the laser is scanned (by a movable mirror) from side to side across the drum in a
series of horizontal lines, each line just below the previous line. As the beam
sweeps across the drum, the intensity of the beam is varied by the computer
output, being strong for a point that is meant to be white or bright, and weak or zero
for points that are meant to come out dark. After each sweep, the drum rotates very
slightly for additional sweeps, Fig. 16–42, until a complete image is formed on it.
The light parts of the selenium become conducting and lose their (previously
given) positive electric charge, and the toner sticks only to the dark, electrically
charged areas. The drum then transfers the image to paper, as in a photocopier.

An inkjet printer does not use a drum. Instead nozzles spray tiny droplets of
ink directly at the paper. The nozzles are swept across the paper, each sweep just
above the previous one as the paper moves down. On each sweep, the ink makes
dots on the paper, except for those points where no ink is desired, as directed by
the computer. The image consists of a huge number of very tiny dots. The quality
or resolution of a printer is usually specified in dots per inch (dpi) in each (linear)
direction.

P H Y S I C S  A P P L I E D
Inkjet printer

16–12 Gauss’s Law
An important relation in electricity is Gauss’s law, developed by the great mathe-
matician Karl Friedrich Gauss (1777–1855). It relates electric charge and electric
field, and is a more general and elegant form of Coulomb’s law.

Gauss’s law involves the concept of electric flux, which refers to the electric
field passing through a given area. For a uniform electric field passing through
an area A, as shown in Fig. 16–43a, the electric flux is defined as

where is the angle between the electric field direction and a line drawn per-
pendicular to the area. The flux can be written equivalently as

(16;7)

where is the component of perpendicular to the area 
(Fig. 16–43b) and, similarly, is the projection of the area A
perpendicular to the field (Fig. 16–43c).

Electric flux can be interpretated in terms of field lines. We mentioned in
Section 16–8 that field lines can always be drawn so that the number (N) passing
through unit area perpendicular to the field is proportional to the magnitude
of the field (E): that is, Hence,

(16;8)

so the flux through an area is proportional to the number of lines passing through
that area.
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FIGURE 16–43 (a) A uniform
electric field passing through a flat
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FIGURE 16–42 Inside a laser
printer: a movable mirror sweeps
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across the drum.

A laser printer uses a computer output to program the intensity of a laser
beam onto the selenium-coated drum of Fig. 16–42. The thin beam of light from
the laser is scanned (by a movable mirror) from side to side across the drum in a
series of horizontal lines, each line just below the previous line. As the beam
sweeps across the drum, the intensity of the beam is varied by the computer
output, being strong for a point that is meant to be white or bright, and weak or zero
for points that are meant to come out dark. After each sweep, the drum rotates very
slightly for additional sweeps, Fig. 16–42, until a complete image is formed on it.
The light parts of the selenium become conducting and lose their (previously
given) positive electric charge, and the toner sticks only to the dark, electrically
charged areas. The drum then transfers the image to paper, as in a photocopier.

An inkjet printer does not use a drum. Instead nozzles spray tiny droplets of
ink directly at the paper. The nozzles are swept across the paper, each sweep just
above the previous one as the paper moves down. On each sweep, the ink makes
dots on the paper, except for those points where no ink is desired, as directed by
the computer. The image consists of a huge number of very tiny dots. The quality
or resolution of a printer is usually specified in dots per inch (dpi) in each (linear)
direction.

P H Y S I C S  A P P L I E D
Inkjet printer
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An important relation in electricity is Gauss’s law, developed by the great mathe-
matician Karl Friedrich Gauss (1777–1855). It relates electric charge and electric
field, and is a more general and elegant form of Coulomb’s law.

Gauss’s law involves the concept of electric flux, which refers to the electric
field passing through a given area. For a uniform electric field passing through
an area A, as shown in Fig. 16–43a, the electric flux is defined as

where is the angle between the electric field direction and a line drawn per-
pendicular to the area. The flux can be written equivalently as

(16;7)

where is the component of perpendicular to the area 
(Fig. 16–43b) and, similarly, is the projection of the area A
perpendicular to the field (Fig. 16–43c).

Electric flux can be interpretated in terms of field lines. We mentioned in
Section 16–8 that field lines can always be drawn so that the number (N) passing
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A laser printer uses a computer output to program the intensity of a laser
beam onto the selenium-coated drum of Fig. 16–42. The thin beam of light from
the laser is scanned (by a movable mirror) from side to side across the drum in a
series of horizontal lines, each line just below the previous line. As the beam
sweeps across the drum, the intensity of the beam is varied by the computer
output, being strong for a point that is meant to be white or bright, and weak or zero
for points that are meant to come out dark. After each sweep, the drum rotates very
slightly for additional sweeps, Fig. 16–42, until a complete image is formed on it.
The light parts of the selenium become conducting and lose their (previously
given) positive electric charge, and the toner sticks only to the dark, electrically
charged areas. The drum then transfers the image to paper, as in a photocopier.

An inkjet printer does not use a drum. Instead nozzles spray tiny droplets of
ink directly at the paper. The nozzles are swept across the paper, each sweep just
above the previous one as the paper moves down. On each sweep, the ink makes
dots on the paper, except for those points where no ink is desired, as directed by
the computer. The image consists of a huge number of very tiny dots. The quality
or resolution of a printer is usually specified in dots per inch (dpi) in each (linear)
direction.
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An important relation in electricity is Gauss’s law, developed by the great mathe-
matician Karl Friedrich Gauss (1777–1855). It relates electric charge and electric
field, and is a more general and elegant form of Coulomb’s law.

Gauss’s law involves the concept of electric flux, which refers to the electric
field passing through a given area. For a uniform electric field passing through
an area A, as shown in Fig. 16–43a, the electric flux is defined as
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(Fig. 16–43b) and, similarly, is the projection of the area A
perpendicular to the field (Fig. 16–43c).
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➢ For a uniform electric field E passing through area A ☛ electric flux  is defined as 
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Electric flux can be interpretated in terms of field lines 

Recall that field lines can always be drawn so that number (N) passing through unit area 

perpendicular to field (A⊥) is proportional to magnitude of field (E) 

24

Physics
It is the relative density of lines in different regions which is
important.

We draw the figure on the plane of paper, i.e., in two-
dimensions but we live in three-dimensions. So if one wishes
to estimate the density of field lines, one has to consider the
number of lines per unit cross-sectional area, perpendicular
to the lines.  Since the electric field decreases as the square of
the distance from a point charge and the area enclosing the
charge increases as the square of the distance, the number
of field lines crossing the enclosing area remains constant,
whatever may be the distance of the area from the charge.

We started by saying that the field lines carry information
about the direction of electric field at different points in space.
Having drawn a certain set of field lines, the relative density
(i.e., closeness) of the field lines at different points indicates
the relative strength of electric field at those points. The field
lines crowd where the field is strong and are spaced apart
where it is weak. Figure 1.16 shows a set of field lines. We

can imagine two equal and small elements of area placed at points R and
S normal to the field lines there. The number of field lines in our picture
cutting the area elements is proportional to the magnitude of field at
these points. The picture shows that the field at R is stronger than at S.

To understand the dependence of the field lines on the area, or rather
the solid angle subtended by an area element, let us try to relate the
area with the solid angle, a generalization of angle to three dimensions.
Recall how a (plane) angle is defined in two-dimensions. Let a small
transverse line element ∆l be placed at a distance r from a point O. Then
the angle subtended by ∆l  at O can be approximated as ∆θ = ∆l/r.
Likewise, in three-dimensions the solid angle* subtended by a small
perpendicular plane area ∆S, at a distance r, can be written as
∆Ω = ∆S/r2. We know that in a given solid angle the number of radial
field lines is the same. In Fig. 1.16, for two points P1 and P2 at distances
r1 and r2 from the charge, the element of area subtending the solid angle
∆Ω is 2

1r ∆Ω at P1 and an element of area 2
2r ∆Ω at P2, respectively. The

number of lines (say n) cutting these area elements are the same. The
number of field lines, cutting unit area element is therefore n/( 2

1r ∆Ω ) at
P1 andn/( 2

2r ∆Ω) at P2, respectively. Since n and ∆Ω are common, the
strength of the field clearly has a 1/r2 dependence.

The picture of field lines was invented by Faraday to develop an
intuitive non- mathematical way of visualizing electric fields around
charged configurations. Faraday called them lines of force. This term is
somewhat misleading, especially in case of magnetic fields. The more
appropriate term is field lines (electric or magnetic) that we have
adopted in this book.

Electric field lines are thus a way of pictorially mapping the electric
field around a configuration of charges. An electric field line is, in general,

FIGURE 1.16  Dependence of
electric field strength on the

distance and its relation to the
number of field lines.

* Solid angle is a measure of a cone. Consider the intersection of the given cone
with a sphere of radius R. The solid angle ∆Ω  of the cone is defined to be equal
to ∆S/R

2, where ∆S is the area on the sphere cut out by the cone.

�������������������

Electric flux4



464 CHAPTER 16 Electric Charge and Electric Field

GAUSS’S LAW
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FIGURE 16–44 Electric field lines
passing through a closed surface.
The surface is divided up into many
tiny areas, and so on,
of which only two are shown.

¢A1 , ¢A2 , p ,

Charged spherical conducting shell. A thin spherical
shell of radius possesses a total net charge Q that is uniformly distributed on it,
Fig. 16–45. Determine the electric field at points (a) outside the shell, and 
(b) inside the shell.
APPROACH Because the charge is distributed symmetrically, the electric field
must be symmetric. Thus the field outside the shell must be directed radially
outward (inward if ) and must depend only on r.
SOLUTION (a) We choose any imaginary gaussian surface as a sphere of radius r

concentric with the shell, shown in Fig. 16–45 as the dashed circle 
Then, by symmetry, the electric field will have the same magnitude at all points
on this gaussian surface. Because is perpendicular to this surface, Gauss’s law
gives (with in Eq. 16–9)

where is the surface area of our sphere (gaussian surface) of radius r. Thus

We see that the field outside a uniformly charged spherical shell is the same as if
all the charge were concentrated at the center as a point charge.
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Gauss’s law involves the total flux through a closed surface—a surface of any
shape that encloses a volume of space. For any such surface, such as that shown in
Fig. 16–44, we divide the surface up into many tiny areas,
and so on. We make the division so that each is small enough that it can be
considered flat and so that the electric field can be considered constant through
each Then the total flux through the entire surface is the sum over all the
individual fluxes through each of the tiny areas:

where the symbol means “sum of.” We saw in Section 16–8 that the number
of field lines starting on a positive charge or ending on a negative charge is
proportional to the magnitude of the charge. Hence, the net number of lines N
pointing out of any closed surface (number of lines pointing out minus the number
pointing in) must be proportional to the net charge enclosed by the surface,
But from Eq. 16–8, we have that the net number of lines N is proportional to 
the total flux Therefore,

The constant of proportionality, to be consistent with Coulomb’s law, is so
we have

(16;9)

where the sum is over any closed surface, and is the net charge enclosed
within that surface. This is Gauss’s law.

Coulomb’s law and Gauss’s law can be used to determine the electric field
due to a given (static) charge distribution. Gauss’s law is useful when the charge
distribution is simple and symmetrical. However, we must choose the closed
“gaussian” surface very carefully so we can determine We normally choose a
surface that has just the symmetry needed so that E will be constant on all or on
parts of its surface.
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➣ Gauss’s law involves the total flux through a closed surface ☛ a surface of any shape that encloses a 

volume of space

➢ For any such surface ☛ we divide the surface up into many tiny areas                                     , and so on

➣ We make the division so that each        is small enough that it can be considered flat and so that the 

electric field can be considered constant through each 

➢ Then the total flux through the entire surface is the sum over all the individual fluxes through each of 

tiny areas 
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�A
<latexit sha1_base64="EvxdXWCg5Wr4WBo31eV6AFSQVbw=">AAAB73icbVDJSgNBEO2JW4xb1KOXxiB4CjPidozLwWMEs0AyhJ5OJWnS0zN21whhyE948aCIV3/Hm39jJ5mDJj4oeLxXRVW9IJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8mfiNJ9BGROoBRzH4Iesr0ROcoZWa7VuQyOhVp1hyy+4UdJF4GSmRDNVO8avdjXgSgkIumTEtz43RT5lGwSWMC+3EQMz4kPWhZaliIRg/nd47pkdW6dJepG0ppFP190TKQmNGYWA7Q4YDM+9NxP+8VoK9Sz8VKk4QFJ8t6iWSYkQnz9Ou0MBRjixhXAt7K+UDphlHG1HBhuDNv7xI6idl77x8dn9aqlxnceTJATkkx8QjF6RC7kiV1AgnkjyTV/LmPDovzrvzMWvNOdnMPvkD5/MHRWmPew==</latexit>

�A

Gauss Law
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➢ Hence ☛ the net number of lines N pointing out of any closed surface (number of lines pointing out 

minus the number pointing in) must be proportional to the net charge enclosed by the surface  

<latexit sha1_base64="eyj873oB8k62s48dVmvbqy31M7w="></latexit>

�E =
X

closed
surface

E? �A / Qencl

➢ To be consistent with Coulomb’s law ☛ the proportionality constant is 

the sum (            ) is over any closed surface and               is the net charge enclosed within that surface  

<latexit sha1_base64="Q9XobKYv8JEVxDI5OCj85uD3x6o="></latexit> X

closed
surface

E? �A =
Qencl

✏0
<latexit sha1_base64="/ovd17sBJZlN4X1UKfMSMnKqqWE=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhMVYIQMFawMBaJPqQ2RI5z01q1k8h2kKooH8DCr7AwgBArH8DG3+CmGaDlSJaOzzlX9j1+wpnStv1tLS2vrK6tVzaqm1vbO7u1vf2OilNJoU1jHsueTxRwFkFbM82hl0ggwufQ9cfXU7/7AFKxOLrTkwRcQYYRCxkl2kherT5QqfCy+2wgBaY8VhDkXnFRqQwJhTzHJmU37AJ4kTglqaMSLa/2NQhimgqINOVEqb5jJ9rNiNSMcsirg1RBQuiYDKFvaEQEKDcrlsnxsVECHMbSnEjjQv09kRGh1ET4JimIHql5byr+5/VTHV66GYuSVENEZw+FKcc6xtNmcMAkUM0nhhAqmfkrpiMiCdWmv6opwZlfeZF0ThvOecO5Pas3r8o6KugQHaET5KAL1EQ3qIXaiKJH9Ixe0Zv1ZL1Y79bHLLpklTMH6A+szx+l1pv9</latexit> X

closed
surface

<latexit sha1_base64="MxjW3BEuuoPyvWyUCJ5VT1kWjG8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/Hkbu53H6nSLJUPZprRSOCRZAkj2DgpbA3yUAlEJeGzQbXm1/0F0F8SFKQGBZqD6mc4TIkVVBrCsdb9wM9MlGNlGOF0VgmtphkmEzyifUclFlRH+eLmGTpzyhAlqXIlDVqoPydyLLSeith1CmzGetWbi/95fWuSmyhnMrPGvbVclFiOTIrmAaAhU5QYPnUEE8XcrYiMscLEuJgqLoRg9eW/pHNRD67qQeuy1rgt4ijDCZzCOQRwDQ24hya0gUAGT/ACr571nr03733ZWvKKmWP4Be/jG+vXkZ0=</latexit>

Qencl

<latexit sha1_base64="MxjW3BEuuoPyvWyUCJ5VT1kWjG8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/Hkbu53H6nSLJUPZprRSOCRZAkj2DgpbA3yUAlEJeGzQbXm1/0F0F8SFKQGBZqD6mc4TIkVVBrCsdb9wM9MlGNlGOF0VgmtphkmEzyifUclFlRH+eLmGTpzyhAlqXIlDVqoPydyLLSeith1CmzGetWbi/95fWuSmyhnMrPGvbVclFiOTIrmAaAhU5QYPnUEE8XcrYiMscLEuJgqLoRg9eW/pHNRD67qQeuy1rgt4ijDCZzCOQRwDQ24hya0gUAGT/ACr571nr03733ZWvKKmWP4Be/jG+vXkZ0=</latexit>

Qencl

<latexit sha1_base64="BgdPvxXUqqm3vL2wPrW55Z47/74=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwYslEVGPRS8eK9gPaGPZbCft0s0m7G6EGvpLvHhQxKs/xZv/xm2bg7a+sPDwzgwz+wYJZ0q77rdVWFldW98obpa2tnd2y/beflPFqaTYoDGPZTsgCjkT2NBMc2wnEkkUcGwFo5tpvfWIUrFY3Otxgn5EBoKFjBJtrJ5d7mKiGDfoPmSn3qRnV9yqO5OzDF4OFchV79lf3X5M0wiFppwo1fHcRPsZkZpRjpNSN1WYEDoiA+wYFCRC5WezwyfOsXH6ThhL84R2Zu7viYxESo2jwHRGRA/VYm1q/lfrpDq88jMmklSjoPNFYcodHTvTFJw+k0g1HxsgVDJzq0OHRBKqTVYlE4K3+OVlaJ5VvYuqd3deqV3ncRThEI7gBDy4hBrcQh0aQCGFZ3iFN+vJerHerY95a8HKZw7gj6zPH1UVkuA=</latexit>

✏�1
0

Gauss Law

➣ But the net number of lines N is proportional to the total flux ☛

➣ Number of field lines starting on a positive charge or ending on a negative charge is proportional to  

magnitude of charge 
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flux through a sphere with a charge at its center

l A positive point charge, q, 
is located at the center of a 
sphere of radius r

l According to Coulomb’s 
Law, the magnitude of the 
electric field everywhere 
on the surface of the 
sphere is 

2r
qkE e=

<latexit sha1_base64="2SwVB2UShH/vVk5EwoznyncGHps=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchaRqrQuhKILLCvYBbSyT6aQdOpnEmYlQQvwVNy4UceuHuPNvnKYRVPTAhcM593LvPV7EqFS2/WHMzS8sLi0XVoqra+sbm+bWdkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3vh86rfviJA05NdqEhE3QENOfYqR0lLfLF3AUziGPV8gnNymibippH2zbFtHtnNSPYC2ZWfISM2p1KCTK2WQo9E333uDEMcB4QozJGXXsSPlJkgoihlJi71YkgjhMRqSrqYcBUS6SXZ8Cve0MoB+KHRxBTP1+0SCAikngac7A6RG8rc3Ff/yurHya25CeRQrwvFskR8zqEI4TQIOqCBYsYkmCAuqb4V4hHQOSudV1CF8fQr/J62K5VQt5+qwXD/L4yiAHbAL9oEDjkEdXIIGaAIMJuABPIFn4954NF6M11nrnJHPlMAPGG+fzduUQg==</latexit>

E = k
q

r2

Flux Through a Sphere With a Charge at its Center

➣ A positive point charge       is located at the center of a sphere of radius 

➣ According to Coulomb’s Law ☛ magnitude of electric field everywhere on surface of sphere is

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q
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Flux Through a Sphere With a Charge at its Center

<latexit sha1_base64="GTWtrncfVOBJURmQyW/ghjxqOTI="></latexit>

�E =
X

sphere

E? �A =
X

sphere

E �A = E
X

sphere

�A = E4⇡r2

<latexit sha1_base64="/OZ5X12x9O97B0gxpwrnm1DRsgU="></latexit>

�E = E · 4⇡r2 =
1

4⇡✏0

q

r2
4⇡r2 =

q

✏0

flux through a sphere with a charge at its center

l A positive point charge, q, 
is located at the center of a 
sphere of radius r

l According to Coulomb’s 
Law, the magnitude of the 
electric field everywhere 
on the surface of the 
sphere is 

2r
qkE e=

➣ The field lines are directed radially outwards and are perpendicular to surface at every point  

➣ Combine these two equations we have
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Flux Through a Cube in an Uniform Electric Field

<latexit sha1_base64="iYH2Tfd7tbbszvls/eEhbEgwRso=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6ZqrQuhKILLCvYB06Fk0rQNzSRDkhHK0M9w40IRt36NO//GdDqCih64cDjnXu69J4w50wahD2dhcWl5ZbWwVlzf2NzaLu3strRMFKFNIrlUnRBrypmgTcMMp51YURyFnLbD8dXMb99TpZkUd2YS0yDCQ8EGjGBjJR92GyPWu4YXEPVKZeSeIu+8egyRizJkpOZVatDLlTLI0eiV3rt9SZKICkM41tr3UGyCFCvDCKfTYjfRNMZkjIfUt1TgiOogzU6ewkOr9OFAKlvCwEz9PpHiSOtJFNrOCJuR/u3NxL88PzGDWpAyESeGCjJfNEg4NBLO/od9pigxfGIJJorZWyEZYYWJsSkVbQhfn8L/SavielXXuz0p1y/zOApgHxyAI+CBM1AHN6ABmoAACR7AE3h2jPPovDiv89YFJ5/ZAz/gvH0CYyWQBw==</latexit>

�E = 0

flux through a cube in a uniform electric field
l The field lines that pass 

through surfaces 1 and 
2 perpendicularly and 
are parallel to the other 
four surfaces

l For side 1,
l For side 2, 
l For the other sides, 

. Why?
l Therefore: 

ΔΦE = −El
2

ΔΦE = El
2

ΔΦE = 0

ΦE = 0

flux through a cube in a uniform electric field
l The field lines that pass 

through surfaces 1 and 
2 perpendicularly and 
are parallel to the other 
four surfaces

l For side 1,
l For side 2, 
l For the other sides, 

. Why?
l Therefore: 

ΔΦE = −El
2

ΔΦE = El
2

ΔΦE = 0

ΦE = 0

�

�

�

�

➣ For side 1

➣ For side 2

➣ For others sides

➣ Therefore

➣ Field lines that pass through surfaces 1 and 2 perpendicularly and are parallel to other four surfaces 

<latexit sha1_base64="hYHY1mwaFV9ATwQGuichRZ6+8hU=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCF8Nu1BgPQlADHiOYB2RjmJ10kiGzD2ZmhbAEvPgrXjwo4tWf8ObfONmsoKIFDUVVN91dTsCZVKb5YaRmZufmF9KLmaXlldW17PpGXfqhoFCjPvdF0yESOPOgppji0AwEENfh0HCG5xO/cQtCMt+7VqMA2i7pe6zHKFFa6mS37AvgimC7OmCdCj7F+7iCbeD8ptDJ5sz8kWmdFA+wmTdjxKRkFUrYSpQcSlDtZN/trk9DFzxFOZGyZZmBakdEKEY5jDN2KCEgdEj60NLUIy7IdhT/MMa7Wunini90eQrH6veJiLhSjlxHd7pEDeRvbyL+5bVC1Su1I+YFoQKPThf1Qo6VjyeB4C4TQBUfaUKoYPpWTAdEEKp0bBkdwten+H9SL+StYt66OsyVz5I40mgb7aA9ZKFjVEaXqIpqiKI79ICe0LNxbzwaL8brtDVlJDOb6AeMt0/b8pW/</latexit>

��E = �E`2

<latexit sha1_base64="syYPdUkvxxXLJmRy/gQGw+tWL4o=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCp7AbNcaDENSAxwjmAdkYZie9yZDZBzOzQliCF3/FiwdFvPoV3vwbJ5sIKlrQUFR1093lRpxJZVkfxszs3PzCYmYpu7yyurZubmzWZRgLCjUa8lA0XSKBswBqiikOzUgA8V0ODXdwPvYbtyAkC4NrNYyg7ZNewDxGidJSx9x2LoArgp1qn3Uq+BTjCnaA85tCx8xZ+SPLPikeYCtvpUhJyS6UsD1VcmiKasd8d7ohjX0IFOVEypZtRaqdEKEY5TDKOrGEiNAB6UFL04D4INtJ+sII72mli71Q6AoUTtXvEwnxpRz6ru70ierL395Y/MtrxcortRMWRLGCgE4WeTHHKsTjPHCXCaCKDzUhVDB9K6Z9IghVOrWsDuHrU/w/qRfydjFvXx3mymfTODJoB+2ifWSjY1RGl6iKaoiiO/SAntCzcW88Gi/G66R1xpjObKEfMN4+AWvylYg=</latexit>

��E = E`2

<latexit sha1_base64="Jz/XWJFQUjCt3H+X13A2N6m0NR4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchaRqrQuh+ACXFewDmhAm02k7dDIJMxOlxH6KGxeKuPVL3Pk3TtMIKnrgwuGce7n3niBmVCrb/jDm5hcWl5YLK8XVtfWNTbO01ZJRIjBp4ohFohMgSRjlpKmoYqQTC4LCgJF2MDqf+u1bIiSN+I0ax8QL0YDTPsVIack3S+4FYQpBtzGk/iU8hbZvlm3ryHZOqgfQtuwMGak5lRp0cqUMcjR8893tRTgJCVeYISm7jh0rL0VCUczIpOgmksQIj9CAdDXlKCTSS7PTJ3BPKz3Yj4QurmCmfp9IUSjlOAx0Z4jUUP72puJfXjdR/ZqXUh4ninA8W9RPGFQRnOYAe1QQrNhYE4QF1bdCPEQCYaXTKuoQvj6F/5NWxXKqlnN9WK6f5XEUwA7YBfvAAcegDq5AAzQBBnfgATyBZ+PeeDRejNdZ65yRz2yDHzDePgFJwpK6</latexit>

��E = 0

☛

☛

☛

☛
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Gaussian Surface & Gauss’s Law

<latexit sha1_base64="Q9XobKYv8JEVxDI5OCj85uD3x6o="></latexit> X

closed
surface

E? �A =
Qencl

✏0

➣ Gauss’s Law state

➣ This Gaussian Surface can be any shape

➣ It may or may not encoles charges  

➣ You choose a closed surface and call it a Gaussian Surface

and is independent of shape of that surface

<latexit sha1_base64="7CnFTa+yFzXn3BePwm05Djf3HIE=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jU1norevHYgv2ANpTNdtOu3Wzi7kYoob/AiwdFvPqTvPlv3KYVVPTBwOO9GWbm+TFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746uZ376nUrFI3OhJTL0QDwULGMHaSI27frHk2GXHvag4yLGdDBmpuqcuchdKCRao94vvvUFEkpAKTThWqus6sfZSLDUjnE4LvUTRGJMxHtKuoQKHVHlpdugUHRllgIJImhIaZer3iRSHSk1C33SGWI/Ub28m/uV1Ex1UvZSJONFUkPmiIOFIR2j2NRowSYnmE0MwkczcisgIS0y0yaZgQvj6FP1PWie2W7HLjbNS7XIRRx4O4BCOwYVzqME11KEJBCg8wBM8W7fWo/Vivc5bc9ZiZh9+wHr7BBBljSE=</latexit>q

The Gaussian Surface and Gauss’s Law
l You choose a closed surface 

and call it a Gaussian Surface.
l This Gaussian Surface can be 

any shape. It may or may not 
enclose charges.

l Gauss’s Law (Karl Friedrich 
Gauss, 1777 – 1855) states:
The net flux through any closed 
surface surrounding a charge q
is given by q/εo and is 
independent of the shape of 
that surface.

ΦE =
!
E ⋅d
!
A"∫ =

q
ε0

The Gaussian Surface and Gauss’s Law
l You choose a closed surface 

and call it a Gaussian Surface.
l This Gaussian Surface can be 

any shape. It may or may not 
enclose charges.

l Gauss’s Law (Karl Friedrich 
Gauss, 1777 – 1855) states:
The net flux through any closed 
surface surrounding a charge q
is given by q/εo and is 
independent of the shape of 
that surface.

ΦE =
!
E ⋅d
!
A"∫ =

q
ε0

<latexit sha1_base64="9dk96199WGKUBvbG94g/6AuO4Ho=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgac2qrfVW9OKxgm2Fdi3ZNG1Ds8maZJWy9H948aCIV/+LN/+N6XYFFX0w8Hhvhpl5QcSZNgh9OLm5+YXFpfxyYWV1bX2juLnV1DJWhDaI5FJdB1hTzgRtGGY4vY4UxWHAaSsYnU/91h1VmklxZcYR9UM8EKzPCDZWurmFB7BDI824FF3ULZaQW0beaQVB5KIUKal6Rx70MqUEMtS7xfdOT5I4pMIQjrVueygyfoKVYYTTSaETaxphMsID2rZU4JBqP0mvnsA9q/RgXypbwsBU/T6R4FDrcRjYzhCbof7tTcW/vHZs+lU/YSKKDRVktqgfc2gknEYAe0xRYvjYEkwUs7dCMsQKE2ODKtgQvj6F/5PmoetV3PLlcal2lsWRBztgF+wDD5yAGrgAddAABCjwAJ7As3PvPDovzuusNedkM9vgB5y3T51Kkfc=</latexit>

q/✏0 Next flux through any closed surface surrounding a charge     is given by                
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Applying Gauss Law

To use Gauss law ☛ choose a Gaussian surface over which surface ∑  can be simplified

and electric field determined

Take advantage of symmetry

  ☛  Gaussian surface is a surface you choose 

☛  it does not have to coincide with a real surface

Remember 
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Field Due to a Spherically Symmetric 
Even Charge Distribution

Problem type I: 
Field Due to a Spherically Symmetric Even Charge 

Distribution, including a point charge.
l The field must be different inside (r <a) 

and outside (r >a) of the sphere.
l For r >a, select a sphere as the 

Gaussian surface, with radius r and 
concentric to the original sphere. 
Because of this symmetry, the electric 
field direction must be radially along r, 
and at a given r, the field’s magnitude 
is a constant.

Can you write down the mathematical expression based on the above 
reasoning?

➣ Field must be different inside and outside         of sphere

➣ For                select a sphere as Gaussian surface with radius     and concentric to original sphere 

Can you write down mathematical expression based on above reasoning?

➢ Because of this symmetry ☛ electric field direction must be radially along    <latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r
<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="EjXYEDJKSKQYvegoeGSWYnSzmDw=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HWSohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxkl9VN/i0V664NXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdB1kTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPat5l7eLhvFK/zeMowhEcQxU8uII63EMDfCDA4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDiro4Y</latexit>

(r > a)

<latexit sha1_base64="1AVm4het3z8zvCTfkfCBXCNpFMs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLKF3MpsMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rUemNI/lgxknzI9wIHnIKRor3asr7JUrbtWdgfwlXk4qkKPeK392+zFNIyYNFah1x3MT42eoDKeCTUrdVLME6QgHrGOpxIhpP5udOiFHVumTMFa2pCEz9edEhpHW4yiwnRGaoV70puJ/Xic14aWfcZmkhkk6XxSmgpiYTP8mfa4YNWJsCVLF7a2EDlEhNTadkg3BW3z5L2meVL3z6tndaaV2ncdRhAM4hGPw4AJqcAt1aACFATzBC7w6wnl23pz3eWvByWf24Recj28cZ42z</latexit>

r > a

<latexit sha1_base64="MjPkM6NmXEsAIz9ilYInvHNDpz0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnfhUWQRvLCF4SSI6wt9lLluztHrt7QjjyG2wsFLH1B9n5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5papopQn0guVTvEmnImqG+Y4bSdKIrjkNNWOLqb+q0nqjST4tGMExrEeCBYxAg2VvKr6gaf9soVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27ASdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7IheIsvL5PmWc27rF08nFfqt3kcRTiCY6iCB1dQh3togA8EGDzDK7w5wnlx3p2PeWvByWcO4Q+czx/foo4W</latexit>

(r < a)
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and at a given      ☛ field’s magnitude is a constant 



Field Due to a Spherically Symmetric 
Even Charge Distribution

Problem type I: 
Field Due to a Spherically Symmetric Even Charge 

Distribution, including a point charge.
l The field must be different inside (r <a) 

and outside (r >a) of the sphere.
l For r >a, select a sphere as the 

Gaussian surface, with radius r and 
concentric to the original sphere. 
Because of this symmetry, the electric 
field direction must be radially along r, 
and at a given r, the field’s magnitude 
is a constant.

Can you write down the mathematical expression based on the above 
reasoning?

➣ Field must be different inside and outside         of sphere

➣ For                select a sphere as Gaussian surface with radius     and concentric to original sphere 

➢ Because of this symmetry ☛ electric field direction must be radially along    

and at a given      ☛ field’s magnitude is a constant <latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="EjXYEDJKSKQYvegoeGSWYnSzmDw=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HWSohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxkl9VN/i0V664NXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdB1kTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPat5l7eLhvFK/zeMowhEcQxU8uII63EMDfCDA4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDiro4Y</latexit>

(r > a)

<latexit sha1_base64="1AVm4het3z8zvCTfkfCBXCNpFMs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLKF3MpsMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rUemNI/lgxknzI9wIHnIKRor3asr7JUrbtWdgfwlXk4qkKPeK392+zFNIyYNFah1x3MT42eoDKeCTUrdVLME6QgHrGOpxIhpP5udOiFHVumTMFa2pCEz9edEhpHW4yiwnRGaoV70puJ/Xic14aWfcZmkhkk6XxSmgpiYTP8mfa4YNWJsCVLF7a2EDlEhNTadkg3BW3z5L2meVL3z6tndaaV2ncdRhAM4hGPw4AJqcAt1aACFATzBC7w6wnl23pz3eWvByWf24Recj28cZ42z</latexit>

r > a

<latexit sha1_base64="MjPkM6NmXEsAIz9ilYInvHNDpz0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnfhUWQRvLCF4SSI6wt9lLluztHrt7QjjyG2wsFLH1B9n5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5papopQn0guVTvEmnImqG+Y4bSdKIrjkNNWOLqb+q0nqjST4tGMExrEeCBYxAg2VvKr6gaf9soVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27ASdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7IheIsvL5PmWc27rF08nFfqt3kcRTiCY6iCB1dQh3togA8EGDzDK7w5wnlx3p2PeWvByWcO4Q+czx/foo4W</latexit>

(r < a)

<latexit sha1_base64="0xAh4vx5C+4CsfHDOmWQUoTMoQQ="></latexit>

�E =
X

sphere

E? �A =
X

sphere

E �A = E
X

sphere

�A = E · 4⇡r2 =
Q

✏0

<latexit sha1_base64="MjSMnJeKFh8ugYy3YRcpClScc7k="></latexit>

E =
1

4⇡✏0

Q

r2
= k

Q

r2

<latexit sha1_base64="1n/F+cSEJzWouARjiw8iRTHDGEo="></latexit>

~E =
1

4⇡✏0

Q

r2
r̂ As if the charge is a point charge Q                

Gauss Law

E is constant at a given r
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<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r



Field Inside Sphere

ΦE =
!
E ⋅d
!
A = EdA"∫ = E ⋅ 4πr2 = qin

ε0
!∫

E = 1
4πε0

qin
r2

= ke
qin
r2

= ke
1
r2
r3

a3
Q = ke

Q
a3
r

!
E = ke

Q
a3
!r

Field inside the sphere
l For r < a, select a sphere as 

the Gaussian surface. 
l All the arguments are the 

same as for r > a. The only 
difference is here qin < Q

l Find out that qin = Q(r/a)3 

(How?)

Increase linearly with r, not with 1/r2

Gaussian Sphere

<latexit sha1_base64="nL88j645MeXmvB44+U1E0FJ8ck4="></latexit>

�E =
X

sphere

E? �A = E · 4⇡r2 =
Qencl

✏0
<latexit sha1_base64="Wid6Mh452rny0Zo/W6EQ/OIwSVw="></latexit>

E =
1

4⇡✏0

Qencl

r2
= k

1

r2
r3

a3
Q = k

Q

a3
r

<latexit sha1_base64="40KVKq6/OMcRTdN+IyOxDwnpSDE="></latexit>

~E =
1

4⇡✏0

Q

a2
~r Increase linearly with r not with 1/r2

➣ For              select a sphere as Gaussian surface

➣ All arguments are same as for 

➣ The only difference is here 

➣ Find out that

How?

<latexit sha1_base64="DklnweLxxZkjgiXiLHyt86YMQOs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePEc0DkiX0TmaTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1Q5QM8ElaxhuBGsnimEUCNYKRjdTv/XIlOaxfDDjhPkRDiQPOUVjpXt1hb1yxa26M5C/xMtJBXLUe+XPbj+macSkoQK17nhuYvwMleFUsEmpm2qWIB3hgHUslRgx7WezUyfkyCp9EsbKljRkpv6cyDDSehwFtjNCM9SL3lT8z+ukJrz0My6T1DBJ54vCVBATk+nfpM8Vo0aMLUGquL2V0CEqpMamU7IheIsv/yXNk6p3Xj27O63UrvM4inAAh3AMHlxADW6hDg2gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENGV2NsQ==</latexit>

r < a

<latexit sha1_base64="1AVm4het3z8zvCTfkfCBXCNpFMs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLKF3MpsMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rUemNI/lgxknzI9wIHnIKRor3asr7JUrbtWdgfwlXk4qkKPeK392+zFNIyYNFah1x3MT42eoDKeCTUrdVLME6QgHrGOpxIhpP5udOiFHVumTMFa2pCEz9edEhpHW4yiwnRGaoV70puJ/Xic14aWfcZmkhkk6XxSmgpiYTP8mfa4YNWJsCVLF7a2EDlEhNTadkg3BW3z5L2meVL3z6tndaaV2ncdRhAM4hGPw4AJqcAt1aACFATzBC7w6wnl23pz3eWvByWf24Recj28cZ42z</latexit>

r > a

<latexit sha1_base64="S34Gt+xOq/FFHCfWXb8cwhocQ9w=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuqkzKupGKLpx2YJ9QDsOmTTThiaZIckIZShu/BU3LhRx61e4829M21lo64HA4Zx7uTkniBlV2nG+rdzC4tLySn61sLa+sbllb+80VJRITOo4YpFsBUgRRgWpa6oZacWSIB4w0gwGN2O/+UCkopG408OYeBz1BA0pRtpIvr0Ha37akRwSgdkIXsEaLMljdHR/6ttFp+xMAOeJm5EiyFD17a9ON8IJJ0JjhpRqu06svRRJTTEjo0InUSRGeIB6pG2oQJwoL51EGMFDo3RhGEnzhIYT9fdGirhSQx6YSY50X816Y/E/r53o8NJLqYgTbSJOD4UJgzqC4z5gl0qCNRsagrCk5q8Q95FEWJvWCqYEdzbyPGmclN3zsls7K1auszryYB8cgBJwwQWogFtQBXWAwSN4Bq/gzXqyXqx362M6mrOynV3wB9bnDwYPlUI=</latexit>

Qencl = Q(r/a)3

<latexit sha1_base64="iE7PleQTZSHW4ACl70Ct2nL4G14=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1IOHohePLVhbaEPYbDft0t1N2N0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz86KUM20879spra1vbG6Vtys7u3v7B+7h0ZNOMkVoiyQ8UZ0Ia8qZpC3DDKedVFEsIk7b0eh+5rfHVGmWyEczSWkg8ECymBFsrBS6LmqGeU8JRCXhU3TbDN2qV/PmQKvEL0gVCjRC96vXT0gmqDSEY627vpeaIMfKMMLptNLLNE0xGeEB7VoqsaA6yOeXT9GZVfooTpQtadBc/T2RY6H1RES2U2Az1MveTPzP62YmvglyJtPM2M8Wi+KMI5OgWQyozxQlhk8swUQxeysiQ6wwMTasig3BX355lTxd1Pyrmt+8rNbvijjKcAKncA4+XEMdHqABLSAwhmd4hTcnd16cd+dj0Vpyiplj+APn8wc+y5LD</latexit>

Qencl < Q
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<latexit sha1_base64="ITXRKbENqB9up9KkbafJRC13Y6E="></latexit>

⇢ =
Q

V
) Qencl = ⇢ · 4

3
⇡r3

<latexit sha1_base64="l5tblt1Zm8t9AZ5siAxF4RiGO0w=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqkza2sdCKLpxWcE+oDOWTJppQzMPkoxQhgF/xY0LRdz6He78GzNtBRU9cOFwzr3ce48bcSaVZX0YS8srq2vruY385tb2zq65t9+RYSwIbZOQh6LnYkk5C2hbMcVpLxIU+y6nXXdymfndOyokC4MbNY2o4+NRwDxGsNLSwDzsnNuewCSppEk5hXbEIL4tD8yCVbQsCyEEM4JqVUuTRqNeQnWIMkujABZoDcx3exiS2KeBIhxL2UdWpJwEC8UIp2nejiWNMJngEe1rGmCfSieZnZ/CE60MoRcKXYGCM/X7RIJ9Kae+qzt9rMbyt5eJf3n9WHl1J2FBFCsakPkiL+ZQhTDLAg6ZoETxqSaYCKZvhWSMdRpKJ5bXIXx9Cv8nnVIRVYtn15VC82IRRw4cgWNwChCogSa4Ai3QBgQk4AE8gWfj3ng0XozXeeuSsZg5AD9gvH0CM3CVBg==</latexit>

V =
4

3
⇡a3



Plot Results (Assume Positive     )
<latexit sha1_base64="H+b/Ryt7o6qZgnNDzLSN/qb1L/I=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Cok2rd6KXjy2YNpCG8pmu2mXbjZhdyOU0t/gxYMiXv1B3vw3btsIKvpg4PHeDDPzwpQzpR3nw1pZXVvf2CxsFbd3dvf2SweHLZVkklCfJDyRnRArypmgvmaa004qKY5DTtvh+Gbut++pVCwRd3qS0iDGQ8EiRrA2kt8LI9Tsl8qOfeF53pWLHNtZwJBapVZ1XeTmShlyNPql994gIVlMhSYcK9V1nVQHUyw1I5zOir1M0RSTMR7SrqECx1QF08WxM3RqlAGKEmlKaLRQv09McazUJA5NZ4z1SP325uJfXjfT0WUwZSLNNBVkuSjKONIJmn+OBkxSovnEEEwkM7ciMsISE23yKZoQvj5F/5PWue1Wba9ZKdev8zgKcAwncAYu1KAOt9AAHwgweIAneLaE9Wi9WK/L1hUrnzmCH7DePgF/BI6B</latexit>

Q

E approches 0   as   r approches 0

Plot the results (assume positive Q)

l Inside the sphere, E
varies linearly with r
E → 0 as r → 0

l The field outside the 
sphere is equivalent to 
that of a point charge 
located at the center of 
the sphere

This concludes Gauss Law type I problems.

<latexit sha1_base64="PIfC9M0gwrsszaNPxxHKuTZ9i3Y=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJWkiHoRiiJ4bMG2QhvLZrtpl242YXcjlBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+lokQS2iQRj+S9jxXlTNCmZprT+1hSHPqctv3R9cRvP1KpWCTu9DimXogHggWMYG2knn2AbtAlGqFuIDFJG1kqH6oZ6tllp+JMgRaJm5My5Kj37K9uPyJJSIUmHCvVcZ1YeymWmhFOs1I3UTTGZIQHtGOowCFVXjo9P0PHRumjIJKmhEZT9fdEikOlxqFvOkOsh2rem4j/eZ1EBxdeykScaCrIbFGQcKQjNMkC9ZmkRPOxIZhIZm5FZIhNENokVjIhuPMvL5JWteKeVdzGabl2lcdRhEM4ghNw4RxqcAt1aAKBFJ7hFd6sJ+vFerc+Zq0FK5/Zhz+wPn8AErWUSw==</latexit>

E = k
Q

r2

<latexit sha1_base64="9GyD2gnp69cxlBzUyDqHgjT7Dc0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiroRiiK4bME+oI1lMp20QyeTMDMRSszCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+/xY86UdpxvK7ewuLS8kl8trK1vbG7Z2zt1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD65HfeKBSsUjc6WFMvRD3BAsYwdpIHXsP3aBLNEDtQGKSVrMU359kSHbsolNyxkDzxJ2SIkxR6dhf7W5EkpAKTThWquU6sfZSLDUjnGaFdqJojMkA92jLUIFDqrx0fH+GDo3SRUEkTQmNxurviRSHSg1D33SGWPfVrDcS//NaiQ4uvJSJONFUkMmiIOFIR2gUBuoySYnmQ0MwkczcikgfmyS0iaxgQnBnX54n9eOSe1Zyq6fF8tU0jjzswwEcgQvnUIZbqEANCDzCM7zCm/VkvVjv1sekNWdNZ3bhD6zPH9LelLc=</latexit>

E = k
Q

a3
r

<latexit sha1_base64="47/NCxSzsjK4iA4j/4XvwusCx/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQBI8JmAckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1FipdtctltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1m+qJ2XKjdZHHk4gmM4BQ+uoAL3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AZwtjNM=</latexit>

E

➣ Inside sphere E varies linearly with r

➣ Field outside sphere is equivalent to that of a point charge located at center of sphere

15



Field at a Distance from a Straight Line of Charge
Problem type II: 

Field at a Distance from a Straight Line of Charge

l Select a cylinder as the 
Gaussian surface. The 
cylinder has a radius of 
r and a length of ℓ

l is constant in 
magnitude and parallel 
to the surface (the 
direction of a surface is 
its normal!) at every 
point on the curved part 
of the surface (the body 
of the cylinder).

!
E

�

 Select a cylinder as Gaussian surface 

 Cylinder has a radius of r and a length of  
<latexit sha1_base64="7LBfnOv5lIZeSWlK+PNmWFAnxME=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PRSC9Ks1t+7OQVaJV5AaFGj2q1+9QcKyGKVhgmrd9dzUBDlVhjOB00ov05hSNqZD7FoqaYw6yOfHTsmZVQYkSpQtachc/T2R01jrSRzazpiakV72ZuJ/Xjcz0U2Qc5lmBiVbLIoyQUxCZp+TAVfIjJhYQpni9lbCRlRRZmw+FRuCt/zyKmld1L2ruvdwWWvcFnGU4QRO4Rw8uIYG3EMTfGDA4Rle4c2Rzovz7nwsWktOMXMMf+B8/gBmYY5r</latexit>

`

    is constant in magnitude and parallel to surface
<latexit sha1_base64="Jrsq1/sSgp/ldd4AharWR9awmIw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQBI8RzAOSJcxOOsmQ2dl1ZjYQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+O7mV1bX1jfxmYWt7Z3evuH9Q11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8Hwduo3Rqg0j+SjGcfoh7QveY8zaqzUbI+QkfRu0imW3LI7A1kmXkZKkKHaKX61uxFLQpSGCap1y3Nj46dUGc4ETgrtRGNM2ZD2sWWppCFqP53dOyEnVumSXqRsSUNm6u+JlIZaj8PAdobUDPSiNxX/81qJ6V37KZdxYlCy+aJeIoiJyPR50uUKmRFjSyhT3N5K2IAqyoyNqGBD8BZfXib1s7J3Wb54OC9VbrI48nAEx3AKHlxBBe6hCjVgIOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHvw6Pyw==</latexit>

~E

at every point on curved part of surface (body of cylinder) 

(direction of a surface is its normal!)

16



Calculate the flux
l Because of this line 

symmetry, the end view 
illustrates more clearly that 
the field is parallel to the 
curved surface, and 
constant at a given r, so the 
flux is ΦE = E·2πrℓ

l The flux through the ends of 
the cylinder is 0 since the 
field is perpendicular to 
these surfaces. 

r

<latexit sha1_base64="hg8zuyoIYbnq3kUCtmJvDjH8uHc=">AAACCHicbVBNS8NAEN3Ur1q/oh49OFgETyUpol6EohQ8VrCt0ISw2WzapZsPdjdCCT168a948aCIV3+CN/+N2zYHbX0w8Hhvhpl5fsqZVJb1bZSWlldW18rrlY3Nre0dc3evI5NMENomCU/EvY8l5SymbcUUp/epoDjyOe36w+uJ332gQrIkvlOjlLoR7scsZAQrLXnmITitAfOacAlNcEiQKKiDkzIQ4FDOwTOrVs2aAhaJXZAqKtDyzC8nSEgW0VgRjqXs2Vaq3BwLxQin44qTSZpiMsR92tM0xhGVbj59ZAzHWgkgTISuWMFU/T2R40jKUeTrzgirgZz3JuJ/Xi9T4YWbszjNFI3JbFGYcVAJTFKBgAlKFB9pgolg+lYgAywwUTq7ig7Bnn95kXTqNfusZt+eVhtXRRxldICO0Amy0TlqoBvUQm1E0CN6Rq/ozXgyXox342PWWjKKmX30B8bnD4fHlyI=</latexit>

�E = E · 2⇡r`

Calculate Flux

 Because of this line symmetry, end view illustrates more clearly that field is parallel 

to curved surface, and constant at a given r, so flux is 

 Flux through ends of cylinder is 0 since field is perpendicular to these surfaces

17



<latexit sha1_base64="3S/GI4bo+HoVirwX1lfSS2iJ7P8="></latexit>

�E =
X

cylinder

E? �A =
q

✏0

<latexit sha1_base64="VL0dDkf7RetPqb5H0ZCSP99a3Os="></latexit>

E · 2⇡r` = �`

✏0

<latexit sha1_base64="15hMb190oSgTqyrw7IgaPgpm9zY="></latexit>

E =
�

2⇡✏0r
= 2k

�

r

Problem type II: 
Field at a Distance from a Straight Line of Charge

l Select a cylinder as the 
Gaussian surface. The 
cylinder has a radius of 
r and a length of ℓ

l is constant in 
magnitude and parallel 
to the surface (the 
direction of a surface is 
its normal!) at every 
point on the curved part 
of the surface (the body 
of the cylinder).

!
E

�

Electric Field from Gauss Law

One can change thin wire into a rod as we did in sphere case and find electric field inside & outside of rod

18
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Problem type III: 
Field Due to an Infinitely Large Plane of Charge

l Argument about the electric field: 
Because the plane is infinitely 
large, any point can be treated as 
the center point of the plane, so     
at that point     must be parallel to 
the plane direction (again this is 
its normal) and must have the 
same magnitude at all points 
equidistant from the plane.

l Choose the Gaussian surface to 
be a small cylinder whose axis is 
parallel to the plane’s direction 
(third time, this is the normal of 
the plane).

!
E

Field Due to an Infinitely Large Plane of Charge
➣ Argument about electric field ☛

<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E

and must have same magnitude at all points equidistant from plane

 so at that point         must be parallel to plane direction (again this is its normal) 

Because plane is infinitely large, any point can be treated as center point of plane

➣ Choose Gaussian surface to be a small cylinder whose axis is parallel 

to plane ’s direction (third time, this is normal of plane)
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Find Out Flux

➣        is perpendicular to curved surface direction flux through 

this surface is 0 because cos(90º) = 0

Problem type III: 
Field Due to an Infinitely Large Plane of Charge

l Argument about the electric field: 
Because the plane is infinitely 
large, any point can be treated as 
the center point of the plane, so     
at that point     must be parallel to 
the plane direction (again this is 
its normal) and must have the 
same magnitude at all points 
equidistant from the plane.

l Choose the Gaussian surface to 
be a small cylinder whose axis is 
parallel to the plane’s direction 
(third time, this is the normal of 
the plane).

!
E

➣        is parallel to ends  ☛ flux through each end of cylinder is  EA and total flux is 2EA 
<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E

<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E



<latexit sha1_base64="2f1Pj+SNwNEFhyVxCb8JCmPhONI="></latexit>

�E = 2EA =
�A

✏0

<latexit sha1_base64="6/IuARYdskriUE7PDtGFiL3JLNk=">AAACCHicdVDLSsNAFJ3UV62vqEsXDhbBVUmq1roQiiK4rGAf0IQymU7aoTNJmJkIJWTpxl9x40IRt36CO//GaRpBRQ9cOJxzL/fe40WMSmVZH0Zhbn5hcam4XFpZXVvfMDe32jKMBSYtHLJQdD0kCaMBaSmqGOlGgiDuMdLxxhdTv3NLhKRhcKMmEXE5GgbUpxgpLfXN3Ut4Bh1fIJw4kg45SpMqdEgkKdO2lfbNslU5tuzT2iG0KlaGjNTtah3auVIGOZp9890ZhDjmJFCYISl7thUpN0FCUcxIWnJiSSKEx2hIepoGiBPpJtkjKdzXygD6odAVKJip3ycSxKWccE93cqRG8rc3Ff/yerHy625CgyhWJMCzRX7MoArhNBU4oIJgxSaaICyovhXiEdKpKJ1dSYfw9Sn8n7SrFbtWsa+Pyo3zPI4i2AF74ADY4AQ0wBVoghbA4A48gCfwbNwbj8aL8TprLRj5zDb4AePtEwSQmWA=</latexit>

E =
�

2✏0
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<latexit sha1_base64="azUo07RY9a7R6At57e0OQ7Ir1v0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9eIxAfOA7BJmJ7PJkJnZZWZWCEt+w4sHRbz6M978GyfJHjSxoKGo6qa7K0w408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju6nfvuJKs1i+WjGCQ0EHkgWMYKNlfwGukG+ZgOB0W2vXHGr7gxomXg5qUCOeq/85fdjkgoqDeFY667nJibIsDKMcDop+ammCSYjPKBdSyUWVAfZ7OYJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3nd1ETXQcZkkhoqyXxRlHJkYjQNAPWZosTwsSWYKGZvRWSIFSbGxlSyIXiLLy+T1lnVu6xeNM4rtbs8jiIcwTGcggdXUIMHqEMTCCTwDK/w5qTOi/PufMxbC04+cwh/4Hz+AFWUkJg=</latexit>

Q = �A➣ Total charge in surface is 

Electric Field from Gauss Law

➣ Applying Gauss’s law

➣ Note, this does not depend on r ☛ distance from point of interest to charge plane

WHY?

➣ Therefore, field is uniform everywhere

➠



22 To Summarize 
3 Types of Gauss Law ProblemsTo summarize: 

the 3 types of Gauss Law problems

E = σ
2ε0

E = λ
2πε0r

= 2ke
λ
r

!
E = ke

Q
a3 r

!

"
#

$

%
& r̂,   when r < a

!
E = ke

Q
r2

!

"
#

$

%
& r̂,     when r ≥ a

�

<latexit sha1_base64="VPGfyMGHyW0vbWSe+n6LoRfefdI=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyXxvRGKIrhswT6grWUynbRDJ5MwMxFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvceLOFPacb6tufmFxaXl3Ep+dW19Y9Pe2q6pMJaEVknIQ9nwsKKcCVrVTHPaiCTFgcdp3Rtcj/z6A5WKheJODyPaDnBPMJ8RrI3UsXdv0CUaoJYvMUkqaYLvj1MkUccuOEVnDDRL3IwUIEO5Y3+1uiGJAyo04VipputEup1gqRnhNM23YkUjTAa4R5uGChxQ1U7G96fowChd5IfSlNBorP6eSHCg1DDwTGeAdV9NeyPxP68Za/+inTARxZoKMlnkxxzpEI3CQF0mKdF8aAgmkplbEeljE4U2keVNCO70y7OkdlR0z4qnlZNC6SqLIwd7sA+H4MI5lOAWylAFAo/wDK/wZj1ZL9a79TFpnbOymR34A+vzB9iQlLs=</latexit>

E = k
Q

a3
r

<latexit sha1_base64="MoXCBGtU1K+LT7B4lDjNJKgwli8=">AAAB7HicbVBNS8NAEJ3Urxq/oh69LBbBU0nEr4OHohePFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xk2bg7Y+GHi8N8PMvDDlTGnX/bYqK6tr6xvVTXtre2d3z9k/aKkkk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx3eF336iUrFEPOpJSoMYDwWLGMHaSL68wbbdd2pu3Z0BLROvJDUo0ew7X71BQrKYCk04VqrruakOciw1I5xO7V6maIrJGA9p11CBY6qCfHbsFJ0YZYCiRJoSGs3U3xM5jpWaxKHpjLEeqUWvEP/zupmOroOciTTTVJD5oijjSCeo+BwNmKRE84khmEhmbkVkhCUm2uRThOAtvrxMWmd177J+8XBea9yWcVThCI7hFDy4ggbcQxN8IMDgGV7hzRLWi/VufcxbK1Y5cwh/YH3+AIOnjdk=</latexit>

r < a☛

<latexit sha1_base64="FgqdrtUmiMc0mT3HIn+Jn26o4NA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSfG2EogguW7APaGuZTCft0MkkzEyEEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1exJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW90M/Gbj1QqFop7PY5oN8ADwXxGsDZSzz64RVdohDq+xCSppYl8KKcI9eyiU3KmQIvEzUgRMlR79lenH5I4oEITjpVqu06kuwmWmhFO00InVjTCZIQHtG2owAFV3WR6foqOjdJHfihNCY2m6u+JBAdKjQPPdAZYD9W8NxH/89qx9i+7CRNRrKkgs0V+zJEO0SQL1GeSEs3HhmAimbkVkSE2SWiTWMGE4M6/vEga5ZJ7XjqrnRYr11kceTiEIzgBFy6gAndQhToQSOAZXuHNerJerHfrY9aas7KZffgD6/MHGCWUTw==</latexit>

E = k
Q

r2
☛

<latexit sha1_base64="3xFExVDTaXJz68PQmXh/zlUFbbw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkyO7uZmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNJ1Sax/LRjBP0I9qXPOSMGiu1FOn0cURot1R2K+4MZJl4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4KXZSjQllQ9rHtqWSRqj9bHbvhJxapUfCWNmShszU3xMZjbQeR4HtjKgZ6EVvKv7ntVMT3vgZl0lqULL5ojAVxMRk+jzpcYXMiLEllClubyVsQBVlxkZUtCF4iy8vk8Z5xbuqXD5clKu3eRwFOIYTOAMPrqEK91CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QNMcY+A</latexit>

r � a

<latexit sha1_base64="x7YGjUTeCB386HzyAzMuhnBAxqU=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbBVUmKr41QFMFlBdsKTSiTyaQdOpmEmYlQQjZu/BU3LhRx6z+482+ctFlo64GBwzn3cOceP2FUKtv+NioLi0vLK9VVc219Y3PL2t7pyDgVmLRxzGJx7yNJGOWkrahi5D4RBEU+I11/dFX43QciJI35nRonxIvQgNOQYqS01Lf2r+EFbMARdEOBcOYyHQ1Qnokcmmbfqtl1ewI4T5yS1ECJVt/6coMYpxHhCjMkZc+xE+VlSCiKGclNN5UkQXiEBqSnKUcRkV42uSKHh1oJYBgL/biCE/V3IkORlOPI15MRUkM56xXif14vVeG5l1GepIpwPF0UpgyqGBaVwIAKghUba4KwoPqvEA+RrkPp4ooSnNmT50mnUXdO6ye3x7XmZVlHFeyBA3AEHHAGmuAGtEAbYPAInsEreDOejBfj3fiYjlaMMrML/sD4/AGJy5a3</latexit>

E = 2k
�

r

<latexit sha1_base64="mHEMFcihJo/pD8y4dKhFAvBQojI=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFclaT42ghFEVxWsA9oQplMJ+3QmUmYmQgldO/GX3HjQhG3/oA7/8ZJm4W2HrhwOOde7r0nTBhV2nW/raXlldW19dKGvbm1vbPr7O23VJxKTJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g5H17nffiBS0Vjc63FCAo4GgkYUI22knlO+gZfQjyTCma/ogKNJVoM+SRRlxnYntm33nIpbdaeAi8QrSAUUaPScL78f45QToTFDSnU9N9FBhqSmmJGJ7aeKJAiP0IB0DRWIExVk018m8MgofRjF0pTQcKr+nsgQV2rMQ9PJkR6qeS8X//O6qY4ugoyKJNVE4NmiKGVQxzAPBvapJFizsSEIS2puhXiITDDaxJeH4M2/vEhatap3Vj29O6nUr4o4SuAQlMEx8MA5qINb0ABNgMEjeAav4M16sl6sd+tj1rpkFTMH4A+szx+Gzpl1</latexit>

E =
�

2✏0
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Conductors in electrostatic equilibrium
➢ Electrical conductors contain charges (electrons) that are not bound to any atom and therefore are

➣When there is no net motion of charge within a conductor ☛ the conductor is in electrostatic equilibrium

➢A conductor in electrostatic equilibrium has the following properties:

1. Electric field is zero everywhere inside conductor

2. If an isolated conductor carries a charge ☛ charge resides on its surface

3. Electric field just outside a charged conductor  is perpendicular to surface of conductor

4. 0n an irregularly shape conductor ➢ surface charge density is greates at locations where

and has a magnitude ☛ surface charge density at that point!
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Charge distribution in different volumes
24
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➣ Choose a Gaussian surface inside but close to the actual surface  

Property 2: For a charged conductor, charge resides only 
on the surface, and the field inside the conductor is still 

zero.
l Charges (have to be the same sign, 

why?) repel and move away from 
each other until they reach the 
surface and can no longer move 
out: charge resides only on the 
surface because of Coulomb’s Law.

l Choose a Gaussian surface inside 
but close to the actual surface

l Since there is no net charge inside 
this Gaussian surface, there is no 
net flux through it.

l Because the Gaussian surface can 
be any where inside the volume 
and as close to the actual surface 
as desired, the electric field inside 
this volume is zero anywhere. 

+
+

+

+

+

++

+
+

+

++

+
+

Property 2: For a charged conductor, charge resides 
on surface, and field inside conductor is stil zero

➣ Since there is no net charge inside this Gaussian surface,

➣ Because the Gaussian surface can be any where inside the volume 

➣ Charges (have to be the same sign, why?) repel and move away from each other until they reach the 

surface and can no longer move out: charge resides only on the surface because of Coulomb’s Law 

there is no net flux through it.  

and as close to the actual surface as desired, the electric field inside this volume is zero anywhere 



26 Property 3: Field’s Magnitude and Direction on the 
surface

Direction:
l Choose a cylinder as the gaussian 

surface
l The field must be parallel to the 

surface (again this is its normal)
l If there were an angle (          ), 

then there were a  component     
from     and tangent to the surface 
that would move charges along 
the surface. Then the conductor 
would not be in equilibrium (no 
charge motions)

0¹q
^E

E
!

Property 3: Field’s Magnitude and Directios on Surface 

➣ Choose a cylinder as the gaussian surface 

➢ The field must be parallel to the surface (again this is its normal) 

Direction 

 If there were an angle  (𝜽 ≠ 0), then there were a component        

 Then conductor would not be in equilibrium (no charge motions) 
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27 Property 3: Field’s Magnitude and Direction on the 
surface

Direction:
l Choose a cylinder as the gaussian 

surface
l The field must be parallel to the 

surface (again this is its normal)
l If there were an angle (          ), 

then there were a  component     
from     and tangent to the surface 
that would move charges along 
the surface. Then the conductor 
would not be in equilibrium (no 
charge motions)
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Property 3: Field’s Magnitude and Directios on Surface 

Magnitude

➣ Choose a Gaussian surface as an infinitesimal cylinder with its axis 

parallel to conductor surface, as shown in figure 

➣ Net flux through Gaussian surface is that only through flat face outside conductor 

➣ Applying Gauss’s law, we have 

 Field here is parallel to surface 

 Field on all other surfaces of Gaussian cylinder is either perpendicular to that surface, 

or zero   



Another example: 
Electric field generated by a conducting sphere and a 

conducting shell
l Charge and dimensions as marked
l Analyze:

l System has spherical symmetry, 
Gauss Law problem type I.

l Electric field inside conductors is 
zero

l There are two other ranges, a<r<b
and b<r that need to be considered

l Arguments for electric field 
l Similar to the sphere example, 

because the spherical symmetry, 
the electrical field in these two 
ranges a<r<b and b<r is only a 
function of r, and goes along the 
radius. 

28

➣ Charge and dimensions as marked 

Analyze 

๏ System has spherical symmetry, Gauss Law problem type I 

๏ Electric field inside conductors is zero 

๏ There are two other ranges, a < r < b and c < r that need to be considered 

➣ Arguments for electric field 

๏ Similar to sphere example, because spherical symmetry, electrical field in these two  ranges a < r < b 

and c < r is only a function of r, and goes along radius 

Another Example : Electric Field Generated by a 
Conducting Sphere and a Conducting Shell
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Construct Gaussian Surface & Calculate Flux 
& Use Gauss Law To Get Electric Field

➣ E = 0 when r < a, and b < r < c 

➣ Construct a Gaussian sphere with its center coincides with center of inner sphere 

➣ When a < r < b 

• Flux

• Apply Gauss Law

➣ When c < r

• Flux

• Apply Gauss Law
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Construct Gaussian surface and calculate the flux, and use 
Gauss Law to get the electric field

l E = 0 when r<a, and b<r<c
l Construct a Gaussian sphere with 

its center coincides with the center 
of the inner sphere

l When a<r<b:
l The flux ΦE= E��πr�
l Apply Gauss Law ΦE= Q/ε0

l When b<r
l The flux ΦE= E��πr�
l Apply Gauss Law ΦE= (-2Q+Q)/ε0

E = 1
4πε0

Q
r2 = ke

Q
r2   or 

!
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E = 1
4πε0

−2Q+Q
r2 = ke
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Flux of an Electric Field

T is the angle between the electric field and the line 
perpendicular to the surface.

SI units: N·m2/C

For a non-uniform fields we have to integrate over a 
surface

The electric flux through a surface is proportional to 
the net number of electric field lines passing through 
that surface.

TcosEA )
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Gauss’ Law

Gauss’ law relates the net flux ) of an electric field 
through a closed surface to the net charge qenc that 
is enclosed by that surface

encq )0H

Gauss’ law and Coulomb’s law
Demonstration for a point charge

2

2
0

4

4
1

rA
r
qE

S

SH

 

 
0

2
2

0

4
4
1

H
S

SH
qr

r
qEA    )

63

Example
In the following figure, the dashed line denotes a Gaussian surface 
enclosing part of a distribution of four positive charges. 

(a) Which charges contribute to the electric field at P? 

(b) Is the value of the flux through the surface, calculated using 
only the electric field due to q1 and q2, greater than, equal to, or 
less than that obtained using the field due to all four charges?

64

A practical conclusion from the Gauss’s Law –
Faraday’s cage

During a thunderstorm –
stay in your car!!!

65

A very good collection of interactive simulations to learn physics from 
the Physics Education Technology project at the University of 
Colorado http://www.colorado.edu/physics/phet/

Epilogue
Interactive Computer Simulation
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SI units: N·m2/C
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the net number of electric field lines passing through 
that surface.
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Gauss’ Law
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Example
In the following figure, the dashed line denotes a Gaussian surface 
enclosing part of a distribution of four positive charges. 

(a) Which charges contribute to the electric field at P? 

(b) Is the value of the flux through the surface, calculated using 
only the electric field due to q1 and q2, greater than, equal to, or 
less than that obtained using the field due to all four charges?

64

A practical conclusion from the Gauss’s Law –
Faraday’s cage

During a thunderstorm –
stay in your car!!!

65

A very good collection of interactive simulations to learn physics from 
the Physics Education Technology project at the University of 
Colorado http://www.colorado.edu/physics/phet/

Epilogue
Interactive Computer Simulation

Conducting box

A Practical conclusión from Gauss’s Law 
Faraday’s Cage

During a thunderstorm stay in your car!!

➣ The field induces  charges on the left and right sides of the conductiva box

➢ The total electric field  inside the box is zero 

➣ The presence of the box distorts the Field in adjacent regions
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When a Car is Struck by Lightning
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