learn basic concepls of physics through problem solving
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Q. A point charge Q is on the axis of a short cylinder at its €= 2/\’“
center. The diameter of the cylinder is equal to its length L (Fig.). = v
What is the total flux through the curved sides of the cylinder?

R(,,
The flux coming out of a point charge Q is Eg and uniformly ) il gy gl s
0
distributed in all directions. Thus the total flux through the whole ¢

surface of the cylinder is eg
0

Now to calculate the flux through a plane surface of the cylinder, we may consider it to be
formed by number of thin concentric rings. Consider a thin ring of radius r and width dr as
in diagram. The distance of any point on the ring from the charge Q will be given by

,/R(z, + r2 and hence the magnitude of the infinitesimally small field dE at ring is given by

_ 1 Q
dE = 4neo(Rg+r2)

The component of this field parallel to the axis of
cylinder and normal to the plane surface of the
cylinder is given by

dE, = dE * cos 6
Or dE, = — ( ¢ )* Ko

4meg \ R3+ 12 ’R§+r2

Or dE, = L [—QRO ]
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Hence the flux through this ring surface is given by the product of the component of the
field normal to the surface and surface area of the ring, thus

d® = dE, * 2nr dr =

&E] * 21r dr

or d@_L[QROrdr]
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Thus the total flux through the end plane surface of the cylinder is given by integrating
above equation with proper limits as
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Q)=fd@=Qof00 rr3
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Now substituting ~ R3 + 12 = u?
Differentiating we get 2rdr=2udu

Or rdr=udu
Forr=0; u=Rg andforr=R0;u=\/§R0

Thus the equation above reduces to
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Now as there are two such plane surfaces and hence the flux through the curved surface is
given by

Q
Dcurvea = 6_0 - 20

Q V2-1)Q
Or Deurvea = P 2 (2\/5 6)0
Q V2-1
Or Deurvea = P (1 - %)
Q

Or Deurvea = V2 o



