Electric Field Rod Integrals

Steps for solving electric field integral problems.

1. Show an arbitrary segment. Assume the length of the rod of L, charge of the rod of Q, charge of the
segment of dq, linear charge density of A.

Horizontal rod. Vertical rod. Circular rod.
[ | ]
dx dy ds
the length or width the length or height the length or
of the segment. of the segment. arclength
B of the segment.

Keep all the terms as a function of  Keep all the terms as a function of  Keep all the terms as a function of
x since x is the variable. y since y is the variable. 6 since 6 is the variable.

2. lIsolate for dq from the linear charge density relations:

L_Q_dg _Q_dg
Lde d Qd ds =R d6O
q=say Q
== L <
dq = dx dq =7 Rdo
3. Rewrite dE equation by plugging in dq from the previous step:
d kQ dx d kQ d d kQ R d6O
r2 L r? r2 L 12 72 I 72

4. Show dE of the segment on the given point and write it in component form:
dE = dE,i + dE,j or dE = dE (cos8i + sinéj)

Tip: If the rod is symmetrical about x or y, there might be a cancellation. Either x-components or y-components
of the sum of dE vectors cancel out. E = Il dE

5. Check for bounds when solving the integral.

These are the marginal values of the variables:

x values of the left and right edges v values of the top and bottom 6 values for the marginal
of the rod. edges of the rod. segments.

6. Solve for the integral.

Check the formula sheet for the given equations.



Example one: 7

2.80 nC of charge is uniformly distributed along a thin rod of length 2
L = 6.4 cm, which is then bent into a quarter circle as shown in the figure ¢
below. What is the magnitude and the direction of the electric field at the <
centre of the circle? $ %
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Example two:
2.80nC of charge is uniformly distributed along a thin rod of length L = 6.4 cm. What is the magnitude and the
direction of the electric field at point P, a distance r = 8.8 cm from the centre of the rod?
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Example three:

2.80nC of charge is uniformly distributed along a thin rod of length
L = 6.4 cm, which is then bent into a semi-circle as shown in the figure. What is
the magnitude of the direction of the electric field at the centre of the circle?
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