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The Power of Infinite Symmetry T‘%

An infinitely long wire with uniform linear charge density A has no edges.

1. Translation 2. Rotation 3. Reflection
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Because the physical environment looks identical under translation, rotation, and reflection, the

electric field magnitude can only depend on one variable: the perpendicular radial distance, r.




Why the Field is
Exclusively Radial

e

For every charge element pushing the
field up, there is a perfectly symmetric
element pushing it down. J
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The parallel components cancel
perfectly. The resultant electric field Is
strictly radial.

TopAll

Em-:-t
(Radial)




TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Choosing the Bounding Box

e To use Gauss'’s Law without
complex integration, we need a
surface where the electric field is
either perfectly parallel or
perfectly perpendicular to the
area vector dsS.

e A cylindrical Gaussian surface
perfectly envelopes the radial
field lines.

[ Enclosed Charge: genciosed = Al ]




Flux Calculation Matrix (j; E. d§) é%

Top Circular Cap Bottom Circular Cap Unrolled Curved Surface
ds
1 = E
E g —15 45
dS
E1dS—6=90° E1dS—6=90° E|ldS—6=0°
cos(90°) =0 cos(90°) =0 cos(0°) =1
b, =0 b, =0 @3 — E(Z?TTZ)

Net Flux ®;,;q1 = E(2nrl)



Final Field Result & Properties é%

e Gauss's Law gives: E(2nrl) = (Al) /¢

e Final Magnitude: E = A/(2me,r)
e Vector Form: E = [A/(2meyr)|n

e Proportionality: The field falls off as
1/r (unlike a point charge which falls
off as 1/r2).
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Exam Trap: Caution! This formula

assumes an infinitely long wire. It

becomes invalid near the ends of a

finite wire due to fringing effects -
where radial symmetry breaks down.




Check Your Understanding A
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If the perpendicular distance r from an infinitely long

uniformly charged wire is doubled, what happens to the
electric field intensity E?

S . R [ D: It remains
Q [A: Itis halved] | [B:Itis quartered] [ C: Itis doubled ] Bhdlanged |

Q A: It is halved.

The electric field due to a line charge is proportional to 1/r. Doubling the

distance cuts the field in half. Do not confuse this with a point charge, where
E « 1/r? (which would quarter the field).
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