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Electrodynamics, Physics 323 First midterm 8.20 am, Wednesday May 6, 2008 
Spring 2008 Instructor: David Cobden 
 
 
Do not turn this page until the buzzer goes at 8.20.  You must hand your exam to me before I leave the 
room at 9.25. 
 
Attempt all the questions. 
 
Please write your name on every page and your SID on the first page. 
 
Write all your working on these question sheets.  Use this front page for extra working.  It is important 
to show your calculation or derivation.  Some of the marks are given for showing clear and accurate 
working and reasoning. 
 
Watch the blackboard for corrections or clarifications during the exam. 
 
This is a closed book exam.  No books, notes or calculators allowed. 
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Graphene is a conducting sheet of pure carbon that is only one atom thick.  Earlier this year, it was 
discovered that the sheet conductivity of graphene at optical frequencies has the quantized value 
ߪ ൌ ݁ଶ/ሺ4԰ሻ (a resistance of about 16  kΩሻ.    By  definition,  an  in‐plane  field  E  produces  a  surface 
current ۹ ൌ  .within the sheet ۳ߪ
 
5. [6] What is the average rate of Joule heat dissipation per unit area in the graphene for an ac in-plane 
field of magnitude E0 (ie, ܧ ൌ ଴ܧ cos߱ݐ), in terms of σ and E0? 
 
 
 
 
6. [15] When a laser beam is incident normally on a graphene sheet, it is found that the transmission 
coefficient (ie, the fraction of incident energy transmitted) is ܶ ൌ 1 െ ߙߨ , where α ൌ ୣమ

ସ஠஫బ԰ୡ
 is the 

‘fine structure constant’ (πα is about 2.3 %).   Show that this is as expected, given σ as above and 
assuming that the difference between the incident and transmitted intensity is entirely due to Joule 
heating in the graphene by the incident radiation field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. [6] If the graphene is rotated so that the laser is at an angle θ to the normal, how would you expect T 
to vary with θ if the laser light is polarized perpendicular to the plane of incidence (ie parallel to the 
axis about which the graphene was rotated)? 
 
 
 
 
 
 
 
 
 
9. [6] What is the radiation pressure exerted on the graphene by the laser beam if the incident intensity 
is I ? 
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