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1. (30) We consider an infinitely long wire with a diameter d and length l. 

a. (8) By applying Gauss’s law, determine the electric field at a distance r>d from the 

wire when the wire is charged with Q. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

b. (4) Determine the capacitance of the wire at r (in this case, C will depend on r>d) 
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c. (8) By Applying Ampere’s law, determine the magnetic field at the same distance 

r>d from the wire when there is a current flowing in the +z-direction. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

d. (6) At the position r>d, a proton moves in the +z-direction parallel to the wire, 

determine its velocity assuming it is constant in the case where both Q(>0) and I 

are present. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

e. (4) Any modifications if the proton is replaced by an electron? Justify briefly. 
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2. (12) A solenoid, with length l and area A is connected to an electromotive 

force E. 
a. (6) If the magnetic field inside the solenoid has the expression B=µ0nI, where n is 

the number of turns per unit length, find the expression of its inductance. 

 

 

 

 

 

 

 

 

 

 

b. (6) When the switch closes, hence the current is rising, show that the inductance 

of the solenoid can be written as L=-E/(di/dt) where i is the instantaneous current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. (27) Consider the circuit below with the three resistors, R1, R2 and R3 and an 
electromotive force E and an inductor L.(Hint: the solution of the differential 

equation dx/dt+αx=β  is x=β/α(1-e-αt)). 
 

  
 

 
a. (14) As a function of time, just after closing the switch, determine the expression of the 

current I3 in R3 and I1 in R1. 
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b. (6) As time t tends to infinity, find the expression of the currents in the three resistors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c. (7) Compare the power generated to the power dissipated as t tends to infinity. Take  
E=10 V, L=1 H, R1 =4 Ω, R2 =4 Ω and R3 =8 Ω. 
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d. (4) Determine the energy generated by the battery at an arbitrary time t0. And comment on 
the different contributions. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
4. (27) We wish to study a circuit composed of an AC power source, supplying a current        
I = Im sin(ωt), a resistor R and an inductor L. 
(a) (4) First, consider that the resistance alone is connected to the power supply, determine 
the expression of the potential difference across it. 
 
 
 
 
 
 
(b) (4) Consider that the inductor alone is connected to the power supply, determine the 
expression of the potential difference across it. 
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(c)(6) When both R and L are put in the series, determine the impedance (denoted be Z or X) 
of the circuit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d)(3) Determine the expression of the circuit phase. 
 
 
 
 
 
 
 
 
(e)(4) Discuss the behavior of this circuit of low frequencies (ω→0) and for (ω→∞) and plot 
the current Imax vs. ω 
 
      
   

         
  
 
 
 
 
 
 
 
 
 

ω 

Imax 
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We insert a capacitor in parallel to the inductor as shown in the figure below and the 

AC power source produces now a potential difference ε = ε0 cos(ωt). 

 
 

(f)(3) What are the maximum values of IL, Ic and IR in the case where ω → 0 
 
 
 
 
 
 
 
 
(g)(3)  What are the maximum values of IL, Ic and IR in the case where ω → ∞ 
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