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Page 2 - 6: Exer
ises 1 - 5.Appendix 1 - 3: Formulas.The exam 
onsists of 5 exer
ises. In 
onne
tion with ea
h exer
ise, it is written how mu
h it
ounts in the �nal evaluation. Ve
tors are given with bold letters. If nothing else is stated, youmay assume that the surrounding medium is air (va
uum), with permittivity "0 = 8:85 � 10�12F/m and permeability �0 = 4� � 10�7 H/m.The grades are probably ready around August 15.



Page 2 of 6EXERCISE 1 (Part a 
ounts 10%, b 
ounts 15%.)a) What is the ele
tri
 �eld strength inside an ele
tri
 
ondu
tor (metal) in ele
trostati
 equi-librium, and why? Where is the net 
harge lo
ated on an ele
tri
 
ondu
tor in ele
trostati
equilibrium?b) In the rest of this exer
ise, we examine a sphere with radius R. The sphere is made of adiele
tri
 material with relative permittivity "r = 3. The sphere 
ontains positive ions so thatthe net (free) 
harge pr unit volume inside the sphere is �(r) = �0r=R (where �0 is a 
onstant),i.e., the 
harge density in
reases linearly with the distan
e from the 
enter of the sphere (see�gure to the right).
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Use Gauss' law to determine the ele
tri
 �eld E(r) as a fun
tion of the distan
e r from the
enter of the sphere. (Determine the �eld both inside (r < R) and outside (r > R) the sphere.)Sket
h E(r) between r = 0 and r = 2R.Given information: dQ = � dV = �(r) � 4�r2 dr (spheri
al symmetry)



Page 3 of 6EXERCISE 2 (Parts a and b 
ount 5% ea
h, 
 
ounts 10%.)a) Use Ampere's law to show that the magneti
 �eld in a distan
e s from a thin, straight andin�nitely long 
urrent 
arrying wire (
urrent I) isB(s) = �0I2�sGive reasons for your 
hoi
e of integration path ("amperian loop").b) A 
losed 
urrent loop is formed as a square with edges of length a and lies in the xy-plane,as shown in the �gure below. What is the magneti
 dipole momentm of the 
urrent loop whenit 
arries a 
urrent I (
lo
kwise)? Determine both the absolute value and the dire
tion of m.
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) The two 
urrent-
arrying wires of a) and b) lie in the same plane (the xy-plane) and both
arry a 
urrent I, see �gure below. What is the total for
e F a
ting on the square loop?(Determine both the absolute value and the dire
tion.)
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Page 4 of 6EXERCISE 3 (Counts 15%)The �gure below illustrates two di�erent 
ombinations, (i) and (ii), of resistors. In both 
ases,the total resistan
e between A and B equals R1. Then, what is R3 in the two 
ases, expressedin terms of R1 and R2 (whi
h we assume are known resistan
es)? Determine numeri
al valuesfor R3 when R1 = 1 
 and R2 = 4 
. With these values, what is the 
urrent through resistorR3 in the two 
ases if A and B are 
onne
ted to a voltage sour
e of 6 V?
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Page 5 of 6EXERCISE 4 (Counts 15%)The 
ir
uit in the �gure will be used to measure the speed v of a bullet. Before the shot is�red, a 
onstant 
urrent 
ows in the 
ir
uit. The voltage sour
e is V0 = 6:0 V, the resistan
eis R = 130 
, and the 
apa
itan
e is C = 6:2 �F. The distan
e d is 25 
m. The bullet 
uts the
ir
uit in the point A at t = 0, and then in the point B. At this point, the voltmeter V showsthat there is a potential di�eren
e of 1 V between the plates of the 
apa
itor. Show that thevoltage a
ross the voltmeter is given byV (t) = V0 �1� e�t=��and thereby determine the parameter � . What was the speed v of the bullet?
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d(A voltmeter simply measures the potential di�eren
e between two points in a 
ir
uit withoutin
uen
ing the 
ir
uit. For example, no 
urrent runs through an ideal voltmeter.)EXERCISE 5 (Part a 
ounts 5%, while b and 
 
ount 10% ea
h.)a) An in�nitely long, straight wire (1) and a quadrati
 
urrent loop (2) with edges a are lo
atedas shown in the �gure below. Determine the mutual indu
tan
e M21 = �2=I1 between the longstraight wire and the quadrati
 
urrent loop. (Hint: Assume that the straight wire 
arries a
urrent I1 and use the result of exer
ise 2a to determine the magneti
 
ux �2.)
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Given information: R dxx = lnx



Page 6 of 6b) The 
urrent in the long straight wire is turned o� in the following manner:I1(t) = I0e��t ; t > 0(I1(t) = I0 for t � 0.) In what dire
tion is the indu
ed 
urrentI2(t) = Ise��tin the quadrati
 loop running? Determine Is when the total resistan
e of the quadrati
 loopis R. (We negle
t the sel�ndu
tan
e of the quadrati
 loop in this part of the exer
ise. If youhave not found an expression for M21 in a, you may express Is in terms of M21.)
) If the sel�ndu
tan
e L of the quadrati
 loop 
annot be negle
ted, we may regard the loop asa resistan
e R and an indu
tan
e L 
onne
ted in series to a voltage sour
eV (t) = V0e��t ; t > 0(V (t) = 0 for t � 0.) We assume that V0 is a known quantity in this part of the exer
ise (inaddition to R, L, and �, of 
ourse).
R
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Give a reason why the 
urrent I(t) in this 
ir
uit must be 
ontinuous in t = 0, i.e.,I(t! 0+) = 0The 
urrent I(t) is on the formI(t) = I�e��t + I�e��t (� 6= �)where the �nal term is in
luded be
ause of L 6= 0. Use Kir
hho�'s voltage rule and the initial
ondition I(0) = 0 to determine the parameters I�, I�, and � (whi
h are all nonzero).



Appendix 1 av 3FormulasR dA denotes surfa
e integral and R dl denotes line integral. H denotes integral over 
losedsurfa
e or around 
losed 
urve. The validity of the formulas and the meaning of the varioussymbols are assumed to be known.Ele
trostati
s� Coulomb's law: F = qq04�"0r2 r̂� Ele
tri
 �eld and potential: E = �rV�V = VB � VA = � Z BA E � dl� Ele
tri
 potential from point 
harge: V = q4�"0r� Ele
tri
 
ux: �E = Z E � dA� Gauss' law for ele
tri
 �eld: "0 I E � dA = qI D � dA = qfri� Ele
trostati
 �eld is 
onservative: I E � dl = 0� Ele
tri
 displa
ement: D = "0E + P = "r"0E = "E� Ele
tri
 dipole moment: p = qd



Appendix 2 of 3� Ele
tri
 polarization = ele
tri
 dipole moment pr unit volume:P = �p�V� Capa
itan
e: C = qV� Energy density in ele
tri
 �eld: uE = 12"0E2Magnetostati
s� Magneti
 
ux: �m = Z B � dA� Gauss' law for the magneti
 �eld: I B � dA = 0� Amp�ere's law: I B � dl = �0II H � dl = Ifri� Magneti
 �eld from 
urrent 
arrying 
ondu
tor (Biot{Savart law):B = �04�I Z dl� r̂r2� The H-�eld: H = 1�0B �M = 1�r�0B = 1�B� Magneti
 dipole moment: m = IA� Magnetization = magneti
 dipole moment pr unit volume:M = �m�V



Appendix 3 of 3� Magneti
 for
e on straight 
urrent 
arrying wire (uniform magneti
 �eld):F = IL�B� Magneti
 for
e on 
urrent 
arrying wire (general):F = I Z dl�B� Energy density in magneti
 �eld: uB = 12�0B2Ele
trodynami
s and ele
tromagneti
 indu
tion� Faraday ({Henry)s law: E = I E � dl = �d�mdt� Amp�ere{Maxwell's law: I B � dl = �0I + �0"0d�Edt� Sel�ndu
tan
e: L = �mI� Mutual indu
tan
e: M12 = �1I2 ; M21 = �2I1 ; M12 =M21 =M� Energy density in ele
tromagneti
 �eld:u = 12"0E2 + 12�0B2


