
Institutt for fysikk, NTNUFY1003 Elektrisitet og magnetismeTFY4155 ElektromagnetismeV�ar 2005 Midterm exam Friday Marh 11, 1030 { 1330.Fill in the table provided on a separate sheet. Mark your answers learly.Remember to �ll in your student number. Deliver one table with your answers only.Allowed remedies: C� K. Rottmann: Matematisk formelsamling. (Or similar.)� O. �grim and B. E. Lian: St�rrelser og enheter i fysikk og teknikk or B. E. Lian and C. Angell:Fysiske st�rrelser og enheter.� Approved alulator, with empty memory, aording to list provided by NTNU. (HP30S orsimilar.)� Formulas, Eletrostatis is inluded on the bak side of this sheet.Given information:� The exam onsists of 40 questions. Eah question has one orret and three inorret answers.� Choose one alternative for eah question. If you hoose more than one alternative or noalternative, the answer will be onsidered wrong.� Unless stated otherwise, we assume that the system is in eletrostati equilibrium.� Unless stated otherwise, "potential" means "eletrostati potential", and analogously for "po-tential energy".� Unless stated otherwise, zero potential and potential energy is hosen at in�nity.� Metal is synonymous with eletri ondutor. Insulator is synonymous with dieletri.� Some fundamental onstants: "0 = 8:85�10�12 C2/Nm2, 1=4�"0 = 9�109 Nm2/C2, e = 1:6�10�19C, me = 9:11 � 10�31 kg, mp = 1:67 � 10�27 kg, g = 9:8 m/s2,  = 3 � 108 m/s.� Symbols are given in italis (e.g. V for potential) while units are given in non-italis (e.g. Vfor volt).� SI-pre�xes: M (mega) = 106, k (kilo) = 103,  (enti) = 10�2, m (milli) = 10�3, � (miro) =10�6, n (nano) = 10�9, p (pio) = 10�12.� Cirumferene of irle: 2�r. Area of spherial surfae: 4�r2. Volume of sphere: 4�r3=3.� Gradient in artesian oordinates: rf = (�f=�x) x̂ + (�f=�y) ŷ + (�f=�z) ẑ� Gradient of spherially symmetri funtion f(r): rf = (�f=�r) r̂� Some integrals: R xn dx = xn+1=(n + 1) + C, R dx=x = ln jxj + C, R os x dx = sinx + C,R os x sinn x dx = (sinn+1 x)=(n+ 1) + C 1



Formulas, EletrostatisR dA denotes surfae integral and R dl denotes line integral. H denotes integral over losed surfaeor around losed urve. Boldfae symbols denote vetors. Symbols with a "hat" above denote unitvetors. The validity of the formulas and the meaning of the various symbols are assumed to beknown.� Coulomb's law: F = qq04�"0r2 r̂� Eletri �eld and potential: E = �rV�V = VB � VA = � Z BA E � dl� Eletri potential from point harge: V = q4�"0r� Eletri ux: �E = Z E � dA� Eletrostati fore is onservative: I E � dl = 0� Gauss' law for eletri �eld and eletri displaement:"0 I E � dA = qI D � dA = qfree� Eletri displaement: D � "0E + P = "r"0E = "E� Eletri dipole moment: p = qd� Eletri polarization = eletri dipole moment pr unit volume:P = �p�VLinear medium: P = "0�eE� Capaitane: C = qV� Energy density (energy pr unit volume) in eletri �eld:uE = 12"0E22



Questions
1) Two spheres have harge 3Q (sphere 1) and 5Q (sphere 2). The fore on sphere 2 from sphere 1is 5 N. Then, what is the fore on sphere 1 from sphere 2?A 3 NB 5 NC 8 13 ND It depends on the distane between the spheres.2) Four point harges, �q and �2q, are loated in the orners of a square with sides 2a as shownin the �gure. A �fth harge q is loated at the entre of the right edge of the square. Whih arrowrepresents the net fore on this point harge from the four in the orners?A 1B 2C 3D 4 q
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3) Four point harges, �q and ��q, are loated in the orners of a square with sides 2a as shown inthe �gure. What is the value of � that makes the fore on the harge q at the entre of the rightedge of the square vanish?A 5p5B 5C p5D 25 q
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4) The �gure shows four eletri dipoles (symbolized by the vetor p, i.e., the dipole moment) loatedin a uniform eletri �eld E0. We assume that the dipoles do not interat with eah other. Whihdipole is in stable equilibrium?A 1B 2C 3D 4 E0
1

2 3

45) Whih one of the four dipoles in question 4 is subjet to the largest torque?A 1 B 2 C 3 D 46) The �gure shows a positive point harge Q and an eletri dipole p. The point harge is held �xedwhereas the dipole is free to move around. What happens to the dipole?A It starts rotating lokwise but apart from that, it does not move towardsor away from the point harge.B It starts rotating ounterlokwise but apart from that, it does not move towardsor away from the point harge.C It starts rotating ounterlokwise and is then pushed away from the point harge.D It starts rotating lokwise and is then pulled towards the point harge.
Q p

+

_

4



7) The �gure shows an eletri dipole p in a uniform eletri �eld E0. The dipole is free to move.What happens to the dipole?A It starts rotating lokwise but apart from that, it does not move to the right or left.B It starts rotating ounterlokwise but apart from that, it does not move to the right or left.C It starts rotating lokwise and is then pulled to the right.D It starts rotating ounterlokwise and is then pulled to the left.
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8) Whih one of these is not a possible onservative eletrostati �eld?A E = E0 x̂B E = E0 (x=a) x̂C E = E0 [(y=a) x̂+ (x=a) ŷ℄D E = E0 (y=a) x̂
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Hint:

9) The �gure shows some equidistant equipotential urves. In whih point do we �nd the largesteletri �eld strength E = jEj?A 1B 2C 3D 4 1 2
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10) The �gure shows �eld lines for E and four losed surfaes enlosing four regions of spae 1, 2, 3,and 4. What an you say about the amount of harge within these four regions of spae?A Most harge in 1 and 4, least harge in 2 and 3.B No harge in any of these regions.C Positive harge in 1 and 4, negative harge in 2 and 3.D Positive harge in 1 and 4, no harge in 2 and 3.
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11) Whih urve represents the potential energy U of the eletron in a hydrogen atom as funtion ofits distane r from the nuleus?A 1B 2C 3D 4
U 1
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12) The potential in a region is V (x) = V0 sin kx. The eletri �eld is thenA E = �V0 os kx x̂B E = �kV0 os kx x̂C E = kV0 os kx ŷD E = �V0 os kx ŷ(V0 and k are onstants)13) The eletri �eld in a region is E(x; y) = E0 [x̂ + ŷ(a=y)℄. The potential is thenA V (x; y) = E0 a [ln (y0=y)� x=a℄B V (x; y) = E0 a [ln (y=y0) + x=a℄C V (x; y) = E0 a [ln (y=y0)� x=a℄D V (x; y) = E0 a [ln (y0=y) + x=a℄(E0, a and y0 are onstants)14) Whih one of the following statements about eletri ondutors is wrong?A The eletri �eld strength is zero on the surfae of the ondutor.B The value of the potential is the same on the surfae of the ondutoras inside the ondutor.C There is no net harge inside an eletri ondutor.D The eletri �eld strength is zero inside the ondutor.
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15) The �gure shows three eletri ondutors and �eld lines for the eletri �eld in the region aroundthese. Rank the potentials Vj in the four positions j = 1; 2; 3; 4 denoted in the �gure.
A V4 > V3 > V2 = V1B V4 > V3 > V1 > V2C V1 > V2 > V3 > V4D V1 = V2 = V3 < V4
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16) How do you explain that a rubbed balloon stiks to the eiling?A The balloon and the eiling attrat eah other beause of gravitation.B The balloon and the eiling both have net harge. If the balloon and the eilinghave harges of opposite sign, the balloon will stik to the eiling.C The balloon has net harge and thereby indues a harge of oppositesign on the surfae of the eiling.D The balloon is pushed upwards beause of the air pressure below it.17) The �gure shows a soalled linear quadrupole with two point harges �Q in mutual distane 2aand a third point harge 2Q at the entre between these two. What is the potential energy U of thissystem?A U = 9Q2=8�"0aB U = �7Q2=8�"0aC U = �Q2=8�"0aD U = Q2=4�"0a a a

2Q−Q −Q

18) Two quadrati parallel metal plates with sides 1 m have harge Q and �Q, respetively, uniformlydistributed over the plates. The distane between the plates is 1 m. Between the two plates, thereis a uniform eletri �eld with �eld strength 2 kV/m. What is the potential energy U stored in thiseletri �eld?A 1.77 pJ B 177 nJ C 1.77 mJ D 177 J
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19) The �gure shows some point harges (q > 0) and losed surfaes (i = 1; 2; 3; 4). Through whihof these losed surfaes passes the largest amount of net eletri ux?A 1B 2C 3D 4 2q
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20) An in�nitely large plane lies in the xy plane and has a onstant harge � pr unit area. How muhnet eletri ux � passes through the surfae of a torus ("donut"), with inner diameter a and outerdiameter b, and whih is ut in two by the harged plane, as shown in the �gure?A � = �(b� a)2=2�"0 B � = ��(b� a)2=8"0C � = �(b2 � a2)=2�"0 D � = ��(b2 � a2)=8"0
a

b

x

y

x

z σ
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With the charged plane
in the paper plane:

With the charged plane
perpendicular to the paper plane:

21) You perform Millikan's experiment and observe that a spherial drop of sunower oil with di-ameter 2 �m stands still in the uniform eletri �eld between two large parallel metal plates withopposite harge, negative on the lower plate and positive on the upper plate. The distane betweenthe plates is 10 m, the potential di�erene between the plates is 4.72 kV, and the mass density ofthe oil is 920 kg/m3. You may then onlude that this drop of oil has a net harge orresponding toA a de�it of 4 eletronsB a surplus of 2 eletronsC a surplus of 5 eletronsD a surplus of 8 eletrons g

4.72 kV

10 cm

0 V

E
drop of oil

8



22) The potential on an in�nitely large positively harged plane is 0 V. The plane has a uniformharge density 32 �C/m2. In what distane from the plane do we have V = �10 kV?A The potential V is here everywhere positive.B 5.5 mC 0.55 mD 5.5 �m23) Let us onsider the eletron as a sphere with radius R and harge �e uniformly distributed overthe surfae of the sphere. The eletron then has a potential energy U . But the eletron also has amass me, and therefore an energy me2, aording to Einstein. ( = veloity of light) We may nowestimate the radius R of the eletron by writing U = me2. This givesA R ' 7:7 � 10�19 mB R ' 1:4 � 10�15 mC R ' 3:5 � 10�14 mD R ' 5:3 � 10�8 m24) If the eletri potential V as funtion of r is as shown in the upper graph, whih graph showsthe eletri �eld strength E as funtion of r?
A 1B 2C 3D 4
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25) If the eletri �eld E as funtion of x is as shown in the upper graph, whih graph shows thepotential V as funtion of x?A 1B 2C 3D 4 x
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26) The �gure shows three hollow onentri metal spheres with net harge �3Q (on the innersphere), Q (on the sphere in the middle) and �Q (on the outermost sphere). All the three metalspheres have a ertain thikness. How muh harge is on the inner surfae of the outermost sphere?(Hint: Gauss' law.)A �3QB �QC QD 2Q vacuum

Q

−Q

−3Q

metal

P

27) What is the eletri �eld strength in the point P given in the �gure in question 26? (The pointP lies in a distane r from the entre of the spheres, and outside all three spheres.)A �3Q=4�"0r2 B �Q=4�"0r2C Q=4�"0r2 D 2Q=4�"0r228) What is the potential on the symmetry axis and in distane x from the entre of a uniformlyharged dis with harge Q and radius R? (Hint: What do you expet when x� R?)A Q �px2 +R2 + x�2�"0R2B Q �px2 +R2 � x�2�"0R2C QR24�"0 (x2 +R2)3=2D Q �px2 +R2 �R�2�"0R2 R

x

Q

V(x)=?

29) The �gure shows a metal sphere with net harge �Q surrounded by a layer of air, followed bya metalli spherial shell with net harge 2Q. Whih �gure desribes orretly the �eld lines for E?(Hint: Gauss' law.)A 1B 2C 3D 4 1
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30) An in�nitely long ylinder has radius R and onstant harge �0 pr unit volume. Determine, byusing Gauss' law, the graph in the �gure below that shows the resulting eletri �eld strength E asfuntion of the distane r from the enter axis of the ylinder.A 1B 2C 3D 4
r
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E
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R R

R R31) An in�nitely large slab has thikness 2d and onstant harge �0 pr unit volume. The slab extendsto in�nity in the x and y diretions and oupies the region �d � z � d. Determine, by using Gauss'law, the graph in the �gure below that shows the resulting eletri �eld strength E as funtion of z.(Only one half of the spae, z > 0, is inluded.)A 1B 2C 3D 4
1 E 2
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32) A neutral metal sphere has two spherial avities, 1 and 2, in its interior. In the entre of thesetwo avitites, we have positive point harges q, as shown in the �gure. (So the whole system hasharge 2q.) The distane between the two point harges is d. What is the fore F2 ating on thepoint harge in avity 2?
A F2 = q2=4�"0d2B F2 = q2=8�"0d2C F2 = 0D We need more informationin order to determine F2 2

q 1

q
d
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33) Whih �gure illustrates eletri �eld lines for the sphere and the point harges in question 32?
A 1B 2C 3D 4

1 2

3 4

34) A neutral metal sphere has two spherial avities in its interior. Cavity 1 is empty. In avity 2,there is a point harge Q. (So the whole system has harge Q.) How muh harge qj is indued onthe three surfaes of the metal sphere, i.e., the inner surfaes (j = 1; 2) de�ning the avities, and theouter surfae of the sphere (j = 3)? (Hint: Gauss' law.)
A q1 = 0; q2 = �Q; q3 = QB q1 = �Q; q2 = �Q; q3 = 2QC q1 = 0; q2 = 0; q3 = 0D q1 = Q; q2 = 0; q3 = �Q 1
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3

Q

35) The potential di�erene between the two eletri ondutors of a apaitor is made three timeslarger. The apaitane of the apaitor thenA remains unhanged.B beomes three times larger.C beomes three times smaller.D beomes nine times larger.
12



36) Two parallel metal plates have large linear extent ompared to the distane d between the plates.The upper plate has positive harge Q and potential V0, the lower plate has negative harge �Q andpotential 0. The left half of the volume between the plates is �lled with a dieletri with relativepermittivity 2. The right half of the volume between the plates is �lled with a dieletri with relativepermittivity 8. In the �gure, four posisions j = 1; 2; 3; 4 are indiated. Rank the potentials Vj inthese four positions.A V1 = V3 > V2 = V4B V3 > V1 > V2 > V4C V3 > V1 > V4 > V2D V1 = V2 = V3 = V4 d
1

2

3

4

Q, V 0

−Q, 0

ε r ε r = 8= 2

37) The volume between two large parallel plates with harge Q (upper plate) and �Q (lower plate)is �lled with two dieletri materials, in the upper half a dieletri with relative permittivity 4 andin the lower half a dieletri with relative permittivity 2. The three �gures then illustrate �eld linesforA E in 1, D in 2, P in 3B D in 1, P in 2, E in 3C P in 1, E in 2, D in 3D E in 1, P in 2, D in 3 1 2 3

38) The �gure shows to approximately in�nitely large metal plates with harge � and �� pr unitarea. A part of the volume between the plates is �lled with a dieletri with relative permittivity"r > 1, as shown in the �gure. Four point harges, eah of mass m, have harge q, �q, 2q, and�2q, respetively (from top to bottom in the �gure). We assume that the four point harges donot interat with eah other. They are released simultaneously, with zero initial veloity, from theirpositions in the �gure. In what plaes will point harges �rst arrive?A 2 and 4B 1 and 3C 3 and 4D 1 and 2
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39) A parallel plate apaitor has metal plates with large linear extent ompared to the distane dbetween the plates. Eah plate has area A. The lower fourth of the volume between the plates is�lled with a dieletri with relative permittivity 3, as shown in the �gure. The rest of the volumeis air. What is the apaitane of this apaitor? (Hint: This may be regarded as two apaitorsonneted in series.)A 6"0A=5dB 4"0A=dC 4"0A=3dD 3"0A=4d d

d/4

A

εr = 340) A sphere with radius R has onstant positive harge �0 pr unit volume in the upper half (z > 0)and onstant negative harge ��0 pr unit volume in the lower half (z < 0). What is the eletridipole moment p of the sphere?
A p = (��0R4=12) ẑB p = (��0R4=2) ẑC p = (3��0R4=2) ẑD p = (3��0R4) ẑ ρ0

z

R
−ρ0
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