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UNIVERSITY OF TWENTE. March11t 2019 Fields and electromagnetism

Instructions

You have 2 hours to complete the test. Clearly indicate your name and student number on every sheet
that you hand in.

You may use a hand-written formula sheet containing maximum 10 equations. This sheet must be
handed in together with your answers.

Before answering the questions, read all of them and start with the one you find easiest.
The amount of points to be obtained with each question is indicated next to the question number.

Problem 1 (15pts/100)
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Above are three situations with various numbers of charges and a metal plate (the plate extends in the
horizontal directions well beyond the boundaries of the sketch). Copy the 3 sketches and add the
electric field lines appropriate for the situation.

Take care to be consistent in the number of field-lines, indicate their direction and make sure that the
scale of the drawing is such that we can judge the field close to the charges but also the field far away
from the charges and at the middle distance (you can use multiple sketches if you prefer).

Problem 2 (20pts/100)

2.a The Coulomb force between an electron and a proton that are separated by a distance d is
stronger than the force between 2 electrons that are placed the same distance d apart;

2.b The curl of the gradient of a scalar field is always equal to zero;

2.c The total electric flux through a closed surface depends on the shape of the enclosed volume and
on the amount of charge in that volume;

2.d When we double the strength of an electric field, we quadruple the energy stored in that field;

2.e Far away from a configuration of point charges, the equipotential surfaces corresponding to the
electric field that is generated by those charges will be closed surfaces;

2.f Two capacitors with different capacitance C, and C, are charged with the same amount of charge.
The capacitor with the lower C-value will have the lower voltage difference between its plates;

2.g Inside a dielectric material that is placed in an electric field, the field is lower than the external
field;

2.h An E-field crosses an interface between free space (g, = 1) and a dielectric (g, > 1). The interface
carries no free charge. Inside the dielectric, the E-field lines break away from the normal to the
interface.
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Problem 3 (15pt/100)

2R
e —
A positive point-charge g sits in the middle of a cylinder with height 2R and PR
diameter 2R (see figure). ( = __:)‘
. ; : s _q ! |
3.a Show that the electric flux through the vertical cylinder wall is & = = ®( IR
3.b Using this expression from question 3.a and Gauss’ law, derive the flux = )

through the circular top face of the cylinder.

Problem 4 (25pt/100)

An electrically insulating long cylindrical rod carries a charge of . (in Coulomb per meter). The rod has
a radius R; and the charge is distributed uniformly over its entire volume.

4.a Express the volumetric charge density p (in Coulomb per m?) in the rod as a function of A and Ri.

Concentrically around the insulating rod is placed a thick-walled electrically conducting cylindrical tube
with an inner radius R; and an outer radius Rs (see figure). This tube carries no net charge.

4.b Give a vector expression for the electric field E inside the insulating rod
(s < Ry); in-between the rod and the conducting tube (R1 < s < Ry); inside the
wall of the tube (R < s < Rs); and outside the tube (Rs <s). Both rod and
tube may be considered to be infinitely long. Express your answers in terms
of s, p, Ry, Rz, Ra.

I
4.c Use the answer to question b. in order to sketch the magnitude of Eas |
a function of the distance s to the central axis.

4.d What is the surface charge density o (in Coulomb per m?) on the inner
surface of the tube (at s = R;) and on its outer surface (at s = R).

4.e Choose the electric potential to be V = 0 in the middle of the wall of the conducting tube (at

R,+R; ; ! .
5= ——2— ). Derive the value of the potential on the central axis.

Continued on next page
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Problem 5 (25pt/100)

Below are two side-views of a parallel-plate capacitor that may be considered infinitely extended in
the x and y directions, with its metal plates a distance d apart in the z-direction. In the left image, the
capacitor is empty, with a voltage supply maintaining a potential difference V, between the plates.

On the right, the voltage supply is disconnected. After it was disconnected, a block of material was
inserted in-between the plates. This block has a frozen-in non-uniform polarization that can be
characterized as follows:

- 0yZ
Po(Z) = —“‘d— &

Here, z = 0 is taken to be the lower edge of the material and oy is a constant. Also note that this
polarization of the block is independent of external fields (i.e. apart from the frozen-in bound charge
that is described by the equation above, the material has €, = 1).

0 $ara
TV id 4 |5 VP(2) a2

Yoo z=0

5.a Derive an expression for the free surface charge density ; on the metal plates for the situation
of the left, where o;is expressed in terms of d and Vq.

5.b Now the voltage source is decoupled and the block with a height of d/2 is inserted. Calculate the
all the bound charges and make a sketch indicating where these bound charges reside.

5.c Calculate the electric field E(z) in the empty gaps between the plates and the material (i.e.
for-d/4 <z <0 and for d/2 < z < 3d/4). Express your answer in terms of d, V, and oo.

5.d Calculate the electric field E(z) inside the block (i.e. for 0 < z < d/2). Express your answer in terms
of d, Vo and o.

5.e Calculate the new potential difference V between the plates. Express your answer in terms of d,
Vo and oo.

Page 3 of 3 UNIVERSITY OF TWENTE.




VECTOR DERIVATIVES

Carteslan.  dl =dx%+dy§+dz% dr =drdydz
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Spherical.  dl =dri+rdff +rsinfdgd; dr =r?sinddrdodp
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Cylindrical.  dl=ds§+s5d¢d +dzi; dr =sdsdpdz
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Gradient : vt = 5o ;5—6 +a—zz

Divergence: V.v = _%(SU’)+£%+%P§

Curl : Vxv = [%%—%J§+[Z—U‘;—%Ja+}[
Laplacian : v = ;%(J‘:—;) %221%1.--:;;:
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VECTOR IDENTITIES

Triple Products
() A-BxC)=B-(CxA)=C-(AxB)
2) AxBxC=BA-C~=C(A-B)
Product Rules
Q) Vifg)=[f(Vg) +g(V[)
4) VA -B)=Ax(VxB +Bx(VxA+(A-V)B+(B.TA
(5) V-(fA=f(V A +A- (V)
6) V.- (AxBy=B-(VxA)—-A:-(VxB)
@] .Vx(fA)=_f(V xA)—Ax (V]
B) VxAxB)=(B-V)A=-(A-V)B+A(V-B)-B(V-A)
Second Derivatives
9) V.(VxA) =0
(10) vx(Vvfi=0

(1) Vx(VxA)=V(V-A)- VA

FUNDAMENTAL THEOREMS

Gradient Theorem :  [2(Vf)-dl = f(b) ~ f(a)
Divergence Theorem : [(V-A)dr = fA-da

Curl Theorem : JIVxA)-da=FfA-dl
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6.4 _Standaardintegralen.
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FUNDAMENTAL CONSTANTS a"(%—iln L )
| a X
e = 8.85x10712C%/Nm? (permittivity of free space) -1 | =12 _(l,t'a)]n[(g+ Y)/XL 1 12 | 1y’
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SPHERICAL AND CYLINDRICAL COORDINATES 5 T
2 iy g
Spherical 2 n 3 12 | 1y3 _15%°
x = rsinfcos¢g & = sinfcosgi+cosBcosgf —sinpg % %
y = rsinfising § = sinfsin ¢i+§nsﬂsin¢0+cos¢¢
z = rcosf i = cosfF—sindd I:jsin’" axcos” axdx
b f i % +sin fsing § ) /4 m | n |1
ro= Jxi4yi+? F = sinfcosgpk+sin@sing§+cosfz m n = :
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¢ = tanl(y/x) ® = —singX+cosgpy 5 ] ATmana g 5 = z
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y = ssing ¥ = singitcospd 7m
z =1 g = &
. A 1| (1/a)In|sin ax] m | 1| gin"™gx
s = Jaty? § = cospk+tsingy .
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——cosax(sin” ax+2) —sinax(cos” ax+2)
3a 3a
4 0 | 3x sin2ax  sindax 0 4 | 3= 5in2a.t+sin4ax
8 4a 32a 8 da 32a

6.5 Benaderingen voor |x|—0

(1+x)" 1+ax+... sinx x—%16+...

e* 1+x+... cos.x 1-x*/2+...

In(1+x) | x=x"/2+...
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