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Elektrodynamik

Aufwiarmiibungen

Kapitel 8.1

i. Ein Elektroskop ist ein Instrument, welches genutzt wird um elektrische
Ladungen zu messen. Es existieren verschiedene Modelle. Hier konzentrieren
wir uns auf das unten gezeichnete Modell.

Zwei diinne Goldfolien sind parallel zu einander an einem metallischen Stab
montiert, welcher sich in einer Glasflasche befindet. Der metallische Stab endet
in einer metallischen Platte ausserhalb der Flasche. Der Zweck der Flasche ist
die Goldfolien vor Luftziigen zu schiitzen.

Um eine Messung durchzufiihren, wird das Objekt nahe an die Platte gehalten.

Abbildung 1: Elektroskop

a) Was passiert, wenn man ein positiv geladenes Objekt nahe zum Elektro-
skop hilt? Beschreibe welche Art von Ladungen an den verschiedenen
Orten auftauchen.

b) Konnen wir mit diesem Instrument das Vorzeichen der Ladung bestim-
men?

c¢) Konnen wir die Anzahl der Ladungen bestimmen?

a) When a positively charged object is placed closed to the metallic plate, it will induce
negative charges on the plate. Since the metallic part is not connected to the ground,
it must globally stay neutral. So, the increase of negative charges in one ends induces
an increase of positive charges in the other ends, on the gold leaves.

Since both leaves will be positively charged, they will repeal each other under the
mutual action of the Coulomb force.

Abbildung 2:
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b)

c)

If the object is negatively charged, we get the same final visual result. It is not
possible to determine whether the leaves repeal because they are both positively or
both negatively charged.

If the object is not charged, then nothing will happen. We can also imagine, that
the more the leaves repeal each other, the bigger is the charge on the object.

Kapitel 8.2

ii.
a)

b)

d)

Berechne die Ladungen auf einer leitenden Kugel vom Radius r. Nehme
an, dass die Kugel das Potential U hat.

Eine positive Ladung ist am Ort (0,0,1). Berechne welche Ladung an
(0,0,3) platziert werden muss, sodass wir beim Ursprung kein Potential
haben.

Angenommen die z,y-Ebene und die z, 2-Ebene seien perfekte Leiter mit
Ladungsdichten 1C-m~? beziehungsweise —2C-m~2. Zeichne die Aquipo-
tentiallinien.

Zeige, dass ein elektrisches Feld der Form

R Yy
E(xayaz) = |2
0

in der Elektrostatik nicht existieren kann.

(Etwas schwieriger) Zwei identische Kugel mit Radius R sind im Ab-
stand d von einander aufgestellt. Nachdem Aufladen der Kugeln mit 4C
beziehungsweise mit 2 C, verbinden wir sie mit einem Draht. Berechne die
durch den Draht dissipierte Energie beim Erreichen des Gleichgewichts.
Nehme an R << d.

The sphere is conducting, so the charge is uniformly spread on its surface and all
points on the surface will have the same potential.

Consider spherical surfaces around the conducting sphere and with the same centre.
The Gaussian law tells us that the charged sphere acts like a point charge. Indeed, in
both cases the same electric field are seen on the surface, thus the surface potential
is also the same.

Now we must find the value of a point charge, such that it creates a potential U at
a distance 7.
Q

U = = Q = dmwegrU
4megr

The potential created by each point charge add. In the origin we have:

q1 q2
U =
4megry + 4megro
where U = 0, r1 = 1, 72 = 3 and ¢ is known. Solving this equation gives us

g2 = —3q1.
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c)

An infinite plate generates an uniform electric field, which is perpendicular to the

Q2£;4, where (Q/A is the charge per area.

The two infinite plates split the space in four volumes. In each of them there is a
uniform electric field, as we can find between both plates of a capacitor.

plate and whose value is

Since the potential difference is defined as the integral of the electric field along a
path, the equipotential lines will be perpendicular to the electric field.
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Abbildung 3: The electric field is represented by the black arrows. The grey arrows show
the contribution of each plane. The red diagonal are the equipotential lines.

d)

This electric field rotates around the z-axis. Try to draw it on the x,y-plane, to
convince You.

In electrostatic only charges can generate an electric field. Such electric field either
spreads away in all directions or comes towards the charge from all directions. Clearly
our cylindrical electric field cannot be created with charges.

To convince ourselves further, we can consider a cylinder around the z-axis. Remar-
king that its surface is parallel to the electric field, the Gaussian Law tells us that
there is no charges inside the cylinder. Since we can take a cylinder as big as we
want, charges cannot be responsible for this electric field.

To dissipated energy is the initial energy of the system minus its final energy. The
only energy we have to consider is the electrical potential energy due to the charges.
Each sphere is subject to its own charges and to the other sphere.

Let compute the potential energy of a single charged sphere, assuming the potential
is zero far away. This is the work needed to assemble all the charges in the sphere.

The work needed to add a charge dq to a sphere of radius r and of charge ¢(r) is:

I (CORCL
dmegr

Since the spheres we are interested in are homogeneously charged, ¢(r) can simply
be expressed as the final charge times the sphere’s volume ratio (current one divided
by final one):

Vi(r) r3 _3Q

_ 0 2
V(R)_QR3 dq redr

q(r) =@ = 73

We can know find the total work needed to assemble one sphere, from radius » = Om
to radius r = R:

Q 7,2 _ R 3@2 ’1“4
4dmeq R3 4= o 4meg RS

_3 @
"~ 54meoR

W:/dW-r: T

3
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To this energy, we must add the potential due to the other sphere. Since R << d,

we can approximate both sphere as point-charge. So the additional potential each

sphere felt is E1_9 = FEy_1 = Q2

Putting everything together, the total energy of the system is:

307+ Q3 n o Q1Q2

Byt = E1— FEo_ 2F1_9 =
tot 1-1+ o2+ 281 9 5 dreoR dreqd

At the beginning @1 = 4C and @2 = 2C, after equilibrium both spheres have the
same charge Q)1 = Q2 = 3C. And we get for the loss:

3 (20 — 18)C? (8—-9)C? 3 207 2C?
Eioss = Esys,l - Esys,2 =z 2 = — —
5 4dmwegR 4dmend S4megR  4mepd

Kapitel 8.3

111.

a)

b)

Angenommen wir haben ein homogenes B-Feld in z-Richtung. Berechne
die Differenz in den Radien von den Bahnen eines '“C* Teilchen und eines
13C* Teilchen. Die beiden Teilchen sollen eine Anfangsgeschwindigkeit
von 1000m - s~! entlang der z-Achse haben.

Betrachte ein homogenes B-Feld in z-Richtung. Starte mit einem Elektron
in der z = —d-Ebene. Die Anfangsgeschwindigkeit ist (0,v9,1). Berechne
die Lange der Trajektorie bis zum Zeitpunkt an dem das Elektron die
z = 0 Ebene erreicht.

A charge moving in a magnetic field is subject to the Lorenz force. This force is
perpendicular to its motion and makes the charge rotate. Because the speed and the
magnetic field are perpendicular, the Newton’s law gives ma = quB.

The acceleration of a circular motion only modifies the direction of the particle and
2
can be expressed as a = -, with r the radius of the motion. Combining these two

: _ mv
expressions we get r = 4B"

The two particles *C* and 13C* are in the same magnetic field B, with the same
velocity v and with the same charge ¢ = +e (e is the elementary charge). Their only
difference is their mass. Indeed *C* contains one neutron more than *C*. Thus,
the difference in radius is Ar = Amq%, with Am the mass of one neutron.

Again, the magnetic field acts on the moving particle. In order to easily find the
direction of the Lorenz force, we can split the speed in two contribution: one in the zy-

. T F— o xBiaw
plane and the other along the z-axis. Thus v = v,y +v, and F' = qug; X b +quix 5.
The second term cancels because v} is parallel to § and the first term stays in the
zy-plane. Hence the electron will never leave the z = d-plane.

Kapitel 9.2
iv. Berechne den Ersatzwiderstand und den Strom, welcher aus der Batterie

geht.
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Abbildung 4:

First we remark that in the middle wire the resistors 40 2 and 10k{2 are in series. Addi-
tionally, the two top wires consist of a series of three group of two resistors in parallel.
Using the rules for equivalent series and parallel resistors, we get the following circuit.

7.50Q 50Q 20/3Q
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Abbildung 5:

Now, the three parallel wires have an equivalent resistor of R, where % = m +

m + 15%9 So R = 8.41() and the equivalent resistor is R., = 58.41€).
The current is simply computed with the Ohm’s law: I = U/R.q = 85.6 mA.

Kapitel 9.5
v. In untenstehenden Stromkreis fliest ein Strom von 2.0A durch den 3012
Widerstand. Was ist der Wert vom R; Widerstand?

8.0Q
2.0A

u=12Vv R1 3.00Q

T

Abbildung 6:
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Since Ry and R» are in parallel, the voltage drop across them is the same: [1 Ry = Is Ry =
6 V. Using that, the battery voltage is U = I -8.02 4+ 6V = 12V. So the total current is
I1=07A=1+1I,and I; = —1.25 A, the negative sign means that the current flows in
the opposite direction.

Finally the resistor R; is R; = % =4.80.

vi. Gegegeben sei der untenstehende Stromkreis, bestimme

a) Den Strom welcher durch jeden Widerstand fliesst.
b) Die Spannung an der Batterie ganz links.

c¢) Die Leistung, welche durch die Batterie ganz rechts geliefert wird.
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Abbildung 7:

Before applying Kirchhoff’s rules to solve this circuit, we must draw and name all the
current on the circuit. We don’t have to worry about their direction, because if we make
a mistake, we will just get a negative value for the current.

, R=10
— W

R,=30Q R,=2Q

I3 1,
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a)

Then use the loop rule in the bottom right loop: Us = Rols + R4ly, = Iy =
7U2_RR414 =4A.
2

The node rule applied on the centre node gives Is = Iy — I, = —1 A, so this current
flows in the opposite direction than drawn.

The loop rule on the top loop is R1I1 + R3ls = Rels = 1| = %ﬁlh =11A.
The loop rule applied on the bottom left loop gives Uy = R3l3 + RyUy =9 V.

The current driven by the battery on the right is given by Iys = I1 + s = 15A. So
the power delivered by this battery is Po = U2 = 300 W.



