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1. Exercise
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A point mass is shot with an initial velocity of v0 = 30 ms at α = 45◦ from the horizontal
towards a platform at height h. Along the vertical gravity is acting with g = 10 sm2 .
(a) Write down the path of the mass either in vector form (i.e. ~r(t)) or in component
form (i.e. x(t) and y(t)).
2P
(b) Determine the maximum height h of the mass point and the time T when it reaches
it.
2P
(c) State the angle αmax when the height is maximal.

2P
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Now consider two masses m1 = 20 kg and m2 = 30 kg which are connected by a rope
running over a pulley. Both masses are exposed to the gravitational force (g = 10 sm2 ).
However, the mass m1 lies on an inclined plane with angle α = 30◦ (with respect to the
horizontal). Neglect friction!
(d) Calculate the acceleration a of mass m2 .
2P

(e) State the tension force FT in the rope.

2P

2. Exercise
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Two masses m1 = 2 kg and m2 = 3 kg are hanging on parallel ropes with length
ℓ = 40 m, so that at the equilibrium position they touch each other. At t = 0 the first
mass m1 is put at a height h = 20 m while the second mass at the equilibrium position
N
is put at a spring with spring constant D = 300 m
. The mass m1 is then released in
order to collide elastically with the mass m2 . Neglect friction!
(a) Calculate the angle α between the rope of the first mass m1 and the vertical at
t = 0.
2P
(b) Determine the velocity v of the first mass before the collision.

2P

(c) State the velocity of both masses v1′ and v2′ after a total elastic collision where the
influence of the spring can be neglected.
4P
(d) Find the maximum compression s2 of the spring.

2P

3. Exercise
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A hammer is hanged at O, the end of one of its rods. It consists of two perpendicular
rods with masses m1 = 49 · m and m2 = 80 · m, and lengths ℓ1 = ℓ, ℓ2 = ℓ/2 which are
connected at the center of the second rod. Neglect the short edge lengths of the rods
as well as friction, but consider gravity acting along the vertical. Initially, the hammer
is at rest and placed at an angle φ(0) = φ0 with respect to its equilibrium position.
(a) What would be the equation of motion and the period T̃ for small angles if the
mass m1 as well as the length ℓ2 of the second rod could be neglected (but m2 and
ℓ1 stay finite)?
2P
(b) Show that the total moment of inertia is given by
Θtot = 98 m ℓ2 .
(c) State the moment of torque M as function of the angle φ.

2P
1P

(d) Write down the equation of motion for the system and give the general solution
φ(t) for small angles φ.
2P
(e) What is the period T of the oscillation?

1P

(f) Draw the time dependence of the solution φ(t) and mark where the initial angle φ0
and the period T can be found in the diagram.
1P
(g) Sketch how the diagram would change if the hammer is moving through a Newtonian
fluid with a small friction parameter.
1P
Hint: The moment of inertia for a long, uniform rod of mass mr and length L with
respect to an axis of rotation through the center of mass is given by
ΘCM =
This need not to be proven.

1
mr L2 .
12

4. Exercise
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A point charge with q = 40 mC and mass m = 20 g is emitted and accelerated inside a
parallel plate capacitor to the velocity v1 = 40 ms . The capacitor is lying at the potential
difference U1 and having a separation distance of its plate d1 . The point charge then
enters at the center a parallel plate capacitor with the velocity parallel to the plates.
The quadratic plates of the second parallel plate capacitor are separated by a distance
d1 = 30 m and are of length ℓ = 20 m. Neglect the gravitational force.
(a) State the electric fields and its directions in the first, the second and between both
capacitors for the path shown above.
3P
(b) Using a conservation law, calculate the voltage U1 needed so that the point charge
leaves the first capacitor with a velocity of v1 .
2P
(c) State the absolute speed v3 and the angle α, the point charge leaves the capacitor
with if a voltage of U3 = 600 V would be applied to the second capacitor.
3P
(d) Determine the potential difference U3′ which is needed such that the point charge
hits the parallel plate capacitor in the middle of the plate (see dotted curve in the
figure).
2P

5. Exercise
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Consider a capacitor with capacitance of C = 10 µF and an area of its parallel plates
A = 10 m2 . The plates are separated by a distance d = 177 µm and between them a
dielectric material is present, too. Initially, the charge Q0 = 1.0 mC is placed on the
capacitor. It is connected to a network of four resistors with resistances R1 = 2 Ω,
R2 = 3 Ω, R3 = 5 Ω, R4 = 7 Ω as pictured in the figure.
(a) Determine the electric permittivity ǫr of the material inside the capacitor.

1P

(b) State the voltage U0 which drops initially at the capacitor.

1P

(c) Calculate the resistance Rtot of the whole circuit.

3P

(d) What is the initial current I0 ?

1P

(e) Find the current I1 which flows initially through the resistor R1 .

2P

(f) When does the current through the resistor R1 reach the value I1 /4?

2P

6. Exercise
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Inside a coil, where a current Ic produces a magnetic field B, a metal frame is rotated
with constant angular velocity ω and an axis along one of its edges. The edges of the
quadratic frame consist of a wire with length ℓ and ℓ/2, a cross section area with small
diameter d, and a specific resistance of ρs . Initially, the frame is parallel to the turns
of the coil.
(a) Does the current Ic flows clockwise or anti-clockwise when looking in the direction
of the magnetic field?
1P
(b) What is the total resistance R of the metal frame?

1P

(c) Determine the induced voltage Uind (t).

2P

(d) Find the current I(t) which runs through the frame in terms of R, B, ℓ and ω.
1P
(e) What force F (t) acts on the rotating edge of the metal frame parallel to the rotation
axis?
2P
(f) Calculate the moment of torque M(t) necessary to keep the frame at constant
angular velocity.
1P
(g) Compare the power Pel (t) dissipated in the frame to the one Pmech (t) provided by
the moment of torque.
2P

