Physics Il Autumn 2024
PHYS - 200 Prof. J. H. Dil

Final Exam
29.01.2025

The time available for the exam is 3 hours. No calculators, books or scripts are allowed, only
one doublesided A4 handwritten paper with notes.

Use the space provided at each question and clearly mark your final answer.

Scrap paper is available at the end of the exam sheet.

SI units are tmplied throughout the exam.
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Problem 1

Consider a long, hollow cylinder of radius R; coaxial with a larger hollow cylinder of radius
Rs. The inner cylinder is moving with a velocity v, along the direction of its axis (%), whereas
the outer cylinder is fixed. A viscous (1) and incompressible fluid with density p occupies
only the space inside the inner cylinder (r < Ri). A (negative) pressure gradient —% is
applied.

The flow can be considered fully established and for Re < 10 it can be considered laminar,
gravitational forces can be neglected, and the no-slip condition can be assumed to apply.

a) Determine the velocity field of the flow for Re < 10 for r < Ry. (3 points)
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b) Determine the total mass of the fluid that passes through the cylinder at a fixed z
value in a time interval A¢ (2 points)
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c¢) As shown in the lecture, the Reynolds number for flow through a pipe is pv D /n with
D the diameter of the pipe and ¥ the average velocity. What is the maximum pressure
gradient that can be applied for the system described above before the flow becomes
turbulent ? (3 points)
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d) In the outer cylindrical shell (R; < r < Rp) the fluid is flowing back due to an opposite
pressure gradient. Sketch the velocity profile v(r) for 0 < r < Rs. Assume laminar flow
and no further calculation expected. (2 points)
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Problem 2
Consider an infinite plane slab of thickness d placed along the zy-plane. The slab has volume
charge density p = a|z| with a a positive constant.

a) Determine the electric field as a function of z where z = 0 coincides with the centre of

the slab. (3 points). (e = a-p~_ 23
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b) Determine the electrostatic potential as a function of 2 taking ® = 0 for z = 0.
(2 points)
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c¢) Plot E(z) and ®(z). (2 points) E di |
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The same slab is now set in motion and moves with constant velocity v, along the & direction.

d) Determine the direction of the magnetic field B for z > 0 from the symmetry of the
system. (1 point)
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e) Calculate B(z). (3 points)
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f) Find an express1on for the vector potential A. (3 points)
(Hint : A is typically in the same direction as a current element. If you did not solve
the previous parts, you can take a simple expression with B #0.)
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Problem 3

a) Consider a sphere of radius R made of a dielectric material with dielectric constant
¢,. Homogeneously distributed throughout the sphere is a (free) charge density p. De-

termine the electrostatic potential ® at the centre of the sphere (relative to zero at
infinity). (4 points)
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b) Consider a parallel plate capacitor with fixed potential difference ® between the plates.
The distance between the plates is b and attached to the plates are two slabs with

. thickness a of the same dielectric material (¢,), whereby 2a < b and there thus is an
empty space between the slabs. Determine the D-field in this empty region. (3 points)
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Problem 4
In a betatron, a time-varying magnetic field B (t) can be used to accelerate partlcles with

charge q and mass m. In the following only velocities v < ¢ are considered and F = md can
be used. Rotational symmetry can be assumed.

a) What is the radius R of the orbit of the particle? (1 point)

b) In an optimal design the radius of the trajectory does not change with time. Use this
to express the electric field in terms of R and B. (2 points)
(Hint : differentiate the expression found in (a))
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(Final questions on next page)
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¢) Determine the ratio in magnitude between B(R) and the average magnetic field in the
circle enclosed by R. At t = 0 the particle can be assumed to be at rest and B = 0.

(3 points)
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d) Sketch the possible B-field lines in the plane perpendicular to the orbit. (2 points)




