Name: 1D:

Physics 203

Midterm 2
5/14/2025

Collaboration is not allowed. Allowed on your desk are: ten 8.5 x 11 inch doubled sided sheets of
notes that are bound together, non-communicating graphing scientific calculator, a page of scratch
paper, writing utensils, a straight edge or ruler, and the exam. You will have 80 minutes to com-
plete this exam.

Constants:

9 THZ
k=899 x10 NF
m, =9.11 x 10 3 kg
m, = 1.67 x107% kg

e=1.602 x10 ¢




For questions 1 through 3 select all correct answers. A given problem may Triboelectric Series

have more than one correct answer. Each correctly selected answer will re-
ceive two points. There are 8 correct answers in this section and only the Tends 8 become
first 8 filled in answers will be graded. There is no partial credit. pogifive

1. A block of pine wood is rubbed with a polyester sock. Which of the
following situations will result?

0 (a) The block of wood will have a net negative charge while the pol-
yester sock will have a net positive charge.

0 (b) The block of wood will have a net neutral charge while the poly-
ester sock will have a net positive charge.

0 (c) The block of wood will have a net positive charge while the pol-
yester sock will have a net negative charge. Tends t@lbecome

0 (d) The block of wood will have a net neutral charge while the poly- neggfive
ester sock will have a net negative charge.
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2. Two charges, a positive and negative charge are placed near each other and held stationary. Which of the fol-
lowing statements are true about location A in the diagram, which is equidistant from each charge?

0 (a) The electric potential at location A is non-zero. @
0 (b) The electric potential at location A is zero.

O (d) The electric potential at location A is a vector that points to the right.

O (e) The electric potential at location A is a vector that points to the left.

0 (f) The electric field at location A is non-zero

0 (g) The electric field at location A is zero

O (h) The electric field at location A is a vector that points to the right.

0 (i) The electric field at location A is a vector that points to the left.
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3. Which of the following statements are true considering the equipotential lines in the figure.

O (a) An electron that moves from A to B will increase the potential ener-
gY' . .

0 (b) An electron that moves from A to B will decrease the potential ener- A
gy- ’ '

O (c) An electron that moves from A to B will experience the same poten-
tial energy difference as a proton that moves from A to B.

0 (d) An electron that moves from A to B will experience the same poten-

tial energy difference as a proton that moves from C to B. QQ <,)Q N (,)Q QQ

O (e) An electron that moves from A to B will experience the same poten- >
tial energy difference as electron that moves from B to C.

'\¢

O (f) An electron that moves from A to C will experience the same potential energy difference as electron

that moves from C to A.
0 (g) The change in electric potential from A to B is the same as from B to C.
0 (h) The change in electric potential from A to B is different than as from B to C.




4. (6 points) The figures show field patterns for three charge configurations: (i) two positive charg-
es, (ii) three positive charges in an equilateral triangle, and (iii) a quadrupole (four charges, 2
positive, 2 negative, in a square). One of the groups is the electric field lines, the other is the
equipotential lines for these three charge distributions. The order in a group is mixed up, e.g.
the left-most (1) in group A is not necessary the same charge configuration as the left-most (4)
in group B.

y

(a) Match each field in group A with it’s associated field in group B. Briefly explain how you de-
cided to match them.
(b)For each pairing in part (a), identify which charge configuration it comes from.
(c) Does group B represent:
(i) the electric field for all the charges configurations, or
(i1) the electric potential for all the charge configurations?
Explain your reasoning.



5.

(6 points) The most common isotope of iron, 56Fe, has a nuclei which consists of 26 Protons
and 30 neutrons. The average distance from the atomic center to the outermost electrons is
about 0.30 nm. This is known as the atomic radius.

(a) What is the magnitude of the electric field created by this iron nucleus at the location of its
outermost electrons? Treat the nucleus like a point particle.

(b) In which direction does this electric field, from part (a), point?
(i) outwards, away from the nucleus
(i) inwards, towards the nucleus
(iii) it does not have a direction, it is a scalar quantity

(c) If an electron were placed at that location, in which direction would the force from the elec-
tric field, in part (a), point?
(i) outwards, away from the nucleus
(i) inwards, towards the nucleus
(iii) it does not have a direction, it is a scalar quantity

(d) (2 points extra credit) For now, assume the Bohr model of an atom, where electrons are
point particles which orbit their nuclei in uniform circular motion (UCM), is accurate. The
net radial force needed to keep the electron in UCM is Fpery = m v2 / r. How fast would an
electron, at iron's atomic radius, orbit the nucleus if the only force acting on it were caused
by the electric field from the iron nucleus? (ignore the other electrons in the atom)



0.

(10 points) Consider the experiment by Rutherford in your challenge homework assignment
where an alpha particle, having charge +2e and mass 6.64x10-27 kg, is fired at a stationary gold
nucleus. The nucleus has a charge of +79e and mass of 3.27x10-25 kg. Assume the alpha parti-
cle is fired from very far away and has an initial velocity of 2.00x107 m/s. At one point in the

collision, the alpha particle is momentarily at rest while the nucleus recoils with 2% of the alpha
particle's initial kinetic energy.

(a) What is the recoil speed of the nucleus at the moment the alpha particle is stationary?

(b) If the alpha particle is momentarily at rest, and the nucleus only has 2% of the initial kinetic
energy, where is the remainder of the initial kinetic energy? Explain.

(c) What is the distance between the alpha particle and the nucleus at the moment the alpha
particle is momentarily at rest?

(d) Do you expect your answer in part (c) to be less than, greater than, or equal to the distance
for an alternative case where the nucleus remains stationary the entire time? Explain your
reasoning.



7.

(10 points) A Styrofoam ball with mass, m, and a magnitude of charge, q, is hung
from a string of length, L. The string is attached at one end to a vertical sheet of
uniform charge. The ball hangs in equilibrium such that the string makes an angle, 6,
with the sheet. This situation happens near the surface of the Earth (acceleration
due to gravity g). The sheet has charge per area o (this is a two dimensional charge
density). The magnitude of the electric field close to a sheet of uniform charge is

E = 2nko, where k is the Coulomb constant. Assume that the sheet is large enough
and the ball stays sufficiently close to the sheet such that the sheet can be treated as
effectively infinite and this relationship for electric field holds true. Note: the dia-
gram is not drawn to scale.

(a) Is the charge on the ball positive, negative, or is it not possible to know? Explain.

(b) Draw a free-body diagram for the ball and label each force.

(c) Find an expression for the angle, 6, made between the string and the sheet. Ex-
press this in terms of the given quantities (m, q, o, k, g, 7).

(d) If the rope were to increase in length, how would the angle change? Explain.
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