Tau Beta Pi Physics 151 Final Exam Review Spring 2008
Practice Questions: Version 2.0

Brought to you by the Tau Beta Pi Engineering Honor Society, Pennsylvania Delta
Chapter
Check us out on the web at www.seas.upenn.edu/~tbp

Chapters 21-24

1. Electric Charge and Coulomb’s Law

Two small spheres with mass m=15.0g are hung by silk threads of length L=1.20 m from a
common point. When the spheres are given equal quantities of negative charge so
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a) Draw the forces on each sphere. Tread the spheres as point charges

b) Find the magnitude of g

c) Both threads are now shortened to length L=0.600m, while the charges remain
unchanged. What new angle will each thread make with the vertical? (Hint: this
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self-consistent answer is obtained)

2. Electric Fields

Electric charge is distributed uniformly along each side of a square. Two adjacent sides
have positive charge with total charge +Q on each.

a) If the other two sides have negative charge with total charge —-Q on each, what
are the x and y components of the net electric field at the center of the square?
Each side of the square has length a.

b) Repeat part aif all four sides have positive charge +Q

3. Electric Potential (Point)

Three small spheres with charge 2.00 uC are arranged in a line, with sphere 2 in the
middle. Adjacent spheres are initially 8.00 cm apart. The spheres have masses mi=
20.0g, m2= 85.0, and ms= 20.0g, and their radii are much smaller than their separation.
The three spheres are released from rest.
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a) What is the acceleration of sphere 1 just after it is released?
b) Whatis the speed of each sphere when they are far apart?

4. Electric Potential (Continuous)

A thin insulating rod is bent into a semicircular arc of radius a and a total electric
charge Q is distributed uniformly along the rod. Calculate the potential at the center of
curvature of the arc if the potential is assumed to be zero at infinity.

Chapters 25-29

5. Capacitor With and Without a Dielectric

Each capacitor plate has an area of 2000cm? and they are 1cm apart. The
capacitor is connect to a power supply and charged to a potential difference
Vo=3000V. It is then disconnected form the power supply and sheet of insulating
plastic material is inserted in between the plates, completely filing the space
between them. We find that the potential difference decreases to 1000 V while
the charge on each capacitor plate remains constant. Compute

a) The original capacitance Co

b) The magnitude of charge Q on each plate

c) The capacitance C after the dielectric is inserted

d) The dielectric constant K of the dielectric

e) The permittivity Oof the dielectric

f) The magnitude of the induced charge Qi on each face of the
dielectric

g) The original electric field Eo between the plates

h) The electric field E after the dielectric is inserted.

6. A source in a compete circuit

Look at the figure below. What are the voltmeter and ammeter readings?
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7. R-C Circuit

A capacitor that is initially uncharged in connected in series with a resistor and
an emf source with E=110V and negligible internal resistance. Just after the
circuit is completed the current through the resistor is 6.5 x 10> A. the time
constant for the circuit is 6.2 s. What are the resistance of the resistor and the
capacitance of the capacitor?

8. Magnetic Force on a Curved Conductor

In the figure shown magnetic field B is uniform and perpendicular to the plan of
the figure, pointing out. The conductor has a straight segment with length L
perpendicular rot the plane of the figure on the right with the current opposite to
the B; followed by a semicircle with radius R; and finally another straight segment
with length L parallel to the x-axis as shown. The conductor carries a current |.
Find the total magnetic force of these three segments of wire.
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9. Magnetic Torgue on a Circular Coil

A circular coil 0.0500m in radius, with 30 turns of wire lies in a horizontal plane. It
carries a current of 5 A in a counterclockwise direction when viewed form
above. The coil is in a uniform magnetic field directed towards the right with a
magnitude 0.20T. A)find the magnitudes of magnetic moment and torque on
the coil. B) If the coil rotates from its initial position to a position where its
magnetic moment is parallel to B, what is the change in potential energy?

10. Ampere's Law

A solid conductor with radius, a, is supported by insulating disks on the axis of a
conducting tube with an inner radius, b, and an outer radius, c. the cenfral solid
conductor carries a current |1 and the outer hollow tube is l2. These currents are in
the same direction. The currents are distributed uniformly over the cross sections
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of each conductor. Derive an expression for the magnitude of the magnetic
field at point a) rinside the central conductor (r>a) and at point b (a<r<b) and
c) at points outside the tube (r>c)

Chapter s 30-31

11. Induced current

A flat, circular, steel loop of radius 75cm is at rest in a uniform magnetic field that is 30°
off from perpendicular. The field is changing with time, according to B(t) = (1.4 T) e/\(-
0.057t), where tis in seconds.

a) Find the emf induced in the loop as a function of fime

b) When is the induced emf equal to 1/10 of its initial value?2

c) Find the direction of the current induced in the loop, viewed from above the loop.

12. L-C oscillating Circuit (similar to 30.30, Ex 30.9)

An 18uF capacitor is placed across a 225V battery for a few seconds and is then
connected to a 12mH capacitor (and the battery is removed).

a) Find the frequency and period of oscillations of the circuit

b) Find the capacitor charge 1.3ms after switching the battery for the capacitor as well
as the circuit current.

13. Transformer (similar to Ex 31.9)

A toaster oven is brought to the US from Europe. It was designed to use 1000W from a
240V. In order to use it in the US, a transformer is made to make the voltage change

a) What kind of transformer is needed? (Step-up/Step-down?)

b) What is the turn ratio needed in the transformer, taking the secondary coil as the one
connected fo the toastere

c) For no energy loss, what are the primary and secondary currents?

d) What is the resistance across the toaster oven?

Chapters 32-38

14. Induced magnetic fields

A parallel plate capacitor with circular plates of radius 40mm is being discharged by a
current of 6.0 A. At what radius (a) inside and (b) outside the capacitor gap is the
magnitude of the induced magnetic field equal to 75% of its maximum value? (c) what
is that maximum value?
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15. Displacement current

A capacitor with parallel plates or radius R = 1.2 cm is discharging via a current of 12A.
Consider a loop of radius R/3 that is centered on the central axis between the plates.
(a) How much displacement current is encircled by the loop?2 The maximum induced
magnetic field has a magnitude of 12 mT. At what radius (b) inside and (c) outside the
capacitor gap is the magnitude of the induced magnetic field 3 mT2

16. Reflection and Refraction

Imagine a rectangular tank with an observer at the top corner of the tank. If the tank is
85 cm deep and 1.1m wide, and the observer can just see the opposite corner at the
bottom of the tank, what is the refractive index of the liquid?2

17. Interference from thin films

A thin film of Acetone (n=1.25) coats a thick glass plate (n=1.5). White light is incident
normal to the film. In the reflections, fully destructive interference occurs at 600nm and
fully constructive interference occurs at 700 nm. Calculate the thickness of the acetone
film.

18. Polarization

A beam of polarized light is sent into a system if two polarizing sheets. Relative to the
polarization direction, of that incident light, the polarizing directions of the sheets are at
angles theta and 90, respectively. If 10% of the incident intensity is transmitted by the
two sheets, what is the angle theta?

19. Young's Interference

Two isotropic point sources S1 and S2 emit identical light waves in pahse at wavelength
lambda. The sources lie at separation d on an x axis and a light detectoris moved in a
circle of large radius about the midpoint between them. It detects 30 points of zero
intensity, including two on the x axis (one to the left, and the other to the right, of the
sources). What is value of d/lambda.

20. Intensity in Single slit

Monochromatic light with wavelength 538nm is incident on a slit with width .025nm. The
distance from the slit to a screen is 3.5m. Consider a point on the screen 1.1cm from
the central maximum. Calculate (a) theta for that point, (b) alpha, and (c) the ratio of
the intensity at that point to the intensity at the central maximum.
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21. Double slit diffraction

Two slits of width a and separation d are illuminated by a coherent beam of light of
wavelength lambda. What is the linear separation of the bright interference fringes
observed on a screen thatis at a distance D away?



