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TEST # 3. PHYS 204. SPRING 2003. 05/08/03

NAME: S

1. Refraction of Light (20 points).
The observer in the figure is positioned so that the far edge of the bottom of the empty

glass is just visible. When the glass is filled to the top with water, the center of the bottom

of the glass is just visible to the observer. Find the hejght; T, ot the glass, given that its

width is W = 6.2cm. [nyater = 1.33].
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2a. Diffraction from a single slit. (8 points)
Monochromatic light from a distance source is incident on a slit 0.8 mm wides On a
screen 3 m away" the distance from the central maximum of the diffraction pattern to the

first minimum is Bmmmcwmm to be 1.25 mm. Calculate the wavelength of the light.
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2b. Diffraction and interference. (14 points)
An interference Eﬁmg is produced by monochromatic light incident on two identical
parallel slits of width a mEa separation (between centers) & = 3a. gﬁw interference maxima

&y m; will be BHmem in the vmg,m.ﬂwm. ) V
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2c. (6 points) If the two-slit experiment were done with white light, what would be seen?
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3. Relativity.

A spacecraft of length 100m (as measured by a person on the spacecraft) travels away

from earth with speed 0.7c relative to the earth. V= O e L o= {CC v
3a. (12 points) Calculate the length of the spacecraft as observed by a person in the
earth. | L=7 Gl i
Yoo mml =.N9
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3b. (12 points) If a person in the spacecraft measures a time interval of 8s, calculate the

measurement of the time interval for the observer in earth.




4. Relativity.
4a. (7 points) Describe some of the everyday consequences that would follow if the if

the speed of light were 10 m/s instead of its actual value.
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4b. (7 points) Some distant galaxies are moving away from us at speeds greater than

0.5¢. What is the speed of the light received on Earth from these galaxies? Explain.
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c. (7 points) How would velocities add if gm m@mma Om :mE were infinitely large?
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4d. (7 points) Two events occur at the same space point in a particular frame of reference

and are simultaneous in that frame. Is it possible that they may not be simultaneous in

another frame? Explain.
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TEST # 2. PHYS 204. SPRING 2001. 03/13/01

NAME:

1. Two point charges ¢; = 6.8uC and g, = —5.1uC are 0.10 m apart. Point A is midway
between them and point B is 0.08 m from ¢; and 0.06 m from ¢, (see Fig.). Take the

potential to be zero at infinity.

(a) (10 points) Find the potential at point A
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(¢) (5 points) Find the work done by the electric field on a charge of 2.50 \@rmﬁ travels
from A to B.
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2. In the circuit shown below,

(2) (10 points) Find the equivalent resistance of the circuit.

R=xbn

(b) (4 points) Find the total current I from the battery
T- VAR S - |
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(c) (3 points) Find the equivalent resistance between points A and B, and the voltage
Vap between the points A and B.
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(d) (5 points) Find the power dissipated by the 5§ resistor. ‘
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(e) (3 points) Can you replace the combination of resistors (all of 1a) shown below by a

single equivalent resistance between the points A and B. Explain.
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3. Consider two long straight wires separated by a distance of 2 m as in the figure. The

wires carry currents of 5A in the same direction as shown in the figure.

() (15 points) Find the net magnetic field (magnitude and direction) at point A. Show

the direction of the magnetic field of both wires and the total magnetic field in the diagram.
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(b) (10 points) Relative to the wire 1, locate a point on the dashed line in the figure

where the total magnetic field is zero. (Hint: the point is located between the two wires).




4. A circular loop of wire is in a region of spatially uniform magnetic field as shown
in the figure. The magnetic field is directed into the plane of the figure. Determine the

direction (clockwise or counterclockwise) of the induced current in the loop, when (explain

your reasoning):

wice T

(a) (5 points) B is increasing

(b) (5 points) B is decreasing
(¢) (5 points) B is constant with value B,
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(d) (10 points) In the case of increasing magnetic field, calculate the magnitude of the
induced emf if the loop has a radius of 10 cm, and the magnetic field goes from an initial

value of 0T to a final value of 3T in a time interval of 0.1s.
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TEST # 1. PHYS 204. SPRING 2001. 02/28/01

NAME:

1. A siren S1 emits a wave of frequency 680 Hz with a amplitude of 6cm. Assume that

the speed of sound is 340 m/s

(a) (6 points) Find the sound’s wavelength and the period if the siren is at rest.

= M= A= W,u Btol¥ 0.5 m

689 /s

- 1Y jo0 S

7= L . L
& ey
(b) (6 points) Write down the mathematical expression describing this wave assuming

that it propagates towards +z.
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(¢) (8 points) If a listener L moves at 170 m/s towards S1, with S1 remaining at rest,

find the frequency observed by L.
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(d) (10 points) Consider a second siren S2, identical with S1 (they are in phase and emit
a wave with the same frequency), located 4 m to the right of an facing S1. If P is a point (on

the line joining S1 and S2) 2.125 m to the right of S1, determine whether the interference

at P is constructive or destructive.
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2. A string, fixed at both ends, has a length of 4 m and a mass per unit length of 0.01
kg/m. The tension in the string is 0.25 N.

(a) (8 points) Obtain the speed of a transverse wave traveling along the string.
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(b) (8 points) The frequency, period and wavelength of the 3rd harmonic emitted by the
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(c) (7 points) Obtain the wave’s intensity level if the wave’s intensity is 10~ W/m?,
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(d) The tension on the string is kept the same as before, but the length of the string is

increased by a factor of 2:
(d1) (6 points) Does the speed of the transverse wave change?

NO

(d2) (6 points) Calculate the new fundamental frequency of the string.
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3. Point charges ¢; and ¢, of +12uC and —12uC), respectively, are placed 0.10 m apart

(see figure). Compute the electric field cause by ¢i, the electric field caused by ¢y and the

total electric field (with magnitude and direction) at:
(a) (20 points) Point A.
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(b) (15 points) Draw approximately the electric field lines for this charge configuration.
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FINAL. PHYS 204MM. SPRING 2001. 05/17/01

NAME:

You are given 7 problems in this final

problem counts 16.67 points.

Friday May 18 in the afternoon.

Good luck!

Some useful constants:

Only the 6 problems with the best scores will count toward the final grade. Each

The grades will be posted in my office (Levich Institute, Steinman Hall, TIM-12)



la. Electric Field.

In a (z,y) coordinate system a positive point charge ¢ = 2 x 10-8C is placed at the point

z=01m,y =0, and an identical point charge is placed at 7 = —0.Im, y = 0. Hu_Ea the
magnitude and direction of the electric field at the origin and at z =0, y = 0.1m.
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1b. Electric Potential.

The potential at a certain distance from a point charge is 452 V, with the potential taken
to be zero at infinity, and the electric field is 226 -N/C. Calculate the distance to the point
charge, and the magnitude of the charge. Is the electric field directed toward or away from

the point charge?
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2a. Magnetic force on a wire, and magnetic field.

A long straight, vertical wire carries a current of 8 A upward in a region with a horizontal

and constant external magnetic field By = 6 T in the z—direction as seen in the figure.

(i) What are the magnitude and direction of the magnetic force on a 1 cm section of the

wire that is in this uniform magnetic field.
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(i) What is the #e#@d magnetic field (magnitude and direction) at the point z = 2 cm,
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2b. Can a charged particle move through a magnetic field without experiencing a mag-

netic force? Explain
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3. AC Circuits. , ‘ C= @\.LH £
. g o
In the circuit shown bellow, R= ._bbl d d L
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4a. Diffraction from a single slit.

Monochromatic light from a distance source is incident on a slit 0.8 mm wide. On a

screen 3 m away, the distance from the central maximum of the diffraction pattern to the

first minimum is measured to be 1.25 mm. Calculate the wavelength of the light.
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4b. Diffraction and interference.

An interference pattern is produced by two identical paralle]

slits of width ¢ and sep-
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5. Relativity.
A spacecraft of rest-length 100m (as measured by a person on the spacecraft) travels
away from earth with speed 0.7c relative to the earth.

5a. Calculate the length of the spacecraft as observed by a person in the earth.
20 see
- \ |~U L - ﬁ »
Nt = A - @ )

5b. If a person in the spacecraft measures a time interval of 8s, calculate the measurement

of the time interval for the observer in earth.

[ - Ls (1= _@;e
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=based observer measures

alculate the speed of the rocket relative

5c—The spacecraft fires a rocket towards the earth. The

that the rocket is approaching with a sp
to gé\} ich velocity do the observer in Earth see the rocket"move away from

the spacecraft?




6a. The Bohr model.
(i) A hydrogen atom that is initially in the ground level absorbs a photon, which excites

it to the n = 3 level. Determine the wavelength and frequency of the photon.
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(ii) How much energy in electron volts does it take to ionize an electron in the hydrogen

atom from the ground level? ‘ c= ?x 10?8 bx\h

= - 3.6 2V,

(i) A 12.09 ¢V photon is absorbed by the hydrogen atom. When the electron returns

to the ground level (n = 1), what possible energies can the emitted photons have?
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6b. Atomic structure. Quantum mechanics.

According to the atomic model in quantum mechanics, write down the 18 possible sets

of the 4 quantum numbers (n,, m,, ms) of the hydrogen atom with n = 3.

n= L iy O s
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7a. Nuclear Physics.
The only two stable nuclides with more proton than neutrons are 1 H and 3He. Why is

Z > N so uncommon?

7b. Radioactive decay.
The number of radioactive nuclei present at the start of an experiment is 5 x 10'°. The

number of nuclei 20 days later is 2 x 10°. What is the half-live (in days) of the nuclei?
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April 30, 2004
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—_

1. Reflection of Light. Mirrors (25 points).

An object 0.400 cm tall is placed 18.0 cm to the left of a concave spherical
mirror having a radius of curvature of 20.0 cm (a) Draw a ray diagram show-
ing the formation of the image. (b) Determine (using the mirror equation)
the position, size, oxientation, and nature (real or virtual) of the image. (c)
Repeat (a) and (bjAor the case in which the mirror is convex.




2.a. Refraction of Light. (20 points).

A piece of glass with an index of refraction n rests on a desk as shown in
the figure. An incident ray of light enters the horizontal top surface of the
glass at an angle theta = 77° to the vertical. (a) It is impossible to have total
internal reflection at point A. Explain why. (b) Find the minimum value of n
for which the internal reflection on the vertical surface of the glass (Point
B) is total. (Hint: the following formulae may help you to solve this problem;
sin? 0y 4 cos?fy = 1 , and sin 3 = cos ).
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2.b Lenses (15 points).

An object is a distance f/2 from a convex (converging) lens. (a) Use a
ray diagram to find the approximate location of the image. (b) is the image
upright or inverted? (c) Is the image real or virtual? Explain.
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3.a Interference. (20 points).
Two slits with separation of 8.5x107%m create an interference pattern on
a screen 2.3 m away. If the tenth bright fringe above the central fringe is a

linear distance of 12 cm from it, what is the wavelength of light used in the
experiment?
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3.b Diffraction. (20 points).

A screen is placed 1.00 m behind a single slit. The central maximum in
the resulting diffraction pattern on the screen is 1.60 cm wide. What is the
distance between the two second-order minima? (Note that the calculations
for this problem can be simplified assuming that sin  ~ tan§. If you use this
approximation explain why it should be valid in this problem and explain
clearly where are you using it. Otherwise, the problem can be also solved
without this approgimation.)




TEST # 3. PHYS 204. APRIL 28, 2001
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1.1 In the circuit shown above, - \o = PO/\

(a) (5 POINTS) Find the impedance at resonance 1

7= 50

(b) (5 POINTS) Find the value of L at-resemasmee-if the resonance frequency is fo = 100
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(c) (5 POINTS) Find the I, at resonance.
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1.2 (10 POINTS) In the circuit below, the generator delivers 10 times as much current

at very low frequencies than it does at very high frequencies. Find the ratio Ry/(R; + m&
(Hint: Draw a diagram showing the equivalent circuits at low and high frequencies. Then

calculate the current for each circuit.)
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2.1, Ooum&@ a concave spherical mirror of focal distance 2m. An upright o \P@nd of

w@mg 1.5 m is located at 2.5m to the left of the mirror. Q&oﬁmﬁm ) 1\\ i ,A\,
(a) (5 WOHZHmv The :B,m.mm &dembom%‘m B m\ .\..\,... % ﬂ x
{ J mo =z - ND.S [
5~ w! 2 | - 4 £ 1 N )
% &o v ﬁ.ﬂ\ i M\«..?\ 29w 19 m ..,/ :
(b) (3 POINTS) The magnification W do=dom DS

/m= o..\m.\lr.nl. w\
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(c) (2 POINTS) Is the image upright or downright, virtual or real?

i real

ue

(d) (5 POINTS) Draw a ray diagram.

2.2 (10 POINTS) A point source of light is mm cm below the surface of a .,co&\ water.

Find the diameter of the largest circle at the surface through light can emerge from the

water. (Hint: the index of refraction of water is 1.33, and think in terms of total internal

reflection)
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3. Number of Interference Fringes in a Diffraction Maximum. Consider the
[Intensity pattern produced by two parallel slits with width a and separation d." The figure
below shows the intensity pattern produced by the double slit with finite width. Notice that

the central diffraction maximum contains exactly seven interference fringes, and in this case

d/a=4. , Y

AN

3
(a) (20 POINTS) What must the ratio d/a be if the central maximum contains exactly

— == - five fringes? _ %, (st oanirnum ok Qe
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(b) (5 POINTS) % many fringes are contained within the first diffraction maximum

on one side of the central maximum?
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4.1 (8 POINTS) The positive muon is an unstable particle with an average lifetime of
2.2us (measured in the rest frame of the muon). If the muon is made to travel at very Emw.
speed relative to a laboratory, its average lifetime is measured in the laboratory to be 19us.

Calculate the speed of the muon expressed as a fraction of c.

DWH _ﬁ\t.m
o v
\&\twn MN . - f\\\Mu 0
" o8 ; \c\n 0.993 ¢

4.2 (8 POINTS) A spacecraft flies over the earth at a speed of 0.8¢c. A scientist on the
earth measures the length of the moving spacecraft to be 86.5m. The spacecraft later lands

on earth, and the same scientist measures the length of the now stationary spacecraft. What

value does the scientist get?

| = 86.5 m Lo="

6.5 4l

4.3 (9 POINTS) A spaceship moving relative to the earth at a large speed fires a rocket
toward the earth with a speed of 0.84c relative to the spaceship. An earth-based observer

measures that the rocket is approaching with a speed of 0.29¢. What, is the m@mm@,oﬁ the
\ > . m DAY /
spaceship relative to the earth? ' V\/{d,w?&ré 9?5% Buonds or D frvam
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FINAL. PHYS 204. SPRING 2009.

May 19, 2009. From 10:30 to 12:45. Room MR3

LAST NAME:
FIRST NAME:

1. Electric Field.

A point charge ¢ = 2.7uC is placed at each corner of an equilateral
triangle with sides 0.11 m in length. What is the magnitude of the electric
field at the midpoint of any of the three sides of the triangle?



2. Direct-current circuits.

When 2 resistors, R; and R, are connected in series across a 6V battery
the potential difference across R; is 4V. When R; and R, are connected in
parallel to the same battery the current through R, is 0.45 A. Find the values
of .NwH and mw.



3. Magnetism

A 52-uC charged particle moves parallel to a long wire with speed of 720
m/s. The separation between the particle and the wire is 13 cm, and the
magnitude of the force exerted on the particle by the magnetic field of the
wire is 1.4x 1077 N. The force exerted by the magnetic field of the wire on the
charge is attractive. Find (a) the magnitude and direction of the magnetic
field at the location of the particle and (b) the current in the wire. (use
po = 4w x 1077 Tm/A).



4. Lenses

An object 1.2cm tall is placed 10cm in front of a lens (f = —12c¢m). Draw
a diagram of this situation, including 3 rays, which originate from the top of
the object and end at the top of the image. What are the height, position,
and orientation of the image? (use the lens equation). Is the image real or
virtual?



5. Diffraction

A single slit is illuminated with 660nm light, and the resulting diffraction
pattern is viewed on a screen 2.3m away. (a) If the linear distance between
the first and second dark fringes of the pattern is 12 cm, what is the width
of the slit? (b) If the slit is made wider, will the distance between the first
and second dark fringes increase or decrease? Explain. (Hint: you can use
the approximation: sin# ~ tan6).



6 Relativity

A spacecraft of length 100m (as measured by a person on the spacecraft)
travels away from earth with speed 0.7c relative to the earth.

Calculate the length of the spacecraft as observed by a person in the
earth.



