1. If you push vigorously against a brick   wall, how much work do you do on the wall? Explain.

There is no work done on the wall as there is no displacement of the wall.

Work = W = FsCosQ

where:
F - Force applied
S - Displacement
Q - Angle between F and S

Work will be zero if F or S = 0 or angle Q = 90o
In the current situation the wall is not moving and S is therefore zero. It follows that Work is zero, that is no work is done.

2. A 0.2 kg rubber ball is dropped from the window of a building. It strikes the sidewalk below at 30 m/s and rebounds at 20 m/s. Find the change in momentum of the ball as a result of the collision with the side walk (in kg m/s).

Mass of the rubber ball = 0.2 kg = m

Initial velocity = 30 m/s = v1
Final velocity after collision = -20m/s = v2
Change in momentum = mv1 - mv2
= m(v1 - v2)

= 0.2[30 - (-20)]

= 10 kg m /s

3.  A 2.0 kg block is thrown upward from a point 20m above Earth's surface. At what height above Earth's surface will the gravitational potential energy of the Earth block system have increased by 500J?

Ans.    

Mass of the block m = 2.0 kg

P.E. of the block at a height of 20 m is = mgh = 2 x 9,8 x 20 = 392 J

Increase in P.E. = 500 J

Let the new height be h

New P.E. = mgh

mgh -392 = 500

mgh = 500 + 392 = 892 J

therefore h = 892/2x9.8 = 45.51m

4. A person pushes a 10 kg cart a distance of 20 meters by exerting a 60 Newton horizontal force. The frictional resistance force is 50 Newtons. How much work is done by each force acting ont he cart? How much kinetic energy does the cart have at the end of the 20 meters if it started from rest:

Mass of cart = 10 kg

Distance moved = 20 m

Horizontal force = 60 N

Frictional force = 60 N

Frictional resistance force = 50 N

Net force = 60 - 50 = 10 N

Work done by the horizontal force = 60 x 20 = 1200 J

Work done by the frictional force = - 50 x 20 = -1000 J

(It is negative because force and displacement are opposite to each other)

Net work done = 1200 - 1000 = 200 J

= Change in the K.E. of the cart.

If the cart started from rest, the initial K.E. = 0

Final K.E. - Initial K.E. = 200 J

So Final K.E. = 200J

5. Assuming an efficiency of 25% for the muscle system in the process of converting food energy into mechanical work, how much energy would be used by a person of mass 75 kg (weight 165lb) in the process of climbing four flights of stairs for a total height of 15 metes? Find the answer in joules and convert to dietary calories (1 dietary calorie = 4186 Joules)

Efficiency η = 25%

Mass of the person = 75 kg

Height climbed = h = 15 m

Work done = gain in P.E. = mgh

= 75 x 9.8 x 15 = 11025 J

Since the efficiency of the muscle system = 25%, the food energy required to do this work = (100 x 11025)/25 = 44100 J

4186 Joules = 1 dietary calorie

44100 Joules = 44100 / 4186 = 10.5 dietary calories.

6. The potential energy of a 0.2 kg particle moving along the x axis is given by:

U(x) = 8x2 - 2x4 

where U is in Joules and x in meters. When the particle is at x = 10 m, what will be its acceleration?

m = 0.2 kg

P.E. U(x) = 8x2 - 2 x4
here U is in Joules and x in meters

Intensity T = -du/dx

=- -d[8x2 - 2 x4]/dx = -(16x -8x)

The intensity is equal to the force per unit mass which is the same as acceleration
a = -(16x - 8x)|x = 10 m
= -(160 -80) = -80 m/s2

7. Imagine that you are 10 m away from a light source. As you move away from the light source, it gets dimmer. When you are

20 m away from the light source, how much less intense will be the light reaching your eyes?

D) 1/(2)2 = 1/4 times as intense

The distance from the light source has changed from 10 m to 20 m, i.e., it has doubled. The intensity of light changes inversely

with the square of the distance away from the light source. Thus, if the distance increases (here, it is doubled) the intensity decreases

(that is the inverse part). The amount by which it decreases is 1/22 = 1/4, i.e., the intensity is 1/4 as great which was

choice D.

8. Imagine that you are 12 m away from a light source. You change your position so that you now see the light source to be 9

times less intense. Where are you located now? B) 36 m away

The intensity decreases by a factor 1/9 = 1/(3)2. This means that the distance increased by a factor of 3. The original distance

from the light source was 12 m, so the new distance must be 12 x 3 = 36 m—choice B.

9. Imagine that you are 12 m away from a light source. You change your position so that you now see the light source to be 9

times more intense. Where are you located now? C) 4 m away

The intensity increases by a factor of 9. This means the distance decreases by a factor of Ö9 = 3. Since the original distance was

12 m, the new distance must be 12/3 = 4 m. Compare this to the previous problem which goes in the opposite direction (i.e., in

that problem the intensity decreases by a factor of 3, so the distance must increase 3-fold.)

10. Consider two light bulbs — bulb 1 is nine times more powerful than bulb 2 (for example, if bulb 1 is 90 watts then bulb 2

would be 10 watts). Which statement is not true?

C) Bulb 1 and bulb 2 can never appear to be equally intense — bulb 1 will always appear brighter to an observer.

In choice A, this is what the wattage of a bulb means. A 100 watt bulbs consumes (or gives off) electrical energy at the rate of

100 joules every second. Choice A is true.

In choice B, if you were to move three times further away from bulb 1 (increase distance by a factor of 3), the intensity would decrease

by a factor of 1/(3)2 = 1/9. This is exactly the reduction in intensity necessary to make bulb 1 appear to have the same intensity

as bulb 2. Choice B is true.

Choice C is false, as was proven in the discussion of choice B. Choice B gives the condition under which bulbs 1 and 2 will appear

equally intense.

11. The temperature of a blackbody is halved. By what factor does the intensity change? A) It becomes 1/16 as great.

The intensity is a measure of the number of joules of energy radiated every second which is the power radiated. The Stefan-Boltzmann

Law relates theintensity to the fourth power of the temperature, i.e., P a (T)4. If the temperature is made half as great the

power radiated is one-half to the fourth power as great. Thus, ½ x ½ x ½ x ½ =1/16

12. The temperature of a blackbody changes from 4,000°K to 10,000°K. By what factor does the intensity increase? Ans. D)

What is of interest is the factor by which the temperature increases, not the actual increase. In going from 4,000°K to 10,000°K,

the actual increase in temperature is 6,000°K. However, what is of interest to us is the ratio of the final temperature to the original

temperature. Thus, the temperature has increased by a factor of 10,000/4,000 = 2.5. According to the Stefan-Boltzmann Law, an

increase in the temperature by a factor of 2.5 increases the intensity by (2.5)4 which is[image: image43.png]')= 51.6 Watts/m?:

<= 3 Real (Ed




Note that multiplying 2.5 times itself four times to get (2.5)4, is the same thing as (2.5·2.5) · (2.5·2.5). But, since (2.5·2.5) = 6.25,

this is the same thing as 6.25·6.25 which is (6.25)2. Thus, to find the fourth power of any number, you can first square the number and then square the result.

13. You are looking at two stars that are the same distance away. One star appears to be 16 times brighter than the other. What

can you say about the relative temperatures of the two stars? Ans. A)

There are two things that we have talked about in class that determine how bright a light source appears to be:

1) the distance away. The Inverse Square Law tells us that the intensity of a light source decreases inversely as the square of the distance—if you double the distance (if nothing else is considered) the intensity is 1/4 as bright. 

2) the temperature. According to the Stefan-Boltzmann Law, the power (which determines the intensity) varies as the fourth power of the temperature. If we are comparing two light sources that are at different temperatures and are also different distances away, then to find the relative

brightness, one would have to take into account both the Stefan-Boltzmann Law and the Inverse Square Law, which is much more complicated. (I will not ask you to do this.) In this problem you are told that the distance to the two stars is the same, so the Inverse Square Law does not enter into the solution of the problem. The temperature of the brighter star is 2 times greater than the other star. If one star is 16 times brighter than the other, it means that T4 for this star is 16 times greater than T4 for the other star. This means that the temperature of the cooler star is the fourth root of 16. Just as we saw above in problem #12, we can find the fourth power of a number by first squaring, then squaring again, we can work back the other way in this problem by first finding the square root of 16 and then taking the square root of that result. The square root of 16 is 4. Taking the square root again is the square root of 4 which is 2. Thus, the fourth root of 16 is 2. 

14. The temperature of a blackbody increases so that the intensity is increased by a factor of 16. By what factor was the temperature

increased? Ans. A)

This question asks the same thing as in question #13, only in different words and, of course, the answer is the same. In problem #13, you had two different light sources and you were asked to determine the temperature of the cooler one compared to the temperature of the hotter (brighter) one. In this problem, there is only one light source, but you are asked to compare its temperature when it is cooler to its temperature when it is heated to 16 times greater brightness. In both problems, the brightness increases by a factor  of 16 when the temperature is changed by a factor of the fourth root of 16 (written as 4Ö16) which equals 2. 

15. The temperature of a blackbody increases so that the intensity is increased by a factor of 81. By what factor was the temperature increased?

Ans. B The reasoning here is identical to that discussed above for questions #7 and 8 with an increase in the power by a factor of 81 rather than 16. The temperature change that produces an 81-fold increase in the power is found by finding the fourth root of 81. First, find the square root of 81, which is 9. Now, determine the square root again, i.e., the square root of 9 is 3. 

16. A blackbody at 3000°K has the peak wavelength on the brightness curve (the wavelength at which the maximum energy is radiated) at 1000 nm. What will be the peak wavelength at 1000°K?

Ans. A. The temperature is reduced by a factor of 3. According to the Wien Displacement Law the temperature and peak wavelength

have a simple inverse relationship. Thus, reducing the temperature by a factor of 3 increases the peak wavelength by the

same factor, i.e., it will change from 1000 nm to 3000 nm.

16. Our sun has a temperature of about 6000°K and appears to be yellow in color. If you look into the heavens and see a star that has a bluish tint to it, what can you conclude about the temperature of the star?
Ans. The bluish tint to the star implies that there is more energy output in the blue-violet wavelengths of the visible spectrum than does our sun. Bluish color implies that shorter wavelengths are being radiated than the yellow peak from our sun. The Wien Displacement

Law, which defines an inverse relationship between peak wavelength and temperature, then implies that the temperature of this bluish looking star is higher than 6000°K.

17. A blackbody at 6000°K has the peak wavelength on the brightness curve (the wavelength at which the maximum energy is radiated) at 550 nm. If you look at the same object later and note that the peak wavelength has changed to 1650 nm, which of the following is a correct conclusion?

Ans. D Ans. This can be understood from the Wien Displacement Law. The peak wavelength has changed from 550 nm to 1650 nm which is 3 times greater. This implies that the temperature is decreased by a factor of 3, i.e., from 6000°K to 2000°K. 

18. Assuming that the wattage of a light bulb represents the the true amount of light energy radiated per second (it doesn't!) how much higher is the temperature of a 100 W bulb compared to a 25 W bulb?

Ans. E. The power of the 100 W bulb is 100/25 = 4 times greater than the power radiated by the 25 W bulb (i.e., it is 4 times brighter). From the Stefan-Boltzmann Law, this implies that the temperature must be higher by the fourth root of 4. (See the discussion of the answers to problems #7 and 8 for a detailed explanation. The only difference with this problem is that, in those problems, we were considering a brightness that was 16 times greater rather than 4 times greater.) To find the fourth root of 4, we first determine the square root of 4 which is 2. Then, we take the square root again. Our answer here is the square root of 2 which is 1.41, which was NOT one of the choices given. 

19. In your Lecture Notes (page GW-3.5) there are several blackbody radiation curves (graphs of brightness vs. wavelength) for different temperatures. According to these curves, if you had an electric stove with the burners at a temperature of 1500°C, it would not glow. However, when the temperature got to 2000°K, the burner would glow "red-hot". Explain this.
Ans. Refer to the figures on page GW-3.3 in the notes. Note that, at 1500°C, essentially the entire radiation curve occurs at wavelengths longer than 700 nm which is where the red end of the visible light spectrum is. Thus, at 1500°C, the stove does not "glow" visible light, but it is radiating lots of infrared radiation (with wavelengths longer than 700 nm). At 2000°C on the other hand, the radiation curves includes some radiation (although weak—there is still some) with visible light wavelengths. This is shown by the shaded area in the figure. Although most of the radiation coming from the stove at this temperature is also infrared (as it is at 1500°C) there is now some red-orange visible light being radiated as well. It is this radiation that we can see and gives the appearance that the stove burner is glowing "red-hot". 
20. One meter of wire is bent into a circular form to

make a magnetic dipole antenna. The wire carries a current

I(t) = Io sin wt where Io = 2 Amps, w = 2pf, and f = 50 MHz.

At what rate does this loop radiate energy?

Answ: m0= 0.159 Ampm2 (2pa= 1m, and m0= pa2I0).

<Sr> =

µo

(4p)2 sin2q

w4mo2

2c3R2 = 0.0363

sin2q

R2 Watts/m2.

radiated power P = (0.0363)(2p) ò

0

p

Sin3qdq Watts

P = 0.305 Watts.

21. An electric dipole whose strength is p0= 10-7 Coulomb-meters

oscillates at a frequency f= 50 MHz. Let the dipole be oriented

along z.

(a) Estimate the electric field amplitude measured by an

observer on the x-axis at a mean distance of 5 meters from the dipole. Compare the near field terms with the far-field, or radiation term. Note that the p · term is in quadrature with theother two terms so that it contributes only about 2% to the electric field amplitude.

Answ: Er=0. There are 3 terms in the electric field component

Eq: first term

1

R3 = 0.008

second term

-iw

cR2 = -0.042i

third term

-w2

c2R2 = -0.219

The total field is proportional to -(0.211 + 0.042i).

|Ez|= 193 Volts/m.

(b) How big is the phase shift between the time variation of the

dipole and the electric field measured by the observer?

Answ: Df =

wR

c = 5.235 radians = 300°.

(c) What intensity would the observer measure at the coordinates

(5,0,0); i.e. what is the value of <Sx>)?

Answ: 
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(d) What would be the intensity of the radiation measured by an

observer on the z-axis 5 meters from the oscillating dipole?

Answ: <Sz>= 0.

(e) At what total rate does this dipole radiate energy?

Answ: 
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22. A 10 turn circular coil of wire is centered on the origin and the plane of the coil lies parallel with the xy plane. The coil has a mean radius of 5 cm and it carries a current I(t)= I0Sinwt where I0= 100 Amps, and w= 2pf where f= 20 MHz. An observer in the xy plane, and 1 km distant from the coil, measures the emf induced in a piece of straight wire 1 meter long due to the radiation field produced by the oscillating current in the coil.

(a) In what direction should the observer orient the wire in order to obtain the maximum signal? 

Answ: The wire should be oriented parallel with the xy plane and

perpendicular to the line joining the observer to the coil. The

electric field has only an Ef component.
23.  Two identical electric dipoles are driven by the same oscillator at a frequency of 20 MHz but there is a phase shift of b radians between them. The dipoles are both oriented along the z-axis, but one dipole is located at (5,0,0), the other is located at (-5,0,0). Describe the angular variation of the maximum radiation field intensity produced by these two dipoles as measured by an observer confined to the x-y plane and located a constant distance of 1 km from the origin; i.e. make a plot of the time-averaged Poynting vector as a function of the anglef  measured from the x-axis for (a) b=0 radians, and  (b) b= p 2 radians.

(a) Answ: b=0. <S>= 4S0 cos2(2.094cosf) where f is the angle

between R and the x-axis. Most of the intensity is radiated into

narrow lobes directed along the y-axis.
(b) Answ: b=p/2.

<S>= 4S0 cos2(2.094cosf + p/4).

This intensity pattern has three main lobes: one directed

along x and lobes directed along ±112°.
24. 100 mWatts/m2 of monochromatic laser light having a free space wavelength of l= 0.5145 mm is used to illuminate a stationary hydrogen atom. For this problem atomic hydrogen can be modelled by an oscillator having a single resonant frequency given by the n=1 to n=2 transition at 10.18 eV. the oscillator strength may be taken to be unity. 

(a) Estimate the total power removed from the incident beam by the hydrogen atom.

(b) How much energy would be scattered per second into a photomultiplier tube having an aperature of 3 cm and located 10 cm from the atom? The axis of the photomultiplier tube is oriented perpendicular to the incident beam in such a direction as to intercept the maximum scattered power.

Answer.

` (a) Calculate the resonant frequency associated with the n=1 to n=2 transition in the hydrogen atom:

10.18 eV = 16.31x10-19 Joules.

hf0 = 16.31x10-19 , so

f0 = 2.461x1015 Hz, and l= 0.1219 mm.

w0 = 2pf0 = 1.546x1016 radians/sec.
The equation of motion for the bound electron in the hydrogen atom can be written
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where k/m= w2 0 . Under the influence of a driving field at circular frequency w the electron amplitude is given by
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Now calculate the electric field amplitude in the incident beam. The frequency of the incident light is f= c/l= 5.831x1014 Hz, and w= 3.664x1015 radians/sec. The power in the incident beam is
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where Z0= 377 Ohms. From this expression E0= 275 Volts/m. For this field amplitude the electron amplitude is z0 = -2.14x10-19 meters, corresponding to an induced dipole moment amplitude p0 = - ez0 = 3.42x10-38 Coulomb-meters. The averaged power radiated by the oscillating atomic electron is
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A photon at 0.5145 mm carries an energy of 38.64x10-20 Joules.

The hydrogen atom scatters the equivalent of 6.1x10-11 photons per second. One would have to wait approximately 3200 years in order to get only 6 photons! ( 1 year= 3.15x107 seconds). 

(b) The area of the photomultiplier tube is pr2= 7.07 cm2,

therefore 
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steradians. The power intercepted by the tube will be given by
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Therefore PT= 1.99x10-31 Watts. In order to get one count per second one would need N= 19.5x1011 hydrogen atoms. This corresponds to 7x10-11 liters at NTP or 7x10-8 cc of gas at NTP. Such an experiment would be feasible using 1 mm cubed of gas at

NTP (10-3 cc); the dark count for a good tube is of order 1.0 counts per second at room temperatures.

25. A very thin plane, uniform, sheet of dipoles is located in the y-z plane. The dipole moments are aligned along the z-axis and they vary in time like [image: image9.png]1ot




. The polarization

density for such a sheet can be written 
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(a) Show that this time-varying polarization density generates a vector potential which can be written in the form
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(Hint: one can use the particular solution for the vector potential in terms of the current density. Note also that A cannot depend upon either Y or Z from the symmetry of the

problem; this means that one can carry out the calculation for Y=Z=0.You will run into an indeterminate constant upon carrying out the integral; this does not matter because any constant, no matter how large, can be added to the potential without altering the fields calculated from it.) (b) Use the above vector potential to calculate the scalar

potential from the Lorentz condition 

[image: image13.png]



Use the potentials to calculate the corresponding electric and magnetic fields.

Answ: divA=0, therefore V=0, and[image: image14.png]
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(c) What is the rate at which energy is radiated away from this sheet of dipoles?

Answ: The plane sheet of polarization radiates a plane wave

in each direction which is shifted in phase by 90° with

respect to the polarization sheet. The average rate at

which energy is radiated in either direction is
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26. A very thin plane, uniform, sheet of dipoles is located in the y-z plane. The dipole moments are aligned along the x-axis and they vary in time like [image: image17.png]1ot
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The polarization density for such a sheet can be written
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This problem differs from Prob.(6.7) in the orientation of the dipoles. It is still true that A cannot depend upon either Y or Z because of the planar symmetry.
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(Hint: one can use the particular solution for the vector

potential in terms of the current density. You will run into an indeterminate constant upon carrying out the integral; this does not matter because any constant, no matter how large, can be added to the potential without altering the fields calculated from it.) 

(b) Show that the electric and magnetic fields corresponding to the above potentials are zero.

27.A very thin plane, uniform, sheet of dipoles is located

in the y-z plane. The dipole moments are aligned along the

x-axis and their time variation can be described by
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The polarization density for such a sheet can be written
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Calculate the electric and magnetic fields generated by this space and time varying polarization density.
Hint: It is very difficult to calculate the vector potential by direct integration of the expression
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It is better to work directly with the differential equation
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These functions satisfy the homogeneous equation and represent plane waves propagating away from the dipole plane. The left and right propagating plane waves have the same amplitude by symmetry; this can be deduced directly from the integral for A(R,t). Near x=0 one finds
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where the factor [image: image26.png]& ay-ot)



 has been cancelled out on both sides. Integrate this equation from -e to +e where e is allowed to go to zero. This gives
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which may be used to find 
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where
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( the term proportional to e goes to zero

with e).
Answer Following the procedure outlined in the problem, one obtains
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The amplitude of the electric field is 
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therefore cBz= |E| which is the correct ratio for a plane wave propagating through empty space. See the diagram below.
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28. The electron on a hydrogen atom is characterized by the resonant frequency fo = 15 x 1015 Hz. The dipole moment induced on each hydrogen atom by an electric field can be

written p = aE where a is the polarizability. 

(a) Estimate the polarizability of a hydrogen atom for an electric field oscillating at a frequency of 1018 Hz. 

(b) nsw: The dipole moment is
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(b) Consider a hydrogen atom at the origin. A plane wave is incident on the atom where Ez = Eo e i(kx-wt) where Eo = 1 Volt/meter and w = 2p x 1018 rad/sec. How large are the

electric field components measured by an observer 1 meter distant and located in the x-y plane?

Answ: The induced dipole moment is Pz = aEz. For an observer in the x-y plane 
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There is no radial component of electric field!
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Volts/meter.

29. A short thin-wire center-fed dipole antenna of length L meters is oriented along the z-axis with its center at the origin as shown in the sketch.
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The current distribution on the antenna is given by:
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Show that the radiation resistance of the antenna is given by
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Hint: The distance from the element dx to the observer is

given approximately by
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here x/R is a very small quantity. Expand all relevant terms

as a power series in (x/R) and keep only terms proportional

to (x/R). Also use the approximation that [image: image41.png]-laccosb/c
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can be set equal to
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