Appendix A Using the Software

The disk associated with this book contains 2 fléhk .exe extenders and the files that run
under QBASIC that have the extenders: .bas, and Tke “exe” can be run from the disk by
clicking on the file. Better, copy the file to yduard drive and click on it to open the file amdic
on the program with the .bat extender to get theigh banner (“bat” files are used in MS-DOS
(Microsoft disk operating system) written in AS@iht run like .exe files). Press any key and the
next page contains operating instructions. Preg&ay and the program starts.

The files with .bas and .txt extenders have taindmom QBASIC. The difference between
them is the .txt files can be viewed with any teditor such as “Word Pad” and the files with the
.bas extender require QBASIC to read them. QBA&IC save the file in either format.

BASIC was developed at Dartmouth College as a gintpluse computer code than those
existing at the time. Its program language is lsinto FORTRAN which was developed by IBM.

It is an interpreted program in contrast with FORRNRbeing a compiled program. This means the
output file (.bas) from BASIC has to run using B%SIC program while a compiled file (an .exe)
file will run by itself. The original BASIC was noery user-friendly from the point of editing and
viewing the code. Its graphics capabilities weraimal.

Microsoft produced a vast improvement with a pragsold as This retained much of the
BASIC language but extended it with additional commehs and an excellent graphics capability.
In many ways it was better than the FORTRAN of ttiate (except for complex variables).
QuickBASIC provides either interpreted or compif@dgrams. The programs are developed at
interpreted programs for convenience and speediohg. When it operates satisfactorily, the
program can be compiled. While interpreted progmnamcomparatively slowly, | have speed tested
compiled versions of the “Sieve of Aristosthenespfime number finder) and found speed about
the same as FORTRAN, “C”, or Pascal.

Windows 3, and Windows 95 contained a DOS file séful utility programs including
QBASIC which was a reduced version of QuickBASIThe reduction being the absence of the
compiling capability but it was free with the puade of Windows. | began this book around 1990
thinking that this being free and ubiquitous is itheal language for this book. With the passage of
time, Microsoft sells VisualBASIC instead of QuickBIC and these programs will not run in
VisualBASIC. Furthermore, versions of Windows afig no longer have a DOS file with QBASIC.
The good news is that QBASIC.exe and QBASIC.hlplmafound on the Windows CD disk in the
location D:\tools\oldmsdos. An easy way to do thi® load the CD and go to Windows Explorer,
click on the drive the CD is in and right click get “find” and type in gbasic and press “enter.”
Load these files on your hard drive and you caranchmodify any of the .bas and .txt files that are
provided.
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Appendix B Fundamental Physical Constants

Edited from National Institute of Science and Tewbgy home page http://chemie.fu-
berlin.de/chemistry/general/constants-en.html

Planck constant h = 6.6260755 E-34 J s

h = 1.05457266E-34 J s

Boltzmann constant k = 1.380658E-23 J/K
Elementary charge e = 1.60217733E-19 C
Avogadro number N= 6.0221367E23 particles/mol
Speed of light ¢ = 2.99792458E8 m/s
Permeability of vacuum, = 4*n E-7 T2 m%J

= 12.566370614E-7°Tm%J

Permittivity of vacuune, =1/ i, *c?)

= 8.854187817E-12 C2/J m

Fine structure constant= 1/ 137.0359895
Electron rest mass % 9.1093897E-31 kg

Proton rest mass jw 1.6726231E-27 kg

Neutron rest mass v 1.6749286E-27 kg

Bohr magnetom; = e* h / (4%*m,)

= 9.2740154E-24 JIT

Nuclear magnetop, = e*h / (4*n*m )

= 5.0507866E-27 JIT

Free electron g factor, g 2.002319304386

Free electron gyromagnetic ratipo= 2*n*g.. ug/ h

= 1.7608592E11 1/s*T

vd (2*n) = 28.024944 GHz/T

Electron magnetic moment, = -%2*q.* ug
=-9.2847701E-24 JIT

Proton gyromagnetic ratig, = 2.67515255E8 1/s*T
v/ (2*m) = 42.576375 MHz/T

Proton magnetic moment = 1.41060761E-26 J/T
Proton-electron ratios i m, = 1836.152701
ne/p,=658.2106881

Ye Iy, = 658.2275841 (protons in water)
Charge-to-mass ratio for electron e /31l.75880E11 C/kg
Atomic mass unit AMU = 1.66057E-27 kg

Bohr radius ag= 5.29177E-11 m

Electron radius= 2.81792E-15 m

Gas constant R = Nk = 8.31451 m?*kg/s? kmol
Molar volume \,,,, = 22.41383 ritkmol

Faraday constan¥ = N, *e = 9.64846E4 C/mol
Proton g factor (Lande g factor) = 5.585
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Gravitational constant G = 6.67390 E-1¥kg*s?
Acceleration due to gravity g = 9.80665 m/s?
Compton wavelength of the electrbp= h / (m*c)
= 2.42631E-12 m
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Appendix C Glossary

a - direction cosine angle, nuclear particle (helinatleus), angular acceleration, fine structure
constant

B - direction cosine, electron or positron, (v/c)?

y - direction cosine, electromagnetic particle aati specific heats of gasesy11-(v/c)?]

o - Dirac or Kronecker’s delta function, skin deptigss defect

¢ - fast fission factor

g, - permittivity of vacuum

n - viscosity, number of neutrons born in fission

§ - lethargy

0 - an angle or the azimuthal angle

1 - electrical current density

K - heat conductivity or 1/(4*) for electricity

A - wavelength, an eigenvalue

u - reduced mass, electro-chemical potential, c@&jne

1g - Bohr magneton

Ly - huclear magneton

L, - permeability of vacuum

v - frequency, neutrino

p - radius in cylindrical coordinates, resistividgnsity

o - charge density, microscopic cross section

2 - macroscopic cross section

T - time constant, Fermi age

v - wave function

y*- adjoint wave function

¢ - an angle or the polar angle, magnetic flux,tfienic work function

® - magnetic flux, wave function, neutron flux dewsi

Q - solid angle, ohms (electrical resistance)

- angular velocity

a - acceleration

A - magnetic vector potential, atomic number, Habttthfunction

B - magnetic flus density, flexural-rigidity

c - velocity of light in vacuum, velocity of soumdair

C - electrical capacity

C, - drag coefficient

d - deuteron

D - displacement current

e - the elemental charge

E - Energy, Young’s modulus

E, - rest mass energy

Eu - Euler's number

f - force, focal length, neutron thermal utilizatio
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Fr - Froude’s number

g - the acceleration of gravity, Lande g factor,

G - gravitational constant, shear modulus, Gibinetion

h - Planck’s constant

h - Planck’s constant divided by

H - Hamiltonian: H = T+V, enthalpy, magnetic figlttensity

H, - Hermite polynomial

I - square root of minus one, current

J - action variable, neutron current vector, tatagular momentum quantum number

| - moment of inertia, sound intensity, electricalrent

k - spring constant, Boltzmann’s constant, wave lnems 2%t/A

K - bulk modulus, .

L - Angular momentum, electrical inductance, Lagiian: L = T-V, inductance, length, total orbital
angular momentum quantum number

L, - Laguerre polynomial

m - mass, magnetic quantum number, vector dipoleemd

M - bending moment, force times lever arm, optroaygnification

n - index of refraction, principal quantum number

N - number of, neutron number

N, - Avogadro’s number

p - momentum, object distance, neutron resonarcaerobability

P - pressure, polarization, power, Poynting’s vecto

P, - Legendre polynomial

Pr - probability

g - space, electrical charge, image distance, oreslowing-down density

Q - heat, quality factor (ratio of system energioss per radian)

r - radial distance

R - gas constant, electrical resistance

Iy - Bohr radius

Rd - Rydberg’s constant

Re - Reynold’s number

s2 - Schrodinger’'s number = 2*v

S - entropy, total spin angular momentum quantumber

t-time

T - kinetic energy, temperature

u - velocity, energy density

U - potential, internal energy,

Vv - velocity

V - potential, potential energy, voltage, volume

We - Weber’'s number

X - reactance

Y .m - Spherical harmonic

Z - nuclear charge, electrical impedance, protanioer
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¢ - Laplace tansform
#- electric field
.7 - Faraday’s constant
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Appendix D Answers

Chapter 1

la. Your weight in Newtons: let X be your weightgounds, X/2.20462 (equation 1.3-4)
gives your weight in kilograms. This multiplied the acceleration of gravity gives your weight,
in units of force as: 9.8066 * X/ 2.20462 Newtons.
1b. Your height in wavelengths of red cadmiumtidét H be your height in feet; your height in
meters is H*12*2.54/100 (equation 1.3-3). A mé$et,533, 164 wavelength of red cadmium light
(page 1-4), so the number of wavelengths of redmoam light in your height is
H*12*2.54*1533164/100.

1c. Length of a parsec: the number os secondsaiian is 3600*360/(2t) = 206264. An
AU is 149,501,201 km. A parsec is 206264*1495012(BL084E12 km..

2. Derive the Law of Cosines® = (a+ef+d?, b? = €+d?. Eliminating d gives= (a+ef +b?

-€?, expanding t= &+2*a*e+l¥, but e = -2*b*co8 hence €= &+b?-2*a*b*cos.

3a. Repeat Eratosthenes calculation of the eadthiseter: the distance from Aswan to
Alexandria is 5000*607= 3.035E6 ft. This is 2%aatircle. Therefore the earth circumference is
3.035E6/.02 = 1.518ES8 ft.= 28,740 mi. It diame$e28740% = 9,147 mi.

3b. Suppose a obelisk 494.6 mi south castsshadow when the one in Alexandria casts
a 7°14' shadow, what is the earth’s diametef147-1° = 6°14' = 6.233 hence 57.757 of a circle.
The circumference is 28,567 mi or 9093 mi diameter.

3c. Estimate the total error if there were arBran the angle measured &sI4' and a 10%
error in the distance which was 3.035E6 ft. Lé&teircumference, D be distance between Aswan
and Alexandria and the angle of the shadow, then C = D*360/The derivative is: dC =
(0C/loD)*dD + (0C/06)*d6 = 3.035E5/ 0.02 - 3.035E6*0.002/0.02 = 1.51ED38E5. However,
we do not know in which direction the errors werad® so we combine in quadratuf¢2.26E14
+ 9.21E10) = 1.51E7 ft. The circumference wasudated as 1.518E8 ft. hence the percent error
is 1.51E7 ft./1.518E8 ft. = 10% - the error in thetance measurement.

4. Find the time constant of the spring pendulyndimensional analysis. The spring
pendulum consists of: the mass (m), perigdthe acceleration of gravity (g), the spring dans
(k),. The dimensions are: (RJT)>*(L/T3™* (M/T?? = M@ c TO+2e2d) = dimensionless.
Solving: ¢=0, a = -d, and b=2*a = 0, b= -¢, a=-21bb=1, a= -1, d = Y, and«=/ (m/k).

5a. Divide 1+x into 1 by long division to get aiss: 1=x goes into 1, 1 times. Subtract
(1+x) from 1 and get -x. 1+x goes into this -xeésrand so on to get the series 1/(1+x) =1 & +x
x3=....

5b. Verify 5a using the binomial series: Let x¥Hg=x, then (1+x) = 1-x+X..

6. Find[dx/(1+x) by integrating term-by-term the seriesadtd in 5a: [dx/(1+x) = X -
x%2+ x33.

7. Demonstrate that the binomial series (1.5-48)is using the Maclaurin series. Let f(x)
= (x+y)". Differentiate with respect to y: f(0) = n*xrf",(0) = n*(n-1)x(n-1) .... Substituting into
MacLaurin’s formula gives the binomial series.

8.a. Numerically integrate sin(x) from 0 to 1.y ljgrogram is:

CLS :uplim=1
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FORj=1TOS8
nosteps=2"j:sq=0
h = uplim / nosteps
FOR i =1 TO nosteps

y = SIN(i * h)

sg=sg+h*y

NEXT i

LPRINT "integral by rectangular ="; sq, "No. oéps ="; nosteps
NEXT j

LPRINT 1 - COS(1)

END

8b. The analytical integral of $ifs co®; cos(0) = 1; cos(1) =.5402, the result is .45Bi@e
results are in order of number of steps and integr&604; 4,.5635; 8, .5117; 16, .4858. It is
expected that this way will overestimate the inakgr

8c. Modification of Program 1-5 for the sine giviesorder of C B
number of steps and integral: 2, .4598; 4, .45945869; 16, 4596997. So .
Simpson’s rule is quite accurate with 2 steps. A

h 2 Fi_g. D.2-1 Vector
Chapter Diagram and Angles

1. Use the vector sum equation to verify the LAw o
Cosines and generalize it. Consider the equatierBA: C \B c A A " [«
as diagramed in Figure D.2-1. Dot the equationtseif to
get: A>+B2 +2*A*B*cos ¢ = C2. This is not the law of h 0

cosines because a different angle is used. Netzed and
use 1.5-18 and the parity of the sine and cosimgetoC? =
A?z + B2 -2*A*B*cos 0. To generalize, considerAB + C 9
=D. Dot this on itself to get A2 + B2 + C2 + 2*A*Bs 9, | m*g | x
+ 2*A*C*COS @pc + 2*B*C*COS ppc= D?, whereo is thegig 5 10-2 Relating the Sideways
angle between the vectors multiplying the cosingeneral: Force to the Lifting Force
R2 = XA*A *cos ¢;, where the i and js cover all vector
combinations (when j =i, the angle is zero hengg A

2. Using energy conservation, show how the favgaitl a string sideways relates is related
to the lifting force: Figure D.2-2 illustrates theoblem, wherd is the angle opposite C etc. The
force in a sideways pull is amplified. Using thaw of Cosines: ¢2 = a2 + b? - 2*a*b*dbs
Differentiate w.r.t.0: dc/d = 2*a*b*sind. The angles of a triangle are related as: A3-Bn.
differentiate d A+dB+@ = 0, but h = a*sinB hence dh = -a*cosB*dB. Simjlalh = b*cosA*dA.
From the Law of Sines, difc = sinA/a = sinB/b. Substituting: dc = 2*a*c*&irfdh*[1/(a*cosB)+
1/(b*cosA)]. By energy conservation, F*dh = f*dehere F is the weight, m*g, and f is the smaller
force needed to move the support to the right. dden
F/f= 2*a*c*sinB*[1/(a*cosB)+1/(b*cosA)]. As B-n/2 and A-0,
F/f - 2*c/A) hence very large.

3. A 150 Ib athlete climbs 1250 ft at 100 ft/mia) The energy is 150*1250 ft-Ibs. Table
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1.3-5 says 1 ft-lb = 1.356 J, hence the energypdES J. b) He does this in 12.5 minutes, the same
table gives the conversion 150*1250/(12.5*33400)3946 hp. (It is 3.38 W). c) Apparently the
muscles cannot recover energy. To the musclenuab force is needed to lower the body as to
raise it. f

4. How much does the canoe move? The canodisay
which is the distance Bill moves. The canoe we@d, Bill weighs ' 5
175, and Myrna weighs 120 Ibs. The key thing s tlenter of h
gravity does not move. Measuring for the end whHgie was
originally, and using equation 2.5-4, the centegravity is 6 ft from
this end. When Bill moves to Myrna, the centegiavity shifts to
12.36, hence the canoe moves 6.36 ft o Fig. D.2-3 The Critical

_5. The napkl_n ring ha_s a c_o_eff|C|ent of frlctlompnegle_ct Angle of the Spool
the weight of the ring for simplicity (see Jean833). If Sir
Cuthbert presses with a force F, the downward fored=*co$ and the transverse force |s=f
F*sinb. The coefficient of friction ig = f, /f; = tarf. a) The critical angle is 16°7b) The range of
angle is 33.4 c¢) After he passes an angle toward him of 1@e ring will shoot out. Whether or
not it shoots out depends on the motion of hisdindf it is rigid, the ring will not get a backis,
but if it springs downward, the ring will get a spthat will make it tend to come back. d) Whether
or not he is invited back depends on his relatignshith the Queen.

6a. What is the critical angle at which the spm#s nothing. Figure D.2-3 illustrates the
problem.. The torque balance is: f*66R = f*r, or co® = r/R.. Forr =1 and R = 2, the critical
angle is 60.

6b. As strings winds on, radius r increase$ suust get less.

Chapter 3

la. What is the power expended accelerating 390060 mph in 8 seconds? The energy
of kinetic motion is: E = ¥2*m*v2 = 12*3000/32.2*882 3.607E5 ft-lb = 2.66E5 J. The power is
2.66E5/8 = 3.325E4 W = 44.58 hp (where Table 1w&S used).

1b. If the engine horsepower is 225, what isitiiesmission efficiency? 44.58/225 =19.8%
(Assuming all of the loss is in the transmissiostegn.)

2. What is the highway bank angle for a curve@dQ.ft radius that will through off a car
at 60 mph with a coefficient of friction of 0.57@& force of friction ig*[m*v2/r*sin 6-m*g*cos0].

The force pulling the car down the incline is [m#t%€os0+m*g*sino.
Equating thesec*[v?/r*tan0-g] = [v3/r+g*tard]. Solving for the angle: tén= (vZ+Hu*g*r)/( w*vz-g*r)
=(7744+16100)/(3872-32200) = -.367 hefce 20°downward.

3. What angle cancels the centrifugal force anph for curves with a 1000 ft radius. The
sideways gravitational force is m*g*$in The centrifugal force is m*v2. Equating theseeg sir®
=Vv?/(g*r) = 0.202;9 = 11.65slanting downward to the inside of the curve.

4a. No, the masses and size are too great fotwuanechanics.
4b. Both momentum and energy are conserved. Mumebalance: m*v = M*V; energy balance:
¥a*m*v2 = 1.*M*V2, Substituting M*V*v = M*V*V; hencev =V so m = M.

5. The colliding particle stops if the target paethas the same mass. We just demonstrated
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this in problem 4b.

6. What would have been the range of the 88 ijptlagectile had been made of uranium
(density 18.7) instead of steel (density 7.8)? ad&ume that the muzzle velocity is the same. The
range with iron is miles. If the energy is absarbeair friction, the range is 18.32*18.7/7.8 =93
miles. However this may not be correct becausetieegy at the end may be different. | re-ran
computer program 3-2 with the projectile mass iasegl to 24 kg and got 44.28 miles. So energy
conservation is pretty good. (I did not try difet firing angles.)

7. What is the period of a torsion pendulum usngrass disk (density 8.75) 30 cm in
diameter, 1 cm thick supported by a steel wire ldam(use Table 2.7-2), 20 cm long? ; The mass
IS p*m*r2*t = 8.75*n*15%*1 = 6.18 kg; the moment of inertial is | = Y2*rA = % *6.18*0.152 =
6.95E-2 kg-m2. The stiffness (equation 2.7-3% is T/0 = G*r,,,.*/(2*L), where G = 12E6 Ib/in2
= 12E6 (Ib/in?)(in%/2.542 cm?)*(kg/2.2 Ib) = 8.45Ekg/cm?)*(102cm?/m2) = 8.45E7 kg/m?. By
analogy with 3.1-25, the frequencyds= v (k'/l). The stiffness is k' = 8.45E7*1E-12/(2*0.2)
2.11E-4. The angular frequeney= 5.51E-2, the frequency is 0.17 Hz - very slow.

8. What must be the speed of the sledge beforadirp just ring a gong using a 10 |b
sledge to hit a 2 Ib "seesaw" beam 3 ft. long, axthe middle, to drive a 1 oz. cylinder sliding o
a wire up to a gong 15 ft. above the ground (nedtextion). The velocity of the cylinder must be
Yo*m*v2 = m*g*h, or v =V (2*g*h) = V(2*32.2*15) = 966 ft/s. Using conversation of emer
vo*mgrv 2 = o mrv2 + Yororm *(L/2)2* (2*vIL)? + Yo*m *(L/2)2*(2*v/L)2. Solving: v2 =v2*(10
+ 2.5 + 1/16)/10 hence the speed of the sledy686 f/s. No wonder it is so hard.

9a. Haley's comet’s period is 76.08 years, iteetity is 0.967. What is its major axis?
Equation 3.12-9 is = & *rn// (M*G), where the sun’s mass M = 1.99E30 kg, thevigasional
constant G = 6.6732E-11, the period s 76.08*365.25*24*3600 = 2.4E9 s. Substitutinyeg
its major axis a = 4.26E12 m

9b. What is the minor axis? b #@-e?). Substituting: b = 2.76E11 m.

9c. What is the perihelion (closest approach ¢éoShn)? a = 1/[C*(%?2)]. Solving for C
=3.616E-12. = 1/[C*(1+)] = 1.40E11 m

9d. What is the aphelion (maximum distance froemmgtin)? r,, = 1/[C*(1<)] = 8.38E12
m

9e. What is the average speed? The approximatendierence of an ellipse is
n*V[(a2+b?)/2]. Substituting the circumference iSSB2E12. The period is 2.4E9 s, hence the speed
is 3.95E3 m/s = 8,830 mph.

10. Find the equation of motion of 2, 1 kg massesstrained to move linearly and
horizontally mass iis connected to a wall by a mass-less springfriass k = 0.001 N/m, masses
m, and m are connected with an identical spring. The Lagi@n is L = T-V = ¥%*(n*x’ 2 +
m*x’ ,7)-Y2* [k, *X > + k*(X -x;)?]. Lagrange’s equation is:@l(/oq’,)/dt -oL/9g; = 0. The equations
are: m*x," + k*x; - K*(X,-x,) =0, and ngx," + k,*(X,-x;) = 0. The easiest way to find the motion
of the mass is with a difference equation and apeder.

1la. How much energy is required to raise 1E6 89 6. The energy is m*g*h =
1E6*9.8*500 /3.28 = 1.49E9 J.

11b. If the maximum safe peripheral speed is 130 what is the mass and rotational speed
of a disk, to provide the energy required for 1 RGtational energy E= ¥%2*52, ® = v/r, so ro =
100. The moment of inertia of a disk is | = ¥2*m*gnce 1.49E9 = 0.25*m*1E4, and m = 5.96E5
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kg. Mass is m p*n*rz*t = 7.8*n*0.1*r3. Substituting, r = 6.2 m. Sincew*= 100,00 = 16.1/s,
hence the frequency of rotation is 154 rpm. A reahster.

12. What is the rate of ejection of cesium that le@en accelerated to a velocity v = 1.2E5
m/s to get 1 |Ib of thrust? Combing equations 33ahd 3.3-12: f = v*dm/dt. dm/dt =
1/(0.22481*1.2E5) = 3.7E-5 kg/sec, where TableSli8used to convert from pounds to Newtons.

13 Show that the gravitational equation is cdri@ca spherical mass is correct if the mass
is assumed to be concentrated at the center usiggnidre polynomials. The expansion of 1/s
(Figure 3.9-3) in Legendre polynomials is 1/s =X(R/r)" *P,(u). Using this, the gravitational
potential is V3*m*G* * [do*dp *dR*R2* 3P, (1)*(R/r)"/r integrated oven from -1 to 1, wherg
= cod). and integrated ovep from O to 2%. Using B(n) =1 and the orthogonality of the
polynomials giveg*du* Py(u) *P,(1) = 2 when n = 0; Bui*4* n*R2*dR = M where M is the mass
of the earth. Using this, the potential of a spiaishell, hence of a solid sphere is V=m*M*G*/r.
f=-VV, so f= m*M*G*/r2.

14. Correct the acceleration of gravity for thieeff of the earth’s rotation. Consider the
earth as a sphere rotating about its axis. Thatesd, using the law of cosines, is:, geff = m*¢bs
V[g2+cos®*(R2* v*-2*g*R* »2)], wheref is the latitude and R is the radius of the earffor the
eartho = 2*1/(24*3600) = 7.27E-5/s. The radius is 6370.95 iRw? = 3.36E-2 m/s? At the north
pole: g4 = g for which the Rubber Handbook gives g = 9.832Hence the formula: ,g=
¥[96.671-0.65959*co$? m/s2. At the equator, this gives 9.7985. Thélsar Handbook gives
9.78039. Apparently this is in error because efrtbn-sphericity of the earth which would decrease
it at the equator.

15a. How does the gravitational potential charggaa descend into a spherical earth?
Consider a observer at location r inside of théheahose outer radius is RThe potential for the
sphere below the observer is; V= m*M*G/r = m*(4/3)*n*r* p/r. = m*(4/3)*n*r *p. The potential
for the earth above the observer is more difficultln spherical geometry: V =
m*G* p*r*dr*d o*d /s, where s is the distance from the observerddliffierential volume. Using
Legendre polynomials 1/s = (1/B{/R)" *P,(1). Using the trick that 1=g:) and the orthogonality
of the Legendre polynomials, we find: V =#m*G* p*r*dr. Integrating this from r to Rgives:

V outer = 2*1*mM*G* p*(R0? - r2). Adding the two potentials:
Vot = 2*1*mM*G* p*(R0? - 12/3).

15b. Your weight which is the force of gravityfis -VV. Performing the derivative gives:

f = 4*7*m*G* p* r/3. In conclusion outside of the earth, yourigie decreases quadratically with
distance from the center; inside of the earth, yeeight decreases linearly with distance from the
center.

16a. A Foucault pendulum at the north pole rotateskwise with respect to (w.r.t.) the
earth.
16b. At the south pole it rotates counter-cloclemsth respect to (w.r.t.) the earth.

16c. At the equator it does not rotate.

17a.. Show that an object with moment of inertia k*m*r2, where k is a constant
depending on the shape of the rolling object, hasame time dependence as a free falling object.
Using energy conservation: m*g*$ifs = 12*m*s’2 + 2*k*m*s’2, where s is the distancewn the
inclined plane, and is the angle the plane is inclined. This hasfthen A*s = s2, or dt =
s’ (A*s) which integrates (RC Handbook #131) to: t+/ &s/A), or s = t2*g*si®/(1+k). The effect
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of the inclined plane is to reduce gravity by adaof sirt(1+k).

17b. Suppose a solid sphere (k=2/5) is releasedlltdown a board that is 32 ft. long and
inclined 5. What is the time to reach the following distas1® 4, 8, 16, 32 ft? s=2.001t?, ort =
0.7069%'s. The times, respectively are: 0.999, 1.414,28%, 4.0, seconds.

18a. Rearrange the longitudinal momentum so kalba the right and square the equation:
(my*v,)? -2* m2*v *v,*cosd' +(m,*v,)?*cos?0 = (m,*v,)?*cosd. Doing the same to the transverse
momentum: (ntv,)?*sin®’' = (m*v,)?*sin? 6. Adding the squared equations:,fm)? -2*
m,2*v*v,*cos0’ +(m*v,')? = (m*v,)2. Using the energy equation to eliminatem,.v,'2 = m*v 2 -
m,*v 2 gives: y = 2*m*v *cosb/(m,+m,). The quantity ni(m,+m,) is called the reduced mass.

18b. Ball 2 travels on a 4&ngle to hit the corner pocket; use v1 = 10 fi thie fact that
the mass of the balls is the same. The speed|d ater the collision is y= 10*0.707 = 7.07 f/s.

18c. Ball 1 must hit ball 2 such that the linecefters is 45 Using the law of cosines:
C2=722+4 - 2*72*2*cos(4%). 70.6 in. From the law of sines: i =0.707/70.6, hende= 1.14
off of the lengthwise axis of the table.

19a. What is the efficiency of a 20 ft diametenavigenerator that generates 10 kW in a 20
mph wind? Imagine a 20 ft dia. cylinder of airhelvolume of the cylinder is*d>*v*t. It is
traveling at speed v. The power is##d2*v? = 15*1.2*1/4*202/3.282%(20*5180/3600)= 4.4E4.
The efficiency is 10/44 = 22.7%.

19b. We just found that the power in the wind gagshe cube of the wind speed. Hence
(30/20% = x/44 = 67.5 kKW in the wind. If the efficiencgmains the same, the power should be
10*3.375 = 33.7 W.

Chapter 4

la. Given that King Hieron II's crown weighs 0.9&Ain air and 0.518 submerged in water
what is the percentages of gold and silver?=\W*V, wherep is the density of the crown, V is the
volume of the crown, and .\is the weight in air. By Archimedes principle, \W W,
-p.,*V, where W,,. is the weight in water. Eliminating the volu@ed solvingp = 1*555 /(555-
518) = 15. x*19.32 + (1-x)*10.50 = 15, x = 0.515#% gold, 49% silver.

1b. If the measurements have 1% error what igitisertainty in the density? The logarithm
of the density is In() = In(p,*W ) - In(W,, - W,). Differentiating, @/p = dW,/W,_ - d(W,, - W)/ (W,,
-W,). db/p =0.01 -/(5.52 + 5.12)/37 or about 20%.. The square roasid for combining the
uncertainties as the square root of the sum afdhares - called quadrature. The large uncerainti
result of the smallness of the difference in weighdir and in water.

2. Work out a relationship between the periochefthall andy in Ruchardt's experiment.
The frequency of a spring pendulum is given by &qué8.1-25 as 2#*f = ¥ (k/m), where k is the
change in force to change in length. The adialpatifect gas equation is p*¥ ct. Differentiating:
dp*V7+ p*y*V ¢D *dV = 0. dp = df/A, where A is the area of thééy dV = dy*A and df is the
change in force is: df - p*y*A2*V * *dy. The spring constant is k = df/dy for the gesk = -
p*y*A2/\V. The periodt = 2*n*v (m*V)/(p*y*A2). The minus sign is neglected having to dohwit
direction.
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3a. In Rinkel's method, find a relationship betw#e distanck, the ball drops angusing
other parameters from problem 2. Using energyealathe potential energy is E = m*g*L, where
L is the distance the ball drops before it makefrst rebound. The differential force, from Pleh
2 is: df= - p*y*A2*V **dy. The energy in compressing the gagftsly. fis found by integrating
df: f= - p*y*A2*V **y, where y is integrated from O to L. Energy =ypA2*L2/(2*V) = m*g*L.
Rearrangingy = 2*m*g*V/ (p*L*A2?).

3b. Show that an error made in measutingnly affectsy linearly, while in Ruchardt's
method, an error im affectsy to the second power. In Rinkel's method, takirgglogarithm and
then the derivative givesyf = -dL/L. In Ruchardt's method doing the same gji%y = -2*dt/t.
Thus the errors in Ruchardt's method are magnifye®ix but are linear in Rinkel's method.

4a. At 100C, and a weight of 250 kg, what is the volume eflballoon? Assume that the
liftoff conditions are STP. The buoyant force lie tweight of air displaceg,*V = W + p*V,
where W is the weight of the balloon, V is the volume loé balloon, ang, is the density of STP
air, andp is the density of hot air. From equation 4.44.5T ,=p*T. Substituting and rearranging:
V = T*W /[p,*(T-T,)]. At STP,p,= 1.2925 kg/m, T, = 288.16K. The air temperature in the
balloon is T = 388.16, hence the volume is 757an
4b. If the balloon is spherical, what is its didem@ 11.3 m .

4c. If the balloon were filled with hydrogen, whetuld be the diameter? Use the equation:
p.*V =W, +p.*V. The density of hydrogen is given by equatiof-45p = p*M/(R*T). The easiest
way to find it is to note that gas densities arepprtional to the molecular weight. Henge=
po*M /M, = 1.2925*2.016/28.966 = 0.09 kg/nSolving V = W/(p, - p,) =250/1.2025 = 207.9m
and the diameter is 7.34 m.

4d. If you designed the hydrogen balloon to ha¥ hreater volume than the minimum,
how high would it rise? Presumably the balloofilisd with hydrogen at STP and the volume
remains constant hence the hydrogen pressure astydeemains constant. 10% greater volume
is 228.7. Using,*V =W +p,*V, it rises untilp, satisfies this equation. Solving;= W,V +p,
=1.183. Equation 4.4-15 says that density ansisoire are proportional. Therefore equation 4.5-1
become9p =p *exp(-k*h) where k = 0.1185/km. Solving: h = (1fk) (p/p). Inserting numbers,
h =0.747 km. Clearly the balloon must have marm@ancy than this to go high, furthermore the
volume is not constrained hence the limp look andd.

5a.. What force is exerted on an 18 in. dia. pypwater traveling 10 m/s after a9Bend?
The diameter is 0.45 m, the area is 0.164 m2 hénegel.64 n¥s. Equation 4.12-4 is:, Inserting
numbers: f= 1.64E4 N. Formula 4.12-5 is, 4 p*Q*v ,* sing; f, = 1.64E4 N.

5b. What is the maximum force that is developsduming adiabatic compression, by a 10
m slug of water, a velocity of 10m/s, slamming iatbO m empty, air-filled, blocked section of pipe.
The volume of this slug is: 1.64°ence the mass is 1.64E3 kg, and its kinetic grisr@.2E4 J.
The adiabatic law may be written f Z*A*L "/y*, where po is atmospheric pressure, L is the length
of the pipe before compression and y is the leafgén compression. Energyjisdy = p,*A*L "*y*”
= Y*m*v2 = 8.2E4. For airy = 1.4, g = 0.1013E6 N/rh Solving finds y = 0.1965 m. The force
is: f = p*A*(L/y) ¥ = 1.013E5 N or 2.27E4 Ib.

6. What is the minimum flow rate that supports tlaed and thumbtack 1mm from the
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spool? The weight of a card is 3.6E-3 Ib, a thtack weighs 3.47E-3 Ib hence both weigh 3.18E-3
kg. The hole in the spool is 8 mm in diameter dreldiameter of the spool is 4 cm. Using the
notation in the figure, imagine a band of area*2*dr on the face of the spool. We are interested
in the force that is exerted by a pressure p(ryonFBernoulli's equation (4.8-5) p =, p
Yo*p*(v2+v 2). Equation 4.8-1 says y/# AJA. = A J(2*r*r*t). The differential of down force, df
= 2*errxdr{p J* Y2*p*[(v A J 2*n*r*t)? - v 2]}. Integrating from ptor,, f, = p*n*(r,2 - r,?) +
Yo*p*v 2*(r 2-r.2) + Yo*p*v 2*A (r-r)/t.. The total force isf = -f, +f; + W, = 0. Hence: ¥ =
2*W Jp*[r 2 - 12 + A(r-1,)/t]. The area of the 8 mm hole is 5.1E-6 m? Dtorget to convert the
kilograms to Newtons to be dimensionally corredtget 1.2E-3 m/s, it is a gentle blow but this
seems very low, but the physics seems OK.

7. Convert the one dimensional hydrodynamic equaté.13-6 through 4.13-8 i.@p/ot
+ v*9plox + p*ov/ox = 0,0v/at + v*ov/ox + (1fp)*dplox = 0, d&/ot + v*aE/ox + (1p)* d(p*Vv)/ox =
0 into three-dimensional form. Answeip/ot + v-Vp + p*V-v = 0,0v/ot + v Vv + (1p)*Vp/lox =
0, andog/ot + V& + (1p)* V-(p*v) = 0.

Chapter 5

1. Calculate Carnot's cycle for a perfect gagistawith an adiabatic expansion. to obtain
the efficiency and Clausius' theorem. Answer: dtdgegins with an adiabatic expansion frBgm
and ends atP, = P,*(V, /V,) with a temperature of, = T,*(V, /V,)". Step 2 begins &, =
N*R*T,/V;with an isothermal compression that endBat n*R*T, /V,. Step 3 begins &, with
an adiabatic compression & = P,*(V,/V,). Step 4 begins the isothermal expansioR,at
n*R*T,/V, and ends &,'= n*R*T ,/V,. whereP,' is the ending pressure which must edydor the
cycle to close. Begin with, P*(V ,/V,)". SubstituteP, = n*R*T,/V;, T3 = V,*P,/ ("*R), P, =
PV V.Y, andP,’= n*R*T ,/V,. Equate Pand B' and get \{/V, =V,/V, the ratios of volumes in
a Carnot cycle. For the efficiency: W n*R*T *In(V ,/V,) and W, = n*R*T 3*In(V ,/V,), and Q =
W,. Efficiencyise = (W;-W,)/Q =1 - (T,/T,). Clausius’s theorem takes the ratig W, = Q,/Q,
= T,/T, (using the ratio of volumes) which he generaliwefld O/T =$dS =0, for the Carnot cycle.

2. Calculate the efficiency of the Joule- Braytyuole. Steps 1-2 and 3-4 are isentropics,
steps 2-3 and 4-1 are isobarics. Answer p*(V,/V,) p; =P, B = B*(V,/V,), and p=p,.
Putting this together gives W, = V,/V, - the same as for the Carnot cycle. In additiooesT/T,
= (V) TJT,=T,/T,. The energy is W = Cp*¢F T, - T, +T,); the heat is Q = Cp*@I- T,

) and the efficiency is = 1 - (T,/T,).

3. The tea in my teapot is 208 For 3/4 of a cup of tea, how much ice, &F20nust be
added for the tea to be at 110. Answer: the ice is at -6.8C, the tea is at 93°€ and the desired
temperature is 43°&. The Rubber Handbook gives the specific heatsodbout this temperature
as G = 0.45 cal/(gm*C), The heat of fusion is;G 79.72 cal/gm, and the specific heat of liquid
water is 1 cal/(gm*C). To raise the ice to the melting point take66.67 = 3.0 cal/gm. Melting
the ice takes 79.72 cal/gm, raising water from 43@ takes 43.3 cal/gm, for a total of 126 cal/gm.
To lower the tea to the desired temperature rem8@e&sl/gm. 3/4 of a cup is 3/8 of a pint or 3/16
of a quart or 3/(16*1.05) = 0.178 Itr= 178 gm, he®@00 calories are required. The amount of ice
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required is 8900/126 = 70.6 gm. = 2.48 oz. of ice.

4. Find the Tand 29 TdS equations respectively: T*dS =*@T + T*(op/oT)v*dV, and
T*dS = G*dT - T*(aV/dT)p*dp. Answer: dS(T,V) =¢SOT)*dT + (0SLV)*dV
T*dS(T,V) = T*(0SPT),*dT + T*(oSkV)*dV. But T*(0S6OT), = C,, and §SLV), = (Op/oT),
where the last was done using the fourth line il &.6-2. Putting this together gives tReTtlS
equation. For the second, dS(T,ppSHT),*dT + (0Sop);*dp. Multiply by T to get:

T*dS(T,p) = T*ESKOT),*dT + T*(0Slop),*dp. But T*0SOT),= G, and 6Sop); = -(0V/dT), from
Table 5.6-2 line 12. Putting this together gives 2 TdS equation.

5a.. What s the heat flux in a 1 m long heat piia heat conductivitx' = 5000W/¢C*m)
with one end at 30 and the other at 10G? Answer: 5000*200 = 1 MW.

5b. If the heat transferring cross section is 2 amiat is the power density in the pipe?
Answer: 1IMW/1 = IMW/cm?2.

6. What is the temperature profile of an infinitge-dimensional 1 m thick slab of
aluminum at an equilibrium temperature ofQ
whose surface temperature is suddenly changed‘t
100°C?  Answer: the solution for copper is
calculated in Figure D.5-1. The easiest way toesol 0|
this is to change Program 5-3 for a slab of|
aluminum, which 1 did. However itis instructive t
see how the parametric change affects the solution.
The governing equation is*V2T = dT/ot (5.8-2) £
which is « (m?/s)*32T/ox? = dT/ot Notice that the g “of
units balance, hence reducirghas the effect ofc
increasing time. For copper= 1.2E-4 m?/s, for 2k
aluminumk = 9.8E-5 hence time is increased by
1.22 which has the effect of relabeling the corgour,

o

by 1.22 e.g. 250*1.22 = 306 sec and so forth fer th® 7 e’ 08 0
other contours. - _ Fig. D.5-1 Transient Temperatures in a
7. What is the time-dependent temperature Copper Sphere

profile of a 1 m radius copper sphere, originally

uniformly at 0 C whose surface temperature is suddenly heate@QoCP Answer: The heat
conduction equation in spherical coordinates(82T/or? + 2/r*dT/dr) =9T/or. Although the sphere
and the slab are both one-dimensional problemssghere has only one surface hence only one
boundary condition. | tried zero slope for theteeonf the sphere but it did not work. The solatio
was to write it as a slab going from -n to n swauld pass through zero and use the spherical
Laplacian with an offset to prevent 1/r from blogiap. This is described as follows:

Program D.5-1 Transient Temperature in a Sphere

1 DIM T(50, 200) Much of this is like Program 5-3. In trying to
2 SCREEN 11: VIEW (0, 0)-(639, 479) make the index go from -n to n, the first
3 WINDOW (-.2, 110)-(1.2, -10) problem you encounter is that index variable
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n=10: Tt=190:delt=10: m=11

diff =.00012: delx = .1

Ct = diff * delt / delx * 2

Ct2 = 2 * diff * delt / delx

LINE (.1, 0)-(.1, 100)

LINE (.1, 0)-(1.1, 0)

LINE (1.1, 0)-(12.1, 100)

FORi=0TO 100 STEP 10
LINE (.1, i)-(.12, i)

NEXT i

FORi=10TO 100 STEP 10
LINE (i / 100, 0)-(i / 100, 5)

NEXT i

FORi=-nTOnN
T3,1)=0

NEXT i

FORJ=2TO Tt
T(1,J) =100
Tm+n+1,J)=100

NEXT J

FORJ=1TOTt

FORi=-n+1TOn

TMm+i,J+1)=Ct*T(m+i-1,J)+(1-2*
CO*T(m +i,J)+ Ct* T(m+i+1,J)+Ct2
*(T(m+i-1,3)-T(m+i, )/ (i +.1)

NEXT i

NEXT J

FORJ=5TO Tt STEP 10
FORi=1TOn

LINE ((i + 1)/ 10, T(m +i + 1, 3))-(() / 10

T(m +1, J))

NEXT i
NEXT J
END

may not assume negative values. This is
overcome by biasing the variables with an off-
set so that they remain positive even though
the x variable is going negative. For safety,
line one is changed for an x dimension of 50.
Lines 2-3 are unchanged; line 4 has the offset
m set to 11. Line 7 is new to provide a
constant for the 1/r terms in the spherical
Laplacian. Lines 8-10 are changed for the
graphical results as are lines 11-16. Lines 17-
19 are changed for the negative space. Line
21 sets the left boundary to 1@ at x=1
corresponding to m-n where n = 10. Line 22
sets the right boundary condition to @0
Lines 24-30 and 25 to 29 are a double loop for
stepping lines 26-28 which are the heat
equation using the m offset to keep the
variables positive. Lines 31-36 plot the right
half of the results forr = 0to 1 m. The
results is shown as Figure D.5-1.

8. Rewrite Program D.5-1 to calculate the tempeegbrofile of an infinite copper slab 1.0 m thick,
at an equilibrium temperature of© whose left face is suddenly changed to°IDBut whose right
face is held at 0C. Calculate the heat flux into the left face fraremall time after the temperature
transition until near equilibrium. What heat déygiime integrated flux) flows during this time?
Program 5-3 is modified by changing line 18 to T{i)+ 0 to produce Figure D.5-2. The heat flux



into the left face is found by adding the lines FOR3 TO tt. F =401 * (T(2,)) - T(3,j)) / delx
LINE (j / 200, fold / 2000)-((j + 1) / 200, F / 20D
fold = F. NEXT j. The first line calculates thedt flux where 401 is the heat conductiofior
equation 5.8-1. The rest of these lines plot FedDr5-3. Notice that the heat flux approaches a
constant as the distribution approaches equilibrium

9. If a doughnut is heated, does the hole expamdmract? Answer: Suppose there is a
radius R about the axis of the doughnut in the Haugs frame of reference such that r< R, the
doughnut expands inward and r > R, it expands aatwd his neutral axis radius expands because
the circumference expandsC = G, *C, * AT, where Gis the circumference before heating, and
C, is the linear expansion coefficient. But?R, = C,, henceAR = R, *C, * AT. The inward

expansion iar = (R, - r,)*C_ * AT, andAR -Ar =

100
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Fig. D.5-2 Temperature Profile in Copper  Fig. D.5-3 Heat Flux into the Slab of Figure
Slab. One face at 10Q and the other . 5.11-3.
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r.*C_* AT. The conclusion is that the hole expands focaticeivable doughnuts with a positive
expansion coefficient.

Chapter 6

1. Show that the probability of winning at craggd(ce) is: 244/495. Answer: From page
6-3, the probability of 7 is 6/36 and of 11 is 2636the probability of a win on the first throwtbé
dice is 8/38.. The next part concerns making yaimt A with probability a, crap out B, by rolling
a 7, with probability b, and C neither a 7 or mympavith probability c. The probability is P
=a+c*a+c*c*a+c*c*c*a+... = aXc. a/(1-c)where the first term is for making thérpon the throw
after establishing the point, the second on i€ragiping out but making the point on the next throw
and so on. But atb+c =1 hence P = a/(a+b). Toiegbility of 4 or 10 is 3/36, the probability of
7 is 6/36, hence P(4,10) = (3/36)/[(3/36)+(6/368/8. Similarly, P(5,9) = 4/10, and P(6,8) = 5/11.
The resultis: 8/36 + 2*(3/9)*(3/36)+2*(4/10)*(4/36 2*(5/11)*(5/36) = 244/495 = 0.4929, where
the 2’s come from 2 possibilities (e.g. 4 or 5 #me third parenthesis is the probability of {haint
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to start with.

2. Show that the mean energy of a gas molec@lRi&*T and the mode energy is ¥2*k*T.
Answer: From equation 6.3-15ex= 2*1/(m*k*T) 3* [¢3¥*exp(-¢/(k*T)*d &, where the denominator
is normalized. and the range of integration goesfd to~. From the rubber handbook, equation
661, the integral i§(3/2+1)*(k*T)¥%4. T'(2+%) = 3*1%n. The result is & = (3/2)*k*T. The
modesg,, = d[e"*exp(-/(k*T)]/de = 0 = Yo%™ - ¢ */(k*T). Henceg,, = ¥2*k*T.

3. Calculate the variance and the standard dewiatf the velocity using the M-B
distribution. Answer: From problem 2gx = (3/2)*k*T = m*<v2>/2. Hence <v?> = 3*k*T/m.
From equations 6.3-19 and 6.3-22 and squaring: =\8%*T/(n*m) so VAR = 0.453*k*T/m. ¢
= 0.673% (k*T/m).

4. What displacement of a droplet 1.E-8 m in dieneith a specific gravity of 0.8. from
a collision with a nitrogen molecule having averaglcity at STP? Answer: The droplet mass is
m = 4*1*(0.5E-8)*0.8E3 = 1.25E-9 kg.. Using equation 6.3-19, wité atomic weight of nitrogen
of 14, but it forms a molecule N 28 at 273K gives v, = 125%/(273/28) = 390 m/s. The mean
velocity is <v> = Z\f(n)*vp =440 m/s. The mass of a nitrogen molecule i9ZBE-27 kg = 4.65E-
26 kg.. From equation 3.3-7, the velocity of thledooplet after collision is y= 2*440*4.65E-
26/1.25E-9 = 3.27E-2 m/s. The next question is feowloes it go? Equation 4.11-2 says the drag
force on a sphere ig £ 6*t*a*n*v. The inertial force is f = m*dv/dt. equating*dv/dt.=
6*m*a*n*v. s =[v*dt = v;*m/(6*n*a*n), wheren = 18.4 kg/m*s. The resultis s = 2.35E-11 m.
This seems too small but | dn’t see anything wrong.

Chapter 7

1. The frequency produced by the landing plarg0®500/60 = 167 Hz. The velocity of
sound is 331 m/s hence the wavelength is 1.98Ime.plane landing is heard according to equation
7.11-3 withA = [1-2E5/(3600*331)]1.98 = 1.65 m. or a frequemdy200 Hz. The frequency
produced by the taking-off plane is 200*2000/6Q67&Hz, and the wavelength is 4.96E-2 m. The
plane taking-off is heard according to equatiodiA4with\ = [1-3E5/(3600*331)]1.98 = 3.71E-2
m or a frequency of 8.91 kHz. The sum beat frequén9.12E3 Hz; the difference is 8.71E3 Hz.

2. Calculate the Fourier coefficients for a 200ddw-tooth waveform. Each tooth is a right
triangle with the right angle on the base, the ieed the triangle is %2 of the base. From equation
7.2-3: A, = (1l)* [6/2*cos(n*0)*dB., and equation 7.2-4: B= (1/)* [6/2*sin(n*0)* dB. By
inspection, B=0, and A= (1f)* [8/2*d6 ==, when evaluated at 0 andi2*The Rubber handbook
# 393 gived 6*cos(n*0)* dO = (1/n2)*cos(n®) + (6/n)*sin(n*0). Evaluating at 0 and 2*gives 0.
Rubber handbook # 389 givég*sin(n*0)* do = (1/n?)*sin(n*) - (6/n)*cos(n*). Evaluating at 0
and 2% gives -2%/n, hence B=-1/n. The Fourier series for a sawtooth3 (= - X(1/n)*sin(n*0)
or f(t) == - £(1/n)*sin(n*1250*t)

3a. Compute the inverse Fourier transform of tima®delta function.. Equation 7.3-6
becomes, a(t) = ¥(2*n)* [§(wy)*exp(i* w*t)*d w = 1N (2*m)* exp(i* wy*t) where the integral is from
-00 {0 oo,

3b. Show that the Gaussian, f(x) = exp(-x3/2)aoivn Fourier transform. Using the same
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Problems

equation a(k) = I/ (2*n)* [exp(-x2/2)*[cos(k*x) - i*sin(k*x)]*dx. But noticethat f(x) is even and
the cosine is even thus the integration can be @¢ors for the cosine and double it, while the sine,
which is off cancels. The Rubber Handbook #678eig(-a2*x2)*cos(b*x)dx =/ (n)/(2*a)*expl[-
b2/(4*a?)] for integration from 0 te. Let a = ¥ (2) and b =k, and we get. Doubling this ferte
0 gives a(k) = exp(-k3/2). Hence the Gaussiatsiswn Fourier transform.

4a. What is the fundamental resonant frequeneystéel wire 0.5 mm in diameter, 0.5 m
long wire under a tension of 10 N? The densitgtegl is 7.87E3 kg/Mm The area of the wire is
n*0.25/4 = 0.196 /1E6 = 1.96E-7 m2, and the volurha meter is 1.96E-7 #n Multiplying by the
density 1.96E-7 * 7.87E3 = 1.54E-3 kg/m. Equafids7 givesy =+ (10/1.54E-3)/(2*0.5) = 80.5
Hz.

4b. The wire of 4a is closely wrapped with uranmwire 0.3 mm in diameter. What is the
frequency of the wire? The density of uranium9&3 kg/mi. The area of the wire i&0.09/4 =
0.0707 /1E6 = 7.06E-8 m2. The circumference wrdppethe wire is*(0.25+(0.15) = 1.26 E-3m,
so one circle has a volume = 7.06E-8 *1.26 E-PE8L1. And a mass: 8.9E-11.*19E3 1.69E-6 kg.
Each meter has 1/0.3E-3 = 3.33E3 rings. Hencentss per meter is 1.69E-6 *3.33E3 kg = 5.63
E-3 kg/m and a total mass/m = 7.17E-3.Equation7igbresy =+ (10/7.17E-3)/(2*0.5) = 37.3 Hz.

5. A patient running 3 km/h and screaming in Cvabmiddle C is chased by his athletic
dentist running 5 km/h. What is the tone, the déihiears? Table 7.10-1 says C above middle C
is 1046.4 Hz, or a wavelength 331/1046.4 = 0.316Time relative difference in speed is 2 km/h.
Equation 7.11-4 gives = [1-(2/331)]*0.316 = 0.314, or a frequency 1054. H

6. What is the fundamental resonance frequenay®ftangular parallelopiped box having
dimensions: 1, 0.5, 0.25 m? In the discussionectiBn 7.7, it is obvious that the change from a
two-dimensional geometry to a three-dimensionat c/2*[(i/a)? + (j/b)? + (k/c)?]. The lowest
frequency occurs for the eigenvalues, 1,0,0 givesc/2*[(1/1)2 + (0/.5)2 + (0/.25)3] = 165.5 Hz.

7. What is the motion described by equation 7 ig+igring the damping term, if the driving
term, f(t), is a 0.25 m step function? The masBiikg and the spring constant is 10 Nén=
¥ (k/m) =v/(10/10) = 1. Equation 7.9-13 becomes

t
W(b) =a*o*[sin[e*(t-t)] *dt,=0.25 x[1-cos(#)], for t>0.
0
8. Figure 7.14-1 shows three bars from Beetho@ute"to Joy" from his 9th Symphony

based on a poem by Schiller. Decode its notesvaitel a BASIC computer program to play your
solution. The notes are bcddcbaggab, all quadesnexcept the first which is a half note. The

program is:

" Ode to Joy END SELECT

DATA B,C,D,D,C,B,A,G,G,AB dur=1

temp =3 SELECT CASE J
FORJ=1TO11 CASE 1:dur=2
READ note$ END SELECT

SELECT CASE note$ SOUND freq, temp * dur
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CASE "A": freq = 440 SOUND 0, temp
CASE "B": freq = 493.82 NEXT J

CASE "C": freq = 523.19 END

CASE "D": freq = 587.25 The explanation i
CASE "E": freq = 659.17 similar to that for
CASE "G": freq = 391.94 Program 7-12.

9. What is the Helmholtz resonance if
the car's interior has a volume V = 229 cm x 122xc81 cm. = 2.263 iy F19- D-7-1 Lissajous
the choke is: S = 2 cm by 45.8 cm. = 9.16E-3 nd tha length of the chokiigure for the y-axis
is L = 0.01 m. The effective length of the chole (7.4-11): | = naving twice the
0.01+0.8¥(9.16E-3) = 7.28E-2 m. Equation 7.4-13 is:v = freguency of the x-
331/6.28%[9.16E-3/(2.263*7.28E-2) = 12.4 Hz. axis.

Jules Antoine Lissajous (Lees-a-zhoo, 1822-188pjofessor at the Lycée Saint-Louis
became interested in visually demonstrating vibratvhich he did by mounting mirrors on tuning
forks. A beam of light was reflected from two rons turned at right angle to each other. If the x
mirror is rapidly spinning to give a linear timedesand the y mirror is mounted on a tuning fork, a
sine wave is seen on the screen. If both the xyandrors are executing sinusoidal motion the
projection is called a Lissajous figure. (Nowadaffsese are easily demonstrated with an
oscilloscope for plotting the x and y pattern alacically).

10a. Show that if x = sinft) and y = sinfp*t), the pattern is a straight line. The plotisy
=X, a line inclined at 45

10b. Show that if x = cosft) and y = sinf*t), i.e. 9¢° out of phase, the pattern is a circle.
The plot is y? + x2 = 1 which is a circle with radil.

) If x = sin*t) and y = sinp*t+9), the pattern is an ellipse. What is the majat manor semi-
axes? Since both signals have equal amplitudepdttern is slanted at 45 To put it in the
standard position, rotate it clockwise so the majas is on the x axis. this is done with the tiota
matrix for -45 giving v (2)*x = sin) +sin@+38) and/ (2)*y = sin@) -sin@+3) (changing x’ to x and
o*tto 0). X, occurs the = 0 thus %, = sin@)V (2). V., occurs whe = 90° hence y, = [1-
cosf)]/V (2). Thus the pattern is: x2/sifif(+ y2/[1-cosf)]2 = 2. Notice that both the semi-major
and semi-minor axes.

10d. If one wave has twice the frequency of tieptvhat will you see? It looks a twisted
loop. A simple computer program is written to ptafFigure D.7-1).

Chapter 8

1. Romer used the eclipses of the Moon of Jupisea light "chopper” to measure the
velocity of light. The position seen from eartlitatlosest approach to Jupiter is aittf,+k*(r;-r.)],
whereo is the angular speed of a moqgnsithe radius of Jupiter's orbit about the sun, rars the
earth's radius about the sun. The position wheth eafarthest from Jupiter is sioft ,+ k*(r;+r,)]
Assume that the measurements are made wfgnand o*t, are multiples oft then the time
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difference between phase angleeiat = 2*k*r,. But k = 2*%t/A = 2*n*r Jc. This time difference
is 986 s. The earth's radius from the sun is 1149&. What is the velocity of light by this way of
measurement?At = 2*r/c, ¢ = 2*r/At = 2*1.49E11/986 = 3.02E8 m/s.

2. What rotational speeds of the disk pass tHeateid light in Fizeau's experiment? The
distance from the chopper to the mirror was m;ahepper had 720 teeth. Light travels both
distances in t = 2*8933/3E8 = 5.95 E-6. The angdlatance between teethfis= 2*n/720 =
2**f*t. f=1/(720*5.95E-6) = 233 rps = 1.4E4 rpnieretty fast!

3. What glass is needed to make an achromatietttgms having a focal length of 4.39 cm
consisting of a central lens of high crown glassaf length 10 cm combined with two converging
lenses. Using equation 8.6-8: 1/10 + 2/f = 1/4138,15.67 cm. Equation 8.6-17 gives=
0.0192*15.67/10 = 0.03 so heavy flint should dottiek.

4. Some mechanisms that cause line broadeningem@ution of spectrometers, thermal
agitation of the emitting atoms, Doppler effectd dane Heisenberg Uncertainty Principle.

5. Design a 100 power telescope, 0.5 m long &te of focal lengths is the magnification.
M = F/f. The length L of the telescope is the safrthe length of the object lens and the eyepiece:
L =f+ F. SubstitutingM =F/(L - F), and F = MAM +!) =50/101 = 0.495 m. The eyepiece has
a focal length 100 = .495/f or f = 0.00495.

6. Design a microscope having a magnification@id Manufacturers usually make the
tube length L = 18 cm. Equation 8.6-11 is: M =L{&(25/f)+1]. If we make the objective
magnification = 100, the eyepiece has a magnibcadf 10 = F/L, then F = 180 cm. 100 = (25/f)
+1, then f = 0.25 cm.

7a. What is the emitting power of the sun witludace temperature is about 6360 its
diameter is 8.654E5 miles = 1.393E9 m. Assunig dtblackbody radiator. Equation 8.11-5is: I’
=" g*c*T* The power emitted is I*A = 1*5.67E-8*1.575E161.94E18/4 = 1.356E26 W. It
candea (equation 8.11-6) is: cd = 1.6528*1.356E2&24E26.

7b. The solar constant, used for designing sa@aels is approximately 1 kW/m? at high
noon. Is this consistent with your radiating powalculation? The distance the earth is from the
sunis 1.5E11 m. The power on 1 m?is 1.356E26 N¢*1*2.25E22) = 479 W. It appears that we
have over-estimated the emitting power and/or tiemaation of the radiation as well as the latitude
of the solar panel.

8. The vertical length of the mirror must be 3lftthe line of sight is horizontal, the hat is
seen; if the line of sight is 43he shoes are seen. Since the image is a fartfrermirror as the
object, the mirror vertical length is 3 ft. (Thsslightly in error since your hat is heigher tharur
eyes.

9. Aradiometer consists of four 1 cm? squarepantial vacuum, mounted so that the center
of each square is 1 cm from the axis of rotatibhe squares are black on one side and shiny on the
other. Assume the emissivity of the black sideand the shiny side is 0, what is the stalleduerq
when the radiometer is exposed to light at solastant intensity. Only one square is exposed to
the sun hence the energy falling on itis: 1 kW/hE4 m2/cm2=0.1 W. Assuming this energy goes
into changing the velocity of the gas molecules:= Y2*m*(v,2 - v,2) = m*v*Av = v*Ap, where v
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is the average velocity. Bap = f*t; power is: P = E/tAE = m*v* so P = v*f. From equation 4.5-
4: v, = V(3*R*T/M) = V(3*8.314*273/14) = 486 m/s, where T = 273, R = &34nd M =14
(nitrogen). So f=0.1/486 = 2E-4 N and the torqu2E-4 N *0.01 = 2E-6 N*m.

10a. What is the focal length of a concave minaning a magnification of 0.2 for an object
1 m. away? The magnification is M = g/p; 0.2 =@l mirror equationis: 1 + 5 = 1/f. so the foca
length is 0.167 m.

10b. What is the focal length of a convex mirraving a magnification of 0.2 for an object
1 m. away? From the above, q = 0.2; the mirrom&qois 1 - 0.5 =1/f. f=-2.5m.

11. What is the focal length a gas acoustic coméaws having 10 m radius of both faces.
The gas of the lens is at 3K3 the outside air is 27X. Using equation 4.13-23 the index of
refraction is n 5/373/273 = 1.168. Equation 8.6-3 gives the foaagle as 1/f = 0.168 * (1/10 +
1/10) = 29.76 m. There is nothing in equation £23hat is frequency dependent therefore the lens
is acromatic.

12. What rotational speed of a 16 spokes whedlslgtationary when photographed with
a 20 times per second camera? What speed appdergoing backward? What speed appears to
be going forward? The angle between spokesatlB*= 2*%*f/20. f=1.25rps =75 rpm. For a
3 ft wheel this is 8.03 mph. If the wheel is rotgtfaster, it appears to be going forward; ifsit i
rotating slower, it appears to be going backward.

13. What is the diameter of a hair under one edggptically flat plates showing 60 dark
fringes under 0.5m wavelength light. Two adjacent fringes differdowavelength. Therefore the
hair is 30um in diameter uncertain by about Qu®.

Chapter 9

la. Show that the angular oscillation frequengy cdmpass needle with magnetic moment
m and moment of inertig,lin a magnetic field H iso = v(m*H/I,,). Answer: The period of a
torsion pendulum is»= v(l,/k) where | is the moment of inertia and k is torque per amgle
torsion stiffness (equation 3.1-25). The torqueonagnetic dipole is& mxH (equation 9.5-10).
Substitute and it is shown.

1b. In an Earth's field of 2E-5 Tesla (T), if tbempass needle has a moment of inertia is
1E-7 kg*m?, the needle is 3 cm long, and the gtdength is 5SE-3 Nm?/T, what is the period of
oscillation of the needle ? Answers 2*r*v (m*H /I,)) = 2*n* (2*0.03*5E-3*2E-5/1E-7) = 0.38
S.

2a. What resistance is measured across one rasiso infinite triangular symmetrical
two-dimensional mesh ofAiresistors? Answer: If we draw the triangular meshnote there are
6 resisters connected to each node. Inject 1&anmode and 1/6 A flows in a resistor producing
1/6 V; a1l Asink, causes 1/6 V. Since 1 A is gesnpplied, the resistance is 113

2b. What resistance is measured across one resgistn infinite cubic symmetrical
three-dimensional mesh ofIresistors? Each node has 6 resistors connectedstothe answer
is the same as 2a - 19B

2c. What resistance is measured across two carthgetine, resistors in an infinite square
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symmetrical mesh oftlresistors? Call the ends of the two resistorerioaind node 2. If a current
source is connected to node 1, 1/4 A flows inssster connected to the node. This current flows
to the second resistor and splits 3 ways at nogiéh21/12 A in each branch. The voltage between
node 1 and 2 is 1/3 V. Remove the source and cbargenk at node 2. The voltage on the resistor
connected to node 2 is 1/4 volt and the one coeddotnode 1 is 1/12. Now connect the source and
sink at the same time and the voltage is acrogsreststors is 2/3 V with 1 A being supplied, the
resistance is 2/8.

3a. Prove the vector identity xfBxC) = (A-‘C)*B - (A-B)*C. Answer: Using equation 2.2-
19, BxC = i*(B*C,-B,*C)+*(B *C,-B,*C)+k*(B,*C,-B,*C,), and Ax(BxC) = *[A*(B,*C,-
By.ka)"A‘z *(BZ*CX -BX*CZ)]-j*[A x*(BX*Cy'By*Cx)'Az*(By*Cz'Bz*Cy)+k*[A x*(Bz*Cx'Bx*Cz)'
AXB,*C,B,*C)].  Grouping by vectors, this is: *[B(A-C -A*CHI+*[B *(A-C -
Ay*Cy)]+k*[B z*(A -C _Az*Cz)] _i*[C x*(A ‘B -AX*BX)]-j*[C y*(A ‘B _Ay*By)]-k*[C z*(A ‘B _Az*Cz)]'
Cancellations take place and it isCXB - (A-B)*C.

3b. ProveV-VXA = 0. Answer: TheVxA = i*(dA,/dy-0A,/0z) +j*(0A,/0z-0A Jox)+ K
(0AJox-0A,/dy). The x divergence is zero because there isawamponent, and similarly for y and
Z.

3c. Prove:Vx(s*A) = s*VxA + (Vs)XA.. Answer:VX(s*A) = i*(ds*A,/oy-0s*A,Joz)
+*(0s*A,/0z- 9s*A Jox)+ k (0s*A Jox-0s*A,/dy). Using equation 1.5-43, the s is pulled outard
get s’xA. With the derivative action on s, we §&t but the vector is caught in the curl §e)kA.

4. Two rectangular 1 m loops each carrying 1 Awfent are placed such that the sides
immediately above each other are parallel. Whé#tasforce that one loop exerts on the other?
Answer: This is essentially the problem of 4 tirttessforce of 2 1m long parallel wires spaced 1 cm
apart. The right angle ends are orthogonal sartkeser is approximately given by equation 9.6-16.
F = 4*4*g*1E-7/(2*7*0.01) = 8E-5 N.

5a. A large magnet has pole tips of 0.5 m2 ara@a,0of 0.1 m and is uniformly filled with 2
T magnetic flux density. What energy is storethangap? Answer: Equation 9.5-19 says the energy
U = 0.5*4*0.5*0.1/ 4%*1E-7 = 8E4 J.

5b. What is the force tending to pull the polegetber. Answer: U = p*V, the volume is
0.05 n? hence the pressure is 8E4/0.05 = 1.6E6 N/m2. aféa is 0.5 m2, so the force is 8E5 N.

6a. A large gas dielectric capacitor has platesed 0.5 m2, a gap of 0.01 m and is charged
to a voltage of 100,000 V. What energy is storedte electric field is
1E5/0.01 m = 1E7 V/m. Using equation 9.3-19, U $*8.854E- :
12*1E14*0.5*0.01 = 2.21 J. )

_

6b. What is the force tending to pull the platagether? Using U = p*V,
the pressure is 2.21/(.5*0.01) = 443 N/mz2. R

7a. The field of a flat coil is axial only in a afhvolume on axis.
However two parallel axial equal coils has a largegion. Find the—
optimum spacing. This device is called a "Helmhalbil." Answer:
equation 9.6-8 for the magnetic field of a currdobp is H =Fig. D.9-1 Self-
I*a2/[2*(a2+z2)*?]. Two parallel axial coils at z and -z have ddi® = Inductance
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I*a2/2*{1/[a2+(L+dz)?]**+1/[a2+(L-dz)2}"*}, where one coil is at L from the origin and thber is
at -L, and dz is a perturbation from the origigndring dz? and setting L = a, we get H =
I*a2/[2*V/ (2*a)] and find the variation in H is second ordfdr = a..

7b. If each coil has a radius of 30 cm, 100 A-¢umahat is the flux at the center? Answer:
H = 100%0.32/[2%/(2*0.3)] = 5.8 webers.

8. Compute the self inductance of a straight \rgure D.9-1). Answer: Using the sketch
to the right, equation 9.6-1 is: dH = I*st)fds/(4*1*R?). Changing angles and noting that R =
r*sec), ds = r*dp/cos?(p) to get: H = [l/(4**r)]* [cosp)de = I/(2*n*r) which is the magnetic field
of a straight wire. In computing self inductanitas reasonable to treat the inside of the wire
separately from the outside. We assume that aytthe field is the same as if the current were
concentrated at the center of the wire - like thevigational field inside of the earth hence H =
I*r/(2* n*a?) Equation 9.5-19 says: U B-H*dt = [p,H2*dt = p*I2/(2* n*a2)2*(* [r2*2* p*r*dr =
W *12* (*/(16* m)* but U = %2*L*I2. Therefore, the self inductanper unit length is: L f/(8*x).

9. Using the approximation that all of the curnaritowing in the skin depth about a wire,
what is the resistance of a 1 mm dia.10 cm lenfytojpper wire at a frequency of 30 Mhz. Answer:
Using equation 9.10-28, the skin depth at 30 MhzasLA (4*n*1E-7*5.81E5*1*3E7) = 0.12 mm.
The area of the skin depthay(0.52 - 0.382) = 0.33 mm2. From equation 9.4kh& tesistance/m =
1.72E-6 /(0.33*1E-6) = 5.2

10. Show that radiation contours (Poynting's wgdtom a dipole antenna are circular in
the rp plane. Answer: A dipole has circular symmetryha plane to which the axis of the dipole
is perpendicular. This was implicit in the derivat(section 9.10-5).

11. What is the resistance of shunt resistanadsaavhich goes like the Fibonacci series:
1,1,2,3,5,8,13,21,...7 Answer: The terms in thefacci series are: f(n) = f(n-1) + f(n-1), whed
=1 and f(2) = 1. The easiest way to sum thesatglesistors is with a computer program

CLS: mho=0 Line 1 clears the screen, and zeros the
FORN=3TO 100 accumulator for the reciprocal resistance.
mho=mho+2+1/(2*n-3): r =1/ mho Lines 2-4 that computes the parallel
NEXT n resistances as it generates the values from the
PRINT r Fibonacci numbers. It takes the

reciprocal to get the resistance. and sum thepmecals. The answer after 99 termsis 5.11E-8, an
after 100 terms itis 5.0688E-3. The convergeseery poor. In fact after 100,000 terms it iSGE-
Q and it is assumed to go to zero with an infinitenbber of terms

12. Use the addition theorem for the associategehére polynomials to show that the
cosfy) between two unit vectors one of which is at thiapangled and azimuthal angle and the
other unit vector having the anglésand¢' have the result thatosfs) = cos@)*cos@@) +
sin@)*sin(0') *cos(p-¢'). Using equation 9.2-92 with n =1, m = 1jd@s@)] = cosp). Using
Rodrigue's formula (9.2-93), fcos@)] = sin@). Making these substitutions, it is proven.

13. If#andH are 90 out of phase with each other why is this not & cdSwattless power"
and no power can be transmitted by electromagnetves? AC power is given Ipy= 1*V*cos(9),

754



Problems

whered is the phase angle. However, iti@ndH that are 90 out of phase. NowandH are in
phase, bug'= W, if £is a sinusoid, its derivative is 9(phase
shifted henc&/ andl are in phase. and power is produced. v=a

14. How long does it take for a signal to travemlin
RG8A/U cable? Answer: The impedance is 82and the
capacitance is 29.5. According to equation 9.9%28 propagatio
timet = 52*29.5 = 1.53 ns/ft. The time to travel a méde5 ns. (1
ns = 1E-9 s).

15. What is the capacity per unit length of a 1 chameter
wire spaced 1 cm in each perpe_ndi(_:ular directiomfr_he inside Oiiig. D.10-1 Diagram for
a 90 angle-shaped conductor in air. Answer: Using iesaiq 45, nchrotron Radiati

L : ) . ynchrotron Radiation
cylindrical geometry, referring to Figure 9.2-11pep right, and
using equation 9.2-38, the potential is V =«x2¥*[In(1/p -2In(1/2*a)+In[2*a*/(2)]. The
capacitance is C = 1/{2*In[a/(p*V 2)]}, where a is the perpendicular distance tortbarest side
andp is the radius of the wire. Hence C = 1/{2*9E90r()1/(.0005*1.414)]} = 21 pf/m.

16. Suppose a spherical conductor 1 cm in radiusentered inside a 10 cm radius
conducting spherical shell with the space betwiled fvith carbon. What is the resistance between
the spheres? Answer: The voltage about a sphéne same as the voltage about a point charge:
V = g*«/r (9.1-10). The voltage difference between twaaantric spheres is,W, = q*c*(1/r-

1/r,). q=C*V, hence C 5tr,/[ «*(r,-r,)] From 9.4-23, the resistance is R Z([R-r,)/(4** r *r,),
where R is the resistivity. Using numbers, R = 3500*18#(:D) = 309Q.

17. If the resistors of problem 2 were replacedB3y6 F capacitors, what impedance would
be measured across one capacitor at 1 kHz? An¥wel/(©*C) = 1/(159*1E-6) = 6.28E3. Using
a1 mA 1 kHz AC constant current generator hoo&edtode, the current splits 6 ways. Since there
are no resistors or inductances, the phase reddtijpmnare unchanged and it develops, 1.04 V across
each capacitor hooked to this node. SimilarlyaALsink does the same thing. If the source and
sink are in phase and attached to each end ofapeitor 2.08V is developed for 1 mA hence X
=2080Q. This is equivalent to a 3.02E-6 F capacitor.

Chapter 10

1. Show that x2+y2+z'2-c?*t? = 0 by transformir?+y?+z2-c?*t2 = 0 using the Lorentz
transformation. Answer: substitute equations Biato x2+y?+z2-c?*t2 = 0 to get:
Y2F(X2H2*X™* " BrCHt"2* B2*C2) + y'2 + 22 - ¢ (12 - 2*t*x™* B*c -x'?*B?) = 0. Canceling and grouping
terms: x2-x"2PB2 - c*t'2+ t2pB2*c2 + (y2 + z'2)f? = 0. The first two terms are %2/ the third and
fourth are -c2t'3?, hence it is proven.

2. What internationally known scientist was a hsghool dropout? Answer: Einstein.

3. Devise an experiment that measures directlgtfeet of motion on a meter stick using
as a reference, an unaffected-by-the-motion meigk. sHint: Consider the Michelson-Morley
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experiment.

4. Calculate the angular distribution of radiatipom an electron moving at constant
velocity in a circle of constant radius. Machidesigned for this purpose are called "synchrotrons”
and the resulting radiation is called "synchrotradiation.”" Answer: Equation 10.9-11 shows the
need for#2. Equation 10.9-9 saySdepends onx(rxv') which for the geometry shown in Figure
D.10-1is: k(r,xv') = (rv)*r, - (rry)*v'. Here v = a®, v'= a*w?,_1, = r-v*r/c, v-r = u*r<cos(@), u
- =u*r*sin(0)*sin(p). The squared triple cross product is neededwysubstitution isx(r xv')
= v2r¥,  Substituting into equation 10.9-11 gives -ddd: = ez*v'2* {[(1-B* cos@®)]? - [(1-
B2)*sin2(0)*cos2(p)]y*d Q/{(16* n2*¢,*c3)*[1- P*cos@)]°

5. Use the concept of retarded time to show thegbility of light production when a
charged particle exceeds the velocity of light thedectric medium. Answer: In equation 10.9-12
retarded time enters in the denominator as B*aus@). For directions in which rg* cos©)>1,
the equation "blows up" and light emission takes@l A more detailed treatment using the Fourier
integral is needed to estimate the energy loss.

6. What magnetic field is needed for 20 TeV (20E¥2r 20E6 MeV) protons (rest energy
=9028.3 MeV) to circle in a circumference of 56@siP Answer: The radius is 56*5280/4238.28)
=14.35 km. You can use equation 10.6-9 for wipiahdp are needed or you can use UCONCON
on the distribution disk, | get B*= 66715 T-m or a magnetic field of 4.7 T.

7. Show that the Lorentz forde: g*(£+ v x B) is invariant under a Lorentz transformation.
Answer:. Inthe rest frame, consider the forcenfeocharge at redt= q*#. Equation 10.3-5 gives
& = [ £+ Bl(c*e)x H], butc®= 1/(u,*e,) henceZ” = y*[ £+ v x B]. Equation 10.2-37 gives the
force transformation between two frames of refeeembich for rest i$ = f'/y, and we findf =
q*(&+ v x B).

8. Elementary particles, calletis have a mean life of 2.6E-8 s, are formed in theeu
atmosphere and travel toward the earth. fbéthe particles is 0.9999, how far will half dietm
travel? Single particles decay exponentiallyN.e.N *exp(-t/t,), therefore the time for half of them
to decay is,t = 1.44*t, Equation 10.4-14 i/ t =V (1-B2) = 2E-4. Their half life is 2.6E-8*1.44/2E-
4 = 1.87E-4 s. At about the velocity of light, haf them travel 56 km or more. Since they are
formed in the upper atmosphere, they do not rdeehdrth's surface but it is their decay produet th
u* mesons that reaches the surface.

Chapter 11

1. lassumed that the angular momentum is quahéigel. =h*n. Planck's hypothesis was
that the energy E = r* not saying anything about the angular momentarhasic test of quantum
theory is "the correspondence principle" i.e. ayl&rge quantum numbers, the results derived from
guantization must approach classical results. figans that at large orbital quantum numbers, the
frequency must become the frequency of the eleatrating the nucleus because a classical
electromagnetic radiator has the frequency of tregge circulation. Tredt as an undetermined
constant to show, using equation 10.9-7, thaterithit of large quantum numbers, and using the
classical frequency-h/(2*x).
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Problems

2. Ifanegative mu meson (singly charged, mds¥3-MeV) is captured by a proton forming
muonium (a hydrogen-like atom), what is the emissipectrum? Answer: equation 11.10-9 shows
that reciprocal wavelength is:\1# m,.105/0.51*R,_*(1/n2-1/n?).

3. Show that for elastic scattering, the relatiopdetween the laboratory angle of the
scattered projectile to the center-of-mass angiag -0.) = m/A*sin(6.). Notice thatif m=A,
thenb. =6,/2. Answer: Using Figure 11.13-4 and the Law @feSiy/sin®,) = v,./sin(:-0,), but
Ve = A*v /(A+m,) and v = m*v, /(A+m,) substituting gives : sifi(-6.) = m/A* sin(6.). With
m./A = 1, the equation balances if substituttag- 6,/2. Hence the center-of-mass angle changes
twice as fast as the laboratory angle. This lithtslaboratory angle to 9@vhich is well known
to a pool player.

4. Figure 11.14-12 shows that protons have phtglisy when riding a positively
increasing voltage with respect to the drift tubeytare leaving. What would be the phase stable
situation for Hions (i.e. two electrons bound to a proton). Altgb Figure 11.14-12 is drawn
conventionally, because protons have a positivegehdhey are attracted by the negative phase
hence the upward ordinate in the Figure shouldespond to the negative cycle of the wave, and
for negatively charged particles, the Figure is@cras drawn regarding the phase stable situation
and the sign of the EM wave.

5. Explain or challenge the statement, "ion betegrare not practical." Answer: lon
betatrons are not impossible, however the altergdhux requires laminations and limitations on
the choice of steel such that the typical maximigidfin the doughnut is 0.1T. For a proton, the
lightest of ions, at 10 MeV, B¥= 0.455T-m hence the radius is 4.55m or 29.8fdiameter.
d<x>/dt The betatron uses the fringing field atii& ¢tentral field to hold the particles in orbit. A
ring of magnets that concentrate their field atdHst is much more practical because they do not
waste field in the center of the ring. It is munbre practical to use rf cavities to accelerate the
particles that the induced voltage from a changjeld.

6. Prove equation 11.14-29. At the midplane B,#hBrefore equation 11.14-27 is 8
B*(r/r)". Taking logarithms and ignoring constant term@)) = -n*In(r), and taking derivatives
givesoB,/or = -n*B,/r. Rearranging n = - (r/BoB,/or

7. Carbon-14 has a half-life of 5730 years, thefolsned by cosmic-ray neutron
bombardment of 14N and is found in plants. Thesifospecimen has an activity of 6.4
disintegrations/s*g and a modern piece of the giastan activity of 12 disintegrations/s*g. What
is the age of the specimen? Answer: Substitutmg equation 11.2-2 gives: 6.4 = 12*exp(-
0.6931/5730*t. Solvingt=5198Yy.

Chapter 12
1. Show that the expected velocity of a partisledkx>/dt = <p>/m. Answer: The time

derivative of the expected position is: d<x>/dt Atd[y**x* y*dt = [y**x*(dy/dt)*dr +
[ (dy*/dt)*x*y*dt. Using Schrodinger's equation (12.2-8), d<x>/dt(#*s2)* [y** x*(V2+U)y *dt
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+i/(h*s2)* [(V+U)y** x*y*dt = i/(h*s?)* [[y**x*V2y-Vy**x*y]*dt. Integrating the second
integral by parts gives] Vay**x*y*dt = -[Vy**V(x*y)*dt+[x*y*Vy*-dS. The second integral
which is the integral of the normal component otle¥ surface vanishes at great distances.
Performing an integration by parts on the firsegral with similar vanishing at large distances
giving: -[Vay**x*y*dt = -[y**V2(x*y)*dt. With this: d<x>/dt = -iff*s2)* [y** [x* V2y-
V2(x*y)]*dt Regarding the second termV(x*y) = V-(xX* Vy+y* VX) = Vx-Vy + x*V2y = Vy-Vx
+y*V2x. ButV2x = 0, andvx =1 hence d<x>/dt = -2*i¢s2)* [y**Vy/o*dt = <p>/m using the
replacement that p = #*V (equation 12.2-3).

2. What is the maximum time that an ice-pick ceamg@ on its point before hitting the
smooth flat surface on which it was standing? tfiose of you too young to remember the ice-man,
an ice-pick is a stiletto-like instrument with arolade tapering to a point with its mass concésdra
in the handle: Answer: Assume the mass, m is a¢tigeof lengthl. Clearly it will stand on end
longest if the distance from the verticAl and its momentump, are minimum. The torque
equation is m*gt*sin(8) = m*(2*9", whereo is the anle from the vertical. Using the smaljlan
approximation, this i€" = v (g/0)*6 which is solved by = A*exp(\*t)+ B*exp(-A*t), wherei =
v (0/g). Whent =00 =6, = A+B, andd,' = A*(A-B). Substituting:0 = 12*(0, +0,'/1)*exp(A*t),
where the second terms is ignored because we Kmoangle rapidly increases with time as it falls.
The Heisenberg Principle sets a limit on the prodtiposition and momentumx* Ap, =h =(2*0,
*m*0,, or6, = k*0,. Using this constraintt = ¥2*(0, +k/(0, A)*exp(A*t). To find the maximum
time, we minimize the coefficient of the exponehtia(0, +k/(0,*A)/d6, = 0. This occurs &, =
Y (k/2). Theb equation is approximatel§:= 2/ (k/A)*exp(\*t). To find the time, the criterion of
the limit of the small angle approximatiaf8.; k = 1.05E-34/(0.1*0.01) = 1.05E-315=+(9.8/0.1)
= 9.9, and %2 ¥ (k/A) = 5.1E-17. Hence 7.7E15 = exp(0.1*t) giving3.7 s.

3. Show that eigenfunctions of the same Hermdajaarator must have different eigenvalues.

4. Verify the anti-commutation relations of theuRP@pin matrices. Answer: We need to
show thab,*o, + 6,*c, = 0. Ignoring %2k,

1 0[|0 1] |0
0 -1| (1 0] [-1 O
process is similar fas,*o, + 6,6, = 0, ands,*6, + 6,*c, = 0

5. Derive equations 12.3-8 and 9 fqrand L.

6. Show that X2, = [y**x2* y*dt = =X, *X\ m

7. The momentum goes to zero at the boundarypotential well. The Bessel functions,
J.15(X) solve the Schrodinger equation with a potermtigk,-x) at the boundary. That is with a first
order Taylor's expansion of the potential at thenalary. Connect the three solutions for: lefhef t
well, in the well and right of the well and findetlBohr-Sommerfeld quantization relationship
(equation 12.7.65).

8. Modify Computer Program 12-5 to calculate the-dimensional hydrogen problem i.e.
U =«*e?/x. You will have to stay away from x = 0.

9. Demonstrate equation 12.11-50 that by writimg@artesian vector form and maintaining
the order of canonical conjugate variables. Takelge only in the y-z plane.

6, 0, = =

* . Adding these gives zero. The

. Similarlyc,*c, = :

758



Problems

10. Perform the multiplications of the Pauli maggdo get equations 12.3-25a,b,c.

11. Show thas,' *o, -o,* o, = -2*I*a,. Hint equation 12.11-52,

12a. Prove equation 12.11-59. Hint form the dotlpcts, use the 3 sigmas and multiply the
two sums of three terms. Find the cross produetrastrix and match terms.

12b. Prove equation 12.11-65 using the suggestarrislp.

12c. Prove equation 12.11-69. Suggestions: Diefinedh? k =p*(2*L -s+h?), square this
and match up terms. It will be noted that I L -ixL,

2xL+s = h*

F4
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