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Relativitysh Timé} Space, and Motion

1.1.3  Questions and Problems: Galilean Relativity

13. (a) 25mphj
(b) 0
(c) 50mphj
(d) -25mph i+25mph j

15. ' = t,x' = x—(10v/3m/s)t,y’ = y— (10 m/s)t, v = vx— (10v/3m/s), v}, = vy — (10 m/s),
A, = ay, a;, =ay

17. ' =t a = ay, a;, = ay, V; = Vx — ucos@, V;, = vy —using, X' = x — (ucosP)t,
Y =y — (using)t

19. (a) X' = (1/3) sin(24t)
(b) x = (1/3) sin(24t) + 8t

21. (a) vcot + (1/2)at? = x7g + vrt
(b) —400 mi/hr?

23. (a) vy =vy = 5/4/2
(b) vx =10+ 5/v/2,vy =5//2
(© xp(®) = (10+5/v2) t,yp(t) = (5/v2)t
(d) xc(t) = (10/+/2) + 10t, y(t) = 10/+/2
(e) t=2

25. (a) a= —ac,vx = —act, x = —(1/2)act?

1.2.3  Questions and Problems: Einstein’s Postulates and Time Dilation
17. (a) 255
(b) At=15s
19. 7.57 years
21. 0.99995 ¢
23. 8.7s
25. 7x 107 %s
29. (a) 5.56 x 107109
(b) 3.12 x 107%%
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1.3.2

1.4.2

31.
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(c) 1.3 x 10" m/s
(d) A factor of 7100

(@) Y1+ (L/h)?

(b) h = cAt,L = uAt

(c) At/At=/1+ [uAt'/(cAD]?

1 Relativity I: Time, Space, and Motion

Questions and Problems: Length Contraction and Simultaneity

9.

13.

15.

19.

21.
23.
25.

(a) after

(b) before

(a) 99.99999687 yards

(b) 99.5 yards

c) 44 yards

a) L

(b) 0

(a) u=(2v2/3)¢

(b) (2v/2/3) light-seconds
(c) (2v/2/9) light-seconds
) (1/3)s

(e) (1/9)s

(f) (8/9)s

(a) 0.0048c¢

(@) Lapp = L/ [y (1 + u/0)]
(a) 20 years

(b) 9 light-years

(c) 8.72 years

(d) 4.36 years, 10 years

(f) 1.9 years

(g) 18.1years

(h) 4.36years

(i) 8.72 years

(j) 1.9years

(k) 20years

(
(

Questions and Problems: The Lorentz Transformations

9.
11.
21.

7.56 min, 18.9 light-min
(a) 33.5years

(a) X = y(x—up)

() x =y +ut)

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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1 Relativity I: Time, Space, and Motion

1.5.3  Questions and Problems: Velocity Transformations and the Doppler
Effect

7. (a) 0.5¢
(b) 0.78¢
(c) 1849 THz
9. (a) 0.38¢
(c) 0.38¢
11. 1.421826 GHz
15. (a) (u +up)/(1+ujuy/c?)
(b) (4/5)c
19. (a) 20 years
(b) 9 light-years
(c) 8.7 years
(d) 3.923 light-years
(e) 4.359 years
(f) 1.900 years
(g) 0.9945 ¢
(h) 0.0945 ¢
(i) 41.51 years
(j) 18.10 years and 4.348 years
(k) 20 years and 8.7 years

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



Relativitydh Dj/n‘émics

2.1.3

2.2.3

Questions and Problems: Spacetime Diagrams
15. (a) A-Bistimelike, A-C is spacelike, and B-C is lightlike.
(b) A-B: 4/81s, A-C: i+/81s, and B-C: 0
(c) /8s
19. (b) 5s
(c) Less
(d) Less
23. (a) 4 years
(d) 5,32

Questions and Problems: Momentum and Energy
11. (a) 90 billion Joules

(b) 900 gallons
13. (a) 1.78 x 10~ 0 kg

(b) y = 10"

(c) 29 seconds
15. va = —(1/26)c, vg = (11/14)c
17. (a) y%l-i-lﬁ-i-iv—4

2c¢2 8t
(b) p~ mv

sz

(d) E~ mc? + (1/2)mv?

() E~ mc® + (1/2)mv? + (3/8)m(v*/c?)

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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2 Relativity IIl: Dynamics

Questions and Problems: Mass and Energy (and the Speed of Light
Squared)

15.

17.

19.
21.
23.

25.
27.
29.

(@) —(15/17)c

(b) (25/8)mc?

() —(3/5)c

(d) (25/8)mc?

) (5/2)m

(a) (8/3)mc?

(b) (4/3)mc

(©) M= (4//3)m,V =c/2
7 x 1013

No change in mass. Ap & 0.756 mc, AE & 0.512 mc?
(a) v=10m/s

(b) 150,000 kg m?/s?

(¢) 1,350,000 kg m?/s?

(d) Am =133 x 10~ kg
Epnc/(Eph + moc?)

30,000 m/s

0 ~ 36.87°

Questions and Problems: Four-Vectors

15.
17.

19.
21.

25.
27.

P= (Zmec/\/g, mec/\/g, 0, 0)

(@) —(35/37)c

(b) Ej = (37/12)mc?, py = —(35/12)mc
(¢) ((5/3)mc, — (4/3)mc,0,0)

(d) ((37/12)mc, — (35/12)mc, 0,0)

mc

(a) E' = y(E —upy), p; = ¥ (px — uk/c?)
(@) (yme,ymv)

(b) F=yF

Questions and Problems: The Michelson-Morley Experiment

9.

(@) 2.7 x10°m
(b) 1078 periods

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



The QuaRtem Révolution : From Light Waves
to Photons

3.1.2 Questions and Problems: Interference
15. (b) Constructive
(d) Destructive
(f) Constructive
17. (b) 27 (or any multiple of it)
(c) 7 (or any odd multiple of it)

21. (a) One possible answer is:

0 0<x<2mw
yx) =43 —sinx 27 <x<3m
0 3n <x<énm

(b) Destructive
23. Constructive
25. ~# 0.113m
27. (@) A =+/26—-5~0.1m
(b) 1 =2(v26-5) ~02m
29. (a) A=1/3,A =61, k=1/3

3.2.3 Questions and Problems: The Young Double-Slit Experiment
9. (a) Possible answers include 0, 3 cm, and 6 cm.

(b) Possible answers include 1.5 cm, 4.5 cm, and 7.5 cm.

11. Destructive
15. (a) AL/(4d)
(c) 2.8 mm
17. (a) destructively

(b) destructively
(c) dark

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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3 The Quantum Revolution |

3.4.3 Questions and Problems: Blackbody Radiation and the Ultraviolet
Catastrophe

11. 1.7 x 10" photons per second
13. (a) 2/3,0r67%
(b) 4/5, or 80%
15. 4ma/(cb?)
17. (a) 4.6kpT
(b) 0.55kgT
19. (a) Ey = 0.15711kgT
(b) Ey = 0.15719kgT
21. Ey = 0.90kgT
23. kT
27. (a) 1.2 x 101 j/m?
(b) ~ 1/4,000,000
(c) 46%
31. 1.7 x 10'® Hz, infrared
33. (a) T =~ 2900K, 2600°C, 4800°F.

35. 87v2kyT/c3
00 1
37. p= 87ThC/O IE (ehc/(kBAT) _ 1) dA

(a) p=an/L
(b) k=bx/L,q=dr/L

_ /2 b2 + 42
() v 2Lva+ +

/2 pm/2 poo
(d) Etotal =2 / / / Eyw(1r,0,¢) r*sin@ dr do d¢
0 0 0

(e) Jl'/ ?Ey (1) dr
0

8L [
) = / V2Ey (v)dv
0

3.5.3 Questions and Problems: The Photoelectric Effect
11. (a) Kpax = hv —wy
13. (a) 1.6 x 1079]
(b) 8.0 x 1014 Hz
15. (a) 0.25s
(b) No
17. (a) 4x 107197

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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3 The Quantum Revolution |

(b) 1.5 x 10%

(c) 7.5 x 10%
19. (a) 10° Hz

(c) 4.25eV

21. Between 6.598 x 1073* and 6.610 x 107>*]. This doesn’t quite include the modern value
but is very close.

3.6.2 Questions and Problems: Further Photon Phenomena
13. 47,000 Kelvin
19. 0%, 1%, and 3.42%, respectively.
21. 5877 x 10711 m, 6.33 x 107 'm
23. 4.1 x107%°]
25. 3nm
27. 2x 107177
29. Ec ~ Epp/3400
31. 298,772,069 m/s
33. (a) E= mcz/m
(b) approaches co
mec?
mec? + hvg(1 — cos9) Yo
37. 2.2 x 1020 Hz

35. vf =

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



The Quantrm Revolution ll: Matter and
Wavefunctions

4.1.2 Questions and Problems: The Bohr Model
15. Ry/4 ~ 2.75 x 10°m™!
17. 118,000 K
19. 0.03%
23. (a) v =e//Ameomer
(b) L = ey/mer/(4meg)

(c) r = 4wegn’hi?/(e?me), v = €*/ (4w eonh), KE= mee?*/(32%€2n?h%)

4 1 1
25. (a) AE=L(___2)

2(4eg)?h® \n?  n3
4
mee 1 1
o (_2 - —2)
64mefhi’c \n7  nj
4
mee
(© Ru=—7F755
64m3eih’c

27. (b) E= (1/2)nhw/m

4.2.2 Questions and Problems: Matter Waves
13. (a) 7 Million m/s
(b) ~ 140V
15. Aelectron = 6.23 X 1072 m, Apeutron = 1.45 x 10719m
17. (@) 1.2x 10" m
(b) 1.2 x 1077 m
19. 8.7 x 10719m
21. 6.35 x 1073*kgm?/s - 6.99 x 1073* kgm?/s. Yes.
23. 1.2 x 108V
25. (a) vh2 + (x+w/2)2 — Vh2 + (x — w/2)?
(b) L =xw/vh? +x?

(c) L=wsin¢

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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4 The Quantum Revolution Il

4.3.3 Questions and Problems: Wavefunctions and Position Probabilities
11. 1//3
13. (a) ++/23/6
(b) iv/23/6
(b) 23/36
15. (a) Not normalizable
(b) /2/k
17. 1/4/L
19. Vk/m
21. (a) 2
(b) 3/4
(c) 1/25
(d) 2
23. (a) 1,000,000P;

4.4.2 Questions and Problems: The Heisenberg Uncertainty Principle
13. (a) x¢
(b) 0
(d) One over distance squared.
) v, va.
15. (a) Ap=h/L
(b) K/(2L)
(c) h*/(8mL?)
17. (b) L//3
19. (b) —e?/(4megR)
(c) Apx > h/(2R)
(d) (px) =h/(4R)
(e) KE = 3h%/(32m.R?)
21. (@) AE>2x10"%eV

(b) Av a5 x 108 Hz
1

23. (a) Ax = m

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



The Schrédihgéwr Equation

5.1.2 Questions and Problems: Force and Potential Energy
9. (d) _GNISunInobject/r2

11. (a) d’x/dt?> = —k/m
(b) x = —k/2m)t> + At+ B
(c) x=—k/Cm)t? +x

13. (a) J/m?, or kg/s?
(b) F = —kx
(d) x=0

5.2.2 Questions and Problems: Energy Eigenstates and the
Time-Independent Schrédinger Equation

11. (a) E4
() @) 3/10
(ii) 0
(© [T AZlYs@)Pdx =1
(d) le1l? 4 le2® + les* + leal* + es* = 1

13. (a) A=1/4/5PE=E)) =1/5.
(b) B=1/+/3,P(E=E;) =1/3.

15. (a) U= (1/2)kx?

Wdy 1,
(b) Tom + Ekx Y (x) = E¥ (x)

17. (a) E = (3h/2)/k/m
(b) ffooo B2X2e—m x%/h =1

(¢) E = (h/2){/k/m with probability 2/7 and E = (3h/2),/k/m with probability 5/7

19. (a) E=TU
(b) No
(¢) No

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



5.3.3

54.3

5.5.3

5.6.3
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5 The Schrédinger Equation

Questions and Problems: The Infinite Square Well
11. ¥ (x) = /1/Lsin(nwx/(2L)), E = h®72n2/(8mL2)
13. () (1/2)y1 + (1/vV2)¥2 + (1/2)¥3
(b) E = 72h%/(2mL?) with probability 1/4, E = 272h% /(mL?) with probability 1/2, and
E = 972h%/(2mL?) with probability 1/4

(c) The same energy you found the first time.

17. A= 2/L

Questions and Problems: Other Bound States
2

11. (a) d—‘i’ +QE—x»)y =0
dx

17. (a) zero

x | + Bcos

(b) 0<x<L:1p(x)=Asin< ZgnE ZénEx)

X > L . '(//(X) — CeX«/Zm(U()*E)/h + De*X«/Zm(U()*E)/h

+/2mE E
(e) tan( o L):—/UO_E

19. (b) 1.98 x 1077 eV

Questions and Problems: Complex Numbers
11. 24/2i
13. (a) —1+2i
(b) /5
(c) (4—7i)/(2+ 3i)
(d) 5
(e) V5
15. (a) 147i
(d) Ipl = |z1llz]
(©) ¢p =z + ¢,

Questions and Problems: Time Evolution of a Wavefunction
11. (a) /2/Lsin(27x/L)e 27t/ (ml?)

(b) (2/L)sin*(27x/L)
¢) 2h?7?/(mL?)

(
(a) 2/L [(1/2) sin(2nx/L)e_2ih”2t/(mL2) + (v/3/2) sin(5nX/L)e_25ih”2t/(2mL2)]

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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5 The Schrodinger Equation

171 ., (27 3, (57 . (2 \ . (57 21hn?
(b) I [5 sin (TX> + 3 sin (TX> + +/3sin (TX> sin <TX) cos <Wt
(c) 4mL?/(21hm)

(d) 2h%n? /(mL?) with probability 1/4 and 25h%72 /(2mL?) with probability 3/4

15, Wyl = A2 (t/ff + v} — 2cos [—t(El - EZ)D

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



Unbouna@ Sta?es

6.1.3  Questions and Problems: Standing Waves, Traveling Waves, and
Partial Derivatives

15. (a) 5sin(2wt)
) r=6T=1Lk=n/3,v=1
17. (a) 4
(b) 0
(c) 2
(d) —16
19. () A =0.5,k=47,v=1/10
(b) negative
(c) zero
(d) y(x) = 15sin(4wx) cos(wt/5)
21. 0.78 m
25. (a) yr(x,t) = Asin (kx — ot)
(b) yL(x,t) = Asin (kx + wt)
(d) x=nn/k
27. (d) k=nx/L

6.2.3 Questions and Problems: Free Particles and Fourier Transforms

(a) A=1/v2L

— _ —ikL _ _ikL
(b) /() = w_ (e — )
(¢) ¥ (k) = sin(kL)/~/7 Lk?
2/L gin (kL)
® / . L2
(g) 86%

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



“9781108842891ans” — 2023/11/6 — 17:40 — page 15 — #17

6 Unbound States

6.3.2 Questions and Problems: Momentum Eigenstates

11. (a) ¥ (x) = —(i/~/2L)(eP¥/B — iP2X/Py where p; = wh/Land p; = —7h/L
(b) p = £xh/L with equal probability
(c) mh/L

13. (a) One example is e—(3x/L)?,
(b) Closer
() [18/(LH]*
(d) Higher
(e) [Lz/(lgn)]l/4 e L7K2/36
(8) 25%

6.4.3 Questions and Problems: Phase Velocity and Group Velocity
11. (a) vg = (1/2)\/g/k
13. (a) both 1
(b) |¥(®)|*> =2 + 2cos(0.17x)

6.5.3 Questions and Problems: Scattering and Tunneling

17. () A+ B=C,A—-B=iC/(Uy—E)/E
Ael(v2mE-TUp)/h)x + Be—i(v2mE-Up/B)x 4 _

«/ﬁ/h)x + De—i<\/ﬁ/h)x

wwow®={ (
Ce

x>0
(d D
(e A+B=C,A—B=CJE/E— Uy
JI=Ug/E-1\°
@ (Yoo 1)
d 1
21. (e) |B/AJ?

2. (b) 1|2 - 4565~ Uy
: A| 7 4E(E — Up) cosh? (v2m(Uy — E) L/h) + (2E — Uy)? sinh? (v/2m(U, — E) L/k)

6.6.3 Questions and Problems: The Time-Dependent Schrédinger
Equation

9. f(x,t) = (Asin[kx] + B cos[kx]) (Csin [(k/+/B)t] + D cos [(k//B)t])

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



The Hydr@gen Atom

7.1.2  Questions and Problems: Quantum Numbers of the Hydrogen Atom
7. (a) —1/16 Ry, or about —0.850 eV, or —1.4 x 10~
(b) V12 h,0r 3.65 x 10734 kg - m?/s
(c) —3h,or —3.16 x 1073 kg - m?/s
(d) 3/16 Ry, or 2.55eV, or 4.1 x 10717]

7.2.3  Questions and Problems: The Schrodinger Equation in Three
Dimensions

11. (a) 0.0016
(b) 0.0016
(c) 0.0079
13. (a) equally likely
(b) y>0
(c) equally likely
17. (@) (1/2)¥3,1.4 + (1/v2)¥212 + (1/2)¥1,43
(b) E = 137%h*/(mL?) and E = 97%h*/(2mL?), each with probability 1/2.

(c) The same energy you found the first time.

h? [ 9%y 32y ERY . dT
21. (a) —R (wT(t) + a—sz(t) + WT(t)) + UI/fT = lhI/I(X,Y, Z)E
W2 82y /ox> 9%y dy?  8%y/dz . dT/dt
(b) ~m ( m + " + " ) +U=ih
27. f(x,y,2) = e~ &FP)yzP (Ae‘/EX + Be™ kx)

29.
cw

b
Yabe (X, Y,2) = Agpc sin (%x) sin (Wny) sin <§z>

n2h? (a2 b2 ¢?
P = om \Z T we T e

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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7 The Hydrogen Atom

7.3.3  Questions and Problems: Spherical Coordinates
7. (a) (1.0,¢) = 3V2,7/2,¢/4)
(b) (r,0,¢) = (v/2,7/4,0)
9. (b) sing =y/p,cos¢ =x/p,tan = y/x, x> +y> = p?
(c) sinf = p/r,cos6 = z/r,tan6 = p/z, 2> + p?> = r?
11. (a) 20r?
(b) f(x,y,2) = (x2 + y2 + 22)2
(c) 20x2 + 20y? + 207?
(d) They are, because x> + y? + 2> = 2

7.4.3 Questions and Problems: Schrodinger’s Equation and the
Hydrogen Atom

13. (a) 1% 7% (1225 — 1) / (2949120 a3)
(b) One
19. (a) 1
(c) 2+ 2cos¢
21. (a) 0.3
(b) 1/2
23. (a) 1/2
(b) 1/2
(c) x-axis
25. (a) 1/8
(b) 1/8
(c) 0.097
(d) 0.048

7.6.2 Questions and Problems: Spin and the Problem of Measurement
7. (a) cos®™ [r/(4N)]
(b) 1

7.7.3 Questions and Problems: Splitting of the Spectral Lines
11. (a) 2.6 x 10~%eV
13. (a) KE ~ p?/(2m) — p*/(8m3c?)
(b) 13.6eV
() 2x107%eV

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



8.1.2

8.2.3

8.4.2

Questions and Problems: The Pauli Exclusion Principle

212 Dmax Nmax Dmax
w°h

7@ =2 D ) (Y 7))

x=1 y=1 z=1

72h%n3
b) F= — &
®) 4mR?2

() M =2n, m,

(d) E—ihz< M )1/3

RZ 211m§1
22/ M \?  3oMm2
0 E="">(s7=) -
R2 \ 211m3 5R
572k
3(28/3)GmY*M1/3
(h) 7,578 m

(i) 2.5x 1073 m

Questions and Problems: Energy Levels and Atomic States

11. (a) (i) 2
(ii) 1.5
34eV

13. 1s,2s,2p, 3s, 3p, 4s, 3d,4p, 5s, 4f, 5d, 6p, 7s, 55, 6d, 7p

15. sodium

Questions and Problems: X-Ray Spectroscopy and Moseley’s Law

7. (a) 3to2
(b) (13.6eV)(Z — 10)%/2?
(c) (13.6eV)(Z — 18)%/3?

(Z—-10* (Z—18)2
(d) (13.6eV)( T3

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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8 Atoms

(e) 36%
(f) Slope \/(3.4€eV)/h, x-intercept Z = 10

9. (a) lower
(b) higher
11. (b) A =32pm

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



Molecula&s

9.1.4 Questions and Problems: lonic and Covalent Bonds
13. () r=81x10""%m
(b) 0.56eV

9.2.2 Questions and Problems: Bonding and Antibonding States

1. (a) —13.6eV

(b) —13.6eV
9. (a) Uxy,2) = — ¢ ( ! + ! )
dmeg \ /x2+y2+22 Jx—L2+y2+22

(b) ¥y = 1 e*«/m/ao, vy = 1 o=V L2y +2 2
g T

(c) A=056B=1.10

(d) Es ~ —28.7¢V,Ep ~ —18.1eV

(e) 13.6eV

(f) 1.5eV

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



StatisticabMechanics

10.1.3

10.2.3

Questions and Problems: Microstates and Macrostates
9. 3/8
11. (a) 1/6

(b) 3/10

(c) 2/5
13. (a) 2%

(b) 455

(c) Roughly 1in 72
15. (a) 0.66

(b) 0.96

(€) 0.9999999998, or 1 — 2 x 10710
17. 0.063

Questions and Problems: Entropy and the Second Law of
Thermodynamics

13. (a) 1140
(b) kgln1140 = 9.71 x 10723 J/K
(c) 184,756
(d) kpln 184756 = 1.67 x 10722 J/K
15. (a) 1
(b) 2.5
(c) 3.5
(d) 3.6
(e) 10
(f) 20,000
17. (a) 1
(b) 100
(c) About 75 million
(d) 5 x 10%°

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



10.3.3

10.4.3

19.
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(a) 3

(b) 9

(c) Q4028

(d) 1.516 x 10723,3.032 x 10723

Questions and Problems: Temperature

13. (a) 3.45kg, 6.45 kg
(b) 197.91¢/kg, 100¢ /kg
(c) 600¢

15. (a) O
(b) 0

17. 35,000 J/K

(dS/dE)?

19. C = S/

21. 0,0

23. (a) SA=0,Sg =kgIn3
(b) ein A, and 3¢ in B
(c) 1/2
(d) 454K

25. (a) W+ Qc=Qnu
(b) Qc/Tc =Qu/Tu
() Tc/(Tu — Tce)
(d) 0.081]

27. (a) Qu=W+Qc

(b) Qc/Tc = Qu/Tu
(c) 1 —Tc/Tn
(d) 0.1

10 Statistical Mechanics

Questions and Problems: The Boltzmann Distribution

11.
13.
15.

17.

19.

21.

32%
88%
(a) 5.7%
(b) 429K
(a) 9/13
(b) 0.22,0r22%
(b) 28%

o—E1/(kgT)

(@) P(E)) = 5 7im 1 e Ei/(sT)

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



“9781108842891ans” — 2023/11/6 — 17:40 — page 23 — #25

10 Statistical Mechanics

10.5.3 Questions and Problems: Some Applications of the Boltzmann
Distribution

15. (b) 170,000 m/s

17. 1.3 MillionK

19. (a) 0.015kgT
(b) 0.94kgT
(¢) kgT

23. (a) /8kgT/(7m)
(b) /3kgT/m

25. 3.6 x 1019 Hz

10.6.3 Questions and Problems: Quantum Statistics
11. (a) 0.60
(b) 1/2
(¢) 0.40
13. (a) 1/3
(b) 1/2
(c) 0
15. (a) 2/9
(b) 1/10
(c) 1
17. 2/3
19. C
21. 125,000
23. (a) Occupied: e~ E=W/&sT) / z Unoccupied: 1/Z
(b)
LeEw/en L

z z
e~ E-w/&eT) | | _ 2

(b) 1+ e~ (E—n)/kpT)
25. (a) 1
(b) 16
(c) 28
(d) 2x 1071
27. (a) 1/2
() - —o0
29. (a) 0
(c) w approaches the ground state energy.
31 (b) N= [7/? [T/ [*Tn?sin6 dn d d¢

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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(6) N=(n/2) [;°nn’dn

m3/2V ] _
(&) g(E) = m¥2VVE/ (71 2)
(f) Any type

10.7.2 Questions and Problems: Blackbody Radiation

9.
11.
15.

17.
19.

21.

11,000 K

6x 1070]
(a) 822.7 sec
(b) 29 hours

650 K
(a) P(N) = % o~ Nhv/(k5T)
[e®)
(b) Z = Z o~ Nhv/(ksT)
N=0
(© (E) = i NThVe—th/(kBT)
N=0
(d) (E) =hv / (M/teD —1)
(a) cdt
(b) pdVv

(b) E=cpdAdt/4

2rh [ V3
@ 20 7 o
2 ), i 1

10 Statistical Mechanics

10.8.3 Questions and Problems: Bose-Einstein Condensation

9.

(a) 0.67N
(d) N—-0.59

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



11.1.2

11.2.2

11.3.3

11.5.3

11.6.2

Questions and Problems: Crystals
9. (a) —q*/(2wegR)

(b) q*/(4m€oR)

(©) —q*/(6m€R), q*/(87€R)

2 2 2 —q*
d(2—z4+-—-...
()( 2+3 4 )47T60R
(e) 2In2

11. (a) 2.13,22%

(b) —0.866, 149%

Questions and Problems: Band Structure and Conduction
5. (a) 6.1 x 1074
(b) 1.2 x 10723,
7. (a) 0.67m/s
(b) 1.39 x 10°m/s
(c) alittle over 400 lattice spacings

Questions and Problems: Semiconductors and Diodes
7. (a) 5.7 x 10710

(b) 5.7 x 10710

(c) About 200,000

Questions and Problems: Why Do Crystals Have a Band Structure?
9. (a) less than
(b) lower

Questions and Problems: Magnetic Materials

9. (a) 0.148 T
(b) 5.94 x 107247

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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11 Solds

11.7.3 Questions and Problems: Heat Capacity
9. (a) 24.9]/(mol - K)
(b) 22.257]/(mol - K)
(c) 22.18]/(mol - K)
11. (a) 3NkgT
(b) 3Nkg
(c) 3R
15. 0

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



The AtorNgs Nuc}vleus

12.1.3

12.2.2

12.3.2

12.4.3

Questions and Problems: What's in a Nucleus?
7. (a) 6 MeV
(b) 5.5MeV

(c) Nickel (Iron would also be a reasonable answer.)

9. (¢) About 40 MeV
(d) Gamma ray

11. (a) 5.3 x 1072 kgm/s

Questions and Problems: Experimental Evidence for Nuclear
Properties

3. (a) 12MeV
(b) 39 MeV

5. 38°

Questions and Problems: Nuclear Models
7. 19 MeV

Questions and Problems: Three Types of Nuclear Decay
15. t1/2(In3)/(In2)
17. (a) Q =Ky (1 + mgy/my)
(b) Ky = Q(Ax —4)/Ax
(c) 0.28 MeV
19. (b) Kp = py/(2mp), Ke = pec
(©) Pz/(Zmp) +pc=Q
(d) p=mpc[—1+ /2(my — me)/m, — 1]

(e) = <\/—(mn me)—l—l)

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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12 The Atomic Nucleus

12.5.3 Questions and Problems: Fission and Fusion
11. ndo,
13. (a) 5.42 x 10%° MeV
(b) 8.5
(c) about 43,000 kg

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



Particle PEYSICS

13.1.2 Questions and Problems: Forces and Particles
5. (a) 1.25 x 10714]
(b) 3.86 x 10°m/s
(d) About 4 billion years

13.2.3 Questions and Problems: The Standard Model
2\ 4
17. (a) 2sin®6 cos’ 0 |:1 — cos (M)}
2hE,
2\3
(b) 2sin® 6 cos? 6 |:1 — cos (M)}
2hE,

(c) L =6600m,P = 84%

13.3.2 Questions and Problems: Detecting Particles

7.~ 3 x 10724

9. (a) 2.1 MeV
(b) 0.0031cm

11. (a) 1.2 x 1072 kgm/s
(d) 1.2 x 10~ ¥ kgm/s
(e) 1.2 x 1078 kgm/s
(f) 4.2 x 107197
(g) 1200 MeV/c?

13. 1582 MeV

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023



Cosmology:

14.1.2

14.2.3

14.3.3

14.4.3

Questions and Problems: The History of the Universe
9. (a) °/(hG?) =5 x 10% kg/m?
(b) 6.5x 107 m

Questions and Problems: How Do We Know All That?
11. (b) 2Dsin(#)/ sin(A6)
(c) 1400 light-years

Questions and Problems: Infinite Universe, Finite Universe,
Observable Universe
9. (a) Ax
(b) 2Ax
(c) Yes
11. (a) dx/dt = Hx
(b) x = xpett
AgL
13.
3 @ 47 R?
(b) AgLpAR
AgL
(©) 167 R2
(d) AgLpAR

Questions and Problems: The Friedmann Equations
9. (a) kmax = 87Gpa?/(3c*)

3cc [3M o
11. (b) r= (LC,/—t+C)
4 b4

d C=0
(e) 25 billion years
13. T <« 4 x 101K

15. p xa™*

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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14 Cosmology

17. (a) Hx dt
(b) Hx+ ¢
(¢) dx/dt =2x/(3t) + ¢
(d) x(t) = 3ct + Ct2/3
(e) 3ct
(f) x(t) = 3ct
(g) 41.4billion light years

Questions and Problems: Dark Matter and Dark Energy
7. P< —p/3

9. (a) P=—p

11. 3c2A/(87G)

Resource to Gary N. Felder and Kenny M. Felder, Modern Physics, 1st Edition, © Gary Felder and Kenny Felder 2023
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