Phys420

Solution to HW#2
C3:7,11,21,22,27,28,34,39
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3-11 the average energy of a photon is
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. “n” is the number of photons and P is the average power the sun generated. 
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¢=0 and

V,= (_h_)f~_¢ Choosing two points on the graph, one has (k)(d x10™ Hz)-£
e) e e e

(E)(B x10" Hz)-17 eV . Combining these two expressions one obtains:
e
(a) p=16eV
h -15
(b) —=40x10"" Vs
e

he _1240 eV nm

(c) For cut-off wavelength, 1, = 3 T

=775 nm.

(@  Accepted 2= 414x10% Vs, about a 3% difference.
€




[image: image1.png](@)

(®)

©

(d)

In general, L = % where n=1, 2, 3, ... defines a mode or standing wave pattern
with a given wavelength. As we wish to find the number of possible values of n

between 2.0 and 2.1 cm, we use n = %

(g2
n(2.0 cm) =(2) i 200

200
21 =(2)——=190
n(2.1 cm) =( )2A1
|an|=10

As n changes by one for each allowed standing wave, there are 10 standing waves of
different wavelength between 2.0 and 2.1 cm.

QU

—————
2m )

The number of modes per unit wavelength per unit length is
An 10 -2

—=—/(200)=05 5

TR 01 s

For short wavelengths n is almost a continuous function of A. Thus one may use
calculus to approximate Al (l d"] Asn= 2 }d—" S and (l d—")-l
o \thaz) 72 NN e

LAy dA, Sl
This gives approximately the same result as that found in (b):
L e
LAda)” 22" @0em? ;

For short wavelengths  is almost a continuous function of A, n= % is a discrete

function.
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The force acting on a charge moving perpendicular to a magnetic field has a magnitude given

by guB. For constant B and v the charge moves in a circle of radius r, and from Newton's

m? gBr

ob="2", or v="2" Hence, one can express the kinetic energy of
et
the chargeq s K="~ WZ'L) Using the photoelectric equation , there results

second law we have

he_(qBr)*
¢ A 2m
r=02m,q=16x10"" C,and m=911x10"' kg, gives p=

Substituting in the values hc=

240 eV nm, 1=450 nm, B=2x10" T,

76 eV -141 eV

35eV.



[image: image6.png]3-27  Conservation of energy yields hf =K, +hf’ (Equation A). Conservation of momentum yields
p2 =p'2+p® - 2pp’ cosé. Using pphoton =—= ﬁCL there results

pi= (—’—li:)z + (ECL)Z - Z(h?f)(—hf—l) cos 8 (Equation B). If the photon transfers all of its energy,

f’=0 and Equations A and B become K, = hf and p? (ZICL)Z respectively. Note that in general,

K,=E,-m,? =[p,2c2 +(m¢cz)z]1/2 —m,c?. Finally, substituting K, = hf and P2 =(Llc‘—f-)2 into

K, [p,c +(m,c ) ]1/2 ~m,c?, yields hf =[(hf)2 +(m,c2)2]1/2 —m,c? (Equation C). As Equation

Cis true only if , or f, or m,, or c is zero and all are non-zero this contradiction means that f’
cannot equal zero and conserve both relativistic energy and momentum,




[image: image7.png]38 (3 From conservation of energy we have E; =E’+K, =120 keV + 40 keV =160 keV . The
photon energy can be written as E; = lﬁ This gives
0

Ap === e =7.75%10" nm=0.007 75 nm.
Ey, 160x10° eV
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Using the Compton scattering relation A’~ Ay = 2,(1—cos ) where

1240 nm eV
A, =" 2000243 nm and 4= 1€ - 120DV 165,103 nm=0.0103 nm.
m,c E’ 120x10° eV

Solving the Compton equation for cos 8, we find

—A,cos0=A4"-Ay—A,
A=A, __1_0.0103 nm - 0.007 5 nm

cosf=1-
A 0.002 43 nm

=1-1.049 =-0.049

The principle angle is 87.2° or #=92.8°.

Using the conservation of momentum Equations 3.30 and 3.31 one can solve for the
recoil angle of the electron.

p=p’c630+p, cos ¢

p, sin ¢ = p’sin @; dividing these equations one can solve for the recoil angle of the
electron

tan g = p’sin@ _(i) sin@ _(E\ sind
p—p’COSg A %—m l,)%—ﬂh&g

___ 120keV(09988) ...,
160 keV —120 keV(~0.049)

and ¢=35.9°.
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Maximum energy transfer occurs when the scattering angle is 180 degrees. Assuming the
electron is initially at rest, conservation of momentum gives

B + B = pec = (mec? + K)* —m?c* =511+ 50)% =232 keV

while conservation of energy gives hf — hf’ =K =50 keV . Solving the two equations gives
E=hf =141 keV . (The wavelength of the incoming photon is A= % =879 pm.)
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The first x-ray intensity maximum in the diffraction pattern occurs at §=6.41°. To determine
d use the Bragg diffraction condition nd = 2dsiné for n=1.

A _ 0626A

- =——2 " -280A=280x10"% cm.
2sin@ 2sin6.41°

From Figure P3.39 there are (4)(%)0’ and (4)(%)Na+ ions per primitive cell. This works out

to half a NaCl formula unit per primitive cell. The formula weight of NaCl is 58.4 g/mole.

Setting the mass per unit volume of the primitive cell equal to the density we have

(58.4 g/mole)(formula unit)
243N,

(Avogadro’s number). So

= p where N, is the number of formula units per mole

(58.4 g/mol)(formula unit)
_ (58.4 g/mol)(formula unit)
2(28x10™® cm)’(2.17 g/em?)

N, =6.13x10% formula units/mole

N,




� EMBED Equation.3  ���
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