1.24x10° 1.24x10°
nm =

3-34. Equation 3-24: A, = ©80x10°V
x

=0.016nm

(6.63x107 Jes)(1-cos110°)

= ~12
(9.11x10-31kg)(3_00)<103m;s)—3.26x10 m

3-36. A4, -4 =%(1—c056)=

he  (6.63x107Js)(3x10°m/s)

=g " (0.511x10%7)(1.60x 10 7 / eV’

=243x10"2m

Ay =24 +3.26x10"7m=(243+3.26)x10""m=5.69x10"m

, = he_ 1240eVemm ) g 10%er = 0.218Me
A, 5.69x107 nm

Electron recoil energy E, = E, — E, (Conservation of energy)

E, =0.511MeV —0.218Mel =0.293MeV" . The recoil electron momentum makes an

angle 6 with the direction of the initial photon.
Pg

h/Ax

h/A;

20°

%cos 20°=p,sinf=(1/c ),JE ? —(mc2 )2 sind (Conservation of momentum)

(3.00x]{}gmfs)(6.63x10‘34j-3)cos 20°

1/2

(569x10°m)| (0.804MeF')’ ~(0.511Me¥ )’ | (1.60x107° / MeV)

sin@ =

=0.330 or #=19.3°



3-38. A,lzzlz—/ll=A,1=i(1—c05t9]=0.01;i1 Equation 3-25
me

Ay = (100)i (1—cos&)=(100)(0.00243nm)(1-co0s90°) = 0.243nm
mc

330, (1) E =]C_1240eVmm g 10%er
A 0.0711nm

®) 4L=24 +i(1 —co0s8)=0.0711nm +(0.00243nm )(1- cos180°) = 0.0760nm
me

B E _1240eV+nm

= =1.634x10%eV
A, 0.0760nm

(c) E,

(d) E,=E —E,=1.128x10"eV

3-42. (a) Compton wavelength = i
me

—34
electron: i = 6.63x107" Jes =243x107"2m=0.00243nm

me (9.11x107'kg )(3.00x10°m/ s)

_34
proton: - = OO S _132x10m =132
me (1.67x10° kg)(S.{]OxlO m/s)
he
g="
(b) P
(i) electron: £ =220V _ 5 10510%€V = 0.510MeV
0.00243nm
1240eV «nm

(ii) proton: E = =9.39x10%eV =939MeV

1.32x10%nm



_ 2.898x107°meK

3-52. (a T=2.898x10"mK . T
@ 4, 82.8x107m

=3.50x10°K

(b) Equation 3-18: u(70nm) _ {?Uﬂm)_jf(e"‘:-’[mnwr!}kr_l)

u(82.8nm) (82.8nm]_5 f(e""m'g“’"}” _ 1)

. he (6.63x107 J+5)(3.00x10°m/ 5 ) 5 58 and
where = =J. an
(70mm)kT  (70x107m)(1.38x107J/K)(3.5x10°K)
__he 49 u(10mm) _ (10mm)" /(e 1) 0.929
(82.8nm)kT ~ u(82.8mm)  (82.8mm)” /(e -1)

u{]OOnm] B {lUOnm]_s f(rf‘u —1)

Similarly, = = Sy
u(82.8nm) (82.8nm) r‘{e _1)

=0.924

4-2. L _ R(% — iz] where m = 2 for Balmer series (Equation 4-2)
m- n

1 _1.097x10?m‘1['1 1J

379.1wm  10°nm/m 2_2_}:_2
9
1_%: 10°nmm/m _ _ 0.2405
4 n 3?9.1nm(1.09?x10m)
iz =0.2500-0.2405 =0.0095
n
5 1 12
n’ = — n=(1/0.0095)"" =103 — n=10
0.0095

n=10—-n=2



1 1 1 . .
43, —= R(? — n—] where m = 1 for Lyman series (Equation 4-2)

A 2

1 1.097 x10"m™ 1
_ =

- 1— —
164.1nm 10°nm/ m

9
L 10" ram /[ m —1-0.5555 = 0.4445

nt 164.1am (] 097 %107 m‘l)

172

n=(1/0.4445) " =15

No, this is not a hydrogen Lyman series transition because 7 is not an integer.

4-4. L R(iz - izj (Equation 4-2)
n

Ao m

For the Brackett series m = 4 and the first four (i.e., longest wavelength lines have n =35,

6.7, and 8.
1 7.1 1 1 5,.-1
=1.097x10"m™ | ——— | =2.468x10°m
Aus 45
Ays = % =4.052x10°m = 4052nm. Similarly,
2.68x10°m

1

Ayg = ———————— = 2.625x107°m = 2625nm
3.809x10°m

L1
T 4.617x10°m™

. 1
B 5.142%10°m™

These lines are all in the infrared.

=2.166x10°m =2166nm

=1.945x10"%m =1945nm



1 A4

4-7. oL =
sin*(6/2) sin(6/2)

(From Equation 4-6), where A is the product of the two

quantities in parentheses in Equation 4-6.

AN(10°) A/sin*(10°/2) sin*(0.5°)
AN(1°)  Alsin*(1°/2)  sin*(5°)

(a) =1.01x10™*
AN(30°) sin*(0.5°)

= =1.29x10°°
AN(1°)  sin*(15°) g

(b)

kg, 0  ke’+2479

r, = uation 4-11
d {l," 2) m > E,, (Eq )

ForE,, =5.0MeV: r, = (]'MM:Z;J:”Ez)(79)
. €

= 45.5fin

ForE _=7.7MeV: r,=295fm

ForE, =12MeV: 1, =19.0fn

kg, O ke?s2+79 .
4-10. r, = - = uation 4-11
T (U2)my E_ (Eq )

5 (L44MeV- fin)(2)(13)

- = 9.4MeV
4 fin

4-42. Those scattered at & =180° obeyed the Rutherford formula. This is a head-on collision
where the o comes instantaneously to rest before reversing direction. At that point its
kinetic energy has been converted entirely to electrostatic potential energy. so

k(2e)(79)

r

%mml-’2 =7.TMeV = where » = upper limit of the nuclear radius.

2
o k(2)(79)e _ 2(79)(1.440MeV - fin) 29,5 fim
7.7MeV 7.7MeV



