4-1  F corresponds to the charge passed to deposit one mole of monovalent element at
a cathode. As one mole contains Avogadro’s number of atoms,

96 500 C
©=%02 107
4-2 (a)

(b)
(c)

=160 10" C.

Total charge passed =i*t =(1.00 A)(3600 s) =3 600 C. This is

3600 C

m =225x10? electrons.
60 x

As the valence of the copper ion is two, two electrons are required to deposit
each ion as a neutral atom on the cathode.

number of electrons

The number of Cu atoms = > =1.125x10% Cu atoms.
1.185
So the weight (mass) of a Cu atom is: - & =1.05x107% g.
1.125 x 10°° atoms
molar weight )
= g— r
96 500
molar weight =m(96 500)2 = (1.185 g)(96 500 C) ~6353 g.
q 3600 C

4-3  Thomson’s device will work for positive and negative particles, so we may apply

9 _Vo
m  B’ld
Vo 0.20 radi
@  L~===(2000V) =010 m)(0.02m) =958 x107 Cfkg
m Bld (457 x107 T)
(b) As the particle is attracted by the negative plate, it carries a positive charge and is
( 160x10~" C )
a proton. (—(L = X—_27 =9.58x10" C/kg
m,  1.67x107 kg
E V 2000V 5 ]
© o= mgr = (457 %107 T) =219 x10° m/s
(d) As v, ~0.01c there is no need for relativistic mechanics.
. Ay 0.004
4-6  The velocity of fall v = fti = 15—9? =252x107* m/s.

(a)

The radius, 4, is given by

I
. (9no) " ) (9(181x107 kg/ms)(252x107* ms)) 210 m.
2pg) 2(800 kg/m®)(9.81 m/s?) J



(b)

(c)

The mass, m, is given by

m=pV = p(g)mf - (133)(800 kg/m®)(x)(1.62x10™* m)’ =142x10™ kg.

mg ’
T +o) . . . o
qi = = where v is the velocity of fall and v’ is the velocity of rise. The

v
e vV 4000V o
electric field is given by E = 7=0000m " 200000 V/m, v =2.52x10" m/s,

0.004 m
" 3605

vy =351x10™ m/s, v5 =531x10™ m/s

!

=111x10™* m/s, vy =231x10™" m/s, v4 =1.67x10™* m/s,

=10.0x107" C

(mg\(v+ 01’) _(697x10 C)2.5241.11)
h\E - 252

g = (%)(vaz) ~134x107" C

73 =11.6 x10™ C

g2 =167x107"" C

g5 =216x107" C

0

By inspection we choose integers that will yield an elementary charge between
1.5and 20x107 C

L_167x107" C

2 _168x107"° C

2 _166x107° C
2 _167x107"° C

2 _1.66x107° C

SE 21 N = ol

The amount of charge gained or lost:

G -q =34x107" C
3 -4, =1.6x107" C
g, —q; =18 x107 C
7y -9, =67 %107 C
4s—q3 =5.1x107° C
g —qr =34x107° C
gs-q1 =11.6 x107° C
g5-qs=49x107" C
s —q3 =10.0x10™° C



By inspection we again find integers that yield a value of e between 1.5 and
20x107™ C

@ﬂ.mxm‘wc
@=1.60x10‘19c
f%@ﬂ.soxlo‘wc
%4;%=1.68x10_19(?

’143;‘73 170 x107°C

%@=1.65x10_19C

Lt _166 x107°C

L1t 163 x1077C
L=t 17 x107C
Average of all values =1.67 x 1077C.

sing; 4

T - Thus the

2
sing,
2

4
) =6.64 cpm.

sin ¢ -
) or ATZ2=A7’11

4-8 (a) From Equation 4.16 we have A nw(

number of o’s scattered at 40 degrees is given by
fin2)’

2 _(100 Cpm)(
(sin %)

sin10
sin 20

Amn, =(100 cpm)

Similarly

A nat 60 degrees =145 cpm
A n at 80 degrees =0.533 cpm
A nat 100 degrees =0.264 cpm

1
(b) From 4.16 doubling (E) my vz reduces An by a factor of 4. Thus An at

20 degrees = (i) (100 cpm) =25 cpm.

Ane,  ZE.N
(c) From 4.16 we find —% = =Su—Cu

-  Zew=29, Zay =79.
AnAu ZiuNAu Cu Au



N¢y = number of Cu nuclei per unit area
= number of Cu nuclei per unit volume * foil thickness

(6.02 x 10 nuclei ) 2
=-|(89 gfem’® t =843 x10%¢
[( 8fem’) > g3 51 s

[ 6.02 x10% nuclei)

N, =1(19.3 3 t =590 x10%¢
20 =|(193 gfem )L 197.0 g )l )
2 843 %107 29\°(8.43
S0 Ay = Anag(29) o7 (590x10?) - (100)(79) (590) =193 cpm.

4-9  The initial energy of the system of a plus copper nucleus is 13.9 MeV and is just
the kinetic energy of the o when the « is far from the nucleus. The final energy of the
system may be evaluated at the point of closest approach when the kinetic energy is zero

. . Z . . .
and the potential energy is k(Ze)Te where 7 is approximately equal to the nuclear radius

: : 27¢°
of copper. Invoking conservation of energy E; =E;, K, =(k) ° or
2
2702 (2)(29)(160x1077 ) (8.99 x 10°) s
= (k) = - — =6.00x107° m
Ko (13.9x10° eV)[1.60 x107 J/eV)
1 (1 1) : :
4-11 e RL—z——z) . For the Balmer series, n; =2; n;=3, 4, 5, ... . The first three lines
ng
. . . 1 1
in the series have wavelengths given by —-= (—2 - —2) where R=1.097 37x10” m™"
1 1 1 5
1st line: 7= R(Z 5) (3—) R A=— =656 112 nm
2r1dlin'l—R(l ) ( )R A———486009nm
“ AT N4716) "\1s “3R
1 1 1 100
ine: —=R —-— R; A =—— =433937
3rd line i (4 25) (100) R 33.937 nm

1 (1-1
412 == R(—z) where n=2, 3,4, ... and R=1.097 3732x10" m™";
n

-1
1
Forn=2:% =R (1 -—2) =1.21502x107 m =121.502 nm (UV)

N

-1
1
Forn=3:A =R (1 - —2) =1.02517 x10”7 m =102.517 nm (UV)

W

-1
1
Forn=4:2 =R (1 - —2) =1.972 018 x10”" m =97.201 8 nm (UV)

S



1 1 R R
413 (a) A=102.6nm;—=R(1——2)=>n= o =299 =3
A n ( R_L1 ) / (R I )/
» 1026x10 © m
(b) This wavelength cannot belong to either series. Both the Paschen and Brackett
series lie in the IR region, whereas the wavelength of 102.6 nm lies in the UV
region.
4-15  (a) The energy levels of a hydrogen-like ion whose charge number is 2 is given by
Z> -544eV
E, =(-13.6 V)5 = =3 for Z=2. (He")
n n
0
E; =604 eV
E, =136 eV
So Ei=-544 eV
E, =136 eV
E; =-604 eV, etc.
E, = -544 eV
(b) For He", Z =2 so we see that the ionization energy (the energy required to take
the electron from the state 7 =1 to the state n = is
2 544 eV
E=(-136eV)37 = Te for Z=2. (He")
4-16 For Li**, Z=3 from Equation 4.36
0
E; =136 eV
p _ 1367 124
" nteVv nfeV
E, =-306 eV

So E, =-122.4 eV
E, =-306 eV
E; =-136 eV, etc.

E, =-122.4 eV

1 1
418 (a) AE =(13.6 eV)(1—2 -3—2) =12.1eV



1
——2) =10.2 eV and

(b) Either AE =12.1eV or AE =(13.6 eV)( .

—_] =

1 1
= (136 eV)(2—2 -3—2) =1.89 eV.

(1 1
4-20 AE=(-136eV (_2 - —2)
ng ni
(a) AE =(-13.6 ev)(i—l) =0.306 eV
B 25 16/
(b) AE =(-13.6 ev)(i-l—) =0.166 eV
B 3 25)
1 (1 1) .
4-21 (a) For the Paschen series; 7= RL3—2 - —2) ; the maximum wavelength corresponds
n;
1 1 1
to n;=4, n = 3—2— 4—2 ; Amax =1874.606 nm . For minimum wavelength
1 1 1 9
n; —>w, P = R(3—2—;), Amin =E =820.140 nm
b) hc (1 874.606 nm) 06627 nm
dmin 1.6x1077 ]
he (820 140 nm -1515 nm

4-27  (a) A=

g

Amm 16><10‘19 J/e
o~

n? ° %

(b) =109720 cm ™!

T 365456 %10 cm



