Nuclear Size

RADIOACTIVITY

Pages 296 — 297

3. a) 6protons, 14 -6 =8 neutrons

b) 38 protons, 90-38 =52 neutrons

c) 92protons, 238-92 =146 neutrons

b)

c)

d)

e)

r=(1.2x 1015 my(a)'3
~(12x 10715 m)(1)'3
~12x10"5m

r=(12x10°15 m)(23)"/3
~34x1015m

r =~(12x1015 m)32)"/3
~38x1015m

r=(1.2x 1015 m)(198)"/3
~7.0x1071%m

r =(12x10"15 my212)"3
~7.1x1015m

r =(1.2x 1015 my4)"3
3

( % \

‘ zL1.2x10_15 m)

3
_(2.74x10715 m)
1.2x1071% m
~12

Isotopes

Pages 298 — 299

b)
c)
d)
e)

f)

8 protons, 16 —8 =8 neutrons

17 protons, 35— 17 =18 neutrons
92 protons, 234 —92 =142 neutrons
90 protons, 234 —90 = 144 neutrons
6 protons, 14 —6 = 8 neutrons

1 proton, 0 neutrons

#1 = hydrogen
#27 = cobalt
#26 =iron

#79 =gold

#38 = strontium

Mass Spectrometer

Pages 302 - 305

Fo = Fm
qlE] =qvB,
|E] =vB,

= (3.50 x 107 m/s)(0.500 T)
=1.75x 107 N/IC

Fm =Fe
qvB, =q|E]|
&l =vB,

= (4.20 x 108 m/s)(4.00 x 102 T)

=1.68 x 109 N/C

v
|E] &
V =|Eld
= (1.68 x 10% N/C)(1.50 x 102 m)
=252x103V
Fm =Fe
qvB, =q|E]
v &
By
- 7.00x10° V/m
250x10~" T
=2.80x 104 m/s
Fm =F¢
mA
B S
qvib e
m = 98/
4

_ (1.60x107"9 €)2.50x10~" T)(8.12x 103 m)

2.80x10% m/s

1.16x 1028 kg
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qvB,

Mass:
24Mg

25Mg

qvB,

Radius:

24Mg

251

Di

=

AE =qV

= (1.60 x 10719 C)(4.00 x 104 V)
=6.40x10715y

1
= —m
2

25,
m
2(6.40x107'° )
1.16x10726 kg

=1.05x 108 m/s

=FC
m
v

mv
98,

_ (1.16x107%8 kg)(1.05x 108 m/s)

(1.60x10~"% ¢)(0.700 T)
=1.09x10"m

= FITI

=qvB,

= 1£]
By

_ 4.60x10° V/m
0.850 T
=5.41x10° m/s

= (24)(1.67 x 10727 kg)
=4.01x 10 kg

= (25)(1.67 x 1027 kg)
=4.18x10 kg

=FC

mA

r

mv
98,

myv

9B,

_ (4.01x107% kg)(5.41x10% m/s)
(1.60x10~"° ©)(0.250)

=0.542

_ (4.18x107%8 kg)(5.41x10% m/s)

(1.60x107"° ¢)(0.250)
=0.565m

=2(0.565 — 0.542)
=0.045m

Fe =Fnm

qlEl =qvB,
y = ]
=1
_ 7.50x10% NIC
0.300T
=250 x 10% m/s
Fm =F¢
mA
Bl =
qvby ”
m = 9B

_ (1.60x107"% €)(0.300 T)(11.3x1072 m)

v

2.50x10° m/s
2.17x 1020 kg

2.17x107% kg

mass # =
1.67x107% kg
=48
Fm =F¢
mA
VB = —
qvcy 7
mv
r o ———
98,
_ (14)(1.67x 10727 kg)(1.00x 105 my/s)
(1.60x10~1° ©)(0.900 T)
=0.162m
Fm =F¢
mA
B, =fesa—
qvby =
mv
r = —_—
98,
R am
mass:
0 _ (16)(1.67x10"% kg)

ONe  (20)(1.67x10727 kg)

16
20
=0.800

- r =(0.800)(15.1 cm)

=12.1cm

Radioactivity
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mA
VB = ——
qvb =
mv
Bl =
1 or
- (344x107% kg)(5.00 x 104 m/g)
(3.20%107"° C)(19.6 1072 m)
=0274T
10. Fm =Fg
m
vB, = —/—_
qvc | p=
v = 9Bur
m
Ek = 1/77l/2
2
v= |26k
m
AE =qV
v= |29Y
m
2qV - 98.r
m m
2
or 2V = LBJ‘ &
m
2
m = 981 o
2V
- (3:20x107"9 €)(0.200 T2(10.2x 102 m)2
2(2.00x10% v)
=3.33x102 kg
1% ion accelerator ion deflection (separation)
AE =qV Fm =qvB,
AE = lmvz _ mA
2 Fg. mo—
p
qv = %m Fm =Fg
s = M
b 2qV Qv 7
L
m

m
9B, r
m
29V PRA
/772

_ 95
mE

_ (1.60x107"° €)(7.20 T)2(0.140 m)?

12. a)

Radius (x 10 "' m)

b) slope = —

2(2.86x10% v)

2.84x 1026 kg

1

__27x107"'m
3.0x10720 kgemys
=9.0x10"8 s/kg

Fm = F¢
m2

vB, =
Qb =

myv
o
1
__slope
g
1

(slope)g

[os]
=
n

Alpha and Beta Decay

(0.69+£0.01)T

2 3 4 5
Momentum (x 1020 kg'm/s)

Pages 310 — 311

1. a) 28 Ra
c) 22 i

¢ 9B

2 eandf

b)

d)

f)

gHe
98

46
23 v

SOLUTION MANUAL
PHYSICS 30 - Notes and Problems

. e e e o v e —

Radioactivity



c and d

Energy drops to a lower state
U -G
500~ BN+ 0
o= vt

B U~ far B

234 0 234
90 Th — _1B+ o1 Pa

i) 234 Pa— Gp+23u
iv) 23U —>32a+20Th

v) 20Th - §a+28Ra
vi) zgg Ra — g o+ Zgé Rn
vii) 25(23 Rn — ‘2‘ o+ 2;3 Po
viii) 238 Po — 3 a+ 244 Pb
ix) 24Pp - Gp+2dBi
x) 23Bi - Sp+2tpo
xi) 212 Po — % a+20Pb
xii) 219 Pb — G p+219Bi
xiii) 239 Bi = G p+210 po
Xiv) 2:32 Po — ‘21 o+ Zgg Pb

Mass Defect and Binding Energy

1.

Pages 312 - 314

=4(1.6726 x 1027 kg) =6.6904 x 1027 kg
=3(1.6749x 1027 kg) =5.0247 x 1027 kg
1.1715x 102 kg

a) 4 protons
3 neutrons

=(1.1715x 1026 — 1.1652 x 10"26) kg
=6.31x 1029 kg

mass defect

2

b) E =mc
= (6.31 x 1029 kg)(3.00 x 108 m/s)2
=568x10712y
-12
gy OB~ J L aqxeiey
7
2. a) 6protons =6(1.6726x 1027 kg) =1.0036 x 1020 kg
8neutrons =8(1.6749x 1027 kg = 1.3399 x 1026 kg
2.3435x 10 kg
mass defect = (2.3435 x 1026 — 2.3252 x 10"26) kg
=1.828x 1028 kg
b) E =mc?
= (1.828 x 1028 kg)(3.00 x 108 m/s)?
=165x1011y
-1
g BSOS 1exdei2y
14
3. 5protons  =5(1.6726x10%7kg)  =8.3630x 1027 kg
Bneutrons = 6(1.6749 x 1027 kg =1.0049 x 1026 kg

1.8412x 1026 kg

mass nucleus = (1.8412x 1026 — 1.3184 x 1028) kg
=1.828x 108 kg

4. 3protons  =5(1.6726 x 1027 kg) =50178x 1027 kg
3neutrons = 6(1.6749 x 1027 kg =5.0247 x 1027 kg
1.0043 x 1026 kg
E =mc?
E
m - —

_ 4.9118x10712

(3.00x 108 m/s)?
=5.46x 1029 kg

mass nucleus = (1.0043 x 1026 — 5,46 x 102%) kg
=9.9879 x 10?7 kg

Half-life
Pages 316 — 320

_ time

%
1.00 y

285y
=0.0351

cont'd next page

0
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SOLUTION MANUAL
Notes and Problems

PHYSICS 30 -



1 4 1 A
N = - - T
%(2J " %(2)
1 0.0351 5 1 1
= 200 — = L
( 9>(2) (1.8x10 Bq)(zj
=195¢ =9.0x102Bq
24 days:
4 _ time n = lime
7 T
% %
_ 254 _ 24.00
3.0d "~ 164
=0.833 =15
17 17
N = M| — = =5
0(2) N %(2)
15
N = (1.8x103 Bq)(lj
M \2 g 2
=056 or 56% =6.4x10°Bq
60 days:
time n = _time
3. f = et - 74
% %2
95y . _ 60.0d
=325;y =l
n 7
-y -l
" 1 3.75
= (1.8x10% Bq)l -
v (1)3.52 (1.8x Q)(Q)
M 2 =1.3x102Bq
=0.087 times
& 5
4. n = t;_ﬂ number 4
% of parent
nuclei 3
= 50h (x 1016
0.75h 2
=6.67 1
1 n
e (5) 0 12 24 36
; 6.67 time (min)
= (2.0 g)(—)
0.020 : 7 fi = S
=0. g 8 = 7_—
1
¥4
_ 27.0d
5. 16days: 138 d
time =0.196
n B iy
71 1 n
2 =
N = =
_ 16d : %(2)
16 d 1 0.196
=1 = (525 g)(—)
=458¢g
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n

8 ol time 1
e el
2 2
L 14 h 1 0.174
ah = (0.23 Ba/q) 5
=0:58 =0.20 B/g
1 n
sy NO(E) 45"
= (3.0x10° Bg)| =
s q)(2) N ity
=20x10°Bq M (2)
0.037 B9 _ 161
n 0.29B
- 1
9. N = /VO(E) 1 n
' 3 log0.161 = Iog(—)
= 8.50x1073 g) & .
J 93 , = log0.161
=1.06x103g Iog%
=264
10. n= -t'rﬂ? i.e. 2.64 half-lives
1/
4 time =(2.64)(5.73 x 103 years)
- 14.0d =1.5x104years
450d
=341 _
N 14. n= _tirme
1
314 ” 180'minutes
6.0x10°Bq = %(1) _445 minutes
> =
= v n
Ng =5.18x 107 Bq e /vo(l)
2
i 7
11. n = —me = 2.8x10% decays/s)(—)
Ty 2
e =1.75x 103 decays/s
I 1.00y
527y activity (volume used) _ Vvolume used
=0.190 activity (full volume) full volume
3.0 decays/s _ 10.0 cm®
> 1.75x103 decays/s 4
” M
o= %(5) V =5.8x10% cm3
I N g T L
= (2.00><101B)(§) 15. ;
10.0
=1.75x 1018
8.0
) Activity
12 n=e (x10°8Bq) &0 [ Sees
bA 4.0 RN
_ 1.00x10% y 2.0 g
573x10% y . LEEEG
0 2.0 4.0 6.0 80 10.0

=0.174 . i
Time (minutes)

Half-life = 5.0 minutes
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17.

0833 = (l)

log 0.833 = ﬂlog(%)

n =0.263

’..

10.0
8.0
z(r;t(iﬁl;)i 6.0
4.0 |~

2.0

half-life =22 h

Fission and Fusion

10.0

20.0
Time (Hours)

30.0

Pages 322 - 324

1. @)
b)
2. a)
b)

143
54 Xe

124
49 In

6 -

mass of reactants mass of products

235y =3.9020x10%kg 140xe =23034x 1025 kg
n_=16749x102%"kg  %sr =15595x 1025 kg
3.9196 x 102 kg 2n =33498x 10?7 kg

3.9164x 1025 kg

mass defect =(3.9196 x 1025 - 3.9164 x 1025) kg
=3.202x 1028 kg '

E =mdc?
= (3.202 x 1028 kg)(3.00 x 108 m/s)?
=2.93x 101y

mass of reactants mass of products

2H =33444x 1025 kg
SH =5.0082x 102" kg
8.3526 x 1025 kg

“He =6.6463x 1027 kg
n_=1.6749x 1027 kg
8.3212x 1027 kg

mass defect =(8.3526 x 1027 —8.3212x 10°27) kg
=3.14x 102 kg

E =mc?

= (3.14 x 1027 kg)(3.00 x 108 m/s)2
=283x1012y

mass of reactants mass of products

235y =3.9029x 105 kg
n_=1.6749 x 1027 kg

4218 =23563x 1025 kg
91Br =1.5097 x 1025 kg

3.9196 x 1025 kg 3n_=5.0247 x 1027 kg
3.9162x 1025 kg
mass defect =(3.9196 x 1025~ 3.9162 x 1025) kg
=3.449x 1028 kg
E = mc?
= (3.449 x 1028 kg)(3.00 x 108 m/s)2
=3.10x 1011y

mass of reactants mass of products

160 =26560x 1026 kg
°H =3.3444x 1027 kg

14N =23252x 1026 kg
‘He =6.6463 x 1027 kg

2.9904 x 1026 kg 2.9898 x 1026 kg
mass defect = (2.9904 x 1026 — 2.9898 x 1026) kg
=5.70x 1030 kg
E = mc?
= (5.70 x 1020 kg)(3.00 x 108 m/s)2
=513x10713y

¥ ok ok k 0k % * % * %
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