Unit 18 Atomic and Nuclear Physics
Numerical Problems

Important formulas
> No. of half life

) time
N0.0f half llfe = W
t
n=——
T1/2

» Remaining quantity

1
Remaining quantity = 5 X Orignal quantity

1
— XN,

N=2n

18.1 The half-life of SN is7.3s. A sample of this
nuclide of nitrogen is observer for 29. 2s. Calculate
the fraction of the original isotope remaining after
this time. (ALP)

Given Data

Half life = T1/2 =7.3s
Time =t = 29.2s
Orignal quantity = N,

26

~5.25
n =495
n~5

Now

1
Remaining quantity = on X Orignal quantity

1

N = Z_nXNO
1

N = ﬁXNo
1

N_

So, after 26 years, - part of orlgmal samb

18.3 Carbon-14 has half-life of 5730 ye ow long
will it take for the quantity of carbo@n a sample
to drop to one eight of initial q ¥ (ALP)

Given Data

Half life —(b\ = 5730 years
Initial quan
Remaining q&é

To Find

To Find Tlme =t=7
Remaining quantity = N =7 Solution bo
Solution . 1 . .
time Rediping quantity = on X Orignal quantity
No.of half life = ——— ( 1
half life —
; f lif L O N= XN,
- Ty, Q LN, = 2xN
2 P o= 7. 0
29.2 / 8 %
n=-—- —
S i
n=4% @ n —g
Now @ 2n =28
Remaining quantity of Nitroge = ! ﬁnal quantity = n=3
Now
w X N ) time
No.ofhalf llfe :W
av= 2 X Ny :
O g "TT
N=—xN, 1/
O 16 2.
So, after 29.2 X = part of original sample is left. 3= m

is a radioactive element with half-life
of 5.2 ars. What fraction of the original sample
will * t after 26 years? (ALP)
Data
Half life = T1/2 = 5.25 years
Time =t = 26 years
Orignal quantity = N,

18.2 Cob

To Find
Remaining quantity = N =7
Solution
N half life = time
0.of half life = torrire
t
n=—
T1/2
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3x 5730 years =t
t = 17190 years
t=1.719 x 10* years

18.4 Tcehnetium-99 m is a radioactive element and is
used to diagnose brain, thyroid, liver and kidney
diseases. This element has half-life of 6 hours. If there
is 200 mg of this technetium present, how much will
be left in 36 hours.
Given Data
Half life = T1/2 = 6 hours
Time =t = 36 hours
Orignal quantity = N, = 200mg
To Find
Remaining quantity = N =7
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Solution
N half life time
0.of half life = torerire
t
n ——
T1/2
_ 36
"%
n==~6
Now

1
Remaining quantity = on X orignal quantity

1
N = z_nXNO
1
N—§x200mg
1
N—ax200mg
200mg
64
N =3.125mg

18.5 Half-life of a radioactive element is 10 minutes.
If the initial count rate is 368 counts per minute, find
the time for which count rates reaches 23 counts per
minute. (ALP)
Given Data
Half life = T1/2 = 10 minutes

Initial count rate = 368 per minute

To Find
time =t =7

Solution
The initial count rate is 368 counts per minute,

therefore A
10 min. 10 min. 10m,
4 92 —&

10 min.
368
As clear, it takes 4 half-lives for count 6 crease

from 368 to 23 per minutes, so

No.of half llfevq%
t

/7

@ 10 min.
\ 10 min.=

t= 40 min.

18.6 In@ experiment to measure the half-life of a
e

radi element, the following results were
0 ed:

untrate 00 200 100 50 25
/ minute
Time (in 0 2 4 6 8
minutes)

Plot a graph between the count rate and time in
minutes. Measure the value for the half-life of the
element from the graph.
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100
50 {s, 50}
o ' »
0 2 4 3 8 10
Time (in minuts)
Solution

Graph between time and count
After two successive haIf—Iiv;zget ‘A’ point which is
(n = 2).

? time
No.of h‘\o half life
no b
00 Ty,

18.7 A sample of certain radioactive element has a
half-life of 1500 years. If it has an activity of 32000
counts per hour at the present time, then plot a graph
of the activity of this sample over the period in which
it will reduce to 1/16 of its present value. (ALP)
Given Data
Half — life = T1/2
= 1500 years
Initial count per hour = N, = 32000

1
Remaining Te of initial count rate = N

1
=—x 32000
16
To Find
Time=t=7?
Solution
1
Remaining quantity = on X Orignal quantity
1
N = Z_n X N
! X 32000 ! 32000
- = — X
16 2"
1 1
16 2n
2" =16
2" =24
= n=4
Count Rate 32000 16000 8000 4000 2000
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Half-lives 0 1 2 3 4
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18.8 Half-life of a radioactive element was found to
be 4000 years. The count rates per minute for 8
successive hours were found to be
270,280,300,310,285,290,305,312. What does
the variation in count rates show? Plot a graph
between the count rates and time in hours. Why the
graph is a straight line rather than an exponential?
Solution

Variation in count rate shows the random nature of
radioactive decay, graph is almost horizontal line
rather than exponential curve which is due to long
half-life as compared to period of 8 hours.

‘XB 31 l )b,su]l /
/ {3,

- /””—

\
/ %,,G,
/ \,,. 5
#f[x. 280}

z % 270}

0 2 s 6 8
- Time (Hours)
18.9 s from a campfire deep in a cave show
cotbdn-¥4 activity of only one-eighth the activity of
fr wood. How long ago was that campfire made?
P)
Given Data

&

Count Rate
3 B B % BB & 8

>
»

Orignal quantity = N,
Remaining quantity = N = 3 X N,
Half —life of corbon — 14 = T1/2 = 5730 years

To Find
Time=t=7?
Solution

1
Remaining quantity = on X Orignal quantity
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| ©Yen

N = Z—nXNo
1 1
gXNO_ Z_nXNO
1 1
8 2n
2" =8
Zn:23
= n=3
Now
time

No.of half life = a lf life

N
o Oo

ClT'S

3 x 5730 years = a
190 years

18.1 Find the number, rotons and neutrons in
nuclide defined by.}ég ALP)

Given Data (b

Atomicno.=Z7Z =6
massno.= A =13

To Fin b
No.of protons = Z =7

No.of neutrons = n=7?

n=

Z =no.of protons = 6

Also
Atomic mass = no.of protons + no. f neutrons
A=Z+n
13=6+n
13—-6=n
7=n
n=17

18.2 The activity of a sample of radioactive bismuth
decrease to one-eight of its original activity in 15
days. Calculate the half life of the sample. (ALP)
Given Data

Orignal quantity = N,

1
Remaining quantity = N = 3 X N,

Time =t = 15 days
To Find
Half — life of bismuth = T1/2 =7

Solution

1
Remaining quantity = on X Orignal quantity
1
N = Z_n X N
! X N, ! N,
— = —X
8 oo
1 1
8 2n
2" =8
2" =28
= n=3
Mobile: 03338114798
Page 3 of 4


https://hira-science-academy.github.io/

Now
time
No.of half life = W
_ t
_15days
Ty,
15 days
T1/2 = Ty
T1/2 = 5days

18.3 A radioactive element has a half-life of 40
minutes. The initial count rate was 1000 per minute.
How long it take for the count rate to drope to (a) 250
per minutes (b) 125 per minutes (c) plot a graph of
the radioactive decay of the element.
Give Data

half life = T1/2 = 40 minutes

initial count rate = 1000 per minute
To Find
time=t =7
Solution
The initial count rate is 1000 counts per minute,

therefore

40 min. 40 min 40 min.

18.4 C — 14: C — 12 ratio in a fossil bone is found to
be 4% that of the ratio in the bone of a living animal.
The half-life of C —14 is 5730 years what is
approximate age of the fossil? (ALP)
Given Data
Half life = T1/2 = 5730 years
N 1

N. 4

To Find
Time =t =
Solution

Remaining quantity

1 N
= — X Orignal qua@

alf 1 _ time
b’@’ alf life = Flife
Q/ t

1000 500 250 125 _
(a) As clear, it takes 2 half-lives for count rate decrease T1/2
from 1000 to 250 per minutes, so . ! o t
N half life = tume Q ~ 5730 years
0.0f half life alf life / 2 x 5730 years = t

K <°sx
2 —_
40 m16
2X40min.=t
t = n.

(b) As clear, it take 3 half-live count rate decrease

from 1000 to 125 per mn@s SO
time

No.of fe = half life
t

o
6 3=40min.
é\(‘b 3X40min.=t

t =120 min.
t=2h

countnteA

per min.

1000

800}
600
m-

200

\
0 3
3 4

% 2y 3Ty Time/min.
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t =11460 years

Q18.7 How much of a 1 g sample of pure radioactive
substance would left undecayed after four half-lives?
Given Data

No.of half — lives =n =4

Orignal sample =N, =1g¢g

To Find

remaining quantity = N =?
Solution

1
Remaining quantity = on X orignal quantity

1
N = Z_nXNO
1
N = ? X1 g
N 1 1
=—X
16~ 9
N =0.0625¢g
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