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13.       Nuclear Interactions, 1
lecture 37, November 27, 2017

12.       Atomic Nucleus, 4



housekeeping
Coming attractions 

This week: 

chapter 12 homework due Wed 11/29 

HW workshop tomorrow 11/28 

End game: 
I’ve made some adjustments to the schedule…stay tuned, now, week by week 

exam #3 is Friday, December 1: chapters 7,8,9,12,13



today

Atomic nucleus - finishing 

Nuclear Interactions - beginning





p decay .

p decay confusing since 19 - teens

measurements  of E( f) well  established before  Bohr model .

eg

1  

}B→% + Ie # e

⇒
3 →  e |\|

Q=[MCyB) - May ) ]d .

F
Kmax - e

Q = 13.37 MEV
=  13,4mV

Experiments ) :

# e
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!
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T
✓

something else . . .

Pauli 's half - hearted idea
C ← B →  e invisible

he  called it the
"

neutron
"

. - nobody paid attention

&  when Chad wish fund of neutron

a  new  name  was required .

1934 Enrico Fermi - wrote the complete theory .  of
what he called the

"

little  neutron
"

...
 neutrino

n /
P

.
inside the nucleus \ e

mess  v ?  zero ...
 we thought .  not  mw .

~  153 EV
v ) share Q

e

*  e

µ
sinaepweaapotnttmqsnearum

sensitive to  m ( v )
Y

F
Kmax -

e



Inside  macleus
.  . .

other p decay happen .

p+ + ( energy from nucleus ) →  n  +
et + Ve

^(
positron

146C →
l

YN + p
-

t  V beta decay .

→
important fn

carbon - dating

1

}N →

'

26C + pt + v
positron decay

n  → p +  B- + ✓ free  neutron decay .

A

AzXn + Le → X + V electron  capture
Z - I



Gamma Decay . e-
-

left  in an  excited state

often : × →  D* +  x

↳ D+8

and
,

collisions  can  excite  a  nucleus

Example ... just him atomic spectra .

:

B-\B '

2c* t
13.4 ( ¥6 - Cascades :

4.4mV
MEV
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Radioactivity .

. natural → found in nature
. .

stars

. artificial → lab . created
,

reactors ,  nuclear  explosions

change A :  L decoy A  → A -4

change Z :  x decay Ze Z -2

ps decay Zeztl

3 naturally occurring radioactive
" chains

"

238 U Ty ,

= 4.47×109
,

→ 296Pb " uranium  chain
"

9L 02

23
5U Tye 7.04×1084 → hnpb " autinivm  chain

"

9z 82

"  "

Th Tya =  1.41×10

'

} →
20

gslpb
" thorium  chain "

90

one artificial chain -

"
trams - uvanic

"

Np

23 9

Ty ,
 2.14×106

,
→

209
Bi

"

neptunium  chain
"

QZNP 83



4
not found in

nature -

artificially
produced .





<

Radioactive Dating

14C ...
 in a  nutshell

y
Cosmic  rays

t
-

146C→ 14

,

N + B +  v €1
Tys ( HC ) =  5730g

P ← E) 14N

/ | constant  rate

@ 14C
measure Aotetn

of
';{qyyyganyiy

{
'

Ice ' -3×6
"

in

f)
atmosphere

at :*
t t

die
- stops

waning new C



Example Caputuve  a  sample of COZ from atmosphere  into

✓ =  200cm
'

P=  2.0×104 Pa  ~ 155am

T=  295k

assume
' 4C counting efficiency is perfect  

→  after 1  week
,

what  is count ?

n  =

Ppzg
= # moles  = (2×D4N/m=2×l54m3) =

 c. 63×10-3 mol

( 8.314 Jlmock ) ( 295k )

N =

Nan  = 9.82  xww molecules COA  = # atoms of 6

C

#
14C = ( 1,3×15

 '

2) (9.82×1020) =  1,28×109 atoms 46C

Ro  = Not = ( 1.28×109 ) ( ln2 )
= ( 1.28×109 ) ( 0.693 ) ( ly )

⇒
a ( 57304 ) ( txnts )

R .o=4.91×153 decay Is

R = 2969 decays / Wh .



Example put  piece of old wood into same device
. . .

after 1  Wh
,

1420  courts  are  recorded
.

How  old is the wood ?

- it

R= Roe Ro  =  2969 s
"

now

12 =  14W  s

"

t= lg
lu ( Y¥,zo ) Ty

.
=

by
=  0.6-93

×

← E÷smt¥
.
)

t = 6099
y R

- ← presumed rate @ death
Ro

(R -

÷
(

time  since t

wood  died



Zircon

Et '

.
[ Kv ]4d25s2 U :[ Rn]5f36d' 752



Uranium - Lead dating
Assume  an 20613 in a  sample

Comes from
238

U decay . .  .

*

C)
# 238

U originally -
# 238N today =

# 206 Pb

No  = # 238A originally .

No e-
*

= # 238A today

R=
# 2386

- it

= Noe
-

-
it#

206pb No - Noe

solve fn t

taken ( tzti ) × =¥a3

@
t  =

Eyes ( tztl ) Tyz ( 2384=4.5×109 y

* probably .  . .
there are  other techniques



Pb dating ,
another way

204
Pb

:  stable  nothing decays to  it

it doesn't decay .

| abundance

constant

But : 2358kTy ,  =  4.47  ×D{ -
206

Pb

235A Tyz=  0.7×109
y

- >

209

Pb

Earth  is  about 4.5×109 y
→

6 x  Ty
,

( 235A ) ⇒ most  is
gone

238W is  still decaying from  original abundance

207 Pb 206

=  constant  & Pb still increasing.

.

204 Pb 204 Ph

Y
abundance

y
dates lead oreWynand meteorites ~  4.5137

oldest  rocks  
~ 4

By



still another  way



NUCLEAR REACTIONS

scattering particles from  nuclei

- sometimes  altering the trajectory

- sometimes completely changing the pantiles

Rutherford
-  -

. again ...
proton discovery

x  +

'

4N → p  +

"

go →  aha
" '

4N( x.  p ) "0
"



*
total #

target  nuclei

No =f]¥ No - DN

nnax-

. . →

- 1
-

/ uoY÷me[m→] having cross  section T

totd

"

area

"

presented to  the team

Thtx

cohesions
=

Rate  of  anisims [ 5
'

]
=

I =
TNAX

= jnx

⇒
 ampartrks Rate  of beam [ s→ ] Ro A

-

dµd = nArd= =  nrdx

A

.ftp.ddn
=

- nrloxdx  ⇒ bMno=
-

IIm
N=  Noe

remember [ r ] = barn



Reaction kinematics .
 .

.

low  
energy .

at B - c  + D

4

at  rest  ⇒
"

lab frame
"

Eo =  
Ef

Mad + Ka  +  MBE +

KNB
= that + Kc  

+ mpd + K$

I

= 0

rearrange mess  energies  = kinetic  energies .

Mai +  mist -
( Mcc

'

+  m
, , E) =  Kctk

,  
- Ka =

"

Q

"

Q > o  ⇒ final K > initial K

( exothermic ) ⇒ mass deficit

6<0  ⇒ K converted into  mass  energy

( endothermic )



"

threshold
"

required - Ka  center of mass frame - cm - analysis

LAB CM

a B a B

o→ 0 o→ ← 0

Va UB=o Va
'

v ,j=  Van

/
'

i

o

y
05

-0C
Va

C /

. . t )
-

. #ft .

TOD
'

'

0
'

N -0
'

,

D
f D Ub

transformation :

o→ ← 0

0
→ 0 Va

'

Vi's

Va →

Tsa
'

=
- PB

'

Va mawa 'l=  MBWB
'

I NB=  uem

→

{ va

'

. rate t

→  ←
va

'
=  Ua -

Ven -

Va
'

~B



mawa
'

I =  mis Wb I

t

va
'

=  Ua .

Ven - ups =  

mmag
Va

'

=  

may
( Va - var )

-

 - van .

Van ( It
mµ÷)

=

mm÷sVa=4u(Meena)

⇒

www.nfm.TE.ua

Ma
Ucµ=

-
Ua

Ma  +  MB

/  ,
-

In  cm frame :
 E

.
 =  Ef

wait tsmaua
"

+  mtsd + IMBUE =  mcittzmcul
'

+  mbittzm #
2

Yzma (
na -

van )' +  mail  mtsd + IMBUE =  mcittzmcul 't  mbittzm
#

- =

" Threshold
"  

I C & D are produced with no kinetic energies UI - Us = 0

z
z

" 2Ma( Va -

mm÷+mjua) +

tzmrfmmaamzua) =  Mci +  moo

'

- mai - misc = - Q

.

=



'

12  Ma ( Va -

mm÷+
 
mjuaft

 

tzmrfmmaamzu
 a) =

 Mci +  mad - Mai - mist  
= - Q

Yzma ( na - made J + 12 MB mid =
 

- Q

mat  MB

( mat  MB)2
'

hmal vast

might
.

zva2
may ] + t .  -

-

Yzv :[ mat

mg3
.

zngi
+

m÷yi ]

Yz VI [ Ma II +

mis
-zmis+  miasma ]

an

2

tz
Va÷gra [ Cmatmisttma -

2mA
( mat mis ) +  miasma ]

t
Vigna [ maye  mist + zmfmrsttmt-# -zuafmis  

+  mama ]

tz
Vote

Mama [ MB +  Ma ] = tz Ui mantas
=

- Q

that  MB

⇒ - Q ( MEMB)
=

lz maul = katwesno
'd



riyy
.

example : Q for
'

80 ( V. p ) '5,N ?

Q=[mat  mis
. ( me +  m

. ) ]i

= [ 15.994915N - On - ( 15.000108in  +  1.  007825in )

]d931.5M¥Q = - 12.13 hell

Threshold 8 kihetr energy
?Ktf=- Q ( Mayne)KF=

( 12.13 )
( 15.GG?9qlsfgt0_)u

=  12.13 nev .



a  B  D  C

1

go ( p ,
d)

'

850
-  Q ?

Q=[mat  mis
. ( me +  m

. ) ]i

= [ 15.994915in  +  1.007825 h
- 15.003070  n - 2.014  tozu ] d 93-1.5 MEU

Eu
Q =

-

13.44 MEV

Kpth E
- Q (

1

6Yy÷U ) =  13.44 ueu ( Yg )
=  14.28mV .

there's actually more : proton  must  overcome  electrostatic  repulsion

r

estimate ...

QO
R

✓
8 = Rtr R=roA43

8th ( A43ti ) ro  
= 1.4 fm .

Ec= ¥
€

. Zeje
= 1.44mV .fm Z

⇐
m AY3+|

180 ( Pi d) 180
"

Ec=
 2.34 nev so Kpth ? > Ec

✓
Widman

!



209

or g3Bi
(

P , d) 2g%zBi Q  
= - 5.23mV

Kpth
 

= 5.26 melt
.

but Ea=  12.33 nev

) ?


