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2.1. A nonrelativistic a particle with velocity v collides with a free
electron at rest.Show that the largest angle of deflection of the a particle
is approximately 10*rad .

WLy BAEFXE I o KL 5 —#f b B AR, BE . o KR
KW ALIN10" rad .

Proof:Suppose the mass of a particle with velocity v is m, ,the velocity of
a particle after collision is V' ,8 is the scattering angle,the mass of an
electron is M, it rests at origin O before collision,then scatter with
velocity V. ,angle ¢ .By the conservation of energy and momentum in

this a-electron system,we have the equations:
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lm v’ = imwv'2 +%meve2 (1)

m,v=m,v'cos@+m,yy,cosp (2
0=m,v'sin@—m,v, sin @ (3)
eqn(2)xsin @ +egn(3)xcos@:

m,vsin @ = m_v'sin(6 + @)

sin o0 (4)

—>m V' =m,v—
sin(€ + @)

eqn(2)xsin@ —eqn(3)xcosf:
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m_vsin@ =m,v,sin(0+ @)
sin @ (5)

—>my, =my————
Y sin(@+)

Substituting eqn(4) and (5) into (1),we obtain:

- 2 2 s 2
my =m v’ — 321n $ Moy , im 0 (6)
sin®(@+¢@) m,  sin’(6+¢)

Simplifying eqn(6) becomes:

sin’ (9+¢):sin2¢+ﬂsin29 (7)
m

e

Egn(7) can be transformed into:
psin® (6+¢) = psin® g +sin” 0 (8)

me

Where u=

m

a

© can be regarded as the function of ¢, 6(¢),we obtain the extreme

value of eqn(8).

2usin(@ + @) cos(6 + @)dl + 2 usin (6?+g0)cos (9+(0 )dgo =2usin@cos pdp +2sin @ cos 0dO

— psin2(0+¢)d0+ psin2 (6 + ¢ )dp = psin 2pdp+sin 2040
—)y[sin2(0+(o)—sin2(p] d¢=[sin2(9—ysin2 (6’+g0)} do

[—) Z—Z[sin 26?—,usin2(6?+ go)] = ,u[sin2 (¢9+ go)— Sil’lZ(D} ]

—=O—>sin2(6’+g0)—sin2(p=0—>2cos

do

[—>2cos(0+2¢))sin0=0 ]

If sind=0—6=0(minimum) (9)

If cos(0+2¢)=0—>6=90"-2¢ (10)

Substituting eqn(10) into (8):
[,usinz(90°—¢)=ysin2(0+sin26? ]

do 2(9“”)”(”}1{2(9“”)_2(”
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11(cos® p —sin’ ) =sin’ 0

— 11(cos® p—sin’ g ) =sin’ (90"~ 2¢ )= cos’ (20 )
— 41(cos” p—sin® p) = [ cos” p—sin’ (pT

— p=cos’ p—sin’ @

—>u:cos2go:c0s(90°—6)

sinf=pu= e M o ! =0.000136~10""*
m 4dm 4x1836

a p

Hence, 8 ~ 107 rad (maximum)

2.2.(a) When a particles with kinetic energy of 5.00MeV are scattered at
90° by gold nuclei,what is the impact parameter? (b) If the thickness of a
gold foil is 1.0 um ,in what percentage of cases will the incident a
particles be scattered at angles larger than 90° (that is called
back-scattering).
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Solution:(a) According to the Coulomb scattering formula together with

the Coulomb scattering factor:

ZZ 2 2
A2 L [22):1.44meeV[Mj:45.5fm
dre, E dre, E SMeV

when 6=90"— cot§=1—> b= %: 22.75 fin=122.75x10 "°m

(b) 4, =197,p, =1.89x107"g /m’

The probability for a particles hitting a gold foil and scattering into a

region @ — 0 —d0(that is,scattered along a direction lying in dQ) is:



2 2
—=dp(«9): adQ nAt = adQ nt (1)

16Asin* = 16Asin* =
2 2

Where n is the concentration of nuclei in the foil

p=m-n= A n—)nsz"
N A

Integrating eqn(1):

180° 2 .
a'nt 27 sinfdo V4

0) = : = —a’nt
o) = | . 0 4

90° sin

(2)
Substituting the following data,we obtain the probability is:

a=455fm=455x10"m

L PN _ 1.89x10" g/ m’ x6.02x10”

=0.058x10" g/ m’
A 197

t=1.0um=1.0x10"m

[ p(0)=9.4x10"° ]

2.4.(a) Suppose the radius of a gold nucleus is 7.0fm;what is the

necessary energy for an incident proton just to reach the surface of the
nucleus?Generally the proton size is neglected.What is the difference if
the proton is taken to have a radius of 1fm?

(b) Suppose we replace the gold nucleus by an aluminum nucleus the
radius of which is assumed to be 4.0fm.What is the necessary energy of
the incident proton in order that the proton can just reach the surface of
the aluminum nucleus in a head-on collision?

() k%4208 7.0fm, 0. NS THEZ/DRER, A BEAEXR Smli i N
IF BRI ? (b)AE SRRSO, 50 Sl 48 I W B A A% 1
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Solution:(a)lf the proton size is neglected,that is ,the mass of the

incident proton m, is much less than the mass of the gold nucleus
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m,, (mp SmAu)

Then,the smallest distance r, between the incident proton and the gold

a 0
r,=—|1+csc—
2( 2)

When 0=180"—r = %(l+cso90° )=a

nucleus becomes:

2 2
1
Then we have:r, AL g € Lh 1.44 fmMeV x x79
4re E dre, r 7.0 fin

m

=16.25MeV

If the proton is taken to have a radius of 1fm,

2
¢ A% | 44 fmMe x DD 1400mer
drme, 1, +r, (7.0+1.0) fin

E=

(b)If we replace the gold nucleus by an aluminum nucleus,the energies in

the center-of-mass system and the laboratory system are related by:

Then ,the smallest distance "n between the incident proton and the

aluminum nucleus becomes:

2 2
;=g = ZIZZe . leze -mA1+mp

m c = -
drne £, 4Ane,E, my,

2 m, +m
—)%L: ¢ ZiZy Ma L =1.44 fmMeV x 1X13X27+1=4.85M€V]

dre, T m, 4.0fm 27

m

MRS T REHART/ D THERE, BEZERORER: (FULRTH
BAEH KPR T B BEZ A1)

2.8 (a)Incident particles of massm, are elastically scattered by a target

nucleus at rest.The mass of the target ism, (where m, <m, ).Show that
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the largest possible scattering angle of the incident particle in the

is determined by sin@

laboratory system 6, e = 1,/ 11,

(b)If an a particle is scattered by a deuterium nucleus which is originally
at rest,what is the maximum angle of scattering in the laboratory
system?

()BT & m, BRI T35 5T 89 m, (R 1 EREAZ SRV, BRI A SR T2
S AR R I ECR P Re L A 0, IR AIRGE: sin€, =m, [m, .
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Proof:(a)By the conservation of energy and momentum in this

system,we have the equations:

r

v

Incident particle target nu %us
® 7,
m v %v &

]

1, 1 51 2
Emlv =5m1v +5m2v2 (1)

m,v = m,v'cos @ + m,v, cos ¢ (2)
0=mpy'sin@—m,v,sing  (3)

eqn(2)xsin @ +eqn(3)xcos@:

myv =m v—sin i
N I
eqn(2)xsin@ —eqn(3)xcos O :
m,v, =m V—sin 4
22 = in@ + 0) (5]

Substituting eqn(4) and (5) into (1),we obtain:
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IS sin® @ +m21v2 sin” @ (6)
: Uosin’(@+9) m, sin’(0+9)

Simplifying eqn(6) becomes:
sin’ (0+(p):sin2(p+ﬂsin2¢9 (7)
m2
Egn(7) can be transformed into:
psin® (6+¢) = psin® g +sin” 0 (8)

2

m
Where u=—=

m,

O can be regarded as the function of ¢ , 8(¢) ,we obtain the extreme

value of eqn(8).
%[sin20—,usin2(9+(p)] = ,u[sin2 (6?+g0)—sin2(0]

ﬁ=O—)sin2(9+(p)—sin2(/)=O—>2czos (6+2¢p )Bind=0

de
If sin@=0—6=0(minimum) (9)
If cos(0+2¢)=0—>6=90"-2¢ (10)
Substituting eqn(10) into (8):
Lsin’ (90° —go) = usin’ @ +sin’ @

11(cos” g —sin’ o) =sin’ 0

— p1(cos” p—sin’ p ) =sin’ (90"~ 2¢ )= cos’ (29 )
— p(cos* p—sin* p)=[cos> p—sin’ g |

— =cos’ @—sin’ @

— 11 =c0s2¢ = cos (90"~ 0

: m
—sinf, = u=—=
m,

(b) The mass of the a particle is double size of the deuterium

nucleus,that is, ZAZHH % &7 & 271 2 15
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[ sing, = u="2 -1 9 30 ]
m, 2

2.10.An accelerator-produced proton beam with an energy of 1.2MeV
and a beam-current of 5.014 ,impinges perpendicularly upon a gold foil
of thickness 1.5 um .Find the number of protons that are scattered in 5

min by the foil into the following intervals of angles:

(a) 59-61°
(b) 0>6,=060
(c) 6<6,=10°

NI AR 72 AR [ RE B 1.2MeV. AN 5.0nA [ 3, TE B HbS 2N 1.5 um
(f4: 96 F, R Smin P984 FEEIUH 2T 51 £ A1 RE A 04 )5 144

Solution :(a)The total incident particles number in 5 min is:

QO It 50x10°Ax5x60s

- =9.36x 10"
e e 1.602x10°C

Then the number of scattered particles measured in the direction of 4Q

should be :

2 2
dN' = Ndp(6) = NLQHnAt = ntN (%} dQ (1)

16A4sin* — sin* Q
2 2

Where n is the concentration of nuclei in the foil:

Integrating eqn(1) :



2 5 .
v = [ (4] 42 (4] [ 2REL0
) 4 2

o sin* Q 9' sin’ Q

2
2V 2sinzcosz 2\ 972dsin§
=ntN(Zj (471)[9} —d‘ 0 H:ntN(ZJ (471)‘[qu 0
sin” — sin 5y

2 1 0,
=ntN(£j (_4;;)[ — J
4 sin” 0 |,

Substituting the following data,we obtain the number of proton that are

scattered in 5min by the foil in this interval of angles :

N =9.36x10"
7 3 23
0= ij _189x10 g/l”;7X6'02X10 = 0.058% 10™g /m”

t=15um=15%x10"m

2 2
g2 [ e (”79}:1.44meer( ks j=94-8fm=94-8><1015m
4re,E | 4re, E 1.2MeV

61°

1

., 0
sin® =

59°

N'=1.39%x10°

=-0.242

(b)the number of proton that are scattered in 5min by the foil in this

interval of angles :
180°

1 _ 4

sin’® —
60°
N'=1.72x10"
(c)the number of proton that are scattered in 5min by the foil in this

interval of angles :
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180°

1 =-131

sin® =
10°

N'=7.5x10"
N'=N-N'"=936x10"-7.5x10"=8.6x10"

2.18 When an a particle is scattered by a helium nucleus at rest,what is
the largest scattering angle in the laboratory system?
Solution:(a)By the conservation of energy and momentum in this

system,we have the equations:
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a particle helium n gus
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oyt = lagmey el ey
5 5 5 (

my = myv' cos @+ m,v, cos @ (2)
0=my'sinf —myv,sing  (3)

egnl 2) < sin @+ egn(3) *cos @:

myv = mv it )

Sl v S o
egrl(2) < sin 8 —egn(3) < cosé:

my, = v i

22 D) (5)
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Substituting eqn(4) and (5) into (1),we obtain:

Al . L
sin” @ m, , sin @

V= 'f’z-.—— — W 6
W SN0 = fieg) T
Simplifying egn(6) becomes:
sin’(6+ @) =sin’ ™ sin’ @
@)=smn" @+—sin (7)
m
Eqn(7) can be transformed into:
psin’ (6 +¢)= usin’ p+sin’ & (8)
Where u="2]
™

B can be regarded as the function of ¢, 8(g) ,we obtain the extreme

value of eqn(B).
dér . ; r. ;
— | sin28— usin 2{&+ =ulsin2(f+@)—sin2
- pn )| o [Rad(f g ala ]

j—g=ﬂ—} sin 2(8+ @) —sin 2¢=0— 2cos( &+ 2¢)sin & =0
@

If sind=0—8=0(minimum) (9)
If cos(6+2¢0)=0->6=90"-2¢ (10)
Substituting eqn(10) into (8):

psin® (90" —@)= usin® @+sin’ 6
,u(cogﬂ @—sin’ q::l] =sin’ 8
— w(cos’ p—sin® @) =sin’ (90" —2¢) =cos’ (2¢)
— ,n:[:«:{»s1 ':;:—sin1 q;:] = [{:051 fp—s.iﬂl @]J
— p=cos’ @—sin’ @
— u=cos 2@ =cos(90"-6)

—>sing, =u="2

o

The mass of the a particle equals to the mass of a helium nucleus
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sin@, = u=—==1->6, =90’
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