Homework 11
Physics 2130
Modern Physics
Due: Wednesday November 27, 2002

(a) T&Z, #12.8. R = RyA'? where Ry = 1.07 fm.

Ay =27 %Al R=1.07 (27)'/? = 3.2 fm
Acy =63 %Al R=1.07 (63)"/% = 4.3 fm
Ay, =238 284l R=1.07 (238)'/% = 6.6 fm

(b) T&Z, #12.9. "Li with E,, = Ey — E; = 0.48 MeV.

h 1240 MeV £
Ao Do (240 MeV fm) _ oo e o6 107% nm

"~ Ey 048 MeV

If E,, = 1.8 eV — A = 690 nm.

2. T&Z #12.21. N
(a) With 7p + 7N there is an even number of particles — total spin is an integer =
0,1,2,3,....
(b) With 14p + 7€ there is an odd number of particles — total spin is an odd half-integer
=1/2,3/2,5/2,....
(c) Of course (a).

3. T&Z #12.26.

Figure 1: Sphere of total charge Q).

(a) This results from Gauss’ Law, which states that if you're outside the charge-bearing
region, then the electric field is equivalent to the field produces if all the charge was concen-
trated at the center of the charge-bearing region. Here the total charge is () located inside a



sphere of radius R, so the electric field located at a point r» > R is just:

_ e

E(r)= r2 r>nR (1)

(b) If r > R:

AV = V(r)=V(rn)=—- /r2 E(r)dr W —kQ /r2 r=2dr
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Letting r; = oo and 5 = r, then V(r;) = V(00) = 0 and

k
V(ra) =V(r)= TQ r>R (3)
(c) The total charge enclosed inside a sphere of radius » < R is equal to the total charge

multiplied by the ratio of the volumes:

43 r3
Q/:Q@mg): 5 ()
Thus,
Q' kQr
B0V ="5 =T r=F )
Note that if r = R, both equations (1) and (5) yield
kQ
PO =T ©)
(d) If r <R:
T2 (5) kQ 9 kQ 1 ) r2
AV = V() — V()= _/h B(rydr 2~ [ rar = -5 <§r ) )
kQ

If 1 = R and ro = r, then
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Note that if r =0,
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4. T&Z #12.23. For " Al, Z = 13 and A = 27. To offset the negative charge on the electron there
would have to be an added proton, so the number of positive charges would be Z+1. The total
charge to which the electron would be subjected would, therefore, be Q = (Z + 1)e, where e
is the fundamental unit of charge. The radius of the nucleus would be R = AY3Ry = 3Ry,
where Ry = 1.07 fm. Putting this all together:

@ 3keQ 3(Z+1)ke?  3(14)1.44 MeV fm
U, = —eV(0) 2 — — — = —9.4 MeV.
V(o) R 2(3Ro) 6(1.07 fm) ¢

Note that although this is negative, it is much too small to offset the minimum kinetic energy
of about 180 MeV in equation (12.10) in the book. Thus, there’s no holding an electron in
the nucleus.

5. T&Z #12.27.

(a) 2C, s0 Z = 6 and A = 12. The proton would be subject to the electrostatic repulsion
of the other Z —1 = 5 protons. Thus, Q = (Z —1)e = 5e. In addition, R = AY3R, = 12'/3R,
where Ry = 1.07 fm. From equation (9), V(0) = 3kQ/2R = 3(5)ke/2(12'/3) Ry, so

3(5)ke?

U(0) = eV (0) = 5ezm g = 44 MV

(b) 298Pb, so Z = 82 and A = 208.

3(81)ke?

U(0) = eV (0) = 2(2081/3)1.07 fm

= 28 MeV.




