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mA=dsin® — mA=dsin35°=0.574 d. Md=0.574/m. “Only” = m=1. So Md= 0.574
A =h/p =h/mc = 6.63x10~28kg-m/s/(9.11x10~31kg)(3x108m/s) = 2.43x10~12m.
mw? _ p? _ (/0?2

qV =Y%mu2 = =5 = . Solve: A\ =
2 2m 2m 2m mqv
o 6.63x10734).s _28 _p _6.63x10728kg-m/s _
p=h/k= 10~6m = 6.63x107°°kg-m/s. u == 9.11x103m/is = 728m/s.
This is actually quite slow as free—electron speeds go.
2 2
= By P = ~20ko,.
KE om > 1.6x1072°) 2(1.67x102kg) =p=2.31x10"“"kg-m/s.
-34 2
. * — —_—
063107 2IS 5 87%10-14m. 20x1.6x10-19 = P~
2.31x107“Ykg-m/s 2(1.67x107<'kg)
_ iy 6.63x10734].s _ 12
= p = 1.03x107<“kg-m/s. 1.03%10-22kgms 6.41x10~'“m.
6.63x10~34].s p  6.63x10-25kg-m/s
=h/h=""""g " =6.63x10"kgm/s. u = = = 7.28x105m/s.
p="h/ 10 6.63x10 g-m/s. u m= 9 11x10-3lm/s 8x10°m/s
—34r,
(b) Using result of exercise 4, A = — 10"%m = 6.63x107"-s
V2mqV V2(9.11x10-3Tkg) (1.6x10-19C) v
= V = 1.5V. In practice it is much higher than this, giving a smaller A and better resolution.
h 6.63x10734J-s

m A = dsin 6. Using result of exercise 4, A =

V2mqV - V2(9.11x10-3Tkg) (1.6x10-19C) (54V) -
1.67x10=10m. 1(1.67x10~10m)=d sin50° = d = 2.2x10~10m.

To find moon’s speed, use F=ma. The gravitational force gives it centripetal acceleration:

G MearthMmoon _ v2 e V-G-mearth _ T JG6TxI0 TTN-mZ7/kg2)(5.98x1024%g)
r2 - moon iy B ro - 3.84x108m =

6.63x10734]-s
(7.35%x1022kg)(1.02x103m/s)
This is much smaller than the dimensions of the region in which it moves. In fact, as in the
airplane’s case in example 3.1, it is smaller than the atomic nucleus! The moon certainly orbits
as a classical particle.

1.02x103m/s. Thus A = h/p = = 8.85x10~60m.

Inm
billion centuries

AX Ap = Yh — (5x10~15m) (1.67x10727kg) Av = 1(1.055x10~34]-s) = Av = 6.3x100m/s.
Its KE would be Y% (1.67x10727kg) (6.3x10%m/s)2 = 0.2MeV, on the low side of typical energies in
the nucleus.

Ax Ap = Yh — (10-6m)(0.145kg) Av = %(1.055x10-34]-s) = Av = 3.6x10~28m/s.

h h h2
Ax Amv) = Y4h = Avz 5 =5+ . The KE ~ Lm(Av)? = Smi2
. 1A h/(mv) h Apy _%hh/Ay Y%hla h Bwave
Bwave = sinf; = a _  a “mva’ Opart. = p - p  mv 4mmva’ Opart. 4

(Yy-)mc2 =me2 =Yy =2 =u=(\3/2)c. p=Yymu=2 (1.67x10‘27kg) (V32) ¢
_ “19y.. _pj L 0:63x10734)s _16 .
8.68x10~7kg-m/s. A =h/p 8.68x10-1%kg-m/s 7.64x10~'%m. This is smaller than the

proton’s accepted approximate radius. Such a fast proton would certainly behave as a particle.




