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a1 1 mole of any compound containg §.022 x 1077 molecules (see Frame 3 an p6 of Unit 1). 1 mole
of nitrogen gas (N4} has a mass of apprecimately 0,028 kg where the relative atomic mass is taken to he 2 % 14,
The number of molecules in 1 kg is therefore 6.022 » 1077 /0,028 = 215 = 10°5.

Q2 @ Denzity = mass/volume. The mass of ane mole of nitrogen gas is 0.028 kg and the volume is
given as 22.4 x 10~F m?.
codensity = 00028 kg /224 = 107 m? = 125 kg m™.

03 The de Broglie wavelength (s A = i/p (Sec.3.1 of Unit 1, FT 23). Electrons sccelerated from
rest through 60 volts have a kinetic energy of £ = 60 V. This i a low (1.6, non-relativistic) energr and so the
monentum pois given by (2mEP? and so

B e 6.626 x 104 ¥,
T (2ZmEIZ (2 x 9109 x 10~ x 60 x 1.602 % 10-19)172
=1.583 % 107" m,

24 [El Low energy eclectrons are reflected from the surface of & erystal (Davisson-Germer exper-
mmends, . See FT 243 at angle ¢ pivem by A = Dzing whers D 15 the required spacing.  Hence D =
1583 x I mf5in30P = 3.17 x 1079 m,

Q5 The wavelengths of spectral lines emiteed by hydrogen-like systems according to the Bohr theory
are found from (Sec.2-3 of Unit. 1, FT Eqs.1-24, 1-25)
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where n; and iy are positive integers with o, = np. For H. 2 =1, Trving vadoes of ne and starting with ny =
Lo = 2. Fete, then iy = 2,0y = 3,4 ete, youcan eoe that the only possible option iz F Tor which iy = 2, = 3.

1 1 1 & e,

Thus = fy (F - 3—2) = HHE and g0 A = 365y,

AT |'|:'-.F| Ae for-25 but with. Z = 2 for He™. Trytog valwes of peand m, pou fnd v = L = 2 vields
= Hpd (L‘ =

1

" ) which gives A = 1/3/ty. option . The next success iz with ny = 4, n; = 6 which gives
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) = %Hu which coriespommds t option F. (80 fast pacagraph of FT 1.8
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Q7 [D] Webave L, = 0520 A= 0.529 % 10-"% i (FT Eq.1-235). L= is seen from FT Fig.1-14 to be just
greater than 0.7 A= 0.7 = 107" m (a more precise value is gives on FT (138). L is found from using A = Afp
[ET Eq.2-1} with p = (2mK)*? for low energies. {See FT Eq.2.9.) Thus

f1 G626 x 10—

where the mass of a nitrogen molecule m has been found by using Nm = 10774 [see bottom of Frame 3 on p.6
of Unit 1). Thus we find Ly =343 « 107" m. L, is found from FT Eq.2.1,

h  6.626x 10—-%
lyg=ids -5 ————
b .15 = 40
Finally to find L5 we have to use the relativistic formula for de Broglie wavelengths, FT Eq.2-10, or FT Eq.2-11
which &5 & good approdimation for K = 1F! &V, Thus

£oos he _ 66262 107 « 2.998 x 107

R 10Mi 102 x 1018
Thus the coreect ardenng s Ls > Ly 5 Ly > Ly = Ly which & option T

m o= L0 3073 m

m =124 10" m_




