Tutorial 2 - Part 2 Solution

19 December 2021 18:11

1. * Buckminsterfullerene are soccer-like balls (called buckyballs) made up of 60 carbon
atoms (Cgg). A double slit experiment is performed using these buckyballs travelling at a
velocity of 100 m/sec (slit width = 150 nm and the separation between the slits and the

screen, D = 1.25 m from the slits).

(a) Find the de Broglie wavelength of the buckyball.

(b) Find the distance between the maxima of the resultant interference pattern. Treat

the buck balls as point like objects.

(¢) The size of the buckyballs is ~10 A. How does the size of the ball compare with the
distance between the neighboring maxima of the interference patterns? Is the size of
Cgo likely to affect the visibility of the interference fringes? Find the initial velocity

of Cgp for which the interference fringes start to become difficult to detect?
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2, Consider two plane waves, one with a wave vector, k, = ( 27 /A)(Z + ¢ + 2), and the other
with ks (2w /A)Z. For A

of these two waves, (b) calculate the intensity and (c) analyze the interference pattern in

= 500 nm, (a) find the resultant wave due to the interference

the zy-plane, i.e. the condition for maxima and minima.

Hssam'\na Ay wWaver L\G\\!c_
(2 wrgaD)— o)
LF\ ('Y" _\_‘) = ’qc‘ ‘

% Llﬂk () —u*)

k\}_ L'Yn"'y = H =

Cq\ LPL““- ’\-\ =

Samc ‘FTW!’\% J

(2 (o ) )
i) (x, 9 =+ %, (s ) = A Lﬁ

A $‘F \""—\‘Cl-"lf(nj Comen O‘J- To
To \ight
YL\,,frl'ullg"ch
\oc_ \»}bd

be Qcm?QYmb\c
(~ O“tf—) the n

mo ™Mmen _h_;m S’L\Q{*LE\

My _ =F

s

wﬂv‘\"\'\_c_.ﬂ ob

ST CoN

WealV <

. (2 -oh)
k-
.-+ (

LF&W ,'1‘) f LVX (Y’ +)

. " bias b —L-o"') ,(‘k'l—\..a‘l’)] -1
IH\LEC‘(M S c

(knt kgt Fo-0 D)

s (‘az—wl-)]
=+ <

= A" [H |+ cos(hn= “““ﬂ

T Y(mE ces” (k“*ka

() ACY @ _ (n ) Maw | Mo

—_— mv\;m

(hvg) = oA

N

4. *In a double-slit experiment with a source of monoenergetic elect 1‘<11|s,\[|oro(‘tnrs are placed
along a vertical screen parallel to the y-axis to monitor the diffraction pattern of the

electrons emitted from the two slits. When onlv one slit is onen. the amnlitnde of the
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“In a double-slit experiment with a source of monoenergetic vlv(-t\‘«)115.\(1(‘“‘(101‘5 are placed
along a vertical screen parallel to the y-axis to monitor the diffraction pattern of the
electrons emitted from the two glits. When only one slit is open, the amplitude of the
electrons detected on the screen is ¥y (y,t) = Aje”"*¥=«1 /\/T 442, and when only the
other is open the amplitude is ¥(y, 1) = Aae
normalization constants. Calculate the intensity detected on the screen when

(a) both slits are open and a light source is used to determine which of the slits the electron
went through and

(b) both slits are open and no light source is used.

(c) Plot the intensity registered on the screen as a function of y for cases (a) and (b).
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5. *In a Davisson-Germer experiment, electrons having energy of 54eV were bombarded
normally over copper crystal. The diffracted beam was recorded using a detector and
when the intensity of the diffracted electrons was plotted against the angle with the
normal of the surface and the 1st maxima was observed at an angle of 6 = 35°

Electron 7
49
beam R, 4

Nickel Crystal

(a) Calculate the spacing between the atoms on the copper surface

(b) What other angles are possible for a maxima?

(c¢) If the energy of incident electrons were increased by 3 times. Find the location of
first maxima.

(d) How many more intensity peaks (maxima’s) will be observed as the angle is further
increased?
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@ 6. Sodium Chloride (NaCl) crystal is made up of cubes of edge length d, as shown in the
figure. Each cube contains a full Na ion at its body center, which is not shown in the
figure. In a Davisson-Germer experiment, performed using electrons of kinetic energy 40

eV, the NaCl crystal gives a first order (n = 1) diffraction peak at 20.11°.

g Cl

(a) Compute d
(b) Compute the number of NaCl molecules in the given cube.

(c¢) Given the density and the molecular weight of NaCl to be 2.17 g/cm?® and 58.44

g/mol, respectively, compute Avogadro’s number.
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