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Q1.
(a) packet/ quantum of energy M1
of electromagnetic radiation A1
(c)(iy | 0.032MeV A1
(c)(ii) | momentum=E/c (o]
momentum = (0.032 x 1.60 x 10-13)/(3.00 x 108) A1
=17x103Ns
Q2.
®)i)) |E =hfand A=cl/f c1
E =(6.63 x 1073 x 3.00 x 108)/(488 x 10-9) A1
=4.08x 109
Q3.
(@) |p=Elc M1
E = he/ A and completion of algebra leadingto p=h/ i Al
(a)(ii) | wavelength = (6.63 x 10*%)/(9.5 x 10-%%) = 700 x 10°*m so red B1
(b)(i) | power = intensity x area Cc1
number per unit time = (160 x 2.5 x 1079) /(9.5 x 1072 x 3.00 x 10%) = 1.4 x 10"° s~ At
(b)(ii) | pressure = force/area C1
force = rate of change of momentum C1
=2x95x 10 x 1.4 x10"®
pressure = (2 x 9.5 x 102 x 1.4 x 10'9) /(2.5 x 10°) Al
=11x10%Pa
(c) photons have greater momentum B1
or
fewer photons per unit time
greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1
Q4.
(a) packet/quantum of energy M1
of electromagnetic radiation A1
Q5.
(b)(i) photon energy = hf C1
number per unit time = 8.36 x 10-3/(1.36 x 105 x 6.63 x 10-34) Al
=9.27 x 1055
Q6.
(b)) |E=hcl/A c1
or
E=hf and ¢c=11
E =(6.63 x 10 x 3.00 x 108) /(250 x 10-9) c1
(=7.96 x107'°J) A1l
=50eV
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Q7.
(@) quantum of energy M1
of electromagnetic radiation Al
(b)(i) | energy=hc/A C1
or
energy = hf and f=c/A
0.57 x 108 x 1.60 x 10-'® = (6.63 x 103 x 3.00 x 10%)/ 4 A1l
A=22x10"7m
(b)) |p =hl2 C1
= (6.63 x 103)/(2.2x 10"?) A1
=3.0x10%Ns
or
p =Elc (C1)
=(0.57 x 106 x 1.60 x 10-'%)/(3.00 x 108) (A1)
=3.0x1022Ns
()i} | mass (of Sm-157 nucleus) = 157 x 1.66 x 107 c1
;rass (of Sm-157 nucleus) = 0.157/(6.02 x 10%%)
recoil speed = (3.00 x 10-22)/ (157 x 1.66 x 10-%7) A1
=12x10*ms™"
(e)(ii) | (1.2 %) 103ms~" is much less than (3.0 x) 108 m s~ B1
Q8.
(@) |p=hii and E=hc/a ¢
or
E=pc
p =(8.2x107)/(3.0 x 108) A1
=27x10%2Ns
Q.
(a)(i) | quantum of energy M1
of electromagnetic radiation A1
(a)(ii) | arrow (on Fig. 11.1) pointing upwards and to the right B1
(b)i) |A=hip c1
p =(6.63 x 1034)/(544 x 10-9) A1
=1.22x10% Ns
(b)(ii) |energy =hc/A i
=6.63 x 103 x 3.00 x 10°% x (540" — 544-") x 10° Al
=27%x102"J
(c) (smaller wavelength corresponds to) greater photon energy B1
any one point from: B1
* (deflected) photon loses energy (so not possible)
* (deflected) photon would need to gain energy (so not possible)
e electron would need to lose energy (so not possible)
« initially electron energy is zero (so not possible)
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Q10.
(b)(i) | photon energy = hc/ A ¢
=(6.63 x 1073 x 3.0 x 108)/ (380 x 10-%) c1
(=5.23x 10-9J)
=33eV A1
() |i=hip c1
p = (6.63 x 10-%)/(380 x 10%) c1
=174 x10% Ns
force =1.74 x 1027 x 7.6 x 10" A1l
=13x 10N

Q11.

(a) packet/quantum of energy M1

of electromagnetic radiation A1
(b)i) | E=hc/A c1
1.18 x 1.60 x 10~ = (6.63 x 1034 x 3.00 x 108)/ 1 A1
A=1.05x10"7?m

(b)(ii) |A=hlp or E=pc c1
p =(6.63 x 1034)/(1.05 x 10-'2) B1
,gr= (1.18 x 1.60 x 10-"%)/(3.00 x 108)
leadingto p=6.3x 1002 N s

(c) 6.3x1022=60x 1.66 x 102" x v C1
v=6.3x10ms™" Al
Q12.

(b)(i) 1. photon energy =hc/ 4 c1
=(6.63x 10 x 3.00 x 10%)/ (280 x 10-%) A1l
=7.1x107"%J

2. electron energy = (7.1-5.5)x 101 J C1
% x9.11x 1031 xv2=(7.1-5.5)x 107"® c1
v=59x10°ms-! A1
Q13.
(a)i packet/quantum/discrete amount of energy M1
of electromagnetic radiation Al
Q14.

(b)(i) | packet/quantum/discrete amount of energy M1

of electromagnetic radiation A1l

(b)(ii) |E =helii c1

= (6.63 x 107% x 3.00 x 10%)/ (420 x 10°%) A1
=47x107)
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Q15.
(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b)(i) | energy = hc/2 Cc1
A =(8.63 x 10 x 3.00 x 10%)/(0.51 x 10° x 1.60 x 107'%) Al
=24 x10"m
)iy |[p=hii c1

= (6.63 x 107%)/(2.44 x 107'%)
or
p =Elc

= (0.51 x 1.60 x 107%)/(3.00 x 10%)

p =27 x102Ns A1

(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1




