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Question Answer M Guidance
a i A is the (de Broglie) wavelength associated with a particle B1 | allow object/electron for particle

his (a constant known as) the Planck constant B1

mv is the momentum/mass x speed of the particle B1 | accept velocity for speed
accept m and v separately but the particle must
appear with one of the quantities to score the mark

ii electrons passing through a (thin) sheet of graphite B1 | any suitable situation NOT Au or Al, etc.

are diffracted producing rings/pattern (on a fluorescent screen) | A1 | what is observed + interpretation 1 mark.
Do not award the A mark alone unless a plausible
situation has been suggested.
Young slits type experiments etc score 0/2

eV =1emy C1 [ allow eV = 8.0 x 10 J for 1 mark

2eVim=v? c1

sov=1(2x1.6x10"x5.0x 10%9.1 X 10°") B1 | allow (2 x 8.0 x 107 /9.1 X 10°") or evidence of

sov=13x10°(ms") A0 | correct calculation, e.g. v = 1.325 x 10°

A=h/mv=6.63x10°%1.3x10°x 9.1 X 10°' c1

A=5.6x10"(m) A1 |allow 5.5 x 10™ if 1.325 x 10% is used

A of visible light 5.6 x 107 m B1 | ecfaiii2; accept 4 to 7 x 107 m NOT 107

so power of 10 =5 or -5 B1 | NOT 10° on the answer line

b The photoelectric effect B1 | QWC mark allow exp’t description: uv light shone on

a zinc plate connected to a gle

Individual photons are absorbed by individual electrons in the max 3 from 6 marking points

metal surface, i.e. one to one interaction. B1

Only photons with energies above the work function energy will

cause photoelectron emission/idea of threshold frequency B1

Hence u-v photons or blue photons will cause photoemission B1

but red photons will not.

Number of electrons emitted depends on light intensity B1 | allow wave model does not explain no emission

A wave model does not explain instantaneous emission of however bright the light if energy of photon below

electrons. B1 | work function

A wave model does not explain a threshold

frequency/wavelength for emission to occur B1

Total question 6 16
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7 |(a) the energy of an electronv” equals the energy of the B1 alt: the electron energyv” is converted into the energy of the
(emitted) photonv” B1 emitted photonv’
or the minimum energy~” of an electron required to produce
a photonv/AW
A | (b) Adjust the potential divider to low/zero voltage B1 max 3 marks
A connect flying lead to one LED B1
A increase voltage until LED just lights/strikes B1
repeat several times and average to find Vi B1
repeat for each LED B1
shield LED inside opaque tube to judge strike more B1
accurately
A |(c) [ (i) |values of 1/A calculated correctly: 2.14 and 2.43 B1 not 2.13 unless this is second rounding error in paper
A 2 points plotted correctly B1 ecf calculated values in table
A line of best fit drawn through origin B1
gradient = 1.24 x 10° (V m) B1 working must be shown to score the mark allow ecf for
correct gradient from line drawn
(i) | gradient of line =V A B1 must have clear indication that V A is gradient of graph
fromeV=hc/A VA= hcle B1
4 x 10” = hcle ecf (c)(i)
24x10°x 1.6 x 1079 3.0x 10° M1 | correct substitution into equation mark
.6(1) x 10 (J's) A1 | ans =5.3xgrad (ignoring all powers of 10)
Total 13
SCAN DOWN TO CHECK NO ANSWERS ON PAGE 18
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& [(@) [ () | emission of election(s) from a metal (surface) when photon(s)/ allow singular electron and absorption of photon
light/uv/em radiation are incident (on surface) B1
(ii) | energy to accelerate/move an electron through a p.d. of 1 VAW BT [not16x10"7J
() [50x16x107=80x107J BT | allow 8 for 8.0; no mark i unit incorrect
{6) | ()1 | the minimum energy required (o release an electron from the BT
surface of the metal
2 [9=80x10"-11x10" B1 | no mark if unit incorrect unless unit in aiii) incorrect
9x 107y
@1 | 7amv = 14x 10" CT | accept ora substiute 5 x 10° o find E= 1.1 x 107
V=22x10"9.11x 10" (= 2.4x 10") M1
v=49x10°(ms") A0
(@2 [A=himv 5]
6.63x10%/9.11x10% x49x 10° c1
5x10° (m) A1 | accept1.46 x 107 if using v =5x10°
A (@) [() | Electrons behave as waves/aifract ]
A (observable because) gaps/atoms are of similar wavelength to
A electrons, 81
reqular/ordered patter of atoms/atoms act as a grating/AW B1 | allow graphite for atoms
allowing interference to produce pattern on screen/AW B1
rings occur because atomic ‘crystals' at all possible orientations to
beam/AW B1 | max 3 from 5 marking points
(@ | wavelengih is oo large to produce a difiraction patier/electrons ecf (B)(i)2; €.g. for AW wavelength is about 10
not travelling fast enough/AW B1 | times atomic spacing or wavelength is different to
spacing
Total | 14
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8 a i energy ¢ required for an electron to escape from metal surface M1
the minimum energy........ A1 inclusion of the word minimum in the sentence
scores the second mark
ii a photon with less than the threshold frequency f, cannot cause
electron emission/AW B1
so work function = h (threshold frequency) B1 allow ¢ = hfwhen the symbols ¢ and f, have been
defined somewhere in the question
¢ =Nk
=6.63x 10 x 3.0 x 10550 x 10° c1
=36x107 (J) A
b i KEmax = hf —@_or hf = @ + KEmax c1
hf=6.63 x 10** x 3.0 x 10°/440 x 10° = 4.5x 10 J B1
%mv? = 9 x 10 giving v? = 1.8 x 107%/9.1 x 10 B1 | ecf (a)(iii)
v=445x10°(ms") A0 | allow 4.5 or 4.4 x 10°
ii A=h/mv=6.63x10""/9.1x 107 x4.5x 10 c1
A=1.6x10% (m) A1 |allow 1.7 x 10° for v = 4.4 x 10°
c i n=3fon=2 B1 allow between or and when there is a downward
arrow on Fig. 8.1
ii B+ Ex=En c1
hc/As2 + Nc/Aar = helAay c1 accept equation using 1/A or 1/590 + 1/440 = 1/As;
1/590 + 1/440 = 1/252 50 A3y = 250 x 10°° (m) A1 allow 2 or 3 sf
allow 2/3 for using 550 for 590 nm giving 244 nm
Total 15
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6
a photoelectric effect B1
b 1.Individual photons are absorbed by individual electrons (in max 4 from 6 marking points
the metal surface)/ one to one interaction/AW B1
2.0nly photon with energy above the work function energy will allow work function (of a metal surface) is minimum
cause photoelectron emission/idea of threshold frequency B1 energy for photoemission
3.Photon energy is proportional to frequency B1 allow shorter wavelength light has higher energy
4.(therefore) blue photons with higher f/shorter A will cause B1 (hc/ A) or higher frequency higher energy (hf)
photoemission but red photons will not. or ....red photons with lower f/longer A.....
5.hf — ¢ = KE,a is the equation resulting from conservation of B1 ‘max must be present to score mark; equation stated
energy or resulting from the meaning of each term in words: photon e. —w.f. = max ke of e
6.A wave model does not explain instantaneous emission B1
to score full marks (4) the answer must include
two terms out of photon, work function and threshold
frequency/wavelength (QWC mark)
c i work function = ¢ = hc/A C1 |allow ¢=hf(f=6.25x10")and f=c/A
.6 x 10 x 3.0 x 10 4.8 x 107 M1
=4.1(4)x 10™ (J) A1 must show answer initially to 2 or 3 SF; ignore any
final rounding down to 1 SF
E-¢="2mv
(5.2-4.1)x10™=1.1x10™ = . mv C1 | can use 4.14 or 4 instead of 4.1
x1.1x 107 /9.1 X 10 c1
v=49x10°(ms") A1 |allow 5.1x10°(ms™) using ¢ =4 x 107
or4.8x10° (ms”) using ¢ =4.14 x 10
d i electrons passing through a thin sheet of graphite M1 | any suitable/reasonably plausible situation
are diffracted/produce diffraction rings on a fluorescent screen A1 what is observed/ interpretation
A=himv Cc1
A=6.63x10°%5.0x 10°x 9.1 X 10°' c1
A=1.5x10° (m) Al [146t03SF
Total question 6 16





