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Question

Marking details

Marks
Available

®

(i)
(i)

o

()

Maximum k.e. of emitted / photo electrons
Energy of a photon(s]

[Minimum] energy needed to remove electron [from surface]. Don’t
‘accept from an atom

L Gradient calculation attempted (1) — no penalty for wrong powers of
10,
6.6 [+0.3]x10™ [ s] (1)
‘agreeing with working.

1L fyen=4.4x10" Hz (1) [£0.1x10' Hz]  or valid algebraic method
$=29x10") UNIT (1) eef

20,

KEmex

/1099
101

T s
frequency/ 104 Hz

Correct point (1), pasalel line (1)
I Ultaviolet for UV]

1L Lithium has higher work function / needs more energy to remove.
an electron

Question 6 Total
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Question

Marking details

Marks
Available

)

G

(i)
(iii)

Any 4 x (1) from:

o light [energy] in discrete packets

o one electron ejected by one photon OR photons don’t co-
operate

o energy not accumulated [by electron] over time or emission
from instant light shines.

* intensity has no effect on Eju OF accept intensity affects
number emitted per second

« wave theory doesn’t predict Einstein’s equation or doesn’t
predict threshold frequency

Ein=(663x 10% x 8.7 x 10 =38 10™) (1)

Ey= 197 107 [1] (1)

‘These photons eject electrons with smaller Eypy (1)

Ey same as previously with some explanation given (1)

Correct use of ¢ =2 (1) e.g.10 give Ageen = 523 [nm]

OR funsm = 7.5 x 10" [Hz] OR froo = 4.3 x 10 [Hz]
Comparison of 400 [nm] with Asec(1) 0 7.5 x 10 [Hz] With foscas
(5.73 x 10" [Hz]) or substitution of 7.5 x 10" [Hz] into Einste
equation.

Conclusion: It can (1) if reasoned]

Question 4 Total

5]
2

=]

E)]
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Question 5

Marking details

Marks
Available

b

©

@

(i)

(0]

(i)

$is [minimum] energy needed to release an electron from surface [or
from metal or from material]. (1) No marks for giving meaning of /-
So [minimum] photon energy needed is ¢. (1)

So hfy= ¢ or Egion=hf (1)

Award 2 x (1) of

+ More photons per second

« Individual photon energies unchanged

+ Eym depends on energy of individual photon or Eyme = hf - ¢ does
not include intensity.

Aceept: Photons don’t co-operate [in releasing electrons]

Increase / adjust pd until nano-ammeter shows zero current [or
equiv.] (1) Read voltmeter (1) or by implication
Eim=eV (1)

Gradient =6.7 [+0.2] x 10™ [J5] (1)
Mention of Planck’s constant and sensible comparison (1)

$=41[£02]x 10 1] (1)
barium but only award mark if some reasoning given e.g. correct
reference to intercept (1)

Question § Total

Bl

2

Bl

2

2
112]
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Marking details

Question Available
@ [ O [minimum] energy needed to eject an electron from the metal [or surface
or solid not atom] 1
(ii) 6.9x 10" [Hz] 1
(i) Photon energy not high enough [< work function] (1)
Electrons can't escape (1) 2
® /—Murwmwnmmwwwwmwn
2
=10x10%H7] (1)
© | @) 32x100p) ()
‘This uses the higher energy [or the higher frequency] photons, or
produces the higher energy electrons, or photons don't co-operate or 2
equivalent (1)
(ii) 20[V] eef 1
‘Question 5 Total
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Question

Marking details

Marks

(a)

(b)

(c)

(d

[0)
(i)
(iii)

TMinimum] energy needed to release [or eject] electron from
magnesium [or metal or surface or solid ot atom]

Ermx=6.63 x 10% x 1.16 x 10 []]=5.9x 10 [J] (1)
.79 x10™°1J] (1)

Eima=
"Photon energy < work function (1) don’t accept photon energy in
symbols. Accept not enough energy to liberate an

electron. Don't accept Ey p, can’t be negative.

=54 x 107°[J] aceept. foeen=8.9 x 10" [Hz] (1)

If negative energy award | mark only

Planck constant. Accept Planck’s constant or h.

-] work function. Accept [-] ¢

o or minimum frequency to eject electron or threshold frequency

Question 5 Total

Available
1

T
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Question

Marking details

Marks
Available

5 |@

(b)

(c)

[0}
(i)
(iii)

(0]

(ii)

[Maximum)] kinetic energy of emitted electronfs)
Photon energy

[Minimum)] energy needed to release [or eject] electron from surface
[or metal or solid]

= hfo or by implication (1)
S=35601)

attempt at gradient calculation even if slips, e.g in 10° (1)
h=68[+02]x 10™ [J5] (1)

$=3.1[£0.1] x 10™ [J] Don't accept a negative ¢

ot = ghaesum + 0.6 [0r 0.7] x 1049 J or parallel line or use of
equation (1)

ot = 3.7 [£0.3] x 1049 [1] eef (1)

Question 5 Total
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Question

Marking details

Available

(@)

(b)

(©

@

0]

0}

(L]

Energy of photon [of frequency /]

[Minimum] energy needed to eject an electron [not “electrons”]
from a surface [or a metal or a solid, not an atom].

hf=7.40 x 10™ x 6.63 x 10 - 3.65 x 10" seen or by implic (1)
Exme=1.26 x 10™°[J] (1)

Eynae =1.26 x 107 [J] ecf or same as for violet alone or equivalent
No emission because photon energy too small (1)

hf =3.46 x 107 J, which is less than ¢, if— ¢= =19 x 10%° J with
attention drawn to minus sign or equivalent (1)

Increase voltage from zero until microammeter reads zero
(accept until current is zero) or equivalent (1)
s = € x ‘CUt-Off voltage' accept £y, in €V = cut-off voltage (1)

Question 4 Total
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(b)

(©)

(0]

(ii)

=2 (V) [=1.07x 107 kgms™]

[ h:|76,63xl(T"'.|s
2

T2 600" m

1.1 x 1077 =[£] 1.1 x 10" + mv [i.e. accept incorrect sign] (1)
22x107=167x 107 v(1)

v=128ms™ (1)

[mv=1.1x10"" > vy=0.64 ms™ - | mark only]

more energy after collision (1)
since photon energies are the same / energy increased by hydrogen KE
or Vamv? (1)

reflected photon has longer wavelength o red shift occurs
[or converse argument or frequency argument]

ul
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Marks

Question Marking details Avalable
5 (@ | ()| Nm?/Paforequiv.] 1
(i) | Mass=1.2x2.0x 107 x 1.00 x 10° [=0.24 kg] 1
(iii) | Change in momentum = [0-] 0.24 x 1.2 [=-0.29Ns~03N's] 1
_ Amv_03(ecf)
() | Force = == 2=0E22/0.3 N fequal and opposite force on wall
implied] (1)
Pressure = £ =93~ 1500 Pa [1450 Pa if 029 N s used] (1) 2
A7 20x10
() | ()] 2=660x 10~ m [or equiv - unit conversion] (1)
_h_863x107 ¢ on unit conv.] = 1.0 x 107N s (1)
2 660x107 3
he 1
(i) | Photon energy £=hf= ==(1)=3.01 x 10 for by impl |
- Power - 13
Number of Is= —— 5 (1)[=332x 10’
jumber of photons in 15 ol‘lphmon( ) x10%]
Force = %-3.32 % 107N (1) [e.c.f. if only I photon used]
Pressure =3.3 x 10 Pa (1)
[NBFlfalsl}mrksbyumﬂl
c
[1f pressure = 1 x 10" Pa given specified “per photon™ - or equiv —
then | mark] 4
2]
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Question Marking details Available
6 [@ _h_663x10™ 2 - i
P=3 =S gaige " 275X 107 ke m s /Ns (unit) 1
) p=mv =9.11x 107" x 1400 (1)
=1275x 10" kgms™
. momenta cancel or sum = 0. [Comment needed] (1) 2
© Yes - momenta cancel afterwards also.
[ie. Yes + sensible comment, e.g_reflection symmetry.
Wavelength and speed unchangéd. Accept mention of C of M frame] 1
@ Loss of photon energy (1) = gain in kinetic energy [of electron] (1)
[“Photon energy decreases; Electron KE increases” — 1 mark] 2
161
I — —





image17.png
Question

Marking details

Marks
Available

(@

®)

©

(@)

(ii)

[In any interaction] the [vector] sum of bodies’ momenta

[accept ‘total momentum’] stays constant (1), provided no [resultant]
external force acts [accept: in a closed system] (1)

NB. Separate marks but statement of conservation of energy loses
both marks.

1.67 x [1077]x 3150 = 9.98 x [1077] x 225 =11.6 x [107] (1)
107 consistently dropped or masses givenas 1,6,7 V']

With minus sign (i.e. signs correct) (1)

v =260 ms™ (1) [noecf]

Arrow toright (1)

SKE initially =8.54x 107') (1)

S KE finally =3.92x 107" J (1)

[Correct answer other than powers of 10 — 1 mark]

Amv="or v=i(l>|or b 3ss w0 [Ns])
) am 2

v=33x10"ms™ (1)
[No penalty for attempts to include initial momentum (which is
3.0 % 107 Ns)]
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® | ()

(ii)

(iii)

6.63x10™x3x10*

5005107 =3.98x107"[J] (1)

he
=hf=—()=
E=nf 70

N arriving each second = 1S00) (100) _ 77 3y

(3.98x1019)
allow ecf for E from (i)
Momentum of 1 photon
h_ (6.63x1073%) 27 )
3 (smmﬁ)u) 133x107 [kgms™]

Change of momentum of I photon
2(1)x 1. ssxlu”-zosnv”[kgms“]

Total change of momentum of photon in 1 s
=(265x1077) 3.77x10) = 9.99x10” [kg m 5] (1)

Allow ecfs from (b)

ind (i)

Force = Change of momentum per second =9.99x10™ = 1.0x10°[ N]

(force on sail is equal and opposite to force on photons)

Question 2 total

112)
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Question

Marking details

Marks
Available

®

m

(i

(i)

‘The [vector] sum of the momenta [of bodies in a system] stays
‘constant [even if forces act between the bodies], (1) provided there is.

no external [resultant] force. (1)

178x107 xu =5.62x10°x 1.71x107 +136x107x 6.64x1077 (1)
ie. attempt at conservation of momentum

u = {5.62x10°x 1.71x107 - 1.36x10” x 6.64x10™7 }/1.78x10™*

ie. correct algebra and sign (1)

u=32600[ms"] (1)

E '7‘ for E=hf and c=fA} (1)

Algebra and
(Use of both £

XU
and p=me award | mark only.)

p="% atempted (1)
5.62x10°x 1.71 x10° used as a denominator (1)

X100 =0.72% (1)

(accept: 4.5 x 10"%)

Question 3 Total

21

6]

21

&)
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Question

Marking details

Marks
Available

(b

@

(i)

(0]

(i)

‘The [vector] sum of the momenta of bodies [in a system] stays
constant [even if forces act between the bodies] provided there s no
external [resultant] force.

Idea of conservation of momentum
i.e. expression or statement of p, = p, +m,v (1)

No need to specify here that momentum of the hydrogen atom is
initially zero.

Substitution of values and convincing manipulation. (1)

o
g(—ur-*(""-’""’m)’
x

v=128[ms"]

Y3 10°
—if= (ﬁ Sx10°3x10°) 1) oy

620x10™

Equating momenta, rearranging and substitution (1) mv = %

34
a=h 663107 =3.10x10"7[m] (=310nm)
m |.o7x|u-27ﬁ.2s)

Correct value of wavelength (1) (allow ecf if substitution incorrect
but calculation consistent)

Ultraviolet. eef

Question 5 total





image21.png
Marking details

Marks

Available

(a) ‘The total momentum (of a system) is constant

(must have total, sum, vector sum etc.) (1)

Provided no external [resultant] force (1)

e.g - The momentum before and after a collision is the same - 0

‘When two particles collide the sum of momentum stays the same as

long as no forces are involved - | 2
(b) A=% ie reamanged or E = hf =2.13x10" )] (1)

p=t wed o quoted (1)

Final evidence

st o p=ERE @rmaon| P

(© Reasonable attempt at cons of mom

e.g initial p of Ni = final p of Ni + p of photon (1)

2440x995x 10 =7x10%- 995x 10*v (1)

Answer =4700 [ms"] or slightly different dependent on (b) (1) 3

ecfonp

Question 1 Total 181
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Question

Marking details

Marks
Available

(@)

]

[0}

(i)

(iii)

Reasonable attempt at conservation of_momentum (1)
e.g 330 000m =10 000m + 6.6 x 107 x v,

conservation of momentum applied correctly and values substituted (1)
€.g 330000 x 3.4 x 10% =-10000 x 3.3 x 107 +6.6 x 107x v,

correct answer = 1.75 x 107 [ms™"] (no ecf) (1)

Any valid answer

e.g. impulse (or force or acceleration or change in momentum) is
vertical, gamma has no momentum in horizontal direction,
perpendicular directions are independent etc.
Accept: no horizontal force

Adtemptat usingp =% (1)

E=hf andc=f2 quoted (or equivalent £ =) (1)
N.B.p=fgmm2mks

Correct momentum = 633 x 107 (1)

833107

Answer =
33x1058

[1920ms™] (1)
Method ie. V100007 + 20007 (1)
Answer = 10 200 [m 5] ecfon v from (b)(ii) (1)

Method and correct
indication of angle e tan™*(222) (1) 7

Answer =115° or 02 [rad]
(or 90-11.5 for other angle if indicated etc.) (1)

Question 1 Total

2]
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(@)

(b)

[0)

(i)

[0)

(ii)

(iii)

(iv)

Photons hit the caesium surface. (1)
Electrons knocked out (1)

*  Electrons cross vacuum to collecting electrode”

*  retumned to the caesium via cell and meterv” any 1 x
constituting an electric currenty’

« aided by [p.d. of] cell v

Larger current (1) because more photons arrive [per second] (1)

o Voltage needs to be variable v ny 2 x

o Power supply polarity needs reversing v }
volimeter needed v

Eimax =6.6x 107 x8.6 x 10" = 3.1 x 107 J (1)
=26x10"1(1)

Ec=4+m* withm=9.1x 107" kg (1)
Convincing substitution of v =7.5 x 10° m 5™ to obtain
E=2.6x 107" J or vice versa (1)

Intensity doesn’t affect individual photon energies [or equiv.]

2]
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(@)

(b)

[0)
(i)

(0]

(ii)

(iii)

Photon energy

E . i the maximum KE of emitted electron (1)
is the minimum energy for an electron o escape (1).

What is left over of the photon’s energy afier the escape is its kinetic
energy. (1)

Graph: Points [£0.2 divisions] (1);
line [not necessarily extrapolated] (1)

1 38[£02]x107™)

79)x10™"3
8-69)x10"Hz
=66 [+0.4]x 107 Js (1) NB. Must be value from working.

Ay
2 h (1
[“Ax rom grap! ]H

Graph line drawn with same slope (1) and to left of / above that for
sodium (1)
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(@)

(b)

[0)

(i)

(i)

(ii)
(iii)

‘When e-m radn” [accept. light, u-v, photons] [of high enough
frequency] falls on a surface [or metal] (1) electrons are emitted (1)

Photon knocks out electron [or not] or gives energy to e(1).
Photon carries energy hf (1).

Electron needs [a minimum] energy ¢ to escape (1)

Remainder of photon’s energy given to electron as KE (1) [KEqa
corresponds to minimum energy ¢ to escape]

By, =6.63x10™ x7.9910" ~4.97x107 J (1)

[or photon energy shown to be greater than ¢]
Eims=327x 10725 (1)

Photon energy =4.47 x 107 J < ¢ [or equiv], so no emission

327x 1070 (1)
Photons don’t co-operate releasing electron [or equiv] (1)
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Question

Marking details

Available
5@ [minimum] energy needed o eject an electron [from surface] 1
) | (i) | Mfoun= ¢ [or equiv. u by impl.] (1)
Juin=5.710" Hz (1 2
(ii) | Exmax=6.63 x 107 x 7.0 x 10" = 3.8 x 10™ [or equiv or by impl.] (1)
=84x 107 (1) 2
(¢) | (i) Increasing intensity increases number of photons per second [or
“photons cannot co-operate™]. (1)
But individual photon energy unchanged [or “frequency unchanged”] )
).
(ii) | No. of emitted electrons per second [accept current]. 1
@ Increase p.d. from zero (1) until ammeter reads zero (1).
Take voltmeter reading, V. (1) Evaluate eV’ (1) 4
2]
rs . —





image5.png
Question

Marking details

Marks
Available

(@)

(b)

()

@

(i)

(i)

(0]

(i)

Electrons are emitted [from tin] (1).

Electrons are negatively charged [or plate originally neutral] or
electrons knocked out by photons (1)

Plate left with a positive charge (1)

Work function: [Minimum] energy [or work] needed for an electron
to escape [from metal surface]

Bfusin= ¢ [0r by impl.] or 0=6.63 x 107 foua = 7.1 x 1077 (1)
foun=1.07 x 10" Hz (1)

15% 107" = hf= 7.1 x 10 [or equiv. or by impl] (1)
S=13x10"Hz (1)

164x10°[C 5]
16x10™[C]
Number of photons per second =4.0 x 10 x 1200
Multiplication by 1200 at any stage [or by impl.}(1)
Photon energy = 8.6 x 107" J [or by impl.] (1)
UV energy per second =4.1 m(1)W(1) [4.1 x 107 J 5™ vv]

number per second =

113]
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(a)

(b)

(c)

(i)

(i)

(@)

(i)
(iii)

e =%(1)[orbyimpl,]=5.|[3] x 10" [Hz] (1)

Photon £=6.63 x 107 x 7.4 x 10" [=4.91 x 10™"°J][or by impl.](1)
Eima [24.91 x 1077 =34 x 107 = 1.5 x 1077 )] (1)

[A single] photon gives its energy to an electron (1)

Some of the energy used to escape from the metal (1).

Points plotted at (5.1 x 10"*Hz, 0) and (7.4 x 10" Hz, 1.5 x 107" J) (1)
Allow e.c.f. from (a) and (b)(i)

Straight line drawn through points (1)

(One correct point only and a positive slope line = 1 mark)

h/ the Planck constant

Straight line drawn with same gradient as (i) and to the right

Question 4 Total





