Marking Scheme

1.

ja)
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(1)
(1)
(1)

(1)

(u)

Maximmm k e. of emutted [ photo electrons

Energy of a photon[s]
[Minmmoum] energy needed to remove electron [from surface]. Don't

accept from an atom

I. Gradient caleulation attempted (1) — no penalty for wrong powers of
10.

6.6 [+ 0.3] =10 [T 5] (1)

arreeme with workme

I frea=44x10% Hz (1) [=01x10" Hz] or valid alzebraic method

6=29x10"T UNIT (1) ecf
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Trequensy / 1O Hz
Comrect point (1), parallel line (1}
II. Ultraviolet [or UV]

ITI. Lithmom has hzsher work fimchion / needs more snergy to remove
an electron
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Y

(1)

(121}

(1w}

3 2 = 3 1
[7=22°)(1) [accept mr ] = 14 (1) [F21287Tm" 5 ] 2
[21 287 — 1 mark]
mass every second = 1.2 x 21000 [or as calculated m (1))
[=25200] kg 5™ I
Imitial E,, = % = 25 200 = 14° (1) e.c.f. from (i)
Final Ey;=7%=25200 = 14" (1) e.cf from (u)
AE=05=10Ts"(Dect fromE,, and E,
- -
NB. “Solotions™ based wpon Yz m = (14 - 11} —= 0 -
- - | -
Useful power available =614 250 T 5™ (1) e.c.f. from (n1)
o _1000x10° .
a.:'i'|l'.|.:|:lll'.'c| - # [_1 ﬁ'_S] |:1:| 2
614250
[5]
. . . Marks
Question Marking details Available
(a) Any 4 x (1) from:
e light [energy] in discrete packets
e one clectron ejected by one photon OR photons don’t co-
operate
e cnergy not accumulated [by electron] over time or emission
from instant light shines
e intensity has no effect on F,,, or accept intensity affects
number emitted per second
e wave theory doesn’t predict Einstein’s equation or doesn’t
predict threshold frequency [4]
) | ()| Emx=(663x10"x87x10"-3.8x10") (1) 2]
Epmax=1.97x 10" [T] (1)
(i1) | These photons eject electrons with smaller Fyp.x (1)
Emax same as previously with some explanation given (1) [2]
(ii1) | Correct use of ¢ =4 (1) e.g. t0 give Apresh = 523 [nm]
OR fi000m = 7.5 x 10" [Hz] OR fyp0 mn = 4.3 x 10" [Hz]
Comparison of 400 [nm] with Agyesn (1) or 7.5 x 10" [Hz] with fiyesn 3]

(5.73 x 10" [Hz]) or substitution of 7.5 x 10" [Hz] into Einstein’s
equation.
Conclusion : It can (1) [if reasoned]

Question 4 Total

[11]
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fa)

(B)

fc)

(b)

(e)

(1)

(11)

(111)

(1)

(11)

()
(id)

(id)
(111)

Electrons are emutted [from tin] (1).

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

Plate left with a positive charge (1)

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

Iifuin = ¢ [or by impl.] or 0= 6.63 x 107 o — 7.1 x 1077 (1)
fun=1.07 x 107 Hz (1)

1.5 % 107 = hf — 7.1 x 107" [or equiv. or by impl.] (1)
f=13x10"Hz (1)

0.64x107°[C s™]
1.6x107°[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 T 57 v+

number per second =

Friea = — (1) [or by impl ] = 5.1[3] x 10" [Hz] (1)

= |5

Photon E = 6.63 x 107 x 7.4 x 10" [= 4.91 x 107"J][er by impl ](1)
Fim [F4.91 % 1077 - 34 < 107°] = 1.5 =« 1077 [7] (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 * 10"Hz. 0) and (7.4 * 10" Hz, 1.5 = 107" ) (1)
Allow e.c.f. from (a) and (b)(1)

Straight line drawn through pomts (1)

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

h / the Planck constant

Straight line drawn with same gradient as (1) and to the right

[13]
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fa)

ib)

fch

fd)

(1)
(11)
(iid)

[Minimm) energy needed to release [or eject] electron from
magnesin [or metal or surface or solid not atom)

B = 6.63 5 107 2 1.16 % 10° []] - 5.9« 107 [T] (1)
Epmax=1.79 x10°[1] (1)

Photon energy < work function (1) don't accept photon energy in

symbols. Accept not enough energy to liberate an
electron. Don't accept Ej .o, can’t be negative.

Epoe =54 % 107 J] accept fama=18.9 x 10" [Hz] (1)
If negative energy award 1 mark only

Planck constant. Accept Planck’s constant or k.

[] work function  Accept [-] &

Jo or mimnmm frequency to eject electron or threshold frequency

(]

(]

Cuestion

Marks available

Marking details

AD2

AO3

Total

Maths

Prac

3

(al

Photons have enough energy [or frequency or if high enough]
(1)

to emit / release electrons (from metal surface) (1)

These arrive at the ancde [ [collecting] (& give current) (1)

{b)

Applying Einstein’s equation ie. 2.7 + 1.2 (=3.9eV) (1)
Converting to J i.e. = 1.6 x 107 (1)

Answer = 9.4 = 10" Hz (1)

M.B. 5.9210*° Hz = 1 mark only

c)

i)

Reverse polarity of supply [or equivalent, e.g. make collecting
electrode negative / reversing the photocell] (1)

[Increase pd] until current is [just] zero (1)

Record the pd (from voltmeter) [or this is the stopping potential]
(1)

Tii)

(Alpha particles +ve so) opposite current (1)

Current zero at smaller pd (1)

More accurate if light intensity large (accept any insightful
comment e.g. obtain activity and compensate [ measure the dark
current) [Accept - wait for activity to decrease] (1)

Question 3 total

12
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fal

ibJ

ic)

. . . Marks
Question Marking details Available
5 {a) (i) [Maximum] Kkinctic encrgy of emitted electron/s] 1

(1) Photon energy 1
(iii) [Minimum] energy needed to release [or eject] glectron from surface
[or metal or solid] |

{b) ¢=hf; or by implication (1)

F=340) 2

{c) (1) I | attempt at gradient calculation even if slips, e.g. in 10" (1)

h=638x02] =107 [Is| (1) 2
IT| ¢3.1[+0.1] x 10" [J] Don't accept a negative ¢ 1
(ii) Psodium = Peaesium + 0.6 [or 0.7] x 10-19 J or parallel line or use of
equation (1)
¢sndium = 37 [i 03] x 10'19 [J] ecf (1) 2
Question 5 Total [10]

(1

(1)

(1)

(1)

@15 [mininmim] energy needed fo release an electron from surface [or
from metal or from matenal). (1) No marks for giving meaning of fj .
So [munimum] photfon energy needed is . (1}

So hfy = ¢ or Eppee = hf (1)

Award 2 x (1) of:

* More photons per second

* Individual photon energies unchanged

* Eiox depends on energy of individual photon or Ejmme = hf - ¢ does
not nclhude intensity.

Accept: Photons don’t co-operate [In releasing electrons].

Increase / adjust pd unfil nano-ammeter shows zero current [or
equuv.] (1) Fead voltmeter (1} or by mplicaton
Emm=el (1)

Gradient = 6.7 [+ 0.2] = 107 [Ts] (1)
Mention of Planck’s constant and sensible comparison (1)

d=41[=02]x10%¥[] (1)
banum but only award mark 1f some reasoning given e.g. correct
reference to intercept (1)

[3]

[2]

[3]

[2]

[2]
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Cluestion Markina detail Marks available
arking defaris AO1T | AOZ | AO3 | Total | Maths | Prac
(a) energy needed (1) .....
.... to remove an electron from a surface(1) 2 2
(b)) | ) Energy of one photon = 4.8 » 1072 [J] (1)
MNumber of photons = 5.2 =« 108 (1) 2 2 2
(i) |1 Threshold frequency = 4.4 x 10[Hz] (1)
Work function = ifz = 2.9 102 [J] (1) 2 2 2
Il | Line drawn with intercept greater than 4.4 x 10%Hz (1)
Line has same gradient (1) 2 2 1
Il | Photon energy would stay the same (1)
Same surface or work function would stay the same (1) 2 2
Cluestion 7 total 2 8 0 10 5 0
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Question

Marking details

Marks available

AD1

AD2

AO3

Total

Maths

Prac

(a)

1.76 and 112 [1]
0.23 and 0.14 [1]

2

2

(i)

i
i

1.00 :
000+ 005, 00E+051, 0 0F-+ 061, S0E+062 O0E+062 506406
Y,

Both points correct + %2 small square division [1]
Both error bars correct [1]

i)

Line of maximum gradient comect [1]
Line of minimum gradient correct [1]
Allow ecf on plots and emor bars for 1 mark only if imperfect

()

Correct gradients (expect 1.73 107, 0.98 x 107 but allow ecf
on lines, just check for consistency) [2]

Correct value of h cbtained expect 7.2 « 107 [J 5] (regardless
of method, allow ecf but check consistent with lines) [1]
Correct % uncertainty (expect around 27%) or 2 x correct
values of h obtained e.g. 9.1 and 5.3 [1] (Just check that these
are consistent with the drawn lines)

Final expression consistent with sig figs only 1 or 2 sig figs for
uncertainty (allow ecf)e.g. (7.2+1.9)x 107 [Js],

(7.2£1.8)x 107> [Js], (7.222.0) = 10-* [J 5],

(T+£2)= 107 [Js] [1]

(it}

Any 4 x (1) from:
e Straight line v
e Through all error bars +
+ Straddles origin / best fit line goes through origin v
s Value of h consistent (with data booklet) / gradient =

fe accept h is slightly large
e

e Large uncertainty or scatter in data +

Eye sensitivity changes with wavelength or long/some
wavelengths invisible
Don't accept reference to human error

(d)

Method comect (obtaining gradient or substituting values)

An-1E
g SEXI0 o 10x10% =46 10942 x10-2 [1]
10 10%

=66 x 107 [Js] or other consistent value [1]

(i)

B 6.9:10" =457 x 10~ J OR p-intercept =4.6x 10-'2J [1]
Photon energy is too low [1]
to release electrons [1]

Question 7 total

12

21

15

21
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Question

Marking details

Marks available

A1

ADZ AO3

Total

Maths

Prac

{a)

{i)

The emission of electrons from a surface due to ight or em rad”

1

{ii}

Energy of light is in the form of photons/packets of energy = kf
(1

The work function ¢ is needed for the electron to escape (1)
Ei mae 15 the energy remaining for the electron (1)

{b)

Polarity is incorrect/All the electrons will reach collecting
electrode (1)

Mo ammeter in circuit (1)

Voltmeter not connected correctly (1)

MNo variable supply (1)

(c)

(i)

Axis labelled comectly with units and suitable scale so that data
points occupy half of the axis (1)

All points plotted correctly to within 3= small square division (1)
Good line of fit congsistent with data (1)

(ii)

Straight line graph of positive gradient (1)

Passes close to all data points (1)

Cannot determine if passes through origin (allow ecf) does not
pass through originfclear negative y intercept (must be
consistent with graph)’ (1)

{iii)

Planck constant = gradient (implied) (1)

Large triangle used [or 2 equivalent suitable points clearly
indicated on the graph] and comect values for gradient
caleulation {1)

Gradient calculated correctly and Planck constant = 6.6 (£ 0.2)
107 (Js) (1)

P

(iv)

5% of Planck constant (6.63 x 107 Js) determined
(+0.33 = 107 (1)
‘alid conclusion e.g. value obtained is within 5% (1)

Cuestion 3 total

19

14
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Question

Marking details

Marks available

A1

AD2 AO3

Total

Maths

Prac

(a)

(i) | Mo emission if photon energy = ¢

[or emizsion only if photon energy > (1)
Convincing argument, clearly implying that photon energy = kf

and leading to no emission if f < %(1]

Increasing light intensity just gives more photons or doesn't
change [energy of] individual photons or doesn't help because

photons don't co-operate (1)

(i) | Photon energy = 4.37 = 107 [J] (1)
Mo emission by Ca or Zn (or equiv) (1)

=0.78 V (Cs), 0.43 V (K), 0.21 V (Ba) (1)

See below:

EFEue=0.56 = 107" J or ¢>3.81 = 107 J or equivalent, e.g. Va

Therefore Ba (1) [award mark only if attempted justification]

would be unacceptable)

(b} (i) | Acceptable straight line through points (going through origin

{ii) | Straight line as predicted (1)

But not through origin (or non-zero intercept). Equation
predicts through origin (or proportionality) (1)

58]

incormrect powers of 10 (1)

either 2 or 3 sig figs (1)
h=664 107 Js ecffrom gradient (1)

(i) | Data from graph put into i—" imespective of slips such as

Accept between 3.90 = 107 and 4.40 = 107 [V Hz™"] and to

Question & total

13

Additional marking guidance for 8{a)(ii)

Method 1
hf=437 =107 4 (1)
For Barium hf—@¢=034 =107 1)
Vatp = 0.21 W (1)
Therefore barium (1)
Method 2
hf= 437 =107 J 1)
h¢ = 437 = 107" J or not Ca or Zn (1)
For potassium, Either hf — ¢ = 0,69 = 107 J
or Ve = 0.43 W (1)
Therefore barum (1)
Method 3
hf=4.37 x 107 J (1)
hg = 437 = 10" J or not Ca or Zn (1)
E, <056 =107 Jor ¢ =381 =107 (1)

[Don't penalise £, = 0.56 = 107" J or ¢ = 3.81 = 107" if seen]
Therefore barium (1)
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Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

fal

[Minimum] energy needed to remove an electron [from the
surface or from the metal]
Don't accept reference to atoms or ionisation

(]

Photon energy needed = 3.2 = 107%J+15= 10712

[= 4.7 = 1072 J] or substitution of data inte B = hf - ¢ or by
implication (1)

f=T1=10"[Hz] (1)

fcl

M

03w
4. 7=107 [Jecf
= 6.4x 107 [s71] Accept 6.5= 107 [s7'] (1)

Photons per second =

(i)

0.8=10% [A]
1.6=107 [C]
implication Accept slips of powers of 10 (1)
=50=102[57 (1)

Assumes all emitted electrons captured [or equivalent] (1)

Mumber of electrons per second = or by

(it}

T 8=107F [or 7.8 = 10 %] ecf on (c)(i) and {c)(ii)
or8.3 =107 [or 8.3 < 10 %] if & = 1077 used, ecf an {c)i)

Qluestion 5 total
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