Marking notes for M19 HL paper 2

Question Answers Notes
1. |a |i amv AV / 0.058%64.0 Award [2] for a bald correct answer.
F=—=/m— f——" )
At At 25x107? MP1 may be awarded for a numerical
_ - expression that allows for calculation of
F=148uNn ~150eNn v change in momentum or acceleration.

1ai) If the answer is not correct MP1 can be awarded for an expression which would calculate either
the change in momentum or the acceleration.

ii ALTERNATIVE 1 Do not award BCA. Check working.

%mv: %KU.UEEKEIJ-.U:
S T T

P=4700/4800«Wn» v

ALTERNATIVE 2 Allow ECF from (a)(i)
64.0 Award [1] for omitting to divide v by 2 which
P- Fv 1148 v 9 y < whie
average’v * gives 9500 «Wn

FP=4700/ 4800« Wn v

1aii) A common answer is to calculate Fv and forget to divide v by 2 to calculate the average. This
will give an answer of 9500/9600 <<W>>. ECF for 1 mark can be awarded for this.

b [ horizontal component of velocity is 64 0xcos7" =63 52ams™» + Do not award BCA. Check working.

11.9 Do not award ECF from using 64 m s,
=5 0.187/0.19ass
63.52

=4

1bi) Radian mode on calculator gives 48.25m/s, 0.247s

1b) In general, beware answers that use Pythagoras to get a straight line distance and then assume
that the ball travels along that line at a constant speed. Ex incorrect to say s=12.22m (Zero marks)

ii ALTERNATIVE 1 Award [3] for a bald correct answer of final

height.
u, =64sin7/7.80 «ms'n v =9 )
Y Allow use of g = 10 m &7,

decrease in height =?.BD>:D.'IB?’+—;x9.B1xD.1B?2J"I.63 amp

Allow ECF from (b)(i).
final height: «2.80-1.63»=1.1/12amn Allow ECF from MP1 and 2 for MP3.
whigher than net so goes overs
ALTERNATIVE 2
vertical distance to fall to net «=2.80-0.91 =1.89am» +
time to fall this distance found using «1.89 =?.Ba‘+%x9.8'l wfn
t=021asn Allow use of g = 10 m 57,
021 «sp > 0187 wsy o Other alfernatives are possible

ureaches the net before it has fallen far enough so goes overs

1bii) Alternative 1. Look for vertical component of v, decrease in height and then conclusion based
on relative heights of ball and net. There are a number of ways that the final heights can be treated.
Make sure they are comparing distance fallen to distance needed to fall to reach net OR height from
ground and height of net. Radian mode gives 42.05m/s

Alternative 2. This requires students to solve a quadratic to calculate time to fall to net (0.21 s) and
the compare this to the time to reach the net calculated in bi). It wasn’t envisaged that students
would take this route as a quadratic is involved.



iii | ALTERNATIVE 1 Do not award BCA. Check working.
Allow use of g = 10 m s*.
Initial KE + PE = final KE /

%x0.058x64: +0.058=9.81=2.80 =%x{].058 xy?

v=644ums'n

ALTERNATIVE 2
Do not award BCA. Check working.

V, =ay 785 +2x9.81=2 B = 10.84ms "' n .
Allow use of g = 10m 5™

wv =635 +10.8%»
v=644ums "y

1biii) For alternative 2 some students are calculating the time to fall to the ground and then the
vertical component of velocity. There is no mark for calculating the time, but for your information to
help the marking it is 0.3 s.

= so horizontal velocity component at Iift off for clay is smaller The question says predict’ so MP3 can be
) . o awarded for a plain answer “clay” without any
normal force is the same so vertical component of velocity is the same correct justifying argument.

so bounce angle on clay is greater

1c) We would not normally award a mark for a fifty-fifty choice (clay or grass) but we are allowing it
in this case for MP3 as the command term is ‘predict’.

Many candidates are talking about forces, it must be velocity components that are considered for
MP1 & 2. MP1 awarded for “Velocity of ball decreases more on clay surface”

2. |a 1, 3 BET . Bx138210" 2320 Award [2] for a bald correct answer.
—mv ="kl fy= |— | JZ2 == =~ "7
2 2 Vm N 66x107

v=14x10° ams™»

2a)Ek=6.62E-21

b pV | 51107 %32x107 Answer must be given fo at least one
N= °T / T3 0= 30 more sf than the show that value.
OR Award [1] forn = 6.14 x 107 amoles»

= ,::L-ﬁ"".f,q‘r 51x10° x 32107 x6.02x 10%

RT 8.31x320 v

N=37x10"v

2b) It is common to see number of moles calculated and then number of atoms, which is fine. Watch
out for candidates who work backwards from the answer. i.e divide 4 x 10%° by N, to get a number of
moles without showing the working and then show us that number multiplied by N, to get 3.9......
very close to 4.

c i 4 10°° 4. 9107

39210° =610

2ci) Two correct answers are possible are possible here depending on whether the candidate uses
their value or the ‘show that’ value from 2b). Both round to 6 x 10°™.

i aFor an ideal gas» the size of the particles is small compared to the distance For MP1 look for one of these general
between them/size of the containerigas statements about an ideal gas.
OR

aFor an ideal gas» the volume of the particles is negligiblefthe volume of the
particles is small compared to the volume of the container/gas

OR

aFor an ideal gas» particles are assumed to be point objects + For MP2 there needs fo be some

calculation/ratio/result in (c)(i) shows that volume of helium atoms is negligible reference to (c){i).
compared to/much smaller than volume of helium gas/container «hence assumption

is justified» v




2cii) We are not awarding credit for kinetic theory assumptions that are not directly related to

volume e.g no intermolecular forces.

3. |a Expression or statement showing acceleration is proportional to displacement Award [2] for a bald correct answer.
50 «l 9 x%n =5T7ams™n
3. (b sinf= 340 wsingd? o Award [2] for a bald correct answer.
6010
6=26" v
C 0
ﬂ,=«250 = 136=14ams v
d i

horizontal arrow «at M» pointing left +

Must be left € on the diagram

any point labelled C on the vertical line shown below
eg:
displacement fo the right

C
.

displacement to the left

[

_H0
340+ 280
f'=1371=1400Hz» v

£ =2500x

Award [2] for a bald correct answer.

.. 340
=

= =0. . s
1371 0.24/0.25 am»

Allow ECF from (e){i).

3eii) ex: ECF for 340/1130=0.30m

total resistance of circuit is 8.0 «Q»

12
P—ﬁ—'lB«Wn v

Award [2] for a bald correct answer.

43) ECF can be awarded from an incorrect total resistance.

OR

«a resistor is now connected in parallels reducing the total resistance

current through ¥Z unchanged and additional current flows through X

evidence in calculation or statement that pd across Y/current in Y is the same as
before +

soratiois 1

Award [2] for a bald correct answer.

4bii) In a calculation when looking for evidence that the pd is the same across Y it should be 6 V not

12 V as many candidates use.

4

E=«§cv2=%xﬁx1n'ﬁx122=» 4310 adw




d i ALTERNATIVE 1 Allow ECF from (c)

capacitance doubles and voltage halves + Award [1] ECF for change in energy
=4.3/4.4x10™ wln .

since E =;2ICV: energy halves «

so changeis «—»2.2x107* aln

ALTERNATIVE 2

E<lcviand@-cvso E=Z 4
2 “ 2C

capacitance doubles and charge unchanged so energy halves v

so change is «—»2.2x107% aln

4di) If a candidate halves the capacitance and keeps the pd the same the answer will give 2.2 x 10°
<<J>>. Watch for this.

d |ii |itis the work dene when inserting the dielectric into the capacitor «
5 |a i F towards centre Judge by eye. Be lenient.
5. |a |ii |vtangentto circle and in the direction shown in the diagram

5ai) and ii) Here are some examples to consider when deciding on whether to award the marks.

For v look for the arrow being drawn to the left or through the field line shown below.
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Unacceptable for F and wrong direction for v

b i v mv . 1673x10%7 %2 16108 Award [3] for a bald comrect answer fo 2sf and
«qVB=——=» R= ey / 16010 x0.042 award [2] for a bald correct answer to any
a - it other number of sf.
R =0.538 am» Award MP3 for any answer to 2sf.
R=054amn +
b ii R 2nx054 Award [2] for a bald correct answer.
= v 2.16x10° Allow ECF from (b)(i).
T=16x10" asn «




6. |a praten/ JH/p+

b i w«3x2.78-2x2x1.120 Award [2] for a bald comrect answer.
See 3x2.78/834 OR 2x2x1.12/448v
386 «MeVs Do not allow negative sign.

b |ii |the deuterium nuclei are positively chargedirepel v

high KE/energy is required to overcome «Coulomb/electrostatics repulsion
/potential barmer

OR

high KE/energy is required to bring the nuclei within range of the strong nuclear
force

high temperatures are required to give high KEs/energies «

c | |-1/-ev

C ii 34

6ci) ‘Negative’ is not sufficient, there must be a magnitude as well.

7. |a E.67 %1072 x 2894
OR

=396 aWm s
a= ADOWm=n

7a) The mark can be awarded for either the substitution or the 396 figure.

b amost of the radiation emitted by the oceans is in thew infrared Do not allow “gases in the atmosphere”

wthis radiation is» absorbed by greenhouse gases/named greenhouse gas in the without qualiication.

atmosphere

- . Do not award MP4 if the answer is
wthe gasesw rer:tdmte."re—em.lt J o - based on radiation bsing ‘refiected” by
partly back towards oceansfin all directions/awareness that radiation in other the atmosphere or directed away from
directions is also present « the ocean.

7b) Do not allow ‘trapped’ instead of ‘absorbed’ or ‘returned’ instead of ‘re-emitted’.

c i water loses 396 - 330/ 66 «Wm=» Award [2] for a bald correct answer.

extra intensity that must be lost is «170—66» =104 = 100Wm™»
OR

absorbed by water 330+ 170/500 «Wm™» «
extra intensity that must be lost is «500 —396x =104 = 100Wm™»

ii conduction to the air above Do not accept convection or radiation.
OR

amainly» evaporation
OR

melting ice at the poles
OR

reflection of sunlight off the surface of the ocean +




8. |a there is constructive interference at M Reasoning must be shown.
OR
the amplitude doubles at M v 3
intensity is «proportional ton amplitude? «
B8«Wm?y v

Should show each marking point clearly, not just 22*4=88

8. |b iD sd |, 0.12x107%7.0x107 Award [2] for a bald correct
wSs=—opl=—r | ————— answer.
d D 15 2
. Accept e.g. 5.60 x 107" m. Power
4 =860@mmy of 10 must match unit.

8b) If no unit is given we assume the candidate means nm as that is the instruction in the question. If
any other figure is given the unit must be included e.g 5.6 x 10”7 m.

8. |c i uthe interference pattern will be modulated by»

single slit diffraction v 1
wenvelope and so it will be less»

8ci) Must mention single slit

8 |c i ALTERNATIVE 1 Accept use of sin or tan.

-3
28407 _ 1 01867 arad v

the angular position of this point is 8=

which coincides with the first minimum of the diffraction envelope

A 560x107° ;
=5 = 0.030x10° 0.01867 wrads +
wso intensity will be zeron 2
ALTERNATIVE 2
. ) . . A 560107 ; )
the first minimum of the diffraction envelope is até = 50030107 - 0.01867wradn v | ECF can be awarded for their
A X

value from b) /0.030 x 10°°.
distance on screen is y =1.60x0.01867 = 28 «mm»

«so intensity will be zeros

8cii) The use of tan or sin is acceptable here. Path difference formula *2dn=m or (m+1/2)* not okay.
Substitution of numbers needed for Alt2 MP2, not just d=6D

9. i
a I E=1mGM—GMm=—1GMmJ
2 r r 2 r
comparison with V=—@ v 2

«to give answers

9ai) **Award one mark if unsure** Give Et in terms of r. Allowing missing — sign as long as
substitution is performed correctly? Must show final Et. Can show substitution of -GM/r for V. It is
useful to look for KE in terms of G, M, m, r when marking this. Must link V to r for MP2

[ E,>. M Epotlllam .. . | E 3
| ¥ r azlg -
; B+ Een =
[ | E :mluf ! f"# A | -:':.."'-4 ﬂ:
- = =AY 4 B s M "’ sl
E.e sty [E7cEmY f 1 3&,.. MPT gwarded for Ep, Ek and Etot
- = eypressed in terms of r, No
avidenca th resuit has been
[ | compared with -GM/T | MP2=0
AR - loak for a relationship for KE
bt o in terma of M, m and r being added
p— - 1o similar for PE
j kg W =‘-'-;'_"ﬁ MP2 ook for substitution of V
Frofe : GM/T
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9. |a i ALTERNATIVE 1
wat the position of the planets the potential depends only on the mass of the star /does
not depend on the radius of the star
the potential will not change and so the energy will not change v
ALTERNATIVE 2 2
r/ distance between the centres of the objects / orbital radius remains unchanged v
since Ep., =_%WJ, energy will not change v

r

9aii) Alt 1 MP1 and MP2 must match, not mix and match. Must mention both potential and energy
for Altl MP2. No marks when stating energy changes.

9. |b kQ _ kg v Award [2] for a bald correct
(0.600+0.820F 0.8207 answer to 1sf.
Ignore minus sign if included. 2

Q _ (0.600+0.820)

= - -29988 =3 ¥
q 0.820

9b) Ignore any negative signs used as the question is about the magnitude of the charges. No ECF for
incorrect r or forget to square. MUST BE 1SF!

10. |a the magnetic field at the position of the ring is increasing «because the magnet gets
closer to the rings v 1

10a)field is “felt more” implies increasing magnetic field. Inc. flux/flux linkage not sufficient as flux is
in the question stem. Allow for English language learners.

10. |b the current must be counterclockwise «in diagram 2» v
eg:

Diagram 2: view from above

10b) There may well be annotations on both Diagram 1 and Diagram 2. Look first for a direction
shown on Diagram 2. If this is blank, look at Diagram 1.

10. |c since the induced magnetic field is upwards

OR

by Lenz law the change «of magnetic fieldflux» must be opposed
OR 2
by conservation of energy the movement of the magnet must be opposed +
therefore the force is repulsive/lupwards Alfow out of the paper for MP3.

10c)”outwards” too imprecise. Alt 2 must say “change”. Must say force direction, not just field. MP1
awarded for mention of Lenz’s Law and opposing direction/opposes motion. MP1 not awarded for
“keep initial field strength”



1. |a wde Broglie's hypothesis states that thes eleciron is represented by a wave v Award MP1 for any mention of

wavelike property of an electron.
therefore it cannot be localized/it is spread outfit does not have a definite position v property 2

11a) Note that many candidates answer by restating the ‘well defined radius’ part of the question.
Do not penalise candidates for attributing ideas to the wrong physicist (Heisenberg OK). Position of e
has uncertainty OK for MP2. Continuous energy levels not sufficient. Less-well defined too vague for
MP2. “Dual nature” too vague for MP1

1. |b i 071E Award [2] for a bald ct .
" | edsing=a=0d =120 15 47,4075 qmy v ward [2] for a bald correct answer
sin17 )
R=% £2712.8%107 «mn v
11bi) We are looking for the use of A = d sin 6. MUST HAVE sin theta for MP1
1. (b ii this implies that the nucleons are very tightly packed/that there is very little space in
between the nucleons 2
because the nuclear force is stronger than the electrostatic force
11bii)Within the range of strong force too vague for MP1. Should refer to nucleons, not holding
quarks together. Should compare to electrostatic force for MP2
1. i E Award [2] for a bald ct .
< number of nuclei is %):6.02):1023&.63):102” v ward [2] for a bald correct answer.
55107 2
il qna,, 22 _ 105
A=wiN=263x10"x 2600 w=40x10" «Baw «
11ci)1.45E19 ok if includes units of decays per hour. Don’t award ECF if N not calculated
1. |c ii l=e'-‘--’ v Award [2] for a bald correct answer.
3 Award MP1 if A is substituted in 5. 2
t=20«hr»

11cii)Generous on MP1 numbers. Don’t award marks for use of A=AOe-lambda t (incorrect formula)



