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C 1
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C 1
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Q7.

Question
Number

Acceptable answers Additional guidance

Mark

« Neutral particles do not leave a (1)
track/iomse

« Reference to conservation laws to

deduce the properties of particles 1

» Tracks of decay particles can
determine momentum of lambda (1)
particle

Q8.

Question
Number

Answer

Mark

=

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

Alternating p.d. max 2

Electric field/ p.d. accelerates particles Or Electric field /p.d. gives
particles energy

Constant fime period Or constant frequency

Polarity of dees switches every half cycle Or P.d. switches every
half cycle

Magnetic field max 2
Magnetic field/force at right angles to particles path

Maintains circular motion (whilst in dees) Or Experiences centripetal
force/acceleration (whilst in dees)

Radius of circle increases as particles get faster

(1)

(1)

(1)

(1)

(1)
(1)

Total for question




QO.

Q_uesnun Acceptable Answer Additional Guidance Mark
Number
s Useof W=0V ) le of calculation:
| .
| Zmvt =gl
s Useof KE = ~mv @) 7" TE
- N [ e10TCE5 10V i
e Useoflu=166 x107 kg M | V" GaoTeTeer10 TRy ol ms
s v=216x 10 (ms™) ) 4
Q10.
Question | Answer Mark
Number
AtX
the idea that 2 particles are produced (1)
One 15 uncharged/neutral so no track (1)

charged particle has same charge as incident particle to conserve charge

Or path of (new) charged particle changes to conserve momentum (1)
AtY
Neutral particle decays into two charged particles. (1)

Tracks curve in opposite directions as particles oppositely charged.

Or particles have (equal and) opposite charge to conserve charge

Or particles have equal (magmitude of) momenta since their (radius of)

curvature 1s the same. (1)

¥ ]

Q11.




Question Answer Mark
Number
Diagram:
Path curves i opposite sense (1)
With a greater radius of curvature (1)
[For Mp2 drawn line must start at X . upwards at less than 45°
to vertical and go above printed line. Look at curvature close to
X. do not penalise 1if later it curves more/less.]
Explanation: (these marks are independent of the diagram)
(Antihelium) has opposite charge (to proton)
Or reference to proton +ve and antihelium -ve
(1
See r = p/BQ
(1)
r 1s doubled Or p/Q is doubled
(1) 5
[equation may appear near diagram. |
Total for gquestion 5
Q1l2.
Question | Answer Mark
Number
(a) Only (moving) charged particles are deflected by a magnetic field (1)
Or
Only charged particles can be accelerated to produce a beam (1) 1
(b) Into the page (1) 1
(c) Use of F = mn/r Or use of r = p/BO (1)
Use of F' = Bgv Or use of p = mv (1)
m=6.64x10"kg Q) 3
Example of calculation
mv'ir = Bgv )
m=Bgriv=(067T3T=x16x10"C=x740% 107 m)/120x 10° ms™"
m=664x10" kg
(d) Senmucirele drawn starting from same 1mitial pomt and a smaller radius (1) 1
Total for question 6




Q13.

Question | Answer Mark
Number
= (QWC — Work must be clear and orgamised in a logical manner using technical
wording where appropriate)
Max 6
Fixed target
There 15 momentum before the collision so there must be momentum after
the collision. (1)
So particle(s) created must have some kinetic energy (1)
So not all KE converied to mass (1)
Colliding beams
(If particles have the same mass and speed). total imtial momentum is zero (1)
Momentum after collision will be zero (1)
If one stationary particle is created (1)
All of the kinetic energy of the particle is converted to mass (D) 6
Total for guestion 6
Q14.
Q_uesﬁon Acceptable answers Additional guidance Mark
Number -
* This question assesses a student’s ability to Guidance onhow the mark scheme should be
show a coherent and logical structured answer applied: The mark for The following table
ith linkage and fully-sustained reasonin shows how the marks should be awarded for
wit age y-susiane : g structure and lines of reasoning
Marks are awarded for mdicative content and TNumber of marks
for how the answer 1s structured and shows awarded for
lines of reasoning. structure and lines of
The following table shows how the marks : et
should be awarded for indicative content Amswer shows 2 -
1ou el £ = coherent and logical
Number of Number of marks structure with linkage
indicative points awarded for and fully sustained
SEefl 1l ANSWer indicative pomts Lines of reasoning
5 3 demonstrated
- throughout
54 Answer is partially 1
3-2 2 structured with some
1 1 l.jn}:age_-: and lines of
TEAs0NINg
0 0 Answer has no I
linkage between
_— points and is
Indicative content S
¢  There is an altemating p.d./E-field
+ P .d./E-field accelerates protons between dees Number of IC Possible linkage
points marks
+  Magnetic field perpendicular to plane of dees 0,1 0
2.3 1
*  Proton path curved by magnetic field 158 3 6

¢ Asvelocity of protons increases radius of path in

dees increases

+  The time for which a proton is in a dee remains
constant
Or the frequency of p.d./E-field is constant

IC2 accept “in the gap” for between dees. Accept
mcreases Ex for accelerates

IC3 accept vertical or upwards for perpendicular
to plane.

IC3 accept reference to r=p/BQ




Q15.

Q1l6.

21111(:15122: Acceptable Answer Additional Guidance Mark
(i) The 10ns experience a force For velocity accept direction of motion
: _ _ (1) S :
perpendicular to their velocity (and or direction of travel
the magnetic field)
The (resultant) force on the 1ons (1)
causes an acceleration at right
angles to their velocity
Or There 1s a magnetic force acting
towards the centre of the path 2
Q_uesllnn Acceptable Answer Additional Guidance Mark
Number
ii ; Example of calculation:
(@) Useof r = % (1) -
BO Fo v
r=023m BQ
@ | (34.9741.66x107 ) kg x2.210° ms™
=( 97 1. kg 22+ ms” 0 o8m
035Tx16=107"C
2
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
(iii) path drawn with less curvature (1) | MP1 awarded for path in the magnetic field 1
1 (less overall deflection)
Q_ueshnn Acceptable Answer Additional Guidance Mark
Number
(iii) 10115 are MOTe MAssIve (1)
1 ions have the same charge so the 2
radius of the path would be greater (1)




Question Answer Mark
Number
(a) The 1dea that electron(s) have been removed/added from an
atom/molecule/particle. (1) 1
(13))] Flenungs left hand (rule) Or FLHR (1) 1
(c) Max 5
Only charged particles leave a trail so photon 1s neufral (1)
Or the two particles produced are charged because they leave a
track
Particles are oppositely charged because they curve/spiral in (1)
opposite directions
Or Particles are oppositely charged to conserve charge
(1)
(Applying FLHR) , top particle is positive and bottom one
negative.
(1)
Because they have the same curvature/radius on the
spirals Or because the paths have identical shape )
Particles have the same momentum o <
The photon enters from the left because the (resultant)
momentum afterwards is to the right.
Total for question 7

Q17.




Example of calculation

f=eB/2mm

F=16x10°Cx12 x 107 TV 2u x 1.67 = 107 "kg)
f=18 x10*Hz

Question | Answer Mark
Number

(i) Outward spiral from centre i either direction, minimum of two complete

loops (1) 1
(1) | Direction consistent with diagram:

Clockwise path. field out of page

Anticlockwise path. field into page (1) 1
(1) | Electrnic field/p.d. between dees causes (resultant) force/acceleration (1)

Proton makes half a revolution i half a cycle of the a.c.

Or facing dee (always) negative when proton reaches gap.

Or whenever the proton gets to a gap. the p.d. has reversed (1)

k.2 /speed (onlyincreases each time the proton crosses the gap

Or work done by the field i the gap increases the k.e. (1) 3
(iv) | Bev=mnv—/r Orr=p/Be 1)

v =2ar/T 1)

I=1/ (seeing = v/(2nr) scores MP2 & 3) (1)

Or

Bev = mres” (1)

V=7 (1)

e = 2af (seeing v =2nf scores MP2 & 3) (1) 3
(v) | Use of B= 2nfin/e with mass of proton (1))

=18 = 10" Hz @) 2

Q18.




Question | Answer Mark
Number
(a) ud (1) 1
(allow cd €5 us)
(b) n Q) 1
(c) Use of v = 5/f (1)
t=26x10"s o)) 2
Example of answer
t=59m/23=10°ms"’
t=257=10"s
*(d) (QWC — Work must be clear and organised in a logical manner using technical
wording where appropriate)
Max 6
Pions are charged so leave a track (1)
Pion interacts with a stationary charged particle (1)
2 neutral particles produced (1)
Because there are gaps in the trail Or no tracks produced (1)
Tracks are in different directions so that momentum is conserved (1)
Both particles decay mnto two charged particles (1)
At each decay particles have opposite charges (1)
Because charge 1s conserved Or particles move 1 opposite curvature. (1)
At each decay momentum 1s conserved (1) 6
(e)(1) Antiproton (1)
Same mass as proton and opposite charge (1) 2
(e)(ii) | It will annihilate with a proton/particle (1) 1
Total for question 13

Q1l19.




Question Answer Mark
Number
*(a) (QWC — Work must be clear and orgamsed in a logical manner using
techmical wording where appropriate)
Electric field
Provides a force on the proton/particle (1)
Which accelerate the proton/particle Or gives energy to the
protons/particles 1)
Magnetic field
Provides a force on a moving proton Or Provides a force at right
angles to the direction of motion (of the protons) (1)
Acts as a cenfripetal force Or produces circular motion (1
Additional detail about either field
E field across gap only
Or The 1dea that the E field 1s reversed /alternates every half
cycle Or B field perpendicular to the Dees @) S
(thus mark may be awarded from a diagram)
(b) Division by e (1gnore powers of 10 error) (1)
multiplication by ¢~ (1)
Mass = 0.14 (GeV/cY) (1 | 3
Example of calculation R
Mass = (2.5 x 10 kg x 9 x 10 * m’ s7%)/1.6 x 1077 C
Mass = 0.14 x 10 ° eV/e’ =0.14 GeV/c”
(©) 2/3 charge of a proton Or 2/3 charge of a positron (1) 1
Or 2/3 positive value of the charge on an electron Or 2/3e”
(d)(®D
Particle | Quark
combination
K_ —
su (1
K+ -
us 1
Ko —~ - (1) 3
sd or ds
(d)(ii) Mass-energy 1s conserved Or a comment about E =m e (1)
Appropriate reference to colliding particles having mass and kinetic (1)
energy The extra mass comes from the kinetic energy. (1) 3
Total for question 15

Q20.




Question Answer Mark
Number

(a) 4 is the number of nucleons Or number of neutrons and protons (1)

Or mass number Or nucleon number

2 1s the number of protons Or proton number Or atomic number (1) 2
(b)(i) (The particles are moving) close to the speed of light (1) 1
(b)(ii) To create particle /antimatter

Or To allow (large) repulsive forces to be overcome

Or To break the particles (into their constituents) (1) 1
(b)(iii) Mass = 4u (accept use of 4my) (1)

Use of E = me” (1)

Division by e i (1)

Mass = 3.74 (GeVic") y (1) 4

(use of mass of proton instead of u — 3.76 GeVic™)

Example of calculmiog ]

mass =4 x 1.66 x 107 kg = 6.64 x 107 kg

me®=6.64 x 1077 kg x (3% 10°m s =6.0x 101 ]

6.0 x 101°7/1.6x 10

Mass =3.74 GeV/e”
(b)(iv) They meet matter (helium nuclei) and annihilate (1) 1
(b)(v) Use of E=hf ect E from (i11) (1)

Frequency =9.02 » 10" Hz (using 3.74 GeV ¢t ) (1) .

(3.76 GeVie” —9.07 10% Hz

4 GeVie* —9.65 x 107 Hz )

(half or double these values. due to a stray 2 can score 1st mark)

(use of A=h/p scores 0)

Example of caleculation :

f=374x10 x 1.6 x107°1/6.63 x 107 Ts

f=9.02x10" Hz
(c)(i) Quark and antiquark (1) 1
(c)(i) p consists of w u d 1)

- ¥3e -%3e + Yse = -e must be consistent with structure of p (1)

1_1 consists of c;' 6} :_.r 1)

- (1) 4

+ Yse + Yae - Fie = (0 must be consistent with sttucture of n

(The sum must be clearly shown for marks 2 & 4)
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