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For this paper you must have:

a pencil and a ruler

a scientific calculator

a Data and Formulae Booklet
a protractor.

Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided. Do not write
outside the box around each page or on blank pages.

If you need extra space for your answer(s), use the lined pages at the end of
this book. Write the question number against your answer(s).

Do all rough work in this book. Cross through any work you do not want

to be marked.

Show all your working.
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The marks for questions are shown in brackets.

The maximum mark for this paper is 70.
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Answer all questions in the spaces provided.

A strong interaction between a negative kaon (K~) and a proton (p) produces
an omega-minus (Q") particle, a neutral kaon (K°) and an unidentified particle Y.

The interaction is:

K+p—>Q +K'+Y

Table 1 contains information on the particles in this interaction.

Table 1
K™ p Q K° Y
Rest energy / MeV 493.8 938.3 1672 497.8 493.8
Baryon number 0 +1 +1 0 0
Charge —~le +le —~le 0 +le
Strangeness -1 0 -3 +1 +/
m Complete Table 1.
[2 marks]
@ Calculate, in J, the rest energy of the Q™.
[2 marks]
E = 1672 MeV = 1672 x 10° eV
E =1672 x 10° x 1.60 x 107 7
E=268x10"7
rest energy = 2.68 x 107" J

0 2

stemup.co.uk

IB/M/Jun23/7407/1

Do not write
outside the
box


https://stemup.co.uk

Do not write
El Suggest how energy is conserved in this interaction. Mo
Refer to the rest energies of the particles in Table 1.
[2 marks]
Rest energy of reactants = 1432.] MeV, less than rest energy of
products = 2663.6 MeV (1231.5 MeV greater).
So the extra 1231.5 MeV comes from the kinetic energy of the K= and
p: the kinetic energy of the reactants is greater than the kinetic energy
of the products.
The quark structure of the Q™ particle is sss.
The Q" is unstable. It decays into a proton through a series of decays:
Q - =+
followed by
B > A"+
followed by
A —-p+n
The Z° and A° are both hadrons.
E Deduce the quark structure of the A° particle.
[4 marks]
=% and N are baryons (3 quarks), baryon number |, so baryon number
is conserved in each decay (I - | + 0).
Q™ (sss) - =° (uss) + m (di): a weak decay, S = =3 » =2, so =°
has S = =2 and @ = 0: uss.
=0 (uss) » N° (uds) + 10° (ua): S = =2 » =1, so N’ has S = —| and
Q = 0: uds.
Check: N° (uds) - p (uud) + 1= (da), charge 0 = + — |,
quark structure of A’ = uds
Question 1 continues on the next page

Turn over »
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The products of the decay series include n° and n™~ particles. These particles are box
unstable and decay.

El The n° decays into gamma photons. Each gamma photon has a wavelength
of 1.25 x 1074 m.

Calculate the energy of one of these photons.
[2 marks]

E = hf = he/A
E = (6.63x103 x 3,00 x 10%) / ().25 x 107)

E=159x10"7

energy of photon = 1.59 x 107" J

@ The negative pion © decays.

Which row shows the particles that could be created in this decay?
Tick (v') one box.

[1 mark]

ot

+

e +te t+te 13
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A glass block is coated with a layer of transparent material.
Figure 1 shows the incident ray and the reflected rays when monochromatic light is
shone onto the upper surface of the transparent layer.
Figure 1
normal

A B

|
i
|
light i
|
|
|
|
|
|

upper surface

layer of thickness 89 nm ———

lower surface

——— glass block

A is light reflecting from the upper surface of the layer.
B is light that leaves the layer after reflection from the lower surface.

When light reflects at the upper and lower surfaces, there is a change of phase.
In this case, the change of phase is the same at each surface and so can be ignored.

When the monochromatic light is incident normally on the upper surface of the layer,
A and B meet and interfere.

Assume that the light is incident normally on the upper surface throughout this
question.

0 6
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II' Figure 2 shows how A and B vary with time at the upper surface. box
Figure 2
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In the layer, the light has a wavelength of 356 nm.
The thickness of the layer is 89 nm.

Explain why destructive interference occurs at the upper surface for this thickness.
[3 marks]

A and B are in antiphase (180° or Tt rad out of phase): a peak of A

meets a trough of B, so they cancel.

B travels through the layer and back, so there is a path difference of 2

x 89 = 178 nm.

178 nm = 356 nm = 2, so the path difference is half a wavelength of

the light in the layer (the layer is Y% of a wavelength thick), so the

waves meet in antiphase and interfere destructively.

Question 2 continues on the next page

Turn over »
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The frequency of the monochromatic light incident on the layer is changed. box

Figure 3 shows how A and B vary with time at the upper surface for this light.

Figure 3
L
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@ Calculate the resultant of the waves at time P in Figure 3.
[2 marks]

At P: displacement of A = 0.93, displacement of B = —0.37

resultant = 0.93 + (-0.37) = 0.56

resultant = 0.56

0 8
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The frequency of the light in Figure 3 is 4.72 x 10'* Hz.

E The phase difference between A and B shown in Figure 3 is 137°.

Show that the time interval labelled ¢ in Figure 3 is approximately 8 x 107'¢s.
[3 marks]

T=1/f=1/0472x10%) =212 x107 s
fraction of a cycle = 137/360 = 0.38

t = (137/360) x T = (137/360) x 2.12 x 107"*

t = 8.1 x 107 s, which is approximately 8 x 107 s

E 89 nm is the minimum thickness that will produce a phase difference of 137° between
A and B.

Calculate the refractive index of the material of the layer.
[4 marks]

B travels an extra 2 x 89 nm = 178 nm in the layer in time t
speed in layer ¢, = distance [ time = (2 x 89 x 107?) / (8.06 x 107¢)
¢ =221 x 102 m s’

=c¢ /¢, = (3.00 x10%) / (2.2] x 10%)

S
»
|

ne = 1.36

refractive index = 1.36
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A student sits near a lake on a sunny day.

Some sunlight is reflected from the surface of the lake. Sunlight is also reflected from
objects submerged beneath the surface of the lake. The light reflected from the
surface makes it difficult to see the submerged objects.

Sunlight that reflects from the surface of the lake is horizontally polarised. Sunlight
that reflects from the submerged objects is unpolarised.

The student puts on a pair of Polaroid sunglasses. The amount of light he sees
reflected from the surface is significantly reduced.

Explain why the student can now see the submerged objects more clearly.

In your answer you should:

e describe the nature of an unpolarised wave

e explain what is meant by polarisation

o explain the relative effect of the Polaroid sunglasses on the light reflected from the

surface and the light reflected from the submerged objects.
[6 marks]

Light is a transverse wave: the oscillations of the electric (and

magnetic) field are perpendicular to the direction of energy propagation

(direction of travel).

In an unpolarised wave, such as the light reflected from the submerged

objects, the oscillations occur in many different planes, in all directions

perpendicular to the direction of travel.

Polarisation means the oscillations are restricted to a single plane (the

plane containing the direction of travel). Only transverse waves can be

polarised. The light reflected from the surface is horizontally polarised, so

its oscillations are only in the horizontal plane.

Polaroid sunglasses only transmit oscillations in one plane: here the

170
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vertical plane (vertical transmission axis). They absorb the horizontal

component of light.

So the horizontally polarised light reflected from the surface of the lake

is (nearly) all absorbed by the sunglasses, and very little of this glare

reaches the eye.

The light from the submerged objects is unpolarised, so its vertical

component is transmitted: about S0% of its intensity passes through

the sunglasses to the eye.

Therefore the sunglasses reduce the light reflected from the surface

much more than the light from the submerged objects. The light from

the submerged objects is now a much larger proportion of the light

reaching the eye, so the student can see them more clearly.

Turn over »
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Figure 4 shows an archer using a bow in a competition.

Figure 4

I«

arrow

The archer exerts a force F to pull point P on the string back through a distance s.

II| Figure 5 is a simplified diagram of the bow string showing the forces acting on P.

The tension in the string is 7' and the string makes an angle of 75° to the horizontal.

Figure 5
bow string not to scale
e RSN T
horizontal
In Figure 5, F'is 160 N and P is in equilibrium.
Calculate T.
[2 marks]
P in equilibrium: resolve horizontally
F = 2T cos 75°
160 = 2 x T x cos 75°
T =160/ (2 x cos 75°) = 309 N
T= 309

Question 4 continues on the next page

Turn over »

13

stemup.co.uk IB/M/Jun23/7407/1

Do not write
outside the
box


https://stemup.co.uk

14

Do not write
outside the

The bow is designed so that F' varies with s as shown in Figure 6. box
Figure 6
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@ An arrow of mass 21 g is placed in the bow.

The archer pulls P back by a distance s of 0.22 m and then releases the arrow in a
horizontal direction.

Assume that there are no resistive forces acting on the arrow as it is released.

Determine the initial horizontal acceleration of the arrow.

[2 marks]
From Figure 6, at s = 0.22 m, F = 208 N
F=wma soa=F/m=208/0.02
a = 9900 m s
initial horizontal acceleration = 9900 ms 2

1 4
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The arrow is replaced with a different arrow of mass m. Owstigi "
The archer pulls P back by a distance s: so that the energy stored in the bow is 64 J
and F'is 160 N.
E Deduce sr.
[2 marks]
Energy stored = area under the F against s graph.
| large square = 0.0S m x 20 N =17
F =160 N at s = 0.0 m and at s = 0.385 m.
Up to 0.10 m, area = % x 010 x 160 = 8 J, which is less than 64 J.
Up to s = 0.385 m, area = 64 large squares = 64 J, so s, = 0.385 m.
Sr= 0.385 m
E The bow has an efficiency of 0.82
The arrow leaves the bow in a horizontal direction with a velocity of 190 km h™".
Calculate m.
[3 marks]
Energy transferred to arrow = 0.82 x 64 = §2.48 J
v =190 km h™' =190 x 1000 / 3600 = S2.8 m s
Ex = Yomv?, so m = 2E;, | V2
m= (2 x §2.48) | $2.8?
m = 0.0377 kg
= 0.0377 ke | 9
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Figure 7 shows a robotic helicopter that is used on Mars. The helicopter is powered
by a battery. Before each flight, the battery is charged by a solar panel.

Figure 7

solar panel

rotor blades

battery

Figure 8 shows the helicopter hovering at a constant height above the surface of
Mars. The rotor blades move a column of atmospheric gas vertically downwards at a
velocity of 17.2 m's™'. The diameter of this column is 1.2 m.

Figure 8
I
I
|
|
I
I
|
I
I
I
|
I
I

|
lgas velocity =17.2 m s

surface of Mars
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II' The gas moved by the rotor blades has a density of 0.020 kg m3.

Show that the helicopter moves approximately 0.4 kg of gas every second.

Cross-sectional area = 1d*/9 = 1€ x 1.22 /| 4 = 1.13] m?

Volume of gas per second = area x speed = 1.13] x 17.2

19.95 m? 57!

p =m [V, so mass per second = p x volume per second

= 0.020 x 19.9S = 0389 kg s = 0.9 kg of gas every second

The movement of the gas creates an upward force on the helicopter. This upward

force enables the helicopter to hover at a constant height.

The gravitational field strength on Mars is 3.72 N kg .

@ Calculate the mass of the helicopter.

Upward force = rate of change of momentum of the gas
F=(mft) xv=0389x17.2 = 669N

Hovering Cequilibrium), so upward force = weight = mg
6.69 =m x 372

m=669/372 =130 kg

mass = 1.80

[3 marks]

[3 marks]

Question 5 continues on the next page
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El The battery stores 0.035 kW h of energy before a flight.

[0[5][4]

The flight lasts for 39 s.
The battery has a power output of 340 W during the flight.

Determine the percentage of the initial energy stored in the battery that is transferred
during the flight.

[2 marks]
Energy transferred = Pt = 340 x 39 = |3 260 J
Energy stored = 0.03S x 1000 x 3600 = 126 000 J
Percentage = (13 260 / 126 000) x 100 = 10.5 %
percentage = 10.5 %

The helicopter has a maximum flight time of a few minutes due to the limited amount

of energy stored in the battery. The battery accounts for about 15% of the helicopter’s
mass.

A student suggests that adding another identical battery that doubles the energy
available to the helicopter would double its flight time.

Deduce without calculation whether the student’s suggestion is correct.
[3 marks]

The student's suggestion is incorrect.

The extra battery increases the mass and so the weight of the

helicopter (by about 1S%), so a greater upward (lift) force is needed to

hover or rise.

To produce this greater lift force the blades must displace more gas

every second (spin faster).

So the helicopter must do more work every second.: it needs more power,

so it transfers the stored energy at a greater rate, and the flight time

is less than doubled.

18
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Figure 9 shows a simplified side view of the helicopter moving vertically upwards with
a speed of 0.55 ms ™.

At the instant shown, the helicopter is at a height 4 and the blades stop rotating.
Figure 9

helicopter 4
0.55m st not to scale

—

surface of Mars

The gravitational field strength on Mars is 3.72 N kg ™.

The weight of the helicopter is the only force acting on it when the blades stop
rotating. Drag forces on the helicopter are negligible as it rises to a maximum height
and then falls back to the surface.

E Calculate the time taken for the helicopter to reach its maximum height from the

instant the blades stop rotating.
[2 marks]

v=u+at: 0 =055+ (-372) xt

~
\

055/ 372 = 0.148 s

time = 0.148 S

@ When the helicopter makes contact with the surface it has a velocity of 2.2 ms™'.

Calculate 4.
[2 marks]
Rise above h: s = u’/2g = 0.55% / (2 x 3.72) = 0.04] m
Fall from max height: v* = u* + 2as
222=0+2x372xs,s0s =065 m
h =068l —0.04] = 0.6 m
h= 0.6l m

Question 5 continues on the next page
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Do not write
- A student suggests that the acceleration of the helicopter is constant from the instant Mo
the blades stop rotating until the helicopter makes contact with the surface.
Discuss this suggestion with reference to an appropriate Newton’s law of motion.
[2 marks]
The student is correct: the helicopter is in free fall, as its weight is the
only force acting on it.
By Newton's second law (F = ma), a = W/m = g. Mass and weight are
constant, so the acceleration is constant: 3.72 m s downwards, in the
direction of the weight. 7
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cutsido o
|I| State what is meant by the emf (electromotive force) of a battery. box

[1 mark]

The emf is the amount of chemical energy converted to electrical energy

by the battery for each | C of charge passing through it.

Figure 10 shows the circuit diagram for a battery-powered torch.
The circuit contains three identical light emitting diodes (LEDs) and a resistor R.

The current in the circuit is 44 mA.

Figure 10
120V
< | |____ |
44 mA A
7 % 7
— R | P P %

@ Calculate the number of electrons that pass a point in the circuit in 37 minutes.
[2 marks]

Q =1t =0.049 x 37 x 60 = 9768 C

N

\

®/e=19768/ (.60 x107")

N = 6.1 x 10%° electrons

\

number of electrons = 6.1 x 10%°

Question 6 continues on the next page
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Figure 11 is the current—voltage characteristic for an LED used in the torch.

Figure 11

100

T ——

80

01— T

current / mA
40

of

/

0 1 2 3 4
voltage / V

@ Determine the power output of one LED when the torch is on.

[3 marks]
From Figure Il, when | = 44 mA, V = 3.4V
P =Vl =34 x 0.044
P =015 W
power output = 0.150 \\Y%
TN
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The battery has an emf of 12.0 V and an internal resistance of 1.5 Q. box

E Determine the resistance of R in Figure 10.

[4 marks]
Lost volts = Ir = 0.049 x 1.5 = 0.066 V
pd across 3 LEDs = 3 x 34 =102V
pd across R = 12.0 — 10.2 — 0.066 = 1.739 V
R=V/I=1739/0.0449
R = 39.9 Q
resistance = 39.9 Q

Question 6 continues on the next page
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El Another appliance is connected to the battery as shown in Figure 12. box
The current in the battery is 3.5 A when switch S is closed.
Figure 12

120V
||____ |
| |

appliance | ——— — 4

Za 7 >

R BB
A

Each LED requires a voltage of at least 2.9 V to light.

Deduce whether the LEDs will light when S is closed.
[3 marks]

With S closed, lost volts = Ir = 3.5 x 1.5 = 525 V.

Terminal pd = 12.0 — $.25 = 6.75 V, and this is the pd across the

branch with R and the three LEDs.

The three LEDs need at least 3 x 2.9 = 8.7 V to light. 6.75 V is less

than 8.7 V (only about 2.25 V per LED, below 2.9 V), so the LEDs will

not light.

END OF QUESTIONS
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