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Section A

Answer all questions in this section.

A student takes measurements to determine the density of the rubber used to make
a solid ball.

She measures the diameter d of the ball five times using a vernier caliper.
Table 1 shows her measurements.

Table 1

d/cm 4.02 3.91 3.99 3.97 4.05

Figure 1 shows the ball and vernier caliper for one of the measurements shown in
Table 1.

Figure 1
________
cm 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
|1|||||1H|||||||H|I||||M|||l||u||||1|||1|1|||||||H|1|1|||||||H|I|||1|H||lu ________
L 0 5 10

State the measurement of d that is shown in Figure 1.
[1 mark]

d= 397 cm
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@ Calculate the absolute uncertainty in the mean value of d.
[1 mark]
absolute uncertainty= (.07 cm
El Determine the percentage uncertainty in the mean value of d.
[2 marks]

mean d = (4.02 + 3.9/ + 3.99 + 3.97 + 4.05) / S =199/ S = 3.99 em
% uncertainty = (0.07 / 3.99) x 100

percentage uncertainty= | .3 %

The student measures the mass of the ball to be (48.7 +0.1) g.

E Calculate, in kg m™, the density of the rubber used to make the solid ball.
[2 marks]
r=399/2=1995 cm = 1.995S x 102 m, wm = 438.7 9 = 0.0487 kg
V=26/3 1 =¢6/3 x 7 x (1995 x 102)® = 3.33 x 10 m?

density = m / V = 0.0487 / 3.33 x 10~

density= 1460 kg m™

El Calculate the absolute uncertainty in your value for Question 01.4.

[2 marks]
% uncertainty in m = (0.) / 48.7) x 100 = 0.2 %
% uncertainty in V.= 3 x 1.8 % = 5.9 %
% uncertainty in density = 0.2 + $.9 = 5.6 %
absolute uncertainty = 0.056 x 1460 = 82 kg m>
absolute uncertainty =  + 20 kg m™

Turn over »
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Gamma rays are passed through a lead absorber of thickness x. The gamma
count rate is measured by a detector. Figure 2 shows the apparatus used.

Figure 2
gamma source lead absorber
o
X e— detector
| |

The corrected count rate C is determined for a range of values of x.

Table 2 shows the results together with some values of In(C / counts s ').

Table 2
x/cm C/ counts s™! In(C/ counts s7')
0.50 2967 8.00
1.00 1873 7.54
1.50 1183 7.08
2.00 746 6.6l
2.50 471 6.15

Iil Complete Table 2.

Question 2 continues on the next page

[1 mark]
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Theory predicts that the relationship between C and x is:
C=Ce "’*

where u = a constant for lead
p = density of lead =113 gcm™>

Co = corrected count rate with no absorber present.

El Plot, on Figure 3, a graph of In(C / counts s ') against x.

In(C'/ counts s71) 7.4

Figure 3
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[2 marks]
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- Determine u.

State an appropriate unit for your answer.

3 marks
gradient = A(n €) / Dx = (6.06 — 8.28) / (2.60 — 0.20) [ :
=-222/240 = -0.925 cm”

In € =1In €y — upx, so gradient = —p
u=20925/1.3
u= 0.082
unit= cm? 9”
E Show that C, is approximately 5000 counts s '
[2 marks]

intercept on the In C axis (x=0) =lncC, =846

Co = €59 = 4700 counts s, which is approximately S000 counts s

C
El Determine the thickness of lead that will reduce C to a value equal to 70

[2 marks]
Co/ 2=24700/ 2 = 2350 counts s”'; In 2350 = 7.76
reading x at In C = 7.76 from the graph gives 0.75 cm
(check: x =In 2 / up = 0.693 / 0.925 = 0.7S cm)
thickness=  0.75 cm
El Deduce the thickness of lead that will reduce C to a value equal to &
[1 mark]
Co/ 32 =Cy/ 2% so thickness = S half-thicknesses = § x 0.7§
thickness=  3.7§ cm
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Figure 4

primary coil secondary coil

W

(A
&)

©

A student wants to determine the input power and the output power of a transformer.
The transformer has a variable resistor connected across the output.

II| Draw, on Figure 4, a circuit that the student can use. The circuit symbol for a
step-up transformer is provided for you in Figure 4.

[2 marks]

a.c. supply

(A
Ny

©

variable resistor
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IZ| The student wants to investigate the variation of the transformer’s efficiency with

output power. The input voltage is fixed at 6.0 V rms.

Describe a suitable procedure for this investigation using the circuit that you have
drawn in Figure 4.
Your description should include:

how the output power of the transformer is varied

the measurements made and the types of meters used

the procedure needed to ensure the accuracy of the measurements
how the data are analysed.

[5 marks]

Vary the output power by changing the resistance of the variable

resistor (the load) across the secondary coil, using a range of at least 6

settings.

For each setting, measure the primary current |, with an a.c. ammeter

in series with the primary coil and the primary voltage V, (6.0 V) with

an a.c. voltmeter across the primary coil. Measure the secondary current

ls with an a.c. ammeter in series with the resistor and the secondary

voltage Vs with an a.c. voltmeter across the secondary coil (digital

meters reading rms values).

Accuracy: check meters read zero before use, repeat each current and

voltage reading three times and calculate the mean, and if analogue

meters are used read them at eye level, perpendicular to the scale, to

avoid parallax.

Analysis: input power = V,l, and output power = V.. Efficiency =

(useful) output power / input power (x 100 %).

Plot a graph of efficiency (y-axis) against output power (x-axis), draw a

smooth curve and identify from the curve how efficiency varies and the

output power at which efficiency is a maximum.

Do not write
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A stationary wave is created in a column of air in a pipe that is open at one end.
Sound from a small loudspeaker above the open end of the pipe creates the
stationary wave.

Figure 5 shows a first-harmonic stationary wave in a pipe of length /.

Figure 5

loudspeaker

y

pipe . ______ $

first harmonic of
stationary wave

In practice, the stationary wave extends a short distance e above the end of the pipe.
e is known as the end correction and is a constant for any particular pipe.

For this first harmonic, % occupies a length of / + e where A is the wavelength of the

sound.

Show that % is given by:

where v is the speed of sound in air and f'is the frequency of the first harmonic.
[2 marks]

v=fsoA=v/f

AN Gg=1]+e so=4(+e)
v/f=40+e)
1/f=60+e) /v

1/ f=Ca/v)]+4 /v
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Figure 6 shows apparatus used to determine the speed of sound in air. box

An air column is created in the upper part of a measuring cylinder by partly filling the
cylinder with water.

A loudspeaker connected to a signal generator is held above the air column.

The frequency of the sound is gradually increased from zero until the sound suddenly
becomes much louder. At this point, the frequency f of the first harmonic of the
stationary wave is equal to the frequency of the signal from the signal generator.

Figure 6

/_Ah loudspeaker
ffffff L

o

- [

metre ruler — |

aircolumn — |

stationary wave — |

| — measuring cylinder

- — water

etedetlidin el oo o
|

[ is measured with a metre ruler.
f'is recorded from the signal generator.

The length [ of the air column is varied by changing the volume of water in the
measuring cylinder.

fis measured for a range of values of /.

Question 4 continues on the next page
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Figure 7 is a plot of — against /.
A
Figure 7
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El The values of / have an uncertainty of = 0.5 cm. The uncertainty in — is negligible.
Draw, on Figure 7, error bars to show the uncertainty in /.
[1 mark]
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. Draw, on Figure 7, best-fit lines of the minimum and the maximum gradients box
consistent with the data.
[1 mark]
E The best estimate of the gradient of the graph in Figure 7 is 0.0119 s m ™.
Show that v is approximately 340 m s™'.
[1 mark]
gradient = G /v, sov = 4 [ gradient = G / 0.0119
v=233ms'~360 ms’
E Theory suggests that e is approximately 1.4 cm.
Deduce whether the data in Figure 7 support this theory.
[3 marks]

intercept = Ge / v, so e = intercept xv /4 (v=336ms")

max gradient line: intercept = 018 x 103 s, e = 1.5 em

039x103s, e=33cm

\\

min gradient line: intercept

(eg.e = 018 x 102 x 336 / 4 = 0.01S m); best fit line: e # 2.9 cm

The data give e between 1.5 cm and 3.3 cm. 1.9 cm is not within this

range, so the data do not support the theory (although it is close to

the lower limit, and e also depends on the uncertainty in v).

El Suggest two improvements to the experimental method that would lead to a reduction
in the uncertainties in your calculated values of v and e.

The uncertainty in fis negligible.
[2 marks]

1 Take more readings over a wider range of | (e.q. S cm to 40 cm),

evenly spread within the range.
2 Use a set square to read | at eye level (avoid parallax) with the ruler

close to the cylinder, the zero aligned with the top.

END OF SECTION A

Turn over »
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Section B

Answer all questions in this section.

Figure 8 shows a man cleaning windows on a tall building. He is attached by a
harness and friction brake to a rope suspended from point P at the top of the building.

The rope has a mass of 18 kg and an unstretched length of 295 m. The rope obeys

Hooke’s law.
The ground is 309 m below P.

The total mass of the man, including his equipment, is 98 kg.

Figure 8

309 m

The friction brake exerts a force F on the rope.

The magnitude of F' can be changed by adjusting the brake. The man adjusts the
brake until he is sliding down the rope at a constant speed of 1.5 ms™.

not to scale

1
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II| Explain why the maximum tension in the rope is approximately 1140 N when the man
is sliding down the rope at a constant speed of 1.5 ms'.

[3 marks]

The man moves at constant speed so he is in equilibrium (no resultant

force): the force from the brake on the rope equals his weight, 98 x
9.8 = 961 N.

The maximum tension is at the top of the rope (at P), where the rope

also supports its own weight, so total mass supported = 98 + 18 = 116
kg.

Maximum tension = 116 x 9.8] = 1138 N = 1140 N.

When the man arrives at a dirty window, he increases F. An impulse acts on him and
he decelerates from 1.5 m s! to rest.

@ Show that the magnitude of this impulse is approximately 150 N s.
[1 mark]
impulse = change in momentum = mAv

=98 x 185 =197 Ns = ]|S0N s

Question 5 continues on the next page

Turn over »
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E Figure 9 shows the variation of F with time. The graph starts before the impulse
begins and extends for a short time after the impulse ends.

Figure 9
1200
\
/
1100 A \
/'
d \
F/N \
yd \
1000 A
/ \
\
900 T
! |
impulse impulse
begins time /s ends

Determine ¢, the duration of the impulse.
[3 marks]

impulse = area under the F-t graph above the 960 N line (the weight
part is balanced), i.e. the triangular section:

impulse = Y5 x t x (11490 — 960)

147 = Vo x t x 180

t=2x197/180

t= .63 S

16
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The man reaches the bottom of the rope and stops. He is now suspended in box
equilibrium above the ground.

Izl Show that the average tension in the rope is now approximately 1050 N.
[2 marks]

T at top = (98 +18) x 9.8) = 11383 N; T at bottom = 98 x 9.8] = 961 N
T varies linearly, so average T = (1138 + 961) / 2 = 1050 N
Ge. T =098 +18/2) x 9.8] = 1050 N)
@ Calculate the distance above the ground of the bottom end of the rope.
cross-sectional area of rope = 3.14 cm?

Young modulus of the rope material = 3.51 x 10® Pa
[3 marks]

E=0/¢€=FL/(AAL), so AL = FL | (AE)
AL = 1050 x 295 / (3.1 x 1079 x 3.5] x 10%)
AL =28 m

distance = 309 — 295 — 2.8

distance= ]].2 m 12

Turn over for the next question
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A car battery has an emfof 12.0 V.

A car’s lights consist of two 36 W lamps and two 18 W lamps.
The battery can keep the car’s lights on at full power for 8.0 h before the battery is
discharged.

lIl Calculate the energy that the battery transfers to the lights in 8.0 h.

[1 mark]
total power = 2 x 36 + 2 x 18 = 108 W
E =Pt =108 x 8.0 x 3600
energy =3/ x J0° J
@ Calculate the charge that passes through the battery in 8.0 h.
[1 mark]
Q=E/V=3Ilx10/120
Cor 1 =108 /12 =4.0 A, Q =1t =90 x 28%00)
charge= 2.6 x )0° C

Figure 10 is a graph of current I against terminal potential difference V for a solar
panel in full sunshine.

Figure 10
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Figure 11 shows a circuit that uses the solar panel and a semiconductor diode to
charge the battery.

Figure 11

solar panel

12V

E The panel is placed outside, initially in full sunshine, and the circuit is connected
continuously for a period of 24 h.

Explain why the semiconductor diode is needed.
[2 marks]

At night Cor in low light) the output pd of the panel drops below 12V,

to 2ero.

The diode only conducts in one direction, so it prevents the battery

discharging Ccurrent flowing back) through the panel.

E When the battery is connected as shown in Figure 11 the terminal potential difference
of the solar panel becomes equal to the sum of the battery emf and the pd across the
diode.

The pd across the diode is 0.60 V.
The emf of the battery remains constantat 12 V.

Determine the power P delivered by the solar panel when it is in full sunshine.
[2 marks]

V=12+060=126V; from Figure 10, at 12.6 V, | = 2.65 A

P=Vl =126 x26S

P= 334 W

Question 6 continues on the next page

Turn over »

19

stemup.co.uk IB/M/Jan22/PH05

Do not write
outside the
box


https://stemup.co.uk

20

Do not write
outside the
E State and explain the value of V' when the solar panel delivers its maximum possible box

power in full sunshine.
[2 marks]

V =168 V (at the shoulder of the curve), where P = VI is greatest (

16.8 x 2.6 = 44 W),

Beyond this value the current decreases more rapidly than the voltage

increases, so the power VI decreases.

When the battery is connected as shown in Figure 11 the solar panel delivers
significantly less than its maximum possible power.

The circuit in Figure 12 can be used to ensure that the solar panel is operating closer
to its maximum possible power.

Figure 12

O R E—

rotary switch

solar panel

Between one and twelve diodes can be included in the circuit by selecting the position
of the rotary switch.

2 0
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@ Explain how the circuit in Figure 12 can be used to ensure that the solar panel is e

operating at its maximum possible power.

In your explanation, suggest the number of diodes needed in the circuit.

[2 marks]

For maximum power the panel pd must be about 16.8 V, so the

difference between this and the battery emf, 16.8 — 12.0 = 4.8 V, must

be dropped across the diodes in series.

Number of diodes = 4.8 |/ 0.60 = 8, so the rotary switch is set to

include 8 diodes in the circuit.

10

Turn over for the next question
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n Figure 13 shows a model steam turbine that consists of a hollow metal cylinder
supported on a vertical axis by two bearings. The cylinder can rotate about this
vertical axis.

Initially, the cylinder contains 0.010 kg of water and is stationary. A burner heats the
water which starts to boil.

The cylinder begins to rotate when jets of steam first emerge from the four nozzles.
Steam is ejected at the same steady rate from each nozzle.

Figure 13

|

. . |
vertical axis—— |
\

bearing M\ view from above
=

: N |

jet of steam /\/><
| S
|
|

metal cylinder—__|

nozzle

water \

bearmg%

burner

The water in the cylinder starts to boil at time # = 0 and is completely boiled away
atr=355s.

II| Show that during this time the rate of heat transfer to the water in the cylinder is
approximately 64 W.

specific latent heat of water = 2260 kJ kg™
[2 marks]

Q@ = mL = 0.000 x 2260 x 10> = 2.26 x 109 T
rate of heat transfer = @ / t = 2.26 x 10° / 35§

=637W=64W

2 2
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IZ| Assume that all of the heat transfer takes place through the base of the metal cylinder.

Estimate the temperature difference across the base of the cylinder.

thermal conductivity of metal= 111 W m™! K™!
radius 7 of cylinder = 1.60 x 102 m
thickness of base of the cylinder = 1.2 x 10 m

[3 marks]
Q/t = kAN / L, A = i’ = 1w x (1.60 x 1072)? = 8.04 x 1074 m?
69 =l x 1t x (1.60 x102)> x p6 / (1.2 x 103)
AB =64 x1.2x102/ (N x 804 x104)
temperature difference = (.86 K

. Show that approximately 7 mg of steam is ejected from each nozzle per second.

[2 marks]
mass ejected per second = 1072 [ 355 = 2.82 x 107 kg s!
per nozzle = 2.82 x 107 / G = 7.04 x 107 kg s
= 7.04 mg s % 7 mg per second
E Explain why the cylinder experiences a resultant torque.
Refer to momentum in your answer.
[3 marks]

The steam gains momentum as it leaves each nozzle. The rate of

change of momentum of the steam is a force on the steam, so there is

an equal and opposite (reaction) force on the nozzle.

The line of action of this force does not pass through the axis of

rotation (it acts at perpendicular distance R), so it produces a torgue

(moment).

All four nozzles point in the same sense (all clockwise or all

anticlockwise), so the four torgues add to give a resultant torgue.

Question 7 continues on the next page
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Figure 14 shows the variation of the cylinder’s rotational frequency with time box
from¢r=0tor=225s.
Figure 14
3000
200011 - D
rotational T [ N ,//
frequency / I | EEEEEEEEP=auamEn
revolutions min-1 EEEEEEEE H HHETH
] il LT
1000 man ~
'/I
] P~ «Rn
W=l
0
0 50 100 150 200
time /s
E Calculate the angular acceleration of the cylinder from ¢ =0 to ¢ = 225 s.
[3 marks]
from Figure 14: at t = 225 s, f = 2000 rev min™
f=2000/60 = 333revs’
w=2nf=21x333=209rad s’ (wW=0att=0)
a=Aw/t=209/225
angular acceleration= (.93 rad s 2
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@ The ejection of steam from the nozzles exerts a total torque of 1.94 x 10~ N m on the box
cylinder.

The perpendicular distance R from the nozzle to the axis of rotation, as shown in
Figure 13, is 2.5 cm.

Calculate the speed at which steam is ejected from one nozzle.

[3 marks]
T = FR: total force F = 1.94 x 107 / 0.025 = 7.76 x 103 N
force per nozzle = 7.76 x 102 / 4 = 1.94 x 10 N
F = rate of change of momentum = (bm/At) v
v=10949x103/704 x10°
speed= 276 ms™!

Question 7 continues on the next page
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Figure 15 shows the variation of the rotational frequency with time until the cylinder box
stops rotating.

Figure 15
3000 H
NN NN NN T T ///
rotational 2000 T e T
frequency /
revolutions min-! mEEE T SESEERSZCaEE
1000 T
//
. B aisaunmnn
0 50 100 150 200 250 300 350 400

time /s

. The cylinder experiences a frictional torque.

Explain, without calculation, how the magnitude of the frictional torque can be
determined using data from Figure 15.

The moment of inertia of the cylinder is known.
[3 marks]

Find the gradient of the steep, negative part of the graph where the

frequency falls to zero, between 35S s and 36S s (after all the steam

has gone, so only friction acts).

Convert the gradient from rev min™ s to rad s (x 21 / 60) to give

the angular deceleration a.

Use T = la with the known moment of inertia to find the frictional

torgue.

2 6
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. The centre of mass of the cylinder does not exactly coincide with its vertical axis.

This causes the cylinder to vibrate slightly as it rotates.

Between ¢t =230 s and 7 = 250 s, the angular acceleration of the cylinder decreases
significantly and the cylinder vibrates with a greater amplitude.

After t = 250 s, the amplitude of these vibrations decreases and the angular
acceleration increases again.

Suggest an explanation for the changes in amplitude of vibration and for the changes
in angular acceleration.
[3 marks]

From 230 s to 250 s the rotational frequency equals the natural

frequency of the system: resonance, so large amplitude oscillations.

During resonance, energy from the jets goes into the vibrations rather

than accelerating the cylinder, so angular acceleration decreases.

After 250 s the driving frequency is past the natural frequency, so

resonance stops: amplitude falls and the angular acceleration increases

again.
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