|_ M17/4/PHYSI/SP3/ENG/TZ1/XX

Diploma Programme
Programme du dipléme

Programa del Diploma

Physics
Standard level
Paper 3

Tuesday 16 May 2017 (morning)
Candidate session number

1 hour

Instructions to candidates

» Write your session number in the boxes above.

* Do not open this examination paper until instructed to do so.

* Answers must be written within the answer boxes provided.

» A calculator is required for this paper.

» Aclean copy of the physics data booklet is required for this paper.
* The maximum mark for this examination paper is [35 marks].

Section A Questions
Answer all questions. 1-2
Section B Questions

Answer all of the questions from one of the options.

Option A — Relativity 3-4
Option B — Engineering physics 5-6
Option C — Imaging 7-8
Option D — Astrophysics 9-10
2217-6512
25 pages © International Baccalaureate Organization 2017

I_ ‘H “NH “ “““““ “ ‘ ‘“ International Baccalaureate
Baccalauréat International
28EPO01 Bachillerato Internacional




L

M17/4/PHYSI/SP3/ENG/TZ1/XX

Please do not write on this page.

Answers written on this page
will not be marked.

28EP02

|




=

-3- M17/4/PHYSI/SP3/ENG/TZ1/XX

Section A

Answer all questions. Answers must be written within the answer boxes provided.

1.  The equipment shown in the diagram was used by a student to investigate the variation with
volume, of the pressure p of air, at constant temperature. The air was trapped in a tube of
constant cross-sectional area above a column of oil.
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The pump forces oil to move up the tube decreasing the volume of the trapped air.

(@) The student measured the height H of the air column and the corresponding air
pressure p. After each reduction in the volume the student waited for some time before
measuring the pressure. Outline why this was necessary. [1

(This question continues on the following page)
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(Question 1 continued)

(b)  The following graph of p versus % was obtained. Error bars were negligibly small.

4
3
p/10°Pa 2
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The equation of the line of best fitis p=a +% .

Determine the value of b including an appropriate unit. [3]

(c) Outline how the results of this experiment are consistent with the ideal gas law at
constant temperature. [2]

(This question continues on the following page)
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(Question 1 continued)

(d) The cross-sectional area of the tube is 1.3 x 10°m? and the temperature of air is 300K.
Estimate the number of moles of air in the tube. [2]

(e) The equation in (b) may be used to predict the pressure of the air at extremely large
values of I Suggest why this will be an unreliable estimate of the pressure. [2]
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(@) Ina simple pendulum experiment, a student measures the period T of the pendulum
many times and obtains an average value T = (2.540 £0.005)s. The length L of the
pendulum is measured to be L = (1.60 £0.01)m.

2
Calculate, using g = % , the value of the acceleration of free fall, including its

uncertainty. State the value of the uncertainty to one significant figure. [3]

(b) In a different experiment a student investigates the dependence of the period T of a
simple pendulum on the amplitude of oscillations 6. The graph shows the variation of

T with 6, where T, is the period for small amplitude oscillations.
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The period may be considered to be independent of the amplitude 0 as long as
T-T,

0

of the amplitude. [2]

<0.01. Determine the maximum value of 0 for which the period is independent
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Section B

Answer all of the questions from one of the options. Answers must be written within the answer boxes
provided.

Option A — Relativity
3.  Along current-carrying wire is at rest in the reference frame S of the laboratory. A positively
charged particle P outside the wire moves with velocity v relative to S. The electrons making

up the current in the wire move with the same velocity v relative to S.

P

H—

O—r O— O—+ O—

current-carrying wire

(a) State what is meant by a reference frame. [

(b) State and explain whether the force experienced by P is magnetic, electric or both

(i) inreference frame S. [2]

(Option A continues on the following page)
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(Option A, question 3 continued)

(i)  in the rest frame of P. [3]

(Option A continues on page 11)
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(Option A continued)

4.  An observer P sitting in a train moving at a speed v measures that his journey takes a
time At.. An observer Q at rest with respect to the ground measures that the journey takes a

time At,.

(a) State which of the two time intervals is a proper time. 1

(b) Calculate the speed v of the train for the ratio % =0.30. [2]
Q

(c) Later the train is travelling at a speed of 0.60c. Observer P measures the length of the
train to be 125m. The train enters a tunnel of length 100 m according to observer Q.

Show that the length of the train according to observer Q is 100 m. [2]

(Option A continues on the following page)
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(Option A, question 4 continued)

(d) According to Q there is an instant at which the train is completely within the tunnel.
At that instant two lights at the front and the back of the train are turned on
simultaneously according to Q.

0.60c
—

JUSEIA
e 00

@00

Q

The spacetime diagram according to observer Q shows event B (back light turns on)
and event F (front light turns on).

(i) Draw the time ct’ and space x' axes for observer P’s reference frame on the
spacetime diagram. [1]

(Option A continues on the following page)
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(Option A, question 4 continued)

(i) Deduce, using the spacetime diagram, which light was turned on first according
to observer P. [3]

(i)  Apply a Lorentz transformation to show that the time difference between events B
and F according to observer P is 2.5 x 107’s. [

(iv) Demonstrate that the spacetime interval between events B and F is invariant. [2]

L

(Option A continues on page 15)
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(Option A, question 4 continued)
(e) Asecond train is moving at a velocity of —0.70c with respect to the ground.

0.60c -0.70c
E— «—=

O -
OO MO m—Om O,

=)

Calculate the speed of the second train relative to observer P. [2]

End of Option A
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Option B — Engineering physics
5.  Ahorizontal rigid bar of length 2R is pivoted at its centre. The bar is free to rotate in a

horizontal plane about a vertical axis through the pivot. A point particle of mass M is attached
to one end of the bar and a container is attached to the other end of the bar.

A point particle of mass % moving with speed v at right angles to the rod collides with the

container and gets stuck in the container. The system then starts to rotate about the vertical
axis.

The mass of the rod and the container can be neglected.

| axis

(@) (i) Write down an expression, in terms of M, v and R, for the angular momentum of

the system about the vertical axis just before the collision. 1
(i)  Just after the collision the system begins to rotate about the vertical axis with

angular velocity w. Show that the angular momentum of the system is equal

to %MRZC()- [1]

(Option B continues on the following page)
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(Option B, question 5 continued)
(i) Hence, show that w=4i. [1]
(iv) Determine in terms of M and v the energy lost during the collision. [3]

(b) Atorque of 0.010Nm brings the system to rest after a number of revolutions. For this
case R=0.50m, M=0.70kgand v=2.1ms™".

(i)  Show that the angular deceleration of the system is 0.043 rads™. [

(i)  Calculate the number of revolutions made by the system before it comes to rest. [3]

(Option B continues on the following page)
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(Option B continued)

6. The P-V diagram of the Carnot cycle for a monatomic ideal gas is shown.

P
A
B
D
C
v
(a) State what is meant by an adiabatic process. 1
(b) Identify the two isothermal processes. 1

(c) The system consists of 0.150mol of a gas initially at A. The pressure at Ais 512kPa
and the volume is 1.20 x 10°m?°.

(i) Determine the temperature of the gas at A. [2]

(Option B continues on the following page)
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(Option B, question 6 continued)

(i)  The volume at B is 2.30 x 10°m®. Determine the pressure at B. [2]

(d) At C the volume is V. and the temperature is T..

5 2
(i)  Show that RV =nRT.V{. [1]
(i)  The volume at C is 2.90 x 10°m?®. Calculate the temperature at C. [2]
(e) State areason why a Carnot cycle is of little use for a practical heat engine. [1

End of Option B
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Option C — Imaging

7. (@) The diagram is a partially-completed ray diagram for a compound microscope that
consists of two thin converging lenses. The objective lens L, has a focal length
of 3.0cm. The object is placed 4.0cm to the left of L,. The final virtual image is formed
at the near point of the observer, a distance of 24 cm from the eyepiece lens L,.

object image in
~ objective
objective
final
image Il
eyepiece
I‘1 L2
(not to scale)
(i)  State what is meant by a virtual image. 1
(i)  Show that the image of the object formed by L, is 12cm to the right of L,. [
(iii)  The distance between the lenses is 18 cm. Determine the focal length of L,. [3]

(Option C continues on the following page)
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(Option C, question 7 continued)
(iv) On the diagram draw rays to locate the focal point of L,. Label this point F. [2]

(b) Two converging lenses are used to make an astronomical telescope. The focal length
of the objective is 85.0cm and that of the eyepiece is 2.50cm. The telescope is used
to form a final image of the Moon at infinity.

(i)  Explain why, for the final image to form at infinity, the distance between the
lenses must be 87.5cm. [2]

(i)  The angular diameter of the Moon at the naked eye is 7.8 x 10 °rad.
Calculate the angular diameter of the final image of the Moon. [2]

(c) By reference to chromatic aberration, explain one advantage of a reflecting telescope
over a refracting telescope. [2]

(Option C continues on the following page)
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(Option C continued)

8.

Communication signals are transmitted through optic fibres using infrared radiation.

(@) (i) State two advantages of optic fibres over coaxial cables for these transmissions.

(2]

(i)  Suggest why infrared radiation rather than visible light is used in these
transmissions.

(1]

(b)  Asignal with an input power of 15mW is transmitted along an optic fibre which has an
attenuation per unit length of 0.30dBkm™". The power at the receiver is 2.4 mW.

Calculate the length of the fibre.

(2]

(c) State and explain why it is an advantage for the core of an optic fibre to be
extremely thin.

(2]

L

End of Option C
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Option D — Astrophysics

9. (a) Theta 1 Orionis is a main sequence star. The following data for Theta 1 Orionis
are available.

Luminosity L =4x10°L,
Radius R=13R,
Apparent brightness b =4 x107"'b_

where L, R and b are the luminosity, radius and apparent brightness of the Sun.

(i)  State what is meant by a main sequence star. 1

(i)  Show that the mass of Theta 1 Orionis is about 40 solar masses. 1

(i)  The surface temperature of the Sun is about 6000 K. Estimate the surface
temperature of Theta 1 Orionis. [2]

(iv) Determine the distance of Theta 1 Orionis in AU. [2]

(Option D continues on the following page)
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(Option D, question 9 continued)

(b) Discuss how Theta 1 Orionis does not collapse under its own weight. [2]

(c) The Sun and Theta 1 Orionis will eventually leave the main sequence. Compare and
contrast the different stages in the evolution of the two stars. [3]

10. (a) (i) State two characteristics of the cosmic microwave background (CMB) radiation. [2]

(i)  The present temperature of the CMB is 2.8 K. Calculate the peak wavelength of
the CMB. [1]

L

(Option D continues on the following page)
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(Option D, question 10 continued)

(b) Describe how the CMB provides evidence for the Hot Big Bang model of the universe. [2]

(c) Aspectral line in the light received from a distant galaxy shows a redshift of z = 0.16.

(i) Determine the distance to this galaxy using a value for the Hubble constant
of H, = 68kms™"'Mpc™. [2]

(i)  Estimate the size of the Universe relative to its present size when the light was
emitted by the galaxy in (c). [2]
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