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1.  Asphere fits inside a cube.

The length of the cube and the diameter of the sphere are 10.0+0.2cm.

What is the ratio percentage uncertainty of the volume of the sphere .
percentage uncertainty of the volume of the cube
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2. Aswimming pool contains 18 x 10°kg of pure water. The molar mass of water is 18gmol™".
What is the correct estimate of the number of water molecules in the swimming pool?
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3. Anaircraft is moving horizontally. A parachutist leaves the aircraft and a few seconds later

opens her parachute. Which graph shows the variation of the vertical speed v with time ¢ for the
parachutist from the time she leaves the aircraft until just before landing?
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An object of mass m rests on a horizontal plane. The angle 8 that the plane makes with the

horizontal is slowly increased from zero. When 0 = 6,, the object begins to slide. What are the 1:&“\\;

coefficient of static friction 4, and the normal reaction force N of the plane at 8=6,?
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5. Astone is falling at a constant velocity vertically down a tube filled with oil. Which of the following
statements about the energy changes of the stone during its motion are correct?
~wg

e I The gain inbip,etif: energy is less than the loss in gravitational potential energy.
[l The sum of kinetic and gravitational potential energy of the stone is constant.
v/ lll.  The work done by the force of gravity has the same magnitude as the work done by
friction. = A@%
A. land Il only o) e {:{’j
_ N
. I and 11l only : VC\;MC"“ﬁw
m — 6 S - -
C. llandlll only , 5 Loy
ANVE = 2eep Ve N s Coosam
D. I,llandlll | 7S
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6.  Aspring of negligible mass and length /, hangs from a fixed pom‘f') When a mass m is attached to
the free end of the spring, the length of the spring increases to /. The tension in the spring is equal
to kAx, where k is a constant and Ax is the extension of the spring. What is k?
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7. Aball with mass m moves horizontally with speed u. The ball hits a vertical wall and rebounds in
the opposite direction with speed v<u. The duration of the collision is T. What are the magnitude

Average force

Loss of kinetic energy

m(u +v) m(u? —v?)
T 2
m(u+v) m(u-y
B. —F
c m(u - mu® -v?)
' 2
- (uAv) (
m(u4v m(u—
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8.  Atrain on a straight horizontal t?aa(

A.
P

1

. a., hz
gt -
moves from rest at constant acceleration. The horizontal

forces on the train are the engine force and a resisfive force which increases with speed.
Which graph represents the variation with time t of the power P developed by the engine?

mict L

B.
P

of the average force exerted by the wall on the ball and the loss of kinetic energy of the ball? /.
\‘: . ;
4
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The graph shows how the acceleration a of an object varies with distance travelled x.
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The mass of the object is 3.0kg. What is the total work done on the object? - W
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10. A substance is heated at constant power. The graph shows how the temperature T of the
substance varies with time t as the state of the substance changes from liquid to gas.
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What can be determined from the graph?

A.  The specific heat capacity of the gas is smaller than the specific heat capacity of the liquid.

The specific heat capacity of the gas is larger than the specific heat capacity of the liquid.

C.  The specific latent heat of fusion of the substance is less than its specific latent heat

of vaporization.

D.  The specific latent heat of fusion of the substance is larger than its specific latent heat

of vaporization.

11. Which of the following is not an assumption of the kinetic model of ideal gases?

A.  All particles in the gas have the same mass.

All particles in the gas have the same speed. e \TW (S0 LOSIEE '€

C.  The duration of collisions between particles is very short.

o P KE o
WW ecde

D. Collisions with the walls of the container are elastic.
KC 2ol f%
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12.  Under what conditions of density and pressure is a real gas best described by the equation of state
for an ideal gas?

e
7

/“\
[ A. _“Low density and low pressure

\
.

B. Low density and/highﬁessure
-

C. Wy and low pressure
D. Wty awigl’p/ess(ure

13. A point source emits sound waves of amplitude A. The sound intensity at a distance d from the
source is I. What is the sound intensity at a distance 0.5d from the source when the source emits

waves of amplitude 2A? POW B M 5 e
@ 161 \___\___)r\ s 3 A.(\Lk JArti—e_

B. 4]

o T = A / - 01”;;\,&

D. %1 ‘—fﬂ'
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14. A water wave moves on the surface of a lake. P and Q are two points on the water surface.
The wave is travelling towards the right.

direction of wave p oI o Ot "{"'{jﬂ‘ r
So of wnt! ?7-9 v

@ o f? 80*(;@‘&

( /S 5

The diagram shows the wave at time t=0. Which graph shows how the displacements of P and Q

vary with t?
A. . f B.
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15. Horizontally polarized light of intensity I, enters a polarizer P whose polarization axis makes an
angle of 6 degrees with the horizontal. Light from P is then incident on a polarizer A with fixed
vertical polarization axis.
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The angle @ is varied from 0 to 90 degrees. Which of the following represents the variation with 6

of the intensity 7 of the light transmitted through A?
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A pipe of length L has two open ends. Another pipe of length L’ has one open end and one closed
end.

’

The frequency of the first harmonic of both pipes is the same. What is — ?
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A light ray passes from air to water as shown.

N|—

light
ray

air

water

What are the change in the wavelength of t#e light wave and the change in the angle the ray

makes with the normal to the surface?
o wadae
Wavelength Angle with normal
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18. Three fixed charges, +Q, —Q and —2Q, are at the vertices of an equilateral triangle. What is the
resultant force on an electron at the centre c\?f the triangle?

F=ney -

13

-2Q
o
F= k329 _ gF
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19. The graph shows the variation of current / in a device with potential difference V across it.

I/A
4
5] R
I
[
0 | !
0 10 20 VIV
What is the resistance of the device at P?
OV
A.  zero R:\__/__ - - \o_se
I S A
B. 01Q
(:é;) 100
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20. Adcircuit consists of a cell of electromotive force (emf) 6.0V and negllglble mternal re3|stance
connected to two resistors of 4.0Q. '

6.0V
4{ I
f?e.‘( t
1 B
~ [ o 52
400Q 40Q |
(a0

The resistance of the ammeter is 1.0Q. What is the reading of the ammeter?

B. 3.0A
. - v
C. 45A | 525 = ég:
D. 6.0A T
j"___r:: %:’;{\»
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21. Awire carrying a current / is placed in a region of uniform magnetic field B, as shown in the
diagram.

The direction of the field B is out of the page and the length of the wire is L. What is correct about
the direction and magnitude of the force acting on the wire?

Direction Magnitude
° N equal to BIL T s d i3
T: S mo\/)o
B. \I smaller than BIL F‘.: "z) :{:L
L~
/C./ / equal to BIL
/D./ /' smaller than BIL
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22. A mass connected to one end of a rigid rod rotates at constant speed in a vertical plane about the
other end of the rod. e

The force exerted by the rod on the mass is

_K" zero everywhere.

B constant in magnitude.’

C. always directed towards the centre.

a minimum at the top of the circular path.

23. Planet X has mass M and radius R. Planet Y has mass 2M and radius 3R. The gravitational field
strength at the surface of planet X is g. What is the gravitational field strength at the surface of
planet Y? ,.m —

e,

- =
: 3

@%g %8 &{i/(iﬂa

2
—9
B 3 8(%“ .a
—_— - -
c. =9 g% (3)
D '2—9 g'&: %T%
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24. A simple model of an atom has five energy levels. What is the maximum number of different
frequencies in the emission spectrum of that atom?

L
A 4 '
B. 6
10 )

D. 25 7 \

~_3 N

— 5’(5 . 10
25. Which of the following is the correct definition of the binding energy of a nucleus? 2

A.  The product of the binding energy per nucleon and the nucleon number
The minimum work required to completely separate the nucleons from each other
C. The energy that keeps the nucleus together

D.  The energy released during the emission of an alpha particle

26. Which of the following lists three fundamental forces in increasing order of strength?

A.  electromagnetic, gr/amt/y, strong nuclear 6 rwg\‘\-a vxw
B. weak nuclear, grfa@, strong nuclear 35“0"‘3 S}Y(méw'

@ gravity, weak nuclear, electromagnetic

D. electromagnetic, strong nuclear, Q/Mty

27. For which reason were quarks first introduced?

/ To explain the existence of isotopes

}./ To describe nuclear emission and absorption spectra
@ To account for patterns in properties of elementary particles

/ To account for the missing energy and momentum in beta decay
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28. Asolar panel has surface area 0.40 m® and efficiency 50%. The average intensity of radiation
reaching the surface of the panel is 0. 25 ka'2 What is the average power output from an array
of 10 of these solar panels? I

oW

,9 0.5W T-= %

e/

C. 50W M T/éﬂ‘a{b&a
D.  500W 210w V1, PM}( S0 ) =, § Wk
N

PM.—
29. What is the correct order of energy transformations in a coal power statlon’?

- Sterng
. . . . %)(ML R —— 7"\/“’13
A. W» chemical — kinetic — electrical Cools —> N ome

chemical — thermal — kinetic — electrical O Am mf’”’ﬁ' —> k&

C. chemical — kinetic —» thermal — electrical

D.  kipetic — chemical — electrical — thermal

, -
30. XA black body g su\rfé}&e_Lﬂ/mieRts electromagnetic radiation of peak wavelength 2.90x 10°m.
O

e following statements about the body are correct?

. The temperature of the body is 1000K. /
Il.  The energy radiated by the body in one second is 5.7x10*J. v
ll.  The body is a perfect absorber of electromagnetic radiation. I/

«\

% 290 :
A.  land Il only % - 80y19 " T‘ba%’vl S0
men T e xe

B. landlll only

C. lland Il only \ _OG kA T'*

I, 1l and 1l Q,(é.é'/x/o Xl mfto

- Q, §,07x[0 /SZL

i/

= A opaded Bluck bosy o
€ i‘ g ”(f 500 7

I M/‘/‘Iﬁ/






e
R I

Programme du dipléme
Programa del Diploma

Physics
Standard level
Paper 2

Friday 6 May 2016 (morning)
Candidate session number

1 hour 15 minutes

Instructions to candidates

+ Write your session number in the boxes above.

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

* Answer all questions.

+ Write your answers in the boxes provided.

* A calculator is required for this paper.

* Adclean copy of the physics data booklet is required for this paper.
* The maximum mark for this examination paper is [50 marks].

2216-6505
15 pages © International Baccalaureate Organization 2016

NN L



-2- M16/4/PHYSI/SP2/ENG/TZlex |

Answer all questions. Write your answers in the boxes provided.

1. A company designs a spring system for loading ice blocks onto a truck. The ice block is

placed in a holder H in front of the spring and an electric motor compresses the spring by
pushing H to the left. When the spring is released the ice block is accelerated towards a

ramp ABC. When the spring is fully decompressed, the ice block loses contact with the
spring at A. The mass of the ice block is 55kg.

spring _ice block

Assume that the surface of the ramp is frictionless and that the masses of the spring and the
holder are negligible compared to the mass of the ice block.

(@ () The block arrives at C with a speed of 0. 90ms Show that the elastic energy

stored in the spring is 670J. i T [2]

(i)  Calculate the speed of the block at A. [2]

(This question continues on the following page)

LA
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(Question 1 continued)

(b) Describe the motion of the block

(i)  from A to B with reference to Newton's first law. [1]
..... TR bk mmoves o O Constnt sprrde becspea
%/SMQ ................................................

(i)  from B to C with reference to Newton's second law. [2]
'%/5;%7‘-&{0, ...... CW@/!&/HLI{‘VLALV

i [ . —
........ R
’ ............ / 0352‘?({6@3!!((’3%&3
(c) On the axes, sketch a graph to show how the displacément of the block varies with
time from Ato C. (You do not have to put numbers on the axes.) [2]

displacement C
Noe 8
Oﬁom% ABC donot B 4 o
INY SR s e loeled.
- At least et 5
K

/g 7}}‘ 5 ’thC#‘“QQ/ g U’
gl
oN o S‘}Y‘H Fline E@’

time

A tieosgh (o)

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

(d)  The spring decompression takes 0.42s. Determine the average force that the spring

exerts on the block. B [2]

o Fldas) 2Bk 40D

N

R T T I T T T T S

Estimate the efficiency of the motor. [2]

(I
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The two arrows in the diagram show the gravitational field strength vectors at the position of
a planet due to each of two stars of equal mass M.

planet

star star

Each star has mass M =2.0x10*°kg. The planet is at a distance of 6.0x 10" m from
each star.

(@) Show that th vitational field strength t the position of the planet due to one of the
starsis g=3.7x10*Nkg™. - 2 ""“ [1]

(b) Calculate the magnitude of the resultant gr_avitg}ional field strength at the position of the

planet. o [2]

VRO
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In an experiment to determine the specific latent heat of fusion of ice, an ice cube is dropped
into water that is contained in a well-insulated calorimeter of negligible specific heat capacity.
The following data are available.

¥

' Mass of ice cube =25¢g
Mass of water =350g

= ° nitial temperature of ice cube =0°

AT Initial t ture of ice cube =0°C

Initial temperature of water =18°C
Final temperature of water =12°C
Specific heat capacity of water =4200Jkg™" K™’

(a) Using the data, estimate the specific latent heat of fgfign of ice. [4]

A N _

(b)  The experiment is repeated using the same mass of crushed ice.

Suggest the effect, if any, of crushing the ice on

(i)  the final temperature of the water. [1]

(i)  the time it takes the water to reach its final temperature. [1]

Sl OALA.

I
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4.  Alongitudinal wave is travelling in a medium from left to right. The graph shows the variation
with distance x of the displacement y of the particles in the medium. The solid line and the
dotted line show the displacement at t = 0 and t = 0.882ms, respectively.

y/mm
ho, o AN /
(U r ‘ // \\
> q&(f//ﬂw’; \ /
(e v / \ 7
\[ Vg é(a%mgw 2 . / /l \ \\ / ;
\]0"( W{A%}iﬂ_f \ / ; \ L / /
) IW “62 \/‘*»\ f/ " \ \' / : x/m
Joote ™ O T TP R T TP Tl 153 | 20 25 130
\ \ / / \ \ / .
\\ \ / / \ ‘\ / /
Luare -2 \ / \ /
—— \ ‘\ / ! \ Ny ,/
“z > ,'
M&CS \ 7\ \ /I
_4 \‘ y N /

The period of the wave is greater than 0.882ms. A displacement to the right of the
equilibrium position is positive.

(a) State what is meant by a longitudinal travelling wave. [1]

(b) Calculate, for this wave,

%*“1””
(i)  the speed. (2]

\/(This question continues on the following page)
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(Question 4 continued)

(i) the frequency. (2]

(c)  The equilibrium position of a particle in the medium is at x = 0.80m. For this particle
at t = 0, state and explain

(i)  the direction of motion. [2]

V/V\,o%e/ - Ao&swo/i‘ ot down <

Verhuug_\ P)
(i)  whether the particle is at the centre of a compression or a rarefaction. [2]
U s S 5. ?w)ﬁL«Q,M oce.. oX e coshae. c)~€ .
— N a. . Cofeochon oo
............... i VK‘@(@C‘)‘&S 1 ﬁ%{/{% 0{% o
e e e e e Me' l.I‘Q,éL. A ML o Y
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- .‘ +Y
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5.  Inan experiment a student constructs the circuit shown in the diagram. The ammeter and
the voltmeter are assumed to be ideal.

%ﬁ

(a) State what is meant by an ideal voltmeter. [1]

(b) The student adjusts the variable resistor and takes readings from the ammeter and
voltmeter. The graph shows the variation of the voltmeter reading V with the ammeter

reading .
) 10
f:IQZ )
q
L= TR L ~
3 8 T+
1 g \\
:I_Q - /(_L“\’ ‘ H TN
6 .
\/; - (1 * 6 \\\
+§ + 1)
Y SW7
é{ ViV 4
2
0

0 1 2 3 4 5
/ I1A

(This question continues on the following page)
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(Question 5 continued)

Use the graph to determine

()  the electromotive force (emf) of the cell.

M16/4/PHYSI/SP2/ENG/TZ0/XX

(1]
....... Lok = 00 (e yinkeagty
(i)  the internal resistance of the cell. [2]
e L2 18 28
(c) A connecting wire in the circuit has a radius of s of 1.2mm and the current in it is 3.5A. £
The number of electrons per unit volume of the wire is 2.4x 102m=. Show that the drift
speed of the electrons in the wire is 2.0x10*ms™". [1]

........................................................ H\\
T Bsn s (@sie e Y ) s ) v /.%_x ..... =)
e NI

(This question continues on the following page)
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(Question 5 continued)

(d) The diagram shows a cross-sectional view of the connecting wire in (c).

I=3.5Ainto page

»

wire cross-section

o _magnetic field
L5
- /ﬁ The wire which carries a current of 3.5A into the page, is placed in a region of uniform
L magnetic field of flux density 0.25T. The field is directed at right angles to the wire.
° 9
q* Determine the magnitude and direction of the magnetic force on one of the charge
a0 J ___Q_A
b carriers in the wire. 2]
‘/
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A nucleus of phosphorus-32 (ng) decays by beta minus (3°) decay into a nucleus

of sulfur-32 ($2S). The binding energy per nucleon of 2P is 8.398 MeV and for
23 it is 8.450MeV.

Determine the energf{l released @,this decay.

B e

4

6%, 136 Me

[2]
PP v e a5+ 8
15[ ........ "‘t ................................................
=/,664Y Mel/
8‘3%”, ....... WS_PM ..................................................
Cudere VI
-T2 X B2 hvelems

R g ....................................

R

e

(This question continues on the following page)

37 _
/4,5 hoso WBEJM

"

/ ]CUM T;P 5: [ L6f MeV r&ix_pu‘u-—éQ,.,

/

Tiirn nvar
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(Question 6 continued)

(b)  The graph shows the variation with time ¢ of the activity A of a sample containing
phosphorus-32 ($2P).

500

N X
\
400—
\
\
\
\
300
\
\\
2 %Paﬁ\w—ALB-qmé
200—
ATy
Z +
= ‘/ﬁg * Z%@( 100 L
A SaEEE
0
t/ days
Determine the half-life of 32P . '3 i

(c) Quarks were hypothesized long before their existence was experimentally verified.
Discuss the reasons why physicists developed a theory that involved quarks. [3]

o ||| |||||||||||||||||||||||||
e 1
i
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7.  The Sun has a radius of 7.0x10°m and is a distance 1.5x 10" m from Earth. The surface
temperature of the Sun is 5800K.

(a) Show that the intensity of the solar radiation incident on the upper atmosphere of the

Earth is approximately 1400Wm™. [2]
Coo gletdn ool o)
—__ _
g P*ECYAT%(_ (vl
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(b)  The albedo of the atmosphere is 0.30. Deguce thit the average mtensnty ove the
entire surface of the Earth is 245\Wm™. 230 [2]
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(c) Estimate the average surface temperature of the Earth. [2]
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Section A

Answer all questions. Write your answers in the boxes provided.

A student investigates the oscillation of a horizontal rod hanging at the end of a vertical

string. The diagram shows the view from above.
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On the graph above, draw the line of best fit for the data.
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(This question continues on the following page)
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(Question 1 continued)

(b)  Calculate the percentage uncertainty for the displacement when t = 40s.
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(c)  The student hypothesizes that the relationship between x and tis x =—‘?— where a is
a constant.

To test the hypothesis x is plotted against % as shown in the graph.
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(i)  The data point corresponding to t = 15s has not been plotted. Plot this point on
the graph above. gtt=15s From grefh X= C? O i
+ = R?; - O O 67 Se c.

) Suggest the range of values of ¢t for which the hypothesis may be assumed to be
correct.
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2.  Astudent measures the refractive index of the glass of a microscope slide.

He uses a travelling microscope to determine the position x, of a mark on a sheet of paper.
He then places the slide over the mark and finds the position x, of the image of the mark
when viewed through the slide. Finally, he uses the microscope to determine the position X,
of the top of the slide.

%, R slide
X ——» image of mark
2 > - mark - sheet of paper

The table shows the average results of a large number of repeated measurements.

Average position of
mark / mm
X, 0.20 +0.02
X, 0.59 +£0.02
X, 1.35 £0.02

(@) The refractive index of the glass from which the slide is made is given by

xs — X

Determine
/’ T N
(i)  the refractive index of the glass to the correct number of’s1gn|f|cant ﬁguris/)
~—

ignoring any uncertainty. [1]
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(Question 2 continued)
(i)  the uncertainty of the value calculated in (a)(i). [3]
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(b)  After the experiment, the student finds that the travelling microscope is badly adjusted
so that the measurement of each position is too large by 0.05mm.

(i)  State the name of this type of error. [1]

(i)  Outline the effect that the error in (b)(i) will have on the calculated value of the
refractive index of the glass. [2]
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(Question 2 continued)

(c)  After correcting the adjustment of the travelling microscope, the student repeats the
experiment using a glass block 10 times thicker than the original microscope slide.

Explain the change, if any, to the calculated result for the refractive index and its
uncertainty. [2]
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7. Asolid cylinder of mass M and radius R rolls without slipping down a umform slo Fpe
The slope makes an angle to the horizontal.
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The diagram shows the three forces acting on the cylinder. N is the normal reaction force
and F is the frictional force between the cylinder and the slope.

(a) State why F is the only force providing a torque about the axis of the cylinder. [1]
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(b) ()  The moment of inertia of a cylinder about its axjs is I =
applying Newton’s laws of motion, the linear acc

is a= %gsine. [4]
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(Option B, question 7 continued)

(i)  Calculate, for 6 =30°, the time it takes for the solid cylinder to travel 1 5m }Iong
the slope. The cylinder starts frorg rest. \g »gm"g’x [2]

(c) Ablock of ice is placed on the slope beside the solid cylinder and both are released
at the same time. The block of ice is the same mass as the solid cylinder and slides

without friction. \@ aé = L0 R —
At any given point on the slope, the speed of the block of ice is greater than the speed
of the solid cylinder. Outline why, using the answer to (b)(i). o [1]
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(d) The solid cylinder is replaced by a hollow cylinder of the same mass and radius.
Suggest how this change will affect, if at all, the acceleratlon in (b)(l) [2]
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(Option B continued)

8.  Afixed mass of an ideal monatomic gas undergoes an isothermal change from Ato B
as shown. = ’

Pl
10°Pa

undergoes an isobari

(@) (i) Calculate the temperature at C. [1]

T c= l‘—kOO \< N
Ma—'m“@»»’r/’
(i) Calculate the change in internal energy for AC. [2]
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(Option B, question 8 continued)

(iii)y  Determine the energy supplied to the gas during the change AC. [2]
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g N -3 '-»,\
.......... Cﬁélwmiﬂ.(%xm&&f§w9ﬁ®?;”.““”””.““”.
...... AT 2000 T )

(iv)  Onthe graph, draw a line to represent an adiabatic expansion from A to a state of
volume 4.0x107°m® (point D). A—3 1smiss i~ =
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(b) (i) State the change in entropy of a gas for the adiabatic expansion from A to D. [1]

1]

(i)  Explain, with reference to the concept of disorder, why the entropy of the gas is
greater at C than B. [3]
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/ End of Option B
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