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Theoretical Problem No. 1 /Solution

Solution

1. The structure of the mortar
1.1. Calculating the distance TG

The volume of water in the bucket is ¥ =1000cm’® =107 m’. The length of the

bottom of the bucket is d = L —htan60° = (0.74—0.12tan 60°)m = 0.5322m.

(as the initial data are given with two significant digits, we shall keep only two
significant digits in the final answer, but we keep more digits in the intermediate steps).
The height ¢ of the water layer in the bucket is calculated from the formula:

2 12
V:bcd+b£ctan600:>c:(d +2\/§V/b) d
2 5

Inserting numerical values for V', b and d,we find ¢=0.01228m.

When the lever lies horizontally, the distance, on the horizontal axis, between the rotation
. . d c
axis and the center of mass of water N, is TH~=a+—+—tan60° =0.4714m, and

TG =(m/M)TH=0.01571m (sce the figure below).

R

Answer: TG =0.016m.

1.2. Calculating the values of ¢, and «,.
When the lever tilts with angle ¢, water level is at the edge of the bucket. At that

point the water volume is 107 m’. Assume PQ < d . From geometry V =hbxPQ/2,

from which PQ=0.1111m . The assumption PQ<d is obviously satisfied
(d =0.5322m).

To compute the angle ¢, we note that tana, =h/QS=h /(PQ+\/§h). From this

we find o, =20.6°.
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When the tilt angle is 30°, the bucket is empty: «a, =30°.

1.3. Determining the tilt angle [ of the lever and the amount of water in the bucket
m when the total torque & on the lever is equal to zero
Denote PQ=x(m) . The amount of water in the bucket is

xhb
m= pwater T =90Ox (kg) .

4 =0 when the torque coming from the water in the bucket cancels out the torque
coming from the weight of the lever. The cross section of the water in the bucket is the
triangle PQR in the figure. The center of mass N of water is located at 2/3 of the meridian
RI, therefore NTG lies on a straight line. Then: mg x TN = MgxTG or

mxTN=MxTG=30x0.1571=0.4714 (1)
Calculating TN from x then substitute (1) :

TN =L+a—§(h\/§+g) =o.94—0.08\/_—§= O.8014—§

which implies mx TN =9x(0.8014 — x/3) = —3x* +7.213x 2)

So we find an equation for x:

—3x* +7.213x=0.4714 3)
The solutions to (3) are x =2.337and x =0.06723. Since x has to be smaller than
0.5322, we have to take x =x, =0.06723 and m =9x, =0.6051kg.

tan g = =0.4362,0or [=23.57°.

_h
x+h\/§

Answer: m=0.61kg and [ =23.6".

2. Parameters of the working mode
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2.1.Graphs of u(cx), a(t),andu(t) during one operation cycle.
Initially when there is no water in the bucket, & =0, x has the largest magnitude
equal to gM xTG =30x9.81x0.01571=4.624N-m. Our convention will be that

the sign of this torque is negative as it tends to decrease « .

As water flows into the bucket, the torque coming from the water (which carries
positive sign) makes u increase until x is slightly positive, when the lever starts to

lift up. From that moment, by assumption, the amount of water in the bucket is constant.

The lever tilts so the center of mass of water moves away from the rotation axis,
leading to an increase of x, which reaches maximum when water is just about to

overflow the edge of the bucket. At this moment « = ¢, =20.6°.

A simple calculation shows that
SI=SP+PQ/2=0.12x1.732+0.1111/2=0.2634m .

TN =0.20+0.74 - %SI =0.7644m .
. =(1.0xTN-30xTG)gc0s20.6°

=(1.0x0.7644 —30x0.01571) x9.81x€0520.6° =2.690 N-m .

Therefore g, =2.7 N-m.

As the bucket tilts further, the amount of water in the bucket decreases, and when
a=pf, u=0. Due to inertia, @ keeps increasing and u keeps decreasing. The

bucket is empty when a=30° , when y7i equals

-30x gxTGxc0s30° =—4.0N-m. After that o keeps increasing due to inertia to

a, (u=-gMTGcosa,=-4.62c0sa,N-m ), then quickly decreases to 0

(u=-4.62N-m).
On this basis we can sketch the graphs of a(t), u(t),and p(a) as in the figure

below
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i
2.7 N.m A
o . b3 o
206" gl 50 g
-4.6 cosagN.m D
-4.0N.m -
4.6 N.m F—

2.2. The infinitesimal work produced by the torque (cr) is dW = p(a)der . The
energy obtained by the lever during one cycle due to the action of u(a) is

W= (f) U(a)da , which is the area limited by the line (). Therefore W,

otal 18 €qual

to the area enclosed by the curve (OABCDFO) on the graph u(«).

The work that the lever transfers to the mortar is the energy the lever receives as it

moves from the position « = ¢, to the horizontal position « =0. We have W

pounding

equals to the area of (OEDFO) on the graph (o) . It is equal to
gM xTG xsing, =4.6sine, (J).

2.3. The magnitudes of ¢, can be estimated from the fact that at point D the energy
of the lever is zero. We have
area (OABO) = area (BEDCB)

Approximating OABO by a triangle, and BEDCB by a trapezoid, we obtain:
23.6x2.7x(1/2)=4.0x[(a, —23.6) + (a, —30)]x (1/2),

which implies o, =34.7°. From this we find

0
W ounding = area (OEDFO) = I —MgxTGxcosada =4.62xsin34.7° =2.63

34.76
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Thus we find ~2.6 J.

pounding ~ n

3. The rest mode
3.1.
3.1.1. The bucket is always overflown
with water. The two branches of () inthe

=8 4

vicinity of «a =/  corresponding to
increasing and decreasing o coincide with
each other.

The graph implies that o = f is a stable

equilibrium of the mortar.
3.1.2. Find the expression for the torque & when the tilt angle is o = f+ A«

(A is small).
The mass of water in bucket when the lever tilts with angle o is

1
tana tan30°

m=(1/2)pbhPQ, where PQ = h( j . A simple calculation shows that

when « increases from S to S+Aa , the mass of water increases by

bh* bh*
Am = —_—an ~ —_—an . The torque u acting on the lever when the tilt
2sIn” o 2sin” g
is f+Aa equals the torque due to Am .
We have y=AmxgxTNx COS( p+ Aa) . TN is found from the equilibrium

condition of the lever at tilting angle /3 :
TN=MxTG/m=30x0.01571/0.605=0.779m.
We find at theend p=-472xAa N-m~-47xAa N-m.

3.1.3. Equation of motion of the lever
2

=1 % where y=-47xAa, a=L+Aa, and [ is the sum of moments

of inertia of the lever and of the water in bucket relative to the axis T. Here [ is not
constant the amount of water in the bucket depends on «. When A« is small, one can
consider the amount and the shape of water in the bucket to be constant, so [ is

approximatey a constant. Consider water in bucket as a material point with mass 0.6 kg, a
simple calculation gives I=12+0.6x0.78°=12.36~12.4kgm” . We have

d*Aa

~4Tx Ao =12.4x "=
dt

. That is the equation for a harmonic oscillator with period
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T=2r, /4—74 =3.227 . The answer is therefore 7 = 3.25s.

3.2. Harmonic oscillation of lever (around o = £ ) when bucket is always overflown.
Assume the lever oscillate harmonically with amplitude A¢, around o = . At time

t=0, Aa =0, the bucket is overflown. At time dt the tilt changes by do . We are
interested in the case da <0, i.e., the motion of lever is in the direction of decreasing

a , and one needs to add more water to overflow the bucket. The equation of motion is:
Aa =—-Aa,sin(2xt/ 7), therefore d(Aa)=da =-Aa,(2x/7)cos(2xt/7)dt .

For the bucket to be overflown, during this time the amount of water falling to the

2 2A 2
bucket should be at least dm = — b_h f da = a07z.bl21 pt cos E ; dm is
2sin” g 2zsin” g T

2
A
maximumat =0, dm szzaodt.

sin” g

The amount of water falling to the bucket is related to flow rate @ ; dm, = Ddt,

2
A
therefore @ :7Z-bh_—pzao.
sin” g

An overflown bucket is the necessary condition for harmonic oscillations of the lever,

therefore the condition for the lever to have harmonic oscillations with ampltude 1° or

2m/360rad is @ > @, with

B zbh® p2r

= 36076] y =0.2309kg/s
7sin

1

So @, =0.23kg/s.

3.3 Determination of @,

If the bucket remains overflown when the tilt decreases to 20.6°, then the amount of
water in bucket should reach 1 kg at this time, and the lever oscillate harmonically with

amplitude equal 23.6° —20.6° =3° The flow should exceed 3®,, therefore
®, =3x0.23~0.7kg/s.

This is the minimal flow rate for the rice-pounding mortar not to work.
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1.
n
0 E

Figure 1

Let us consider a plane containing the particle trajectory. At t=0, the particle

position is at point A. It reaches point B at t =t,. According to the Huygens principle, at

moment 0 <t <t, the radiation emitted at A reaches the circle with a radius equal to AD

and the one emitted at C reaches the circle of radius CE. The radii of the spheres are
proportional to the distance of their centre to B:
CE c(t-t)/n 1

= — =const
CB v(t-t) pn

The spheres are therefore transformed into each other by homothety of vertex B and

N S 4
their envelope is the cone of summit B and half aperture @ = Arcsin—=—-4,
where 6 is the angle made by the light ray CE with the particle trajectory.

1.1. The intersection of the wave front with the plane is two straight lines, BD and

BD'.

.1
1.2. They make an angle ¢ = Arcsin ﬂ_ with the particle trajectory.
n
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2. The construction for finding the ring image of the particles beam is taken in the plane
containing the trajectory of the particle and the optical axis of the mirror.

We adopt the notations:

S — the point where the beam crosses the spherical mirror

F — the focus of the spherical mirror

C — the center of the spherical mirror

IS — the straight-line trajectory of the charged particle making a small angle & with
the optical axis of the mirror.

Figure 2

CF=FS=f
CO//1S
CM//AP
CN/AQ

ﬁ)za:FO:fxa

MCO=0OCN=0=MO= f x8

We draw a straight line parallel to IS passing through the center C. The line intersects
the focal plane at O. We have FO ~f x «

Starting from C, we draw two lines in both sides of the line CO making with it an
angle 6. These two lines intersect the focal plane at M and N, respectively. All the rays of
Cherenkov radiation in the plane of the sketch, striking the mirror and being reflected,
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intersect at M or N.

In three-dimension case, the Cherenkov radiation gives a ring in the focal plane with
the center at O (FO ~ f x @) and with the radius MO ~ f x 6.

In the construction, all the lines are in the plane of the sketch. Exceptionally, the ring

is illustrated spatially by a dash line.

oo c .
3.1. For the Cherenkov effect to occur it is necessary that N>— ., that is
\'

C
n. =

min N
Vv

Putting {=n—-1= 27x107'P, we get

¢ —aaxi0p. =S -1 (1)
v s
Because
2 Ny
Mc® Mc  Mc  I-p _K 2
pc p Mv )4

J1- 4

then K=0.094 ; 0.05 ; 0.014 for proton, kaon and pion, respectively.

From (2) we can express 4 through K as
1

e ®

Since K% <<1 for all three kinds of particles we can neglect the terms of order
higher than 2 in K . We get

2
1_ﬁ:1_;zl|<2= l(%} (3a)
1+K?2 2 20 p
| 1., 1(McY
——1=v14+K?* -1~ —K?*==| = (3b)
B 2 20 p

Putting (3b) into (1), we obtain
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1 Ly

=X @)
27x107* 2

min
We get the following numerical values of the minimal pressure:
P, =16atm for protons,
P, =406 atm for kaons,
P.., =0.36 atm for pions.

3.2.For 6, =20, wehave

cosd, =c0s26, =2cos” 6, —1 (5)

We denote

e=1-f=1-——_~—K? (6)

From (5) we obtain
1 2
T
pn o Ben

Substituting f=1—¢ and N=1+¢ into (7), we get approximately:

(7)

de - 10 0y 2 2
4“;_T_g(4KK—Kn)_g[4.(O.05) ~(0.014)" |,
P = ¢ =6am
L 27x107% 7S '

The corresponding value of refraction index is N = 1.00162. We get:

6, =1.6; 6, =26, =3.2°.

K

We do not observe the ring image of protons since

P, =6atm <l6atm=P_, for protons.
2
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4.1. Taking logarithmic differentiation of both sides of the equation

1 .
C0SHd = —, we obtain
£n

singxA0 _ AB

8
cosé p )
Logarithmically differentiating equation (3a) gives
A A
_ﬂ — 2_p (9)
1I-g p

Combining (8) and (9), taking into account (3b) and putting approximately
tan@ =6, we derive

AG_2 1-p K?

_X—

= = (10)
Ap 6 pB  Op

We obtain
(6]
-for kaons K_=0.05 , 0K=1.6°:1.6irad,andso, A0‘<:0.51 ! )
180 Ap GeV/c
-for pions K,=0.014 ) 6, =32° , and
(6]
A@n: 0 1 '
Ap GeV/c
AO_+A6 ° °
4.2. MEA—Hz(o.suo.oz) L o531
Ap Ap GeV/c GeV/c

The condition for two ring 1images to be  distinguishable is
A0 <0.1(0,—-6.)=0.16°.

It follows Ap<i>< 1.6
10 0.53

=0.3GeV/c.
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5.
5.1. The lower limit of S giving rise to Cherenkov effect is
| 1
=—=—, 1 1
o n 1.33 (1
The kinetic energy of a particle having rest mass M and energy E is given by the
expression

Mc? 5 5 1
— _Mc*=Mco| ——— —
NI s C V1=

Substituting the limiting value (11) of A into (12), we get the minimal kinetic energy of

T=E-Mc? = 1. (12)

the particle for Cherenkov effect to occur:

T . =Mc*| ———-1|=0.517 Mc? (13)

min

5.2.

For a particles, T . =0.517x3.8 GeV =1.96 GeV .

For electrons, T .. =0.517x0.51 MeV =0.264 MeV .

Since the kinetic energy of the particles emitted by radioactive source does not
exceed a few MeV, these are electrons which give rise to Cherenkov radiation in the

considered experiment.

6. For a beam of particles having a definite momentum the dependence of the angle &

on the refraction index N of the medium is given by the expression

1
0=— 14
cos n (14)

6.1. Let 60 be the difference of @ between two rings corresponding to two
wavelengths limiting the visible range, i.e. to wavelengths of 0.4 pm (violet) and

0.8 um (red), respectively. The difference in the refraction indexes at these wavelengths
is n,—n,=6n=0.02(n-1).

Logarithmically differentiating both sides of equation (14) gives
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sindxo06 _on
cosd n
Corresponding to the pressure of the radiator P =6 atm we have from 4.2. the values

(15)

0.=3.2°, n=1.00162.

on
Putting approximately tand=6 and n=1, we get 5(92320.0330 :

6.2.
6.2.1. The broadening due to dispersion in terms of half width at half height is,

|
according to (6.1), 559 =0.017°.
6.2.2. The broadening due to achromaticity is, from 4.1,

10

x 0.3 GeV/c =0.006°, that is three times smaller than above.
GeV/c

0.02

6.2.3. The color of the ring changes from red to white then blue from the inner

edge to the outer one.
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Solution

1. For an altitude change dz , the atmospheric pressure change is :
dp =—pgdz (1)
where ¢ is the acceleration of gravity, considered constant, p is the specific mass of
air, which is considered as an ideal gas:
_m_pu

PEV T RT
Put this expression in (1) :

d_p — _'u_gdz

p RT
1.1. If the air temperature is uniform and equals T, then
dp _’u_g dz
p RT,

After integration, we have :

p(z)=p(0)e ™ ¥

T(z)=T(0)-Az (3)

dp _ 19
D R[T(o)—Az]dZ )

1.2.1. Knowing that :

dz 1.d[T(0)-Az] 1
O S BT v U DR

by integrating both members of (4), we obtain :

In

(z) T(0)-Az Az
E(o):éﬁ'” T(0) :gi'”il‘—J

19

o(2)-0(0) 175 " ©
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1.2.2. The free convection occurs if:

p(2)

,0(0)>1

The ratio of specific masses can be expressed as follows:

Y

o(2) p(z)T(O)z[l_iJRA

T(0)

The last term is larger than unity if its exponent is negative:

H9 1.0
RA
Then :
As MY _ 0.029x9.81 0,034 K
R 8.31 m

2. In vertical motion, the pressure of the parcel always equals that of the surrounding air,

the latter depends on the altitude. The parcel temperature T, depends on the

pressure.

2.1. We can write:

dTparcel _ dTparcel d_p
dz dp dz

p is simultaneously the pressure of air in the parcel and that of the surrounding air.

dT

parcel

Expression for
dp

By using the equation for adiabatic processes pV’” =const and equation of state,

we can deduce the equation giving the change of pressure and temperature in a
quasi-equilibrium adiabatic process of an air parcel:
1y
Tparcelp 7 =const (6)
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c
where y:—p is the ratio of isobaric and isochoric thermal capacities of air. By

Cy

logarithmic differentiation of the two members of (6), we have:

dT, _
parcel +1 7@:0

Tparcel Yy p
Or
dTparceI _ Tparcel V4 -1 )
dp Py

Note: we can use the first law of thermodynamic to calculate the heat received by the
. m : .

parcel in an elementary process: dQ =—¢, dT . + pdV , this heat equals zero in an

adiabatic process. Furthermore, using the equation of state for air in the parcel

oV =TIRT .1 we can derive (6)
7,

Expression for d_p
dz
From (1) we can deduce:
dp _ __Pgu
iz P97 TRt

where T is the temperature of the surrounding air.

On the basis of these two expressions, we derive the expression for dTg, ., /dz :

dTparcel __7 -1ug Tparcel __
dz y R T

(8)
In general, G is nota constant.

2.2.

2.2.1. Ifatany altitude, T =T then instead of G in (8), we have :

parcel

ror-1ug
v

= const (9)

or
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— (9)

2.2.2. Numerical value:
o 14-10.029%x9.81 _ 0.00978 K <102 K
14 8.31 m m
2.2.3. Thus, the expression for the temperature at the altitude z in this special

atmosphere (called adiabatic atmosphere) is :

T(z)=T(0)-Tz (10)

2.3. Search for the expression of Ty, ., (z)
Substitute T in (7) by its expression given in (3), we have:

dTparcel :_7/_llug dz
T y R T(O)—AZ

parcel

Integration gives:

InTparceI(Z) __7_1lug (_l)lnT(O)—AZ

Tparcel (O) - Y R A

Finally, we obtain:

(11)

Tparcel ( Z) - Tpafcel (0) (#

2.4.
From (11) we obtain

Az

AN (RN

. -T(0) .
If Az <<T(0), then by putting x = e obtain

Iz

T et (2)=T oo (0)&“ 1 jjuo)

X

Iz

- Iz
% Toarcel (O)e 0 » Toarcet (0){1_ T (0)] ~ Toarce (O) -1z
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hence,

Tparcel (Z) ~ T

parcel

(0)-Tz (12)

3. Atmospheric stability
In order to know the stability of atmosphere, we can study the stability of the
equilibrium of an air parcel in this atmosphere.

At the altitude z,, where T, (29)=T(Z), the air parcel is in equilibrium.

Indeed, in this case the specific mass o of air in the parcel equals p'- that of the
surrounding air in the atmosphere. Therefore, the buoyant force of the surrounding air on
the parcel equals the weight of the parcel. The resultant of these two forces is zero.

Remember that the temperature of the air parcel Tparcel (z) is given by (7), in which

we can assume approximately G =I" atany altitude z near z =z,.
Now, consider the stability of the air parcel equilibrium:

Suppose that the air parcel is lifted into a higher position, at the altitude z,+d

(withd>0), T

varcel (20 +0) = Toareer (20) =T and T(z5+d)=T(zy)-Ad.

— parcel
e In the case the atmosphere has temperature lapse rate A>1", we have

T

varcel (20 +d) >T(zg+d), then  p < p*. The buoyant force is then larger than the

air parcel weight, their resultant is oriented upward and tends to push the parcel away
from the equilibrium position.

Conversely, if the air parcel is lowered to the altitude z,—d (d>0),

T

parce|(zo_d)<T(ZO_d) and then p>,0' .

The buoyant force is then smaller than the air parcel weight; their resultant is oriented
downward and tends to push the parcel away from the equilibrium position (see
Figure 1)

So the equilibrium of the parcel is unstable, and we found that: An atmosphere with a
temperature lapse rate A > I"is unstable.

¢ In an atmosphere with temperature lapse rate A <1, if the air parcel is lifted to a

higher position, at altitude z,+d (with d>0), T

varcel (20 +0) <T(zg+d), then



IPh@ Theoretical Problem No. 3 / Solution

. 39th International Physics Olympiad - Hanoi - Vietnam - 2008

p > p'. The buoyant force is then smaller than the air parcel weight, their resultant is
oriented downward and tends to push the parcel back to the equilibrium position.

Conversely, if the air parcel is lowered to altitude 2z,—d (d > 0),

T

varcel (20 —d) >T(zg —d)and then p < p*. The buoyant force is then larger than the

air parcel weight, their resultant is oriented upward and tends to push the parcel also back
to the equilibrium position (see Figure 2).

So the equilibrium of the parcel is stable, and we found that: An atmosphere with a
temperature lapse rate A < I'is stable.

7 T Tparcel A > r
Zo+d \\\ Tparcel >T :pparcel < Y upT
20 Y
Zo-d i : Tparcel <T=> Prarcel > P downd
r A unstable
0 T(z) T
Figure 1
VA Tparcel T A < r
Zo+d \\\ Toarcet <T = Prarcet > £ down ¥
Zo \
Z0-d \\\ \ Toacet > T = P <P UpT
AT stable
0 T(z,) T
Figure 2
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¢ In an atmosphere with lapse rate A =1", if the parcel is brought from equilibrium
position and put in any other position, it will stay there, the equilibrium is indifferent. An
atmosphere with a temperature lapse rate A =I"is neutral

3.2. In a stable atmosphere, with A < T", a parcel, which on ground has temperature

Toarcet (0) > T(0) and pressure p(0)equal to that of the atmosphere, can rise and

reach a maximal altitude h, where Ty, (h)= T(h).

In vertical motion from the ground to the altitude h, the air parcel realizes an

adiabatic quasi-static process, in which its temperature changes from Tparce,(O) to

Toarcet () =T (h). Using (11), we can write:

r

) - )T(o?(f' “’KhJ

T(0)

—

(1%] T (0)<T(0)

Ah A A
1— =TAT T AT
T(O) parcel (O)X (O)

1 _L
= X l: Tp[;rclgl AT (O):I

Lt (0)-ToaT (0T A(O)}

So that the maX|maI altitude h has the following expression:

h=11T(0)- U (13)
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4,
Using data from the Table, we obtain the plot of z versus T shown in Figure 3.
300 ; ; ; :
= N
g 20— T
B} ‘ ‘ 3 ‘
'g $(20.6°C;142 m) |
= , | ] C(208 C: 119 m) |
= 100 tE > B10°C; 9 m)- ]
< 1 1 ‘ 1
A( 22°C; 0 m)
0

20.0 20.5 210 215 220 225

Temperature [°C]

Figure 3

4.1. We can divide the atmosphere under 200m into three layers, corresponding to the
following altitudes:
2152201415 4,902 K

1) 0< z <96m, A= o1
m

2) 9%6m<z <119m, A, =0, isothermal layer.

3) 119m< z <215m, A3:—%:—0.025.
- m

In the layer 1), the parcel temperature can be calculated by using (11)

T

varcel (96m)=294.04 K ~294.0 K that is 21.0°C

In the layer 2), the parcel temperature can be calculated by using its expression in

isothermal atmosphere T, ., (z)= T ace (0)exp [_ lef) )} .
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The altitude 96 m is used as origin, corresponding to 0 m. The altitude 119 m
corresponds to 23 m. We obtain the following value for parcel temperature:

T

varcel (119 M) = 293.81 K that is 20.8°C

4.2. In the layer 3), starting from 119 m, by using (13) we find the maximal elevation
h =23 m, and the corresponding temperature 293.6 K (or 20.6 °C).
Finally, the mixing height is
H =119 + 23 =142 m.
And

T

varcel (142 M) =293.6 K thatis 20.6°C

From this relation, we can find T, (

119 m) ~293.82 K and h=23m.

Note: By using approximate expression (12) we can easily find TIoarcel (z) =294 K and

293.8 K at elevations 96 m and 119 m, respectively. At 119 m elevation, the difference
between parcel and surrounding air temperatures is 0.7 K (= 293.8 — 293.1), so that the

maximal distance the parcel will travel in the third layer is O.7/(F - A3) =0.7/0.03 =23 m.

Consider a volume of atmosphere of Hanoi metropolitan area being a parallelepiped
with height H , base sides L and W. The emission rate of CO gas by motorbikes from
7:00 am to 8:00 am

M =800 000 x 5 x 12 /3600 = 13 300 g/s
The CO concentration in air is uniform at all points in the parallelepiped and denoted

by C(t).

5.1. After an elementary interval of time dt, due to the emission of the motorbikes,
the mass of CO gas in the box increases by Mdt . The wind blows parallel to the short

sides W, bringing away an amount of CO gas with mass LHC (t)udt. The remaining

part raises the CO concentration by a quantity dC in all over the box. Therefore:

Mdt — LHC (t)udt = LWHdC

or
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5.2. The general solution of (14) is :

C(t)= Kexp(—c—\;jﬂ_lm

From the initial condition C (O) =0, we can deduce :

o]

(14)

(15)

(16)

5.3. Taking as origin of time the moment 7:00 am, then 8:00 am corresponds to

t =3600 s. Putting the given data in (15), we obtain :

C(3600s)=6.35%(1-0.64) = 2.3 mg/m°

10
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Solution

Task 1

1. T,= 25¢1°C

Vo (Ty) =573.9 mV

samp

With different experiment sets, VSamp may differ from the above value within 240 mV.

Note for error estimation:
oV and oV are calculated using the specs of the multimeter: £0.5% reading digit +2
on the last digit. Example: if V = 500mV, the error 8V = 500x0.5% + 0.2 =2.7 mV ~ 3

mV.
Thus, Ve, (Ty) =574+3 mV.

All values of V., (To ) within 505+585 mV are acceptable.

1.2. Formula for temperature calculation:

From Eq (1): V_ =V, (T,)—a(T -T,)

samp ' samp

samp

Vv (50°C)= 523.9 mV

Error calculation: oV.. =0V (To) + (T =T, ) oo

samp samp

Example: V =4952mV ,then oV___ =2.7+0.03x(50-25)=3.45mV =3.5mV

samp samp
Thus:

Vv (50°C) = 52444 mV

samp

Vv (70°C) = 48444 mV

samp
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Vv (80°C)= 464+5 mV

samp

The same rule for acceptable range of V asin 1.1 is applied.

samp

2.1. Data of cooling-down process without sample:

t(s) | Vimp (MV)(#3mV) | AV (mV) (£0.2mV)
0 492 -0.4
10 493 0.5
20 493 0.5
30 494 0.6
40 495 0.7
50 496 0.7
60 497 -0.8
70 497 -0.8
80 498 -0.9
90 499 -1.0

100 500 -1.0

110 500 1.1

120 501 1.1

130 502 1.2

140 503 1.2

150 503 1.3

160 504 1.3

170 504 1.4

180 505 15

190 506 1.6

200 507 1.6

210 507 1.7

220 508 1.7

230 508 1.8

240 509 ‘1.8

250 509 ‘1.8

260 510 1.9

270 511 1.9
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280 512 -1.9
290 512 -2.0
300 513 -2.0
310 514 -2.1
320 515 -2.1
330 515 -2.1
340 516 -2.1
350 516 -2.2
360 517 -2.2
370 518 -2.3
380 518 -2.3
390 519 -2.3
400 520 -2.4
410 520 -2.4
420 521 -2.5
430 521 -2.5
440 522 -2.5
450 523 -2.6
460 523 -2.6

The acceptable range of AV is

+40 mV. There is no fixed rule for the change in AV with

T (this depends on the positions of the dishes on the plate, etc.)

2.2.

samp[mv]

\Y,

530

520

510

500

490
0

Graph 1

100

200 300

ts]

400

500



The correct graph should not have any abrupt changes of the slope.

2.3.

AV[MV]

The correct graph should not have any abrupt changes of the slope.

-3
490
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Graph 2

500

510 520

V__ [mV]

samp

3.

3.1. Dish with substance

t(s) Vsamp (MV) (£3mV) AV (mV) (£0.2mV)
0 492 -4.6
10 493 -4.6
20 493 -4.6
30 494 -4.6
40 495 -4.6
50 496 -4.6
60 497 -4.6
70 497 -4.5
80 498 -4.5
90 499 -4.5
100 500 -4.5
110 500 -4.5
120 501 -4.5

530
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130 502 -4.6
140 503 -4.6
150 503 -5.1
160 503 -5.6
170 503 -6.2
180 503 -6.5
190 504 -6.6
200 505 -6.5
210 506 -6.4
220 507 -6.3
230 507 -6.1
240 508 -5.9
250 509 -5.7
260 510 -5.5
270 511 -5.3
280 512 -5.1
290 512 -5.0
300 513 -4.9
310 514 -4.8
320 515 -4.7
330 515 -4.7
340 516 -4.6
350 516 -4.6
360 517 -4.5
370 518 -4.5
380 518 -4.4
390 519 -4.4
400 520 -4.4
410 520 -4.4
420 521 -4.4
430 521 -4.3
440 522 -4.3
450 523 -4.3
460 523 -4.3
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3.2.

530 T T T T T T T T T T T T T T T T T T T T T T

520 |-

[mV]

510 |-

samp

\%

500 |-

490 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0

ts]

The correct Graph 3 should contain a short plateau as marked by the arrow in the

above figure.

3.3.
Graph 4
4 L T L L | B — L | E—
S5
> 1
E
> L
< | ////////"
-6
7 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
490 500 510 520
V_  [mV]

530
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1)

The correct Graph 4 should have an abrupt change in AV, as shown by the arrow in
the above figure.
Note: when the dish contains the substance, values of AV may change compared to those

without the substance.

4.

4.1. V, is shown in Graph 3. Value V, = (503£3) mV. From that, T,= 60.5 °C can
be deduced.

4.2. V, is shown in Graph 4. Value V = (503+3) mV. From that, T.= 60.5 °C can
be deduced.

4.3. Error calculations, using root mean square method:

Error of T.: T, =T, +M =T, + A, in which A is an intermediate
variable.

Therefore error of T, can be written as o1, = \/ (5T 0 )2 +(5 A)2 , in which 0... is
the error.

Error for A is calculated separately:

saV@)-V(T) {5[V<To>—V<Ts>]F+(5_aj2
a V(T,)-V(T,) a

in which we have:

SV (T) -V ()] = [V T +[ov ()]

Errors of other variables in this experiment:
éT ()ZIOC

oV (To ) =3 mV, read on the multimeter.

o= 0.03 mV/°C
N(T)=3 mV

From the above constituent errors we have:

S[V(T,)-V ()]~ 424mV
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0A=2.1°C

Finally, the error of T, is: 6T, = 2.5°C

Hence, the final result is: T,=60+2.5 °C

Note: if the student uses any other reasonable error calculation method that leads to

approximately the same result, it is also accepted.
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Task 2

1.1. Ty =26 +1°C

2.1. Measured data with the lamp off

t(s) AV(To) (mV) (£0.2mV)

0 19.0
10 19.0
20 19.0
30 19.0
40 19.0
50 18.9
60 18.9
70 18.9
80 18.9
90 18.9

100 19.0
110 19.0
120 19.0

Values of AV(T) can be different from one experiment set to another. The acceptable

values lie in between -40++40 mV.

2.2. Measured data with the lamp on

t(s) AV (mV) (£0.2mV)

0 19.5
10 21.9
20 23.8
30 25.5
40 26.9
50 28.0
60 29.0
70 29.9
80 30.7
90 31.4
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100 32.0
110 32.4
120 32.9

When illuminated (by the lamp) values of AV may change 10 + 20 mV compared to

the initial situation (lamp off).

2.3. Measured data after turning the lamp off

t(s) AV (mV) (£0.2mV)

0 23.2
10 22.4
20 21.6
30 21.0
40 20.5
50 20.1
60 19.6
70 19.3
80 18.9
90 18.6

100 18.4
110 18.2
120 17.9

3. Plotting graph 5 and calculating K
3.0, x=t; y=In[ AV (T,)-AV (t)]

Note: other reasonable ways of writing expressions for X and Y that also leads to a linear
relationship using In are also accepted.

3.2. Graph 5

10



39th International Physics Olympiad - Hanoi - Vietnam - 2008

!Rl‘l@ Experimental Problem / Solution
Graph 5
22 >
y=-0.0109x +1.95, max dev:0.0335, r"=0.998

_ L8
>
4
S 14
>
s
£

1.0

o
0.6
0 30 60 90 120
t(s)

k
3.3. Calculating k: c = 0.0109 s and C = 0.69 J/K, thus: k= 7.52x10~ W/K

Note: Error of K will be calculated in 5.5. Students are not asked to give error of K in this
step. The acceptable value of K lies in between 6x10™ + 9x10~ W/K depending on the

experiment set.
4. Plotting Graph 6 and calculating E

4l X:{l—exp(%ktﬂ; y=[AV (T,) - AV (t)

4.2.

Graph 6

121y = 419.7x, 1*=0.994 °
= o)
e 8
> o
<
l:a o
3 .

4

o
Graph 6 should
0
0 0.15 0.30 0.45 0.60 0.75

1-exp(-k*t/C) 1
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be substantially linear, with the slope in between 15+25 mV, depending on the

experiment set.

4.3. From the slope of Graph 6 and the area of the detector orifice we obtain
E = 140 W/m?. The area of the detector orifice is

Sy = TRy > = 7 x(13x107°)* =5.30x10™* m? with error: ORer _ 5%
det

Error of E will be calculated in 5.5. Students are not asked to give error of E in this
step. The acceptable value of E lies in between 120 + 160 W/m?, depending on the

experiment set.

5.1. Circuit diagram:

Solar cell @
(=)
3
1

5.2. Measurements of V and |

V (mV) (20.3+3mV) | | (mA) (£0.05+0.1mA) P (mW)
18.6 £0.3 11.7 0.21
33.5 11.7 0.39
150 11.5 1.72
157 11.6 1.82
182 +1 11.4 2.08
267 11.2 3.00
402 2 9.23 3.70
448 6.70 3.02
459 5.91 2.74
468 5.07 2.37
473 3 4.63 2.20
480 3.81 1.86
485 3.24 1.57

12
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487 3.12 1.54
489 3.13 1.55
5.3.
Graph 7
4 T T T
I A
3f A A
A
_ A
A
% 2k A
= A
o A
A
l -
A
i A
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
25 5.0 75 10.0 125
I [mA]

5.4. Ppax=3.740.2 mW

The acceptable value of P,y lies in between 3+4.5 mW, depending on the experiment
set.

5.5. Expression for the efficiency

S . =19x24mm? =450x10"°m?

cell

P
Then 7. = E mgx =0.058
X

cell

Error calculation:

2 2 2
oP oS
0N = Minax ( ma"} +(5Ej +[ Ce"} , in which Sc is the area of the

P E S

max cell

solar cell.

oP

—™% s estimated from Graph 7, typical value = 6 %

max

13
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oS

——<ll - error from the millimeter measurement (with the ruler), typical value = 5 %

cell

E is calculated from averaging the ratio (using Graph 6):

_AV(T,)-AV(t) ExR,’a

l—exp(—étj k

in which B is an intermediate variable, Ry is the radius of the detector orifice.

B

kB

E= 5
TRyt &

Calculation of error of E:

() () (2

K is calculated from the regression of:

AT = AT(O)exp(—%tJ, hence INAT =In AT(O)—%t

Weset K/C=m then k=mC
From the regression, we can calculate the error of m:

oM o 2(1-1)~02%
m

(=) (%)

We derive the expression for the error of 77max:

2 2 2 2 2 2 2
oP_.. 0S4 0B OR 4t om oC oa
0N = Mo + +| — | +4 + + +| —
Pmax Scell B I:adet m C o

Typical values for 7. and other constituent errors:

Mo = 0.058
5Pmax :5% ’ §z06% , 5_mz02% ’ %zs% ’ %zS% ,
Pmax B m cell det

14



39th International Physics Olympiad - Hanoi - Vietnam - 2008

!Eh@ Experimental Problem / Solution
£z:%%;é‘—kz3%; ﬁle.S%; §—az1.5%
C k E a
Finally:

O 13 79%; &, ~0.0074
nmax

and

Mmax = (5.8£0.8)%

Note: if the student uses any other reasonable error method that leads to approximately
the same result, it is also accepted.

15
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