NordPlus 2011 Physics

SOLUTIONS

Form 10, problem 1

a) Gauss' formula: -(1;'1"5:% ,a=2,0m,b=0,22m. (1p)

1_a+tb

f ab

_ab _ 2,0m022m N . .

= = b 20msozm - >198198m~020m (right answer: 1 p)
b)b=0,25m (1p)

1_b-f

a bf

~

g=bf _ 0.25m0,198198 m
b—f  0,25m—0,198198m

=0,956522 m = 0.96 m (right answer: 1 p)

¢) The objective is made of two similar lenses, 1 and 2. We know that the distance of the lens 2 1s
b,= b =10,25 m. Distance of the "object” for lens 2 is then a; = @, which is the distance of the
picture from lens 1, by =-a .

(understanding physical situation: max 2p)

_ bif _ —0,956522m-0,198198 m
1" p,—f —0,956522m—0,198198m

a =0,164179 m =~ 0,16 m

(right answer: 1 p)

d) Focal distance is the distance from an object that is indefinitely far away from the lens. Thus for
lens 1, b, =f. For lens 2 this is the distance of the object, a, = -f. Focal length of the combination
lens is therefore the distance of the picture from lens 2:

(understanding physical situation: max 2p)

—h = 21 N I f _.i = .
f =h., = = = = =047 ~
142 2 f f f 2f ) 0,478261 m &_‘?‘m

(right answer: 1 p)
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Form 10, problem 2
a)

b)

——)=2,0Q

(circuit + calculation: 1p)

(circuit + calculation: 1p)

B e

+
3-10Q2 21002

—1/[-228 1200
60002

(circuit: 1p, calculation: 1p)
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d)

1
2-10Q

Rm=1/(2- )=1OQ

The terminal voltage of every resistor is ¥2U,, , and the current through every resistor one is Y2/, .
Therefore the power for every resistor is P = Y2U Y2l = V4P, Power is distributed evenly among
the resistors, the total maximum power of the circuit is thus 4 W.

(circuit: 1p, resistance calculation: 1p, fiquring out power: 1p }

e) Every circuit that consists of a reasonable number of resistors and does not have too large power
dissipation in any resistor is accepted.

Solution 1: 12 resistors

o

12v "

H

T
L H l
L H :

12 similar resistors in series, the voltage drops an equal amount in every resistor. Therefore the
voltage across 5 resistors is 5 V.

Uu_ 12v
oo 1= —01A i .
Power dissipation: R 12100 , power of one resistor is

P=RI’=100:(0,1 A)’=0,1W which is below the limit.

Solution 2: 9 resistors
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—1L. M

.. iR
o]

h—————{; l__-L |.—

Let's think first 6 equal resistors in series, for every resistor there is a 2 V drop. One of the resistors
18 replaced with a circuit of 2 in serial, 2 in parallel resistors, like in d). Qutput foris 5 V is taken as
shown in the picture.

N o _U_ 12v
Power dissipation: total current through the circuitis I= R 6100
resistor in series is P=RI*=10-{0,2 A)’=0,4 W . Power of every resistor in parallel is

%0,4 W =0,1W.

=0,2A . Power of every

An example circuit that divides the voltage right, but has parts with too large power dissipation:

]

I

— 5V

12VT I

Total resistance is (5+5+2) Q=12 Q, thus the output shown the has 5 V voltage. Total current is

Uu 12v . . . .
:EZEZLO A . For example in the two leftmost parallel resistors the current is divided in

two, and the power of each resistoris P=RI’=100-(0,5 AY=2,5W . This is over the 1 W
specification, and the circuit may fail.

(circuit: 1p, proof of voltage output 1p, fiquring out power: 1p )
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Form 10, problem 3

a) The phenomenon is a result of thermal expansion of water. When water expands, its volume
increases and density decreases. For a floating ball, the buoyant force is equal with the weight.
When temperature rises and density of water decreases, at certain point the buoyant force becomes
less than the weight of the ball, and the ball sinks.

(thermal expansion + density: 1p, floating: 1p, change of buoyancy: 1p)

b) Graph o(?) is drawn using the data table. According the graph, at t = 45°C density of water is
Pasc = 990 kg/m3. The ball floats when it has the mass of equal volume of water.

density (kg/dm3)

i

0,955 ; ! | , ,
0 10 20 30 40 50 60 70 80 90
temperature (°C)
3 -3 3
m=puc g =990 kg/m3--§-rc(—£&%Hl) =0,0336753kg

Answer: mass of the ball is 33,7 .

(graph: 1p, density: 1p, mass: 1p)

o= M ___0,0336753kg+0,00010 kg
o 4 (d}Y 4 (342107m]
3712 37T 2

=992,93984 kg/dm?

Reading the graph says that water has this density at 37°C.
(density: 1p, temperature: 1p)
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d) The buoyant force is equal with the weight of the air that the balloon displaces. The balloon

floats when the total weight ?»f the shell and: helium equals with the buoyant force.

- Lo

.
o . F

G +G,=N=mg - -
(mk+ mh*)g:mig B

=
+
3
-
)
- —————
T
552, .
et C

Ml Y 28

= = L =0, 933
T _&_1 1,293 kg/m?3 1 5“68_

i {01787k,

Answér: the balloon must be filled with more than 0,59 . helium.
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Form 10, problem 4

2) v,=228 02173913 m/s ~0.22 /s
A 925
a,=B=2201_ o 1371740 mis2m 0,14 mss?
t* (5/4s)

b) Cart A: S,=V,t+5, , where s, is the lead of A.
Se=V,1,=0,2173913m/s-2,45=0,5217391 m

Cart B: %=%ag2.

When B passes A, sa = 5s.

1
vAr+sf:§an

1
2—aBt2—vAt—so=0

2
VNV, t2a,s,

a,

t

. 0,2173913 m/s+v/(0,2173913 my/sf +2-0,1371742 m/s2-0,5217391 m

0,1371742 my/s?
t=4,7657404s=~4,8s

Bypass distance is A:s lead plus A:s travel before bypass happens.

s=v, t+5,=0,2173913 m/s-4,7657404 5+ (,5217391m =1,5577697 m~ 1,56 m

Answer: B bypasses A after 4,8 s from B:s start, at 1,56 m from the end of the track.

¢) Bypass must happen during the time that it takes for B
to travel the whole track’s length. Ultimately, bypass takes
place at time ¢ = 5,4 s after the start of the carts, when B is at 5 = 2,00 m.

We calculate how long lead s. must A have, in order to also be at location s at time ¢.

7124
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S—s5,=V,t
S, =5—Vv,t=2,00m—0,2173913 m/s-5,4 s =0,8260870m~0,83m

Answer: cart A must have more than 0,83 m lead. - (1p)
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Form 11, problem 1

a) When the carpet has just started moving, friction with the floor has had no time to change the
motion of the carpet and the dog. They can be considered as an isolated system, whose momentum .,
is conserved. The dog's stopping on the carpet is an inelastic collision, thus kinetic energy is not
conserved.

pka+pma=pkl+pml
mkvka+0=[mk+mm]v,

vi= m,vy, =6,9kg-7,8m/5
" mtm,)  69kg+4,2kg

=4,8486486 m/s

Answer: velocity of the dog and the carpet is 4.85 m/s.

(conservation of momentum: 1p, answer lp

b) Friction force does negative work on the dog-carpet system, and translates their kinetic energy to
thermal energy.

W=Fs E = Vamy? W=E

1
Fus=§(mk+ m, v’

1
we(msmy) g-s=2 (my m,) v,

2

v/’ _(4,8486486m/s)’

= —0,22608230
M= 2gs 2.9,81m/s2-5,3m

Answer: coefficient of kinetic friction is 0,23.

(work - kinetic energy theorem: 1p, F,s :;T( m,+m m) V,2 1p, answer 1p)

c) The dog is accelerated by the force that the carpet exerts to the dog, Fy. The carpet does not
move, which means that the forces applied to it cancel each other out (N I). The horizontal forces
are the static friction between the carpet and and the floor, F,,, and the force that the dog exerts to
-the carpet, -F, (N III).

(Ip)

> F=0
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The maximum acceleration is achieved when
the static friction reaches its maximum. (1p)

-

mk-a=us(mk+ mm)g

m +m -
a=—k—4usg=6’9k +4,2k -0,30-9,81 m/s2=4,7343913 m/s?
m, 6,9kg

Answer: the maximum acceleration of the dog is 4,7 m/s?. (1p)

F .
d) The acceleration of the dogis a =-m—k , which has no upper limit set by Newtonian mechanics.
) 4L,

(Static or kinetic friction between the carpet and the floor affects only to the acceleration of the

carpet.)
(answer: lp, explanation: 1p)
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Form 11, problem 2
a) When the nozzle is open, the force needed to pull out the piston equals with the kinetic friction.

When the nozzle is closed, there is near vacuum inside the syringe, which means that the pressure is
almost zero. The forces exerted to the piston now are kinetic friction plus the force exerted by the
atmospheric pressure. Therefore the total force is bigger when the nozzle is closed than when it is

open.

(vacuum & atm pressure mentioned: 1p, answer+the rest of explanation: 1p)

Both kinetic friction and the force caused by the atmospheric pressure are constants. Therefore, the
force acting on the piston, and needed to pull it out, does not change when the inner volume
increases.

(answer+explanation: 1p)

b) When the piston is moving at constant speed, forces exerted on it cancel each other out (N I).
(Ip)

They are the force that is pulling the piston Fi,, kinetic friction F,, and the force exerted by the
atmospheric pressure Fu.

FfotzFHv—'_Fatm
F,.=248N-57N=19,IN
F,.. F .. 24,8N—-57N
= a2 : =102,54206kPa
Pam="A""7(d12)? 7-(0,0154m/2)
Answer: the atmospheric pressure is 103 kPa. (1p)

¢) Because temperature stays constant, air inside the syringe obeys Boyle's Law: pumV2 = psVs.
(1p)

_ PamV2_ 102542,06 Pa-2,0mL
Ps=0 5,0 mL

=41016,825Pa (1p)

Fror:Fp_'-Faun_FS
F,=F,+F_ .—DpA
F,=57N+19,1N—41016,825Pa-n-(0,0154m/2)’=17,16 N
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Answer: the force required for pulling is 17,2 N (1p

-

d) pathm =pVs

Pam¥10o 102542,06Pa-10,0mL - .
= =S ’ =512710,31P
Ds v, 2.0mL 710,31Pa (1p)

Fmr=F2_Fp-_Fam'r
Fmr:pzA_Fp'—Faun
F,, =512710,31 Pa- n-(0,0154m /2’~5,7N ~19,1 N=70,7N

Answer: the force required for pushing is 70.7 N. (1p)
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Form 11, problem 3

The force sensor records the force exerted to it by the spring, Fj,, which has opposite direction to the
force that the spring exerts to the weight, Fj,. The spring is light, which means that the absolute
values of these forces are equal, -Fj, = Fy,.

a) Pairs of s(f) and F,(f) are read from the graphs, and a Fj,(s) graph is drawn. The (s,F;.) pairs lie on
a straight line, which means that the spring obeys Hooke's law F = -kx, where x is the displacement
of the spring, and £ is the spring constant, which is the slope of a straight line fitted in the (s,F;)
pairs.

F_ja (N)

0,2 0,3 0,3 0.4 0.4 05

s {m}

Aswer: the spring constant is 3,5 N/m:

(graph: 1p, explanation why the slope is k: 1p, value of k: 1p)

b) N II for the weight says Z F=ma=F +G=ma=—F,=ma—G . Graph of (a,—Fp)
pairs is drawn, and a straight line is fitted to the pairs. The slope of the line 1s the mass of the
weight.

13724



NordPlus 2011 Physics

F(N)

-2,5 -2 -1,5 -1 0,5 ¢ 0,5 1 15 2

a (mfs?)

Answer: the mass of the weight is 175 g.

(graph: 1p, explanation why the slope is a: 1p, value of k: 1p)

c) Frequency of a harmonic oscillator is

1 [k 1 \(3 ,5047766 N/m

“2xVm 2xV 01745468kg

=0,71317211/s

190050 139
Period of oscillation, read from the v(¢) graph, is T= (1’ 90-0 52) §= 1 42 s, thus the frequency is
f=1UT=0,704 1/s.
0 “415
Answer: frequency predicted is 0,713 Hz, frequency measured is 0)7 éz The small difference
may be caused by the mass of spring, which lowers the actual frequency from what's predicted.

(predicted frequency: 1p, measured ferquency + meaningful explanation of discrepancy: 1p)

d) When there are two springs as shown, their forces change equal amounts as a function of the
displacement of the spring. This has the same effect as doubling the spring constant.

(1p)

=1,0085777 1/s

ol f2k_1 ‘[2-3,5047766N/m

2nVm  2nV 01745468 kg
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Answer: the frequency predicted is 1,01 Hz. (1p)- -
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Form 11, problem 4 &
Form 12, problem 1

Positive direction is downward. We will use symbols of the picture
shown.

a) At its highest and lowest position, the ball does not move. At the
lowest position, potential energy of the ball's weight has been transferred

to potential energy of the spring force.
(Ip)
m=10,100 kg E;=E,,
k=15,90 N/m mgh= 4k’
he=0,30 m mg(x+ hy) =%k¢* R
g=9,81 m/s? 16kx* —mgx —mgh,=0
mg++(mg)’— 2k mgh,

X= .

x=0,5232149m x

h=h,+x=0,8232149m

‘ e D

Answer: the ball falls 0,82 m before its motion turns upward. (1p)

b) Tension force of the cord is equal with the spring force, and directed upward. Tension reaches its
maximum value at the lowest position of the ball, when the displacement of the spring has its
maximum.

(1p)
T = -kx = -3,0869679 N

Answer: maximum tension of the cord is 3,1 N, ap

c) Two forces act on the bail: tension of the cord and gravity, They act on opposite directions.
Gravity is constant, tension is either zero or depends linearly on the position of the ball. Therefore,
the maximum total force and maximum acceleration must be reached at either end of the ball's
travel.

At the highest position, acceleration of the weight is g = 9,81 m/s2.
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At the lowest position, N II states:
F=G+T=ma

=mg+T
m
a=-21,059679m/s* -

Answer: the maximum absolute value for acceleration is 21 m/s2.

-

(acceleration: 1p, explanation of why its reached at the lowest position: 1p)

d) Velocity is increased as long as the total force exerted on the ball is downward, along the motion.
Direction of force changes at the equilibrium, when the weight of the ball equals with the tension
force.

(1p)

G+T=0
mg—kx,=0
:.rﬂ
Xe=
x,=0,1662711m
h,=h,+x,=0,4662711m

Answer: velocity of the weight reaches maximum when the ball has dropped 0,46 m. (1p)

i

Fiot 4
e) When the ball drops at the equilibrium point, work done to it Fiot = mg

by the total force is the area marked on the figure.

mg

W =mgh+¥mgx, (1p)

W=AE,=%mv’
mg(h+¥x,) =Ysmv2

v,=+2 g{h+%x,)=2,7417367 m/s

Answer: maximuin velocity of the ballis 2,7 m/s. (1p)

f)form 11

Mechanical energy is conserved, thus in every bounce the ball rises at the dropping level. In a
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harmonic oscillator, the force should be harmonic, i.e. proportional to the displacement from the
equilibrium. In this system the force is not harmonic, because at the high portion of the ball's travel,
the force is constant (gravity). Therefore the system is not a harmonic oscillator,

Y

f) form 12

We use the following symbols:

T
x=2= 25N _ 4 4237288 m

sk 59N/m

Asin a):
Eg=E,
mgh'=Yskx?
mg(h,+ x, )=kt
mg h, +mg x =kx’
b= I/E»kxf—mg X,

5 mg
2
h=a% —01161906m
2mg

(answer: 1p, explanation: 1p)

T, : maximum tension force that the cord can take without
snapping

x, : displacement of the spring when tension is T,

A" : max total fall

h.: max free fall

Answer: maximum free fall that the cord can stand without snapping is 0,12 m.

(0,11 m is also accepted.)

{(derivation + answer: 2p; minor errors with otherwise correct physics -1p)
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Form 12, problem 2

a) Reading the phase diagram of CO, tells that in 20°C there can be either equilibrium of gaseous
, and liquid phases, or equilibrium of liquid and solid phases. Because part of the CO, is said to be
gaseous, the rest must be liquid.

(answer + explanation: 1p)

b} In the tank there's only CO; in gaseous and liquid forms, so they must be in equilibrium, and the
saturation pressure can be read from the saturation line at 20°C; it is 48 bar = 4800 kPa.

(answer: 1p, explanation: 1p)
¢) CO, and atmospheric pressures exert opposite forces to the pellet. The net force does work on the

pellet:

2

2
1
-0,23m (p)

d 2
W:Fnezsz(Pcoz_Pa:m)As:(Pcoz“Paan)'ﬂ(_) s

4,510 m

W =(4800000—101,325)Pa-m- 5

W=17,187715]

The change in the kinetic energy of the pellet is equal to the net work done on the pellet, W = E,.

(1p)

—276,38713m/s =~ 276 m/s. (Ip)

1 _\IZW_JZ'17,187715J
W==mv=>v= = —
2 m Y 045107 kg

d) Gravity affects the pellet, which in time ¢ drops h=2%gt* below the boreline.
Time is the pellet's time of flight.

(1p}
Actual velocity is v, = 0,60-276,38713 /s = 165,83228 m/s.
hmc:lg X 2=l-5‘,81 m/s?- 10 m 2=0,0178361402m
271\v] 2 165,83228 m/s
Answer: the bore must be pointed 18 mm above the centre of the target. (1p)
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e) At 10°C, the saturation pressure of CO, is 35 bar = 3500 kPa.

4,510 m

%

W =(3500000—101325)Pa-n -

v=y 222232 s 66336 s
0,45-10 kg

i

The actual velocity is again 60% of the ideal velocity:
v = 0,60-235,06336 m/s = 141,03801 m/s )

Drop below the boreline is

10m

1
=2.98 2| — M
fioc=7 9,81 ms (141,0380111)/5

2
) =0,0246584996 m

hyoc— Moo= 0,0068223594 m

Answer: at 10°C the pellets hits 6,8 mm lower than at 20°C .

2 =
) -0,23m=12,43232]

20/24
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Form 12, problem 3

a) Explained using work and energy: . -
When the circuit is open, there's no current, and no component consumes electrical energy.
Therefore, to rotate the crank one only needs to overcome the friction of the mechanism. When the
circuit is closed, current starts to flow and the electrical energy is transferred in the lamp into light
and heat. To produce the energy in the generator one must do mechanical work by rotating the
crank, and therefore cranking needs more torque..

(1p)

Explained using electric and magnetic phenomena:

When the circuit is open, there's no current, and there's no magnetic interaction between the
generator coil and the magnet. When the circuit is closed, emf is induced to the generator coil. It
gives rise to a current that flows through the coil. According to Lentz's law, the direction of the
current is so that it's magnetic field opposes the original change of magnetic flux through the coil.
This means that that magnetic interaction between the coil and the magnet tries to slow down their
respective motion.

(1p)

b) Law of induction U= —a;,—? says that the induced emf is proportional to the rate of change of

the magnetic flux through the generator coil, which is proportional to the angular velocity of the
coil.
(law of induction + proportionalities 1p}

c) When the crank is rotated slowly, induced current starts to charge the capacitor. As explained in
a), induced current tries to slow down the generator.

(1p)

As the capacitor gets charged, its terminal voltage nises. Capacitor's terminal voltage resists the
induced current. The current diminishes and then stops, which ends its generator braking effect. The
same steps are repeated when the rate of cranking is increased.
(1p)
(Explanations based on transferring energy into the capacitor are also accepted.)

d) When the capacitor i1s charging, the magnetic interaction in the generator opposes its rotation. For
example, if the generator is rotated clockwise, the direction of the interaction is counterclockwise.
When the capacitor discharges through the generator, the generator acts as a motor. The direction of
the electric current changes. This means that the direction of the interaction also changes, so that the
discharging current rotates the crank clockwise. This means that when one stops turning the crank,
it continues its rotation to the initial direction.
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(answer: 1p, explanation max 2p)

—

-
-

e) Charge and terminal voltage of the capacitor drop during discharge. In order to keep the current
steady, one must adjust the resistance continuously smaller.

(1p)

c=Q_IAt_BINAT5Ss . eocp L 56F (1p)

Capacitance is U- U 20V
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Form 12, problem 4

Case a)

i) For a parallel plate capacitor, U= % ,U=Ed,C= En% )

peU_Q_ Q _1Q
Electric field between the plates is d Cd c A € A - (1p)
Force exerted to the ball by the electric fieldis F=Eq ;on the other hand F=mgsina .

Eg=mgsina

Elu' (i =sinao
=eoAmg5ina (Ip)
Q

i1) Formula sina=%‘%q says that the angle of the string does not depend on the distance

between the plates.
The angle of the string does not change, when d 15 increased.

(answer+explanation 1p)

2 2 2
L W:lc U2=-1-C-(—2-—= Q — dQ
iii) Energy of the capacitor is 2 2 2 9.e A 2gA

°q
One sees that the energy increases as 4 increases.

(answer + explanation 1p)

Energy comes from the mechanical work that done when the plates are pulled apart, against the
attractive electrostatic force.

(1p)
Case b)
1) Now the voltage between the plates is constant.
Force exerted to the ball by the electric fieldis F=qE -4u (1p)

d
gdg=mg sina

23124
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mgsina d
q:_.L;}_g__ (lp)

n . U . . .
i) 51na=dir@ , angle of the string decreases when d is increased.

(answer + explanation 1p)

1 s 1 AL, EAU?
u) W==-CU'==¢, U =——
) W=3 250 2d

The formula tells that the

energy of the capacitor decreases when d increases.

{answer + explanation 1p)

When the plates are pulled apart, capacitance decreases; therefore the charge must also decrease to
keep the voltage constant. This causes electric current through the voltage source from (+) to (-).
Because the voltage source is a pack of accumulators, the current charges them. Therefore the
energy of the capacitor is transferred to chemical energy of the accumulators. '

(answer + explanation 1p)
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