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1998 Physics Olympics Problems 

Problem 1: Faster than light? . Flgrire 1.2: The obse-~er i s  a1 0 and the origkalposit~on 

In this problem we analye and intaprrt ofthe light sourre is at A. The velocify vector is v . 
made in 1994 on radio wave emission h m  a compound 
source wthin our galax?;. 

The receiver was tuned to a broad band of radio waves 9 
of aavelengths of several centimeters. P i p  1.1 shows a 
series of images recorded at different times. The contours 
indicate constant radiation mength in much the same way 
as altitude contours on a geographical map. In the figure 
the tv.v maxima are interpreted as showing two objects 
moving away from a common center shown by crosses in 
the images (The center, ahich is assumed to be fixed in 
space, is also a strong radiation emittei but mainly at other 
wavelengths). The measurements conducted on the vari- 
ous dates aere made at the same time of day. 
Figure I .  I :  h d i D  mission fmm a sourre in our gal- 

, The scale of the figure 
-.. n u w  ' is given by a line segment 
.-I showinp one arc. second 

(as). (as=1/3600 of a de- 
gree). The distance to the 

sw celestial body at the center 
of the figure, indicated by 
crosses, is estimated to be 
R512.5kpc. Akilopar- 
sec (kpc) equals 3 . 0 9 ~  
10"m. The sueed of lisht 
is c = 3.00 x i0' mls. - 

a) We denote the a n p -  
lar Dositions of the two 
ejected radio emitters, 
relative to the common 
center, by 8 ,(t) and 8 81, 
where the subscripts 1 and 
2 refer to the lefl and right 

@g.~* 3ow 

hand ones, respectively, 
and t is the time df obser- 

I-- I"+ vation. The angular 
speeds, as seen from the 

Earih. are m, and o: . The corresponding apparent trans- 
verse linear speeds of the two sources are denoted by v ',, 
and r, '._ . 
Using Figure 1. I ,  make a graph to fmd the numerical 

values of o, ond o, in milli-arcseconds per day (masld). 
Also determine the numerical values of by v ',, and v >,. 
(You mav be puzzled by some of the results). 

bj In order to resolve the puzzle arising in part (a), con- 
sider a light-source A moving with velocity v at an angle $ 
0 4 z) to the direction towards a distant observer 0 
(Figure 1.2). The speed may be written as v=pc, where c 
is the speed of light. Thd distance to the source, as mea- 
sured by the observer, is R. The angular speed of the 
source, as seen from the observer. is oo, and the apparent 
linear speed perpendicular to the line of sight is v', . 

Find wand v', in tenns of P. R and $. 

C) We assume that the two ejected objects, described in 
the introduction and in part (a), are moving in opposite 
directions equal speeds v=pc. Thm the results of pert 
(b) make it possible to calculate j3 and 4 from the angular 
speeds a, and co, and the distance R. Here $ is defmed as 
in part (b), refeeing to the left hand object, corresponding 
to subscript 1 in part (a). 

Derive formulas for p and $ in terms of known quanti- 
ties and determine their numerical values h m  the data in 
part (8). 

dl in the one-body situation of part (b), fmd the condi- 
tion for the apparent perpendicular speed v ; to be larger 
than the speed of li@t c. 

Write the condition in the form p >A$ ) and provide an 
analytic expression for the function$ 

Drav.' on the graph answer sheet the physically rele 
vant region of the (p .$ )-plane. Show by shading in which 
part of this repion the condition v ;> c holds. 

e) Still in the onebody situation of part (b), fmd an es- 
pression for the ma.rimutll value ( v ; ) max of the appar- 
ent perpendiculdr speed rt ; for a given P and write it in 
the designated field on the answer sheet. Note that this 
speed msreases aithout llrnit when p -r 1. 

f )  The estimate for R given in the introduction is not 
very reliable. Scientists have therefore started speculating 
on a better and more direct method for det- R. One 
idea for this poes as follo~s. Assume that we can identify 
and measure the Doppler shifted wavelengths h, and ?= of 
radiation from the two ejected objects, corresponding to 
the same Know original wavelength 3." in the rest frames 
of the objects. , 

Starting ftom equations for the relativistic Doppler 
shift, ?. = >, (1-P cos $) (1-p')"', and assuming, as before, 
that both objects have the same speed rv, shonl that the un- 
known p = v c can bz expressed in terms of ?%, XI and i.. 

F'md the numerical value of the coefficient a. 
Note that this means that the suggested wavelength 

measurements will in practice provide a new estimate of 
the distance. 



Problem 2: Rolling of a hexagonal prism 
Consida now a long, solid, regular hexagonal prism 

like a common type of pencil (Figure 2.3). The mass of 
the prism is M and it is uniformly distributed. The length 
of each side of the cross-sectional hexagon is a .  The mo- 
ment of inertia I of the hexagonal prism about its central 
axis can be mitten as 

and mite the numerical value of the the coefficient s.  
b) The kinetic energy of the prism just before and after 

impact is similarly K, and K, . 
Show that we may mite 

K, * rK, (2.4) 
and write the numerical value of the coefficient r. 

c) For the next impact to occur, K, must exceed a mini- 
mum value K,,, which may be written in the form 

K,, = &4lga (2.5) 
where g = 9.81 m/sa is the acceleration of gravity. 

Find the coefficient 6 in terms of the slope angle 0 and 
the coefficient r. 

d) If the condition of part c) is satisfied, the kinetic en- 
ergy K will approach a limiting value K,, as the prism rolls 
down the incline. 

Given that the lirmt exists, show that KLJ may be \\ntten 

Figure t I :  A solid prism with the c m s  sectioh 

and write the coeficient K in terms of 0 and r. 
e) Calculate. to within 0 1 ", the minimum slope angle 9, 

for whlch the uneven rollmg, oncc started. a l l 1  conrinuc 
indefinitel: 

Problem 3: Water under an icecap 

Density of water . I p, = 1 .OOO. 10' kgln,' ] 

The moment of inertia I' about an edge of the prism, can 
similarly be written as 

a) The prism is initially at rest with ~ t s  axis horizontal 
on an inclined plane which makes a small mgle 0 with the 
horizontal (Figure 2.2). Assume that the surfaces of the 
prism are slightly concave so that the prism only touches 
the plane at its edges. The effect of this concavity on the 
moment of inertia can be ignored. The prism is now dis- 
placed &om rest and starts an uneven rolling down the 
plane. Assume that fiict~on prevents any sliding and th3.t 
the prism does not lose contact with the plane. The angu- 
lar velocity just before a given edge hits the plane is o, 
while a, is the angular velocity immediately after the im- 
pact. 
Figurn 6.2: A heuzgonal prism lying on an inclined plane. 

Show that we may write 
(0, = soi (2.3) 

An icecap is a thick sheet of ice (up to a few km in 
tluckness) resting on the pound below and esending hon- 
zontally over tens or hundreds of km. In this problem, \re 

Average outward heat flow through 
the surface of the earth 

Melting point of ice 

consider the melting of ice and the behavior of water under 
a temperate icecap, i.e., and icecap at its melting point. 
We may assume that under such conditions the ice causes 
pressure variations in the same manner as a \riscous fluid, 
but defonns in a brittle fashion, principally by vertical 
movement. Data for 'this problem is below. . 

a) Consider a thick icecap at a location of average heat 
flow J,  from the interior of the earth. Using the data ffom 
the table, calculate the thickness d of the ice layer melted 
every year. 

b) Consider now the ppper surface of an ice cap. The 

-- - 

JQ = 0.06 ~ . / m :  

To = O°C 



ground below the ice cap has a 8 1 0 ~  angle a. The upper 
d a c e  of the cap slopes by an angle P as shown in Figure 
3.1. The vertical thickness of the ice at FO is ha. Hence 
the lower and upper surfaces of the ice cap can be dc 
Scribed by the equations 

Y , = ~ ~ ~ Y , = h a + t a n P  (3.1) 
Derive an expression for the pressure p at the bottom of 
the icecap as a function of the horizontal coordinate x. 

Figun 3.1: Cross sortion ofcut ice cap with a plane sur- 
fice nsting on an inclined plane gmnd.  S: surfoce,G: 
ground. I: ice cap. 

1 
4 ..** 

z = 0 
In order that the water layer between the icecap and the 

p u n d  -ins static, show that a and p must satisfy an 
equation of the form 

and calculate s. 
The line y,  = 0.& in Figure 3.2 shows the surface of the 

earth below an ice cap. The vertical thickness h,at x = 0 
is 2 km. Assume that water at the bottom is in q u i l i b  
rium. Draw the line y, and add a line y, showing the upper 
surface of the ice. Indicate on the figure which line is 
which. 
Figwe 3.2: Cross section ofa tempemte ice cap rerting on 
an inclined gramd with woter at the bonom in epilib- 
durn. G: gtvund, I: ice cap. 

t 

a-# 

c) Within a large ice sheet on horhmtal ground and 

originally of constant thickness 
D=2.0lan, adcalbodyofwataofheigtH= 1 . 0 h  
and radius r = 1.0 km is formed rather suddenly by melt- 
ing of the ice (Figure 3.3). We assume !hat the ranaining 
ice adapb to this by vertical motion only. Show analyti- 
cally and pictorially on a graph, the shape of the surface of 
the icecap afler the water cone has formed and hydrostatic 
equilibrium has been reached. 
d) In its annual expedition, a group of scientists explores a 
temperate ice cap in Antarctica. The area is nonnally a 
wide plateau, but this time they find a deep crater-like 
depressiun formed like a togdown cone with a depth h of 
100 m and a radius r of 500 m (Figure 3.4). The thickness 
of the ice in the area is 2000 m. 
Figun 3.3: A vertical sortion through the mid-plane ofa 
wuter cone inside an ice cap. 
S: surfoce, W: woter. G: ground, I: ice cap, 

Figure 3.4: A verh'cal and centml cross section of a coni- 
cal depression in a tempemte ice cap. S: sugace. 
G: ground, I: ice cap, M: magma and woter intrusion for 
the student to dmw. 

t a-. 
After a discus- 

: sion, the scien- 

there was a minor 
volcanic eruption 
below the icecap. 
A small amount 
of ma@ (molten 

Y rack) intruded at 

\ .-o ing a certain vol- 
ume of ice. The scientists try as follows to estimate the 
volume of the intrusion and get an idea of what became of 
the,melt water. 

Assume that the ice only moved vertically. Also assume 
that the magma was completely molten and at 1200°C at 
the start. For simplicity, assume further that the intrusion 
had the form of a cone with a circular base vatically be- 



low the codical deprrssion in th,e surface. The time for the 
rising of the magma was shbrt relative to the time for the 
ocehaage of hedt in the process. The heat flow is assumed 
to have been pximarily vutical such that the volume 
melted 6rom the ice at any time is bounded by a conical 
surface centered above the center of the magma intrusion. 

Given these assumptions the melting of the ice takes 
place in two steps. At first the wata is  not in pressure 
equilibrium at the surface of the magma and hence hows 
away. The water flowing away can be assumed to have a 
temperature of O°C. Subsequently, hydrostatic equilibrium 
is reached and the water accumulates above the intrusion 
instcad of flowing away. 

When thennal equilibrium has been reached, you are 
asked to determine the following quantities: 

1. The height H of the top of the water m e  formed un- 
der the ice cap, relative to the original bottom of the ice 
cap. 

2. The height h, of the intrusion, its volumt V, and its 
mass m,. 

3. The total mass m, of the water produced and the 
mass m' of water that flows away. 

Plot on a graph the shapes of the rock intrusion and of 
the body of water remaining. Use the coordinate system 
suggested in Figure 3.4. 
Experimental Problem 

A Platform with six banana jacks 
B Pickup coil embedded into the platform 
C Ferrite Uare with two coils marked *Aw and "B" 
D Ferrite Uare without coils 
E Aluminium foils of thicknesses: 25 p, 50 pin and 

100 Clrn 
F Function generator with output leads 
G Two multimetm 
H Six leads with banana plugs 
I Two nibber bands and two small pieces of grease proof 

paper 
Multimeters 
The multimeters ere twwterrninal devices that in this 

experiment are used for measuring AC voltages, AC cur- 
rents, frequency and resistance. b all cases one of the 

terminals is the one marked COM For the voltage. kc- 
quency and resistance memmmcnts the other taminal is 
thendonemarkedV-Cl. Forcumcntmammnmtsthe 
othcrtaminalistheyeUowonemarlradmA. Withthe 
central dial you select the meter fimctim (V- for AC volt- 
age, A- for AC cumnt, Hz for 6equency and $2 for resis- 
tancc) and the measurement range. For the AC modes the 
measurement unmtahty is * (4% of reading + 10 units of 
the last digit). 

Function gene,mtor 
To turn on the generator yau press in the red button 

marked PWR. Select the 10 kHz range by pressing the 
button marked 10k, and select the sine wavefan by press- 
ing the second button fimn the right marked with a wave 
symbol. No other buttons should be selected. You can 
safely turn the amplitude knob fully clockwise. The f re  
quency is selected with the large dial on the left. The dial 
&ding multiplied by the range selection gives the output 
6requency. The Gquency can be verified at any time with 
one-of the multim&. use the output marked MAIN, 
which has 50 f2 internal resistance. 

Ferrite cores 
Handle the fenite cores gently, they are brittle! Fmite 

is a ceramic magnetic material, ~ l t h  lo\\, electrical conduc- 
tivity. Eddy cwrent losses in the cores are therefore IOU*. 

Banana jacks 
To connect a coil lead to a banana jack, you loosen the 

colored plastic nut, place the tinned end between the metal 
nut and plastic nut, and tighten it again. 
Part I: Magnetic Sheildlng with Eddy Currents 

Figure I: Experimentcrl a m ~ g e n ~ e n t  for pari I. 
Tiedenendent 

magnetic ields induce 
eddy cwmts  in con- 
ductors. The eddy 
currents in turn pre 
duce a counteracting 
magnetic field. In real 
conductors, this field 

: , ' : .  ... I . ,  . . . ',. . . ... . . 
. <  . . .  . /  . .  ' . . ,  

.. .,. . . 
:-...:: - , ,, . , . ... will not completely . >  . .  . 
. .'"1":. 

. .  , 
. , , . : . . ., . : .  counteract the applied 

field inside the mate- 
rial. To describe the 
shielding effect of alu- 

h u m  foils we will apply the followine model 
B = B # ~  (1) 

where B is the magnetic field beneath the foils, B, is the 
magnetic field at the same point in the absence of foils, a 
an attenuation constant, and d the foil thickness. 

Experiment 
Put the ferrite core with the coils, with legs down, on 

the raised block such that coil A is directly above the 
pickup coil embedded in the platform, as shown in Fig. 1. 



I(t) = I, sin lot 
Secure the core on the block by stretching the ~ b b e r  

(5) 
where a, is the angular frequency and &is the wnplitude of 

bands over the core and under the block recess. The un- the current. follows frorn equation (31, ~ l i ~  alternatSng, 
in the thickness of the foils be neglected, as current will induce a voltage across the coil given by 

can the error in the frequency when measured by the mul- 
timeter. E(t) = mcg I, cos cot (6) 

1. Connect the leads for coilsA and B to the jacks. The current will be such that the induced voltage is equal 
to the signal generator voltage V,. There is a 90" phase M m e  the resistance of all three coils to make sure you 
difference the cUTTent and the voltage, If we only have good connections. You should expect values of less 

than 10 Q. look at the gmplitudes E, and I, of the alternating voltage 
2. Collect data to validate the model above and evaluate and current, allowing for this PW difference, we have 

the attenuation consfant a for the aluminum foils (25 - E, = m c p  I, 
175 pm), for frequencies in the range of 6 - 18 kHz. Place From aow on we drop the subscript 0. 

(7) 

the foils inside the square, above the pickup coil, and ap- T~~ coils 
ply a sinusoidal voltage to coil A. Let us now assume that we have two coils on one core 

3. Plot a versus frequency. (see Figure 2). Fenite cores can be used to link magnetic 
Part II: Magnetic Flux Linkage flux between coils: In an ideal core the flux will be the 

The response of two coils on a closed ferrite core to an same for all cross sections of the core. Due to flux leakage 
external alternating voltage (V,) from a sinusoidal signal in real cores. a second coil on the core will in general ex- 
generator is studied. With the equipment provided, d perience a reduced flux conipared to the flux-generating 
may assume that saturation effects can be ignored, and the coil. The flux 0, in the secondary coil B is therefore re- 
permeability p of the material is constant. , lated to the flux @, in the primary coil A through 

Tbeory @ , = h a A .  (8) 
In the following basic theoretical discussion, and in the Similarly a f l ~  component @B created by a current in coil 

treatment of the data, it is assumed that the ohmic resis- B will create a flux 0, = m, in coil A. The factg k. 
fane in the coils and all hysteresis effects in the core which is called the ~ 0 ~ p l i n g  factor, has a value less than 
have insignificant iduence on the measured currents and One. 
voltilges. Because of thcse simplificat~ons m the treatment The ferrite core under has two coils A and B in a 

below, some deviations will occur between measured and t r m ~ f ~ m e r  . m g m e n t .  Let us assume that coil A is the 
calculated values. primary1oil (~onnected to the signal generator), lfno cur- 

Single coil rent flows bi d l  .B (IB=O), q e  i n d u d   voltage^, due to 

Let us first look at a core with a single coil, carrying a IA is eqml and "l'pbsite to the generator voltage Vr n e  

current I. The magnetic flux 9 ,  that the current creates in fl" created inside the secondary is determined 
the fenite core inside [he coil, is proportional to the cur- quation (8) and the induced voltage in coil B i s  

rent I and to the number of turns A'-:., The flux d e p d s  -' E', = a,kcNANJA , (9) 
furthermore on a geometrical factor g, which is determined Figure 2.'A tmnsfonner with a closed magnetic cimrrt. 
by the size and shape of the core, and the magnetic perme- If a current I, flows in coil B, it 
ability p =p, p,,. which describes the magnetic properties of will induce a voltage in coil A which 
the core material. The relative permeability is denoted 11, is described by a similar expression. 
and is the permeability of free space. 

The magnctic flux 0 is thus given by 
40 = ugNI = cNI (2) 

- - -The total voltage across the coil A 
will then be given by 

V,= 6, = C O C ~ , I ~ -  akcNANJB 

where c = pg. The induced voltage is given by Fnraday's (10) 

law of induction, The current in the secondary coil 
thus induces an opposing voltage in the primary coil, lead- 

dm(( )  2 ( t )  (3) ing to an increase in I,. A similar equation can be written ~ ( t )  = -N-= -cN - 
dt dt for E,. As can be verified by measurements, k is indepen- 

dent of whioh coil is taken as the primary coil. 
The conventional way to describe the relationship be- Experiment 

tween current and voltage for a coil is through the self- Place the two U-cores together as shown in Figure 2. 
inductance of the coil L, defined by, and fasten them with the rubber bands. Set the function 

dI( t )  generator to produce a 10 kHz sine wave. Remember to 
~ ( t )  = -L- 

d t  (4) set the multimetm to the most sensitive range suitable far 
each measurement. The number of turns of the two coils, 

A sinusoidal signal generator connected to the coil will 
drive a current through it given by 



AandB.are:N,= 150turnsandN,= 100turns(* 1 turn 
on each coil). 

1. Show that the algebraic expressions for the self- 
inductances LA and L, are, 

LA = €,l(OlIJ when I, = 0 
L&, = E$(OlI,) when I, = 0 

and that expressions for the coupling factor k are, 
k = (NJBY(NAIA3 

when E, = 0 
Draw circuit diagrams showing how these quantities are 

determined. Calculate the numerical values of LA, L, & k. 
2. When the secondary coil is short-circuited, the cur- 

rent I, in the primary coil will increase. Use the equations - above to derive an expression giving I, explicitly in terms 
of the primary voltage, the self-inductance of the primary 
coil, and the coupling constant. Measure I,. 

3. Coils A and B can be connected in series in two dif- 
ferent ways such that the two flux contributions are either 
added to or subtracted fi-om each other. 

3.1. Find the self inductance of the serially connected 
coils, L,, from measured quantities in the case where the 
flux contributions produced by the current I in the hw 
coils add to (strengthen) each other. 

3.2. Measure the voltages IfA and 1 ', when the flux 
contributions of the two coils oppose each other. Find 
their values and the ratio of the voltages. Derive an ex- 
pression for the ratio of the voltages across the hvo coils. 

4. Use the results obtained to verify that the self induc- . 
tance of a coil is proportional to thc square of the number 
of its windings. 

Fig 3: Ti~e.fem.te cores n~iti~ rite two spacers in place. 
5. Verify that it was justified to neglect the resistance n of the primaq coil and write vour 

arguments as mathematical ex- 
pressions. 

6. Thin picccs of paper in- 
serted between the two half cores 
(as shown in Figure 3) reduce the 
coil inductances drastically. Use 
this redudon to determine the 
relative permeability m, of the 

femte material, given Ampere's law and continuity of the 
mapetic field B across the femte - paper interface. As- 
sume m = m, = 4p' I U' ,VS'I~ for the pieces of paper and 
a paper thickness of 43 mm. The geometrical factor can be 
determined from Ampere's law 

where I,, is the total current flowing through a surface 
bounded by the integration path. Write the algebraic ex- 
pression for m, in field 6.a on the answer sheet and the 
numerical value. 



~nviaimanrraunzniau nnaof mqn nirlnifoud lac im:Ka~auASI ciuun: 



s. nilr5'ndasriiuwa 
I ~ ~ i ~ n u i ~ u r ~ ~ n i 5 n o u ! ~ 1 1 5 r i i n i n n i ~ ~ n ~ i ~ i ~ ~ ~ n 5 r ~ a u i m u "  oliaoliri.rnou 
!dua~uni?nuinir 6aubonourruull.iu'uiiuau so u'o q nr 4 A'?riion niu~uram 2 &UP 

30 u i I  l~uoifurn~rlnisdif i~u~~ni '~f luu!&-~n &aunisrru'~rnsfirflu 3 5rTu iio 4 diu 
rrnroln ~ $ 0  G (Good) P (Pass) rrsrr F (Fail)' 







1. IvA + vBI 2. Iv, - vBl 

3. l/IvA + vB1 4. 1/IvA - vBI 

is. ?'~g~~~nd~1ndo~dsiuuu~1~nu xlnu x = 4t3 - tit2 + 10 1uma ~ m ~ i t " 2 ~ 0 1 ~ g d i (  
t = 2 3~13  lriin"ulrilb~ 



14. impfiouwLtndoudhun~iui4~n~m'a ttl~#qwum F d n ~ r i i f i ~ j ~ p G f i ~ f u r o t i i ~ l l  
1. F = ve/2m 2. F = mv 
3. F = o  

is. iiriqbtwdarraan M ?ndoudn~aiurruiu 1804 

'lriihtlq t i i ~ ~ ~ l ~  t t l ~ d a ~ ~ l b ~ l n d ~ ~ l ~ t 8 ~ ~  
nl=ji7h ttrisdtwiua t r i i f i t r i i 1 ~ 1  
1. g sin 0 2. M g  sin 0 
3. M g  cos 0 4. gud~dodsinliilttlr iau~niu 

1. 6g N 2. 6g COS 0 N I 

3. 6g sin 0 4. nilrilci mnzlinnuciiu?n M, 



v u  J v e l .  mugii~do y~u~n~uXorouud~tdau"ll~~~3~m~~~n48a~dns~n'~n'udos dbnaiulm 
sioId$ndioa 
I. st~uudgqi~uwfi~iuond6aud~sin~Ka 

J 
2. szurni~~souuminnaui(~f in '6un~m~zif l~f~da~h'uo"~si~s~~o~so~~d~oun1~ 

Giu do 
3. szurn1.rdrouukndou~6n'oun~m~z~flufmd~un"u ( ~ m s i f i a ) 2  uo~souud 

rieunisfiudo 
4. w~~iuonduo~souudiflu~~dauflflw'un'utia~i~ni u'~oinfliudoowns&souu~ 

I 

wynQ4 

22. uan 2 u7n ~nddouoinnaiu(1.1 H LMGO&ZU buuan M, ~onn~rnu#u~~usiiqu 
30' n'u uuanuunzIiriii1ir~i8umniu uan M, ' lonn~miu~uuiqu 4s' n'uiiu~ 
siu~iliis~i#u~niuitiuCu dbnaiulmdol~a~nlia4 

r Y  r Y  
I. M, szoanurtii M, iin-o'Rntarioyoanuum M, buniiuoi M2 

r Y  
2. M, unr M, teotnun5ormiufiau~~sidairiin"u 

r Y -  
3. M, ozii4d'unnj M, i is i4nEauot~cro~uanri~~~~~~un' i i i1n'u 

1-v J 
4. luuuongnfiac 

PH 111  (7) 



28. chn?u5:uuanr:d5:nou63u 2 oymn iio m, nu'n 1.6748 x Elnnr'u lm: m, 
nu"n 1.6726 x i i l n n i i  o:u"fiiu?nnmnou (reduced mass) L ~ U L ~ ~ I ~  

1. 1.6730 X Zh3n%-.J 2. 0.8368 x lo-" 7 7 ~ f l f i  

3. 1.6726 x Zkifl?~ 4. 3.3473 x 10-z7 E7inqvU 
ru 4~ 

29. ? ~ ~ ~ ~ ~ ~ m ~ o ~ n d ~ ~ ~ u ~ i . ~ ~ ~ o ~ n u n n o u d o : ~ : : ~ ~ ' m ~ ~ m n o o n ~ ~ f l u  sd.rudi nir hud 
a 2 

1 un: 2 ~nnua?aufiu 7, un: 7, miun'ih ~ A U  V, = v2 = v lln: 9, l Y2 fb51 

~ 5 ~ d u 6 u u s q d 3 u d  3 3fii 1nilm 
1. v / f i  2. v/* 3. 6 4. 2v 

so.  gnuonum 0.3 iilnniu qn~doua~ndq~111'mnn~:nuw'u~~d3n~::mo~n~u7mtllu'd 
u l l u  

m ~ q q ( ~ ~ u w & a i u o n d  nunnulmn'auns:nu~uBn~onu'o"h~lfi~ lo mm5/?uid 

nismndfiilviils 



1. w6,iucnduoq~ruui~in"u 2 pn 
2. ~ U L U U ~ ~ U O J S ~ Y I I ~ ~ I ~ " ~  6 kg.m/s 
3. ~ u ~ u u ~ u ~ a ~ ~ z ~ ~ i 3 6 i u " ~ u n i i  2 kg.m/s 

4. ~ 6 ~ i u ~ n d u l ~ 0 ~ ~ ~ u ~ u " a u n i i  9 i n  
33. u ~ ~ u u I R I ~ ~ ~ ~ ~ ~ R ~ Y u ~ ~ ~ ~ o ~ ~ ~ u ~ ~ J ~ I ~ ~ M ~ u ~ ~ u ~ ~ I u ~ ~ ~  41 rpm riin?iuli.ruoc 

u3nq=dRvnwmzstii.aI5 
I. d6iuin6iu~noylnXp~gu~n~1~uo~~~w'u~811~ 
2. ~ 6 i ~ i n 6 1 ~ ? ~ ~ ~ ~ n ~ p ~ ~ ~ d ~ ~ 1 . ~ ~ 6 . j t l ~ ~ l 8 ~ . ~  
3. I~~&Q~~Yu~I~~w~.~uQ(u?R 
4. 1 v i l ~ Y p t J l m ) o  

34. # a C u ~ d ~ ~ ~ u 6 ~ u n ~ i u f i ~ ~ 8 ~ ~ ~  2 1~1~uudu14 ~ ~ ~ X u ~ ~ ~ u i f i i !  I XOIIH~UIIJ 
n"5ou 
1. lox 2 . 2 0 / n  3. 6 / n  4. 2 0 n  

36. # a 0 ~ ~ ~ d ~ ~ y u ~ m ~ % n ? i u ~ i . ~ ~ 3 ~ ~ b d d i n ~ ~ ? d u ~ u ~ i n ~ ~ m d ~  'dih 2 j u i ? i l ~ ~ n ~ o d  
~ q d 6  el 11n: 2 i u i ~ n ' ~ d ~ y d 6 ~ ~ d u i i n  0, a'R~idqu e,/e, din"ulvii1~ 
1. 1 ' 2. 2 3. 3 4. 6 

36. U?R m ~nddouainp~ A &$ 
~ w i n ~ i u l t u a a f f u d o n ~ ~ f i  B 

1. mg A 

2. 2mg 

3. 3mg 

4. uonlljI6~wnziin'imou~u~dn"~ R 



38. u a n ~ ~ ~ w d d ~ n  n&au~~anun: :~ i~ f iw~ ~~~$~5iudlxidu5~l#unniurou~~nuunu 
~ilJ~auna1u8a1~d~uw~~i~~i(uunaiuuia~~dl#~~ilon~~n::naiuda~~d~u~fl~no~~ii 
1ird~duusin4o n~::ddi ~ i i 1 m  (duIfifln'i To) 
I. To 2. To 3. 4T0 4. STo 

38. maln~i~~~o~ma~ddaud5::nou~~daun"u d?ffd r, un:: r, miufi& n'i g,/g, dn'i 
1 i i I m  

/ 

1. rl/rz 2. r2/rl 3. (~,/r,)~ 4. (r,/r,)" 
r(U r( 

40. ~ i ? i ~ u r m o d m a ~ a r r o ~ ~ n n d ~ : : ~ u ~ o n u ~ ~ ~ i n i ~ ~ o d ~ n  buu5ma.rlnsrlflu r, an:: 
r, miuriiKu 'umncl7uvoanaiu15a1u~~ua~~#uw"~ v,/\;, driid11m 

Vd" 4 I. rl/rg 2. rz/rl 3. (~,/r,)~ 4. buuon~n6a.r 
41, ~uufiiimiamri::dma~wd~~uanun::s"~1d$un~~wd.~~oovo01nn~fiavo~mia~nri::~ 

m a d '  ciinailnicldanaiu1u'udadddi~vi11m 
I. riluni~wdavesuo.~~nn 2. miif'?iuuodInn 
3. rflunadrviiuedusd1nd 4. $id~dddau~uoduo~1nn , 

42. ~ouu.'~ fhd~7n MA MB ~ ~ U O . ~ & I Y U I ~ ( I  MA= 2~~ ~ t l d o u d ~ a u ~ m 5 i ~ a l u i i ~ u f i o  
v Pi iunuul f i~~dnai~nim~~u.~  m u f i i i n u u ~ u d n ~ ~ u ~ u u " i ~ ~ ~ ~  (naiu~#umniu 
ciou~in) id R ~m::so A hum.r~~~flmuYxiildoulna 50 B ~~oi iuI6di f~: : f l  
i-inll~::otildl5 
1.lidulonltiun"u 
2. dulnnna (1bidpmguhmdl~~dnaiu16~) 
3. dulnnC (nQa~npmgudnniduriomaiu1Ci.~) 
4. riluIflK&bo I, 2 LM: 3 uYuoddn'u'um5irhu~ v/R 

43. Nan rn mdoudlduaannu~au~n8an~dIui~1nau~Q~~u~~ni nmslofdlmmd 
na ia l i~  un:naiudan'o~h 







u rl 
66. uoqn'nuo~naiu3mnyuliflufiin~m~ unnu#u<udniumni51m 

1. naiuiKu = fiinqca x naiuinTu~ 
2. naiuln7ui = fiin~8a x f13i~bfl~ 
3. naiulKu x naiuin!~~ = fiiflafa 
4. naiuriunid$uodn'uiiifl~uo~cr'~idou uo()RYm)od@ ~ou~qol"t f i~df iuim~ 

67. uoqcr'n~(a~Irsui~~er~il6einn~iu~w'udu'oZm 
1. (F,/A)/(dV/V) ' 2. hF,/A, 
3. -dP (dV/V) 4. (@,/A)/ (dx/h) 

68. oYnin~nd~udmiu~lnu x aiQoiinoduiiu da~oin~mfiiliim t = o llnr 

~n$aufidniduai rnni~ni~ indo~Cl l i juu I~~u x = 2 sin 37Ct IIIU~IUI~~ ed~inaiud 
(0 uodnnlndod~~au$wt5m4 

so. e i n 6  68 e ~ ~ i ~ n 5 i l i ~ q ~ q c 1  ~ u a i ? ~ i l r ~ i ~ u I ~ u m ~ ~ i ~ i ~ ~  





dnngiidioqoonlird F G'i~lfla~umu~qmain 
6iu'uwo?1 r i n  y = F/L o i u i i  L din'udilm 
1. Itr 2 . 2  Itr 
3 . 4  Itr 4. 6 Itr 



74. Qairtuiuo.r~~n~lunnon~~K~miu~d f 

fitriird nqsaz~tluuo~~nn~viinln air g l w  
1. dsen 

Y 
2. U1 

3. uodma3dd ~~5dldsur~1iuuinnii 
Isdiinfiil 

4. ~ ~ d ~ n ~ ? d f l S : e r " l ~ ~ ~ n 6 ~ ~ I ~ ~ ~ l n i l  

5=er"u1udid 





I. no~~atiigtunpriq~nii~::~O~duu 
2. no~1tmti i~~np5~ini io::~r i~~uu 
3. Q ~ ~ O ~ q ~ ~ l ~ ~ a 4 ~ l ~ 6 ~ ~ l ~ ~ f n " 4 ~ ~ 4 ~ ~ I ~ 1 n " ~  

L: 
4. ~'1~a~~::~~o~n'uu?A~~4Iln'4151H::n4~84 

85. ~ ~ n 7 1 ~ 1 ~ 6 8 ~ d ~ Q ~ 6 8 4  

1. rllul~6~5nuu~dni5tdduui~d~~u~uos1R'utuRnluua~tR'u~n"u~::~d~uuu~nt 
reulnrtl63 u 

2. 1tlu~fl6i~::uuiiini~ldduu~Ido4l~uu~anprin~~~ (isothermal change) lu 
ua::du3n"uo::id~uu11d~~wfi~iuniuki?u 

3. 1 f l u I f l 6 i 5 z u u ~ n ~ : : d i i n i 5 1 d d u u d o J I  IuurrtR'u~~aziini~ 
idu1ouln5iidi?u 

4. luibogndiac 
r J 

80. wfi~i~~~u1anuuab1oqofiio11ni~60in~uia'Im ' 

1. huaulut~~~luih.r~uiiu"u , 
L: 

2. ~ 3 7 ~ ~ ~ ~ 8 4 f i 1 ~ 1 Y h ~ ~  
3. gangijuotfiiaurii& 
4. binlul5fln1lric1ndulalmIrsu1tu~ifS~n1u"u 



00. ~on~iulndo1du'13~~7~diw iu~'~::~aufli'~fi~ifi~flddi3 
1. 1dddi udiilcl u5zw 2. ~Gij41uniuluddind<3 I 

3. ~ouIn5iljddinddi3 4. naiuguuo~~zuudfiin.~dij 
01. h f a . ~ n i 5  AQ = AU + AW, mungd 1 uodparwnnmnrf AW unz AQ w u i u ~ a o r l ~  

I. .nun5::iidorzuu1~nzn~iuf~udrzuul6~u 
2. d1un~z~~er~'lau~1~n::n3luf~ud~::uu~6s'u 
3. d 1 ~ ~ 5 ~ ~ l ~ i ~ 5 ~ ~ ~ 1 1 ~ ~ ~ 3 l ~ f ~ ~ d 5 ~ ~ ~ ~ 7 ~ ~ ~ ~ ~ 1  

4. ~ i ~ n ~ n i i l ~ ~ r z u u ~ ~ n z n a i ~ ~ o u d ~ : : u u f i i ~ ~ ~ n u i  
02. u ~ : : d n ? i u ~ ~ ~ d d i n d  tlip0lw~lj~odflio11pnunio::fiou1~~3dfiilflud~d~diuo~ 

d 4 pruwqljl6u n kaiurnulanuuoao:fiouo::1viin"u1di'1~1 
I. duUYu 4 lii e.iiuC 2 dl 
3.ld~d-u dz 1Yil 4. d f i i f l d l~~  

03. n a i ~ ~ n ~ i u j b ~ ~ o ~ ~ ~ o 1 1 1 i j o ~ u i f i r n ~ d ~ o ~ ' o I e r  
I. AU/AT 

2. AUlAT iido~ijolfluflirperuni 
3. :R oiaIun 
4. u1nniin~ia~n3iufou~ij~naiu~undd~.rruo 

04. 1n4o~nu~~~iierwd.~~~::nou~3~nacl.rro~to~ir1naiuuia1vii~u n-rm~ffuusnijus.rS~ 
unru3n~uno.rvriiuodn3er~dud 2 bo.rr~JIergnKoa 
I. nan#~na~~fiiln3iud~uiin"u ud~fiarndnaiuuiamduuianii 
2. n~rlhl~mdnaiuoiandu#un-~i ~widnaiud~.rnii 
3. n ~ i u i ( t ~ n z f i ~ i u u i a n d ~ ~ 6 ~ n ~ e r ~ d o ~ ~ d ~ d d i ~ d i u  ~ d n ? i u d a ~ ~ ~ n d ~ ~ ~ ~ ( i ~  

4. naer#-no~t#udnaiud fi7iuui3fidu ~lnzn3iufianduld~fi'u 
oe. naiu#uw"ubrmii~ f, h 11~:: v nlo0z17 

1. v = f /h  2. f = v /h  3. h = f/v 4. v = hf~ 
06. ndurn~u7i~Iu1~u~~on U ~ R  M ui? L 1 1 ~ ~ 4 ~  T ozdA"nuar::oriidlr 

rl d' 
1. naiufiannuuuod65 M, L llnz T 
2. n~iuduo~ndulflufmd3un"un~iuui3fidu 
3. n ~ ~ i u u o ~ ~ ~ u ~ d u ~ n d a ~ n ' ~ r ~ n d . r r o ~ v o ~ ~ ~ ~ u d ~ ~ ~ u o ~ n ~ ~  
4. ~ f i r i d ~ u a d o i r m d o u d u o d I e r ~ ~ q ~ ~ d d u ~ ~ d u ~ i l o n t / ~ i ~ d ~ f i f i ? ~ ~ ~ ? n i r  

lndeuduo~ndu . 



1. ad A 2. ~ l ]  B 3. i d  C 4. ~d D 

se. #outaud x !rjnsiun7iudsssun~tta::#ou~dud A ~jn?iu~sssuriGlfh eo Cispld 
tdoiinist~uu~~uc#ou~~u~n"4a~~n'u a i u n ' d  5 nkeioiui~i 
tnd~un'uttoi~ini~~~iuu~~u~#out~u~n"~n~~n"unaomkuflo~~::~uiii~ttwli~nis~n'n 



1. 1.2 2. 1.6 3. 6 4. 4 

102. &do~d~~i~f l6f imndu6~w~z~ifu(O~n~~un6~uu'~1m 
1. ~#ui?sndm!adniu 2 $14 2. ri(01Jniuh 2 6'14 

," 

3. ~ # u ~ ~ Q ~ ~ ~ ~ J ~ R ~ u ~ ~ J ~ ~ I I ?  4. ~81(01~6%l 2 $744 

103. ~~1mi01d3if lu~~adl~r'undu y = 2.0 sin (200 ilt + ilx) tuwi 
1. naiuduo.mdumiifi loo ~ihmd 2. naiu~ian~u~iiCu 2 tumz 
3. nbutndoudrrJnia x 4. ndu8t1oudti~m 2.0 LUIZ 

io4.6i y = a sin [2il (&+ 91 'I~O~WI~~~~U~~~IUIRI 1in:~aniiTI~3~iii 60tT~fl~~n60.1 
1. naiuuiandudiCu io/n 1qllum5 
2. niuiriinir n 3ui# 
3. n~iud~riinYU 2 13'swcd 

, 4. n 8 ~ 1 n d o u n i a i u  (Nnia -x) i 
106. ~ o d n i ~ ~ ~ m ~ i a ~ ~ u a o r ~ ? i m k u # o a n d n a i u ~  loo HZ qmnpi? 150 K i t~maiufi  

u v u i n i ~  iiloQarnrJij 300 K naiu<uu5~uimn naiuiuoani~lkr~~mii~ui i - f im 
1. 60 HZ 2. 70.7 HZ 3. 100 HZ 4. 141 HZ 

i 10s. rmniruoaniuaii~wu'a~o y - 2 sin na (xiso - vo.02) mo x URI i i n ~ i a u l i l ~ ~ ~ m ~  
uor t i ~ u i u i ~ i  oaninaiuuianlu (A) - I 

107. oifiI~ntf$a ioa  rtninaiui (frequency) Md?~lflui~5pld 
1. 2n/60 2. 26 3. 60 4. 100 



Y r i  
i lo. dnngm5CodJnoi (Doppler's Effect : fL = (v f vL) fa/ (v f V> lii~uu tuo 

so7duu~und~t~ciut~i~riu~ini~0iil&~uo'~~iPs3 lo turr~fiui$w5bafu~~e,n~e, 
&fle,unr?'~n3iafi& 672 t85rrd o ~ n i n ~ i a d t l n n ~ s i o ~ d i ; ~ o ~ ~ u " ~ i u r i ~ i ~ ~ i ~  
l~iiu ( I ~ ~ ~ I I ~ D ~ u ~ ~ ~ I ~ '  26 o m l ~ 6 a ~ n )  
1. 672 18smd 2, 692 t8~md 3. 700 ~ 8 5 d  4. 720 18'5~lld 
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