2008 Physics Bowl Solutions

# | Ans # | Ans # Ans # Ans # | Ans
1 E 11 A 21 C 31 D 41 E
2 B 12 B 22 A 32 B 42 D
3 C 13 D 23 C 33 E 431 A
4 D 14 B 24 D 34 B 44| A
5 C 15 D 25 E 35 A 45 E
6 A 16 D 26 C 36 C 46 B
7 E 17 E 27 D 37 E 47| C
8 A 18 A 28 B 38 A 48| C
9 B 19 B 29 C 39 B 49 B
10| D 20| A 30 E 40 C 50 E

1. E... Linear Momentum has both magnitude and direction.
B... 10° = kilo (k) ; 10° = Mega (M); 10’ = Giga(G) ;10 = milli (m) ;10" = pico(p)
3. C... Using constant acceleration kinematics, one has

Ax:vot+%at2—>10:O+%(2.5)t2—>10: 1252 »>t> =8>t =+/8=28s

n

4. D... Applying the ideal gas equatioRV = nRT , we substitute to find

L_rRT _(1mo Y8313/ . J873K)

Y o ~310Pa
m

5. C... The total cost is computed %Olo 100V 1kwW X Ly X 365dy X 24hr

X x =$8760
W - hr 1 000N/ 1 lyr 1dy
which is closest to $100.
6. A... Coulomb’s Law gives the force of one point charge on a second point chdmigeelation is
k
F= % Since the force is inverse-square, by halving the distance, one quarters the
r

denominator... meaning that the force is 4 times greater.
7. E... Interms of increasing energy (frequency)... one roughly has - standard latpaticeowave,
infrared, and then visible light. This makes violet light have the egeahergy per photon.

8. A... From the figure, we haveg, = (10)sin(36.9°): +6.0N and

mg, = —(10)C05(36.9°)= —80N . The minus sign on the y-component arises since the |59

force is directed into the incline (-y direction)

9. B... When a medium is dispersive, the different wavelengths of light experidfezert
indices of refraction, resulting in different refraction anglegjitgato the separation of the
colors.

10. D... Pressure is Force / Area. Writing the units for these quantities, we have

mgy

N _ 9Me kgm_ kg
m? m? m?.s> m-¢g?
11. A... Marie Curie won the Nobel Prize in physics in 1903 for work on radiation.
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. B... The average angular speed of the second hand is computed %tai = Zoad = 0.105@
S S

where the second hand makes a full revolution in one minute.
D... The ideal mechanical advantage of a pulley system is computed iarrelati
to the number of strings effectively acting to pull upward on a load. Here, the
4 inner strings provide a force acting upward on the bottom pulley system
connected to the mass.

B... Average velocity is found as displacement divided by time. The objecte
moves from P to Q in the diagram which is directly to the left. This isshow
in the figure at the right.

D... Average acceleration is computed as the change in velocity divided by the —r
time. There are two ways to approach this problem:

Method 1: By drawing in the instantaneous acceleration at various points alongj#utoing we
can see by symmetry that the horizontal components of acceleration will
cancel.

Method 2: The initial velocity (at P) is directed straight upward, whereas the
final velocity over the interval is directed straight down (at Q). Utieg

8

&

mathematical relation indicating the directions of the velpgity have Q ) 7 P
- \7f _\7i \L - T ~L + ~L . .
(a)= = = and so the direction of the average
At At At - .

acceleration is straight downward.
D... Using the free body diagram on the block, we have three forces... the tipagitéorce and the
force from the string are downward while the buoyant force acts upwatiting/Wewton’s Second

Law, we haveF , =ma > B-T-mg=0= B=T+mg=30+50=80N. Since the
buoyant force is computed &= pVg, we solve for the volume of the water displaced (equal to the

volume of the block) a¥ = B = 80N

£9 (1oook%3)ﬁo%z

E... For the ideal situation... the red pigment reflects red and absorbsrbethand blue light. The
blue pigment reflects blue light and absorbs both the red and greenAigipigments work on the
subtractive color system, by mixing them we create somethinglibattes red, green, and blue
light... leaving a very dark pigment (black).

A... Using the Doppler Shift equation, and that the speed of sound is giﬁ#ﬂ@i{ (see the

) = 80)( 10_4 m3 .

constants sheet provided), we hale= fs[ﬂJ = (SOOO{MJ =4384Hz. The

V, + Vg, 340+ 25
minus sign in the numerator arises since the observer is moving awath&@ource and the positive
sign in the denominator arises since the source is moving away from tineeobse
B... Kepler's Second Law is most directly related to the law of conservatiangular momentum.
A... The block is pushed with constant speed in a constant direction, meaning trebdity is
constant... which means no acceleration. As a result, from Newton’s Second Lravis ti€© net
force acting on the mass.
C... Lenses are made of material which will be subject to dispersion. Thissritgat different colors
of visible light focus to different places because they experieniegatif indices of refraction within
the lens material.
A... By the Zeroth Law of Thermodynamics, when materials are brought into cahtaetsame
temperature, they are in thermal equilibrium. Hence, no net energy erabangs.
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C... The car moves away from the origin initially and then slows to a stop at 5.0 se€comelsiotes,
though, that while the car is slowing down from t=3.0 to t=5.0 seconds... since thigyisletll
positive, the car continues to move away from the origin. This is like comingdp hght and
applying the brakes... the car continues to move forward. After t=5.0 s, theveeseas direction as
the velocity is negative and heads back toward the origin.

D... Average speed is distance divided by time. The total distanceglawekhe car is found as the
magnitude of the area under the velocity vs. time curve. Breaking this @iimpunto pieces:

t=0-3s: A= LW:(8fVX3s - 24m 10
t=3-5s: A——LW (fVXzs =8m g Y

2 9

g i o Y
t=5->6s: A——LW (4”)/115 2 <
t=6-10s: A= LW:(—4%X4S — _16m Y R S
Adding the magnitudes of the position changes together Time (5)

gives a total distance traveled 1+ 8+ 2+16=50m.

_5ofV

E...To balance the nuclear reaction, the sum of the values across the “top” andhectbsetom”
must match... Thatis, we havk+ 9=12+ A—> A=1and2+4=6+Z — Z =0. This gives

us a particle with 1 nucleon, but 0 protons. This is a neutfod=gn.

C... The principal quantum number allows one to find the azimuthal quantum nuraler,
I = 0123. The magnetic quantum number is then foundnas: —I,-1+1,....0,..] =11 . Since

Hence, (V) =

| =3, the values oin are m = -3-2,— 101,23 which is a total of 7 possible values.

D... For a tube open at both ends, there is ¥ wavelength within the tube. Ridreloéosed at one
end, there is only ¥ wavelength contained in the tube. Hence, the tube clasecad is half as
long as the tube open at both ends when the fundamental frequency is the same.

More mathematically, the speed of the wave, frequency, and hence wavelerayttireer same for
the resonance of the two tubes. One can derive that the frequeneissnaiice for a tube open at

both ends takes the forrfy, = nZ—\L and for a tube closed at one endfgs= n4—\:_. Setting

n = 1for both cases, and solving for the Iengths— =—->L %

2 1
B... Diverging lenses always produce virtual images of real objedts tha
are smaller and upright. P il AN
C... As the magnet moves away from the circuit, the field directed to the |~ s| 2l )
left through the solenoid (toward the South Pole of the magnet) is B
decreasing. This means that there is an induced electric field in the
vicinity of the solenoid to produce a magnetic field directed to the le i
Using the right-hand rule for a solenoid, the current through the solenoid A B
must be directed upward “in front” of the solenoid... meaning that the
current is directed from A to B through the resistor (the induced cumdnmhagnetic field are
shown in the figure). The induction takes place to “fight the change” of éhedrmagnet, meaning
that there is a force on the magnet trying to pull it back. We can moduahtieet of the solenoid as
having a North Pole on the left side, thereby attracting the magnetrighhe
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E... There is no phase change for transmitted waves, but when light bounaesaiffrial which has

a higher index of refraction, there is a phase shit8 .
D... Once equilibrium is established in the circuit, there is no currehetoapacitor. This means
that the only current is through the branches with resistors. For taief branch, we write

Kirchhoff's Loop Rule to findZ + AV, + AV, =0 = 6—1,,(7)-1,,,(3)=0 > | . = 06A. For

the right branch of resistors, we can write a loop rule of
E+AVs + AV, =0= 6-1,,,(6)— 1,4, (12)=0— | ;;, = 033A. Now, writing a Loop

through the capacitor with resistoRsandR;, we have
~ e (7)+ AV + 1,5 (6) = 0 > —(06)(7) + AV, +(033)6) = 0 = [AV, | = 42— 20= 22v

B... When there is a total lunar eclipse, the Moon passes into the shadow aftthe. Evhich means
that the Moon is Full.

E... The electric potential of a point charge is a scalar computg%. In order for the potential

to be zero in this configuration, one needs to be closer to the smallge.clies a result, there is no
place in Region | where the potential is zero as all points in that ragearioser to the larger charge.
There are locations, however, in both Regions Il and Il for which the taehim is zero.

B... Again, one must be closer to the smaller charge in order for the feetthncel. This rules out
Region I. Here, though, there is a direction associated with the field. idm i&ghe field from the
+3Q charge is to the right, whereas the field from the —Q charge is disortght. These fields
cannot cancel. In Region lll, the fields are in opposite directions and sheepdce on the axis at
which the fields from the two charges have equal magnitude.

A... The acceleration & = 0’ is straight down whereas the acceleration ¥,
at @ = 90'is straight upward. In transitioning between these angles, th -

sum of the two forces acting on the mass effectively rotatd8by. As a e
result, the acceleration undergoes a transition like that shown iigtine f o

(not quite drawn to scale) here (the red vector is the total aatieiy. k8 T‘] T T
One notes that this result holds whether the afiglecreases (mass ) ot

falling) or decreases (mass rising) and that the total actieters directed Tot

along the string only af = 90', outside the range of angles allowed in the e mg
problem.

C... Using the right-hand rule in Region Il... fingers point along the velocityh@aight initially)
and if the fingers are curled upward out of the page, then the right thunib gaivn the page... but
since this is an electron, we flip our hand over to find the direction of tbe. fétence, the field in
Region Il is out of the page. In region I, the electric force on the electdimected OUT of the page

(If = qE) with the electric field pointing into the page. Hence, we need a madoete INTO the

page. In order to do this, we use the right-hand rule again and with the fingers poithiagight,

with the magnetic field UP the plane, then the right thumb points ou¢ @fattpe... but again, since
this is an electron, the hand is flipped to find the force direction.

E... Balancing torques about the pivot point (the stick is in static equiln), one uses the distance
for the 45 gram mass to BE2.5—- 20=22.5cm and since the meter stick is uniform, the mass acts

its center, leading to a value df,; = 50-425= 7.5cm. Hence, we have that
Tew tTcow =0 > Fpslys + (_ (mg)dmg): 0—

45g)g(225 cm)=mg(75 cm emzwzl%g
(459)9(225 cm) = mg(75 cm) =

= M

AP

a
“Tot

Img
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A... Using Newton’s Second Law, we hatg, = ma=m-— = (1200)W =400N . Even
r 5x

though the mass of the planet is unknown, there is enough information about the satitermine
the total gravitational force acting on it.

B... The average speed of molecules (rms-speed effectively) is depemdemperature. With the
temperature constant, there is no change in the speeds of the nsoléteiee, with a smaller
volume, the distance that a particle has to travel in order to culitiehe walls of the container is
greatly decreased... hence there is an increase in the frequency veithpatticles hit the wall. This
is reason for the pressure increase.

C... We are interested in the speed of the particle and the end-of-rod to wkiaktached
immediately after the collision. Because of the presence of the pigot, it an external force on this
system, meaning that linear momentum is not conserved. In order to anayz®liem, one uses
angular momentum conservation about the pivot point. This gives:

AL=0— (Lpan )i = (L + Lpan)f . Hence, we havenVL = (%Msza)f +mV, L where

V; = w; L for the end of the rod. This gives

mVL = (E(Zm)sz\i+ mv,L - mV = Emvf +mV, 5>V = §vf >V, = 3y

3 L 3 3 5
E... When the switch is opened, the current through the branch with reRigioops to zero. At the
instant before the switch is opened, the current through the inductor is 8.9 A throughR, and
1.5 AthroughR,). This current is maintained for the first instant after moving thelsywhich
means that a full 4.5 A is through residRr Writing Kirchhoff's Loop Rule around the branch with
current, one hag + AV, +AV, =0 —>12+AV, - (45A)40Q)=0= AV, =+6V. Since the

voltage increased across the inductor using a clockwise loop, point B natst begher potential
than point A.
D... Since the battery remains connected, the voltage across the capacitirdaged. Since the

geometry of the capacitor changes, so does the capacitance Creary % , doubling the distance

between the plates halves the capacitance. Consequently, the t@wplstoeed by the capacitor,

given byU = %CVZ, is also cut in half.

A... By Malus’ Law, the intensity of the light out of the analyzer has iitierls, cos’ 30" = g I

n-
The polarizer through which the unpolarized light initially shines redbeemtensity by a factor of

2, meaning that the total intensity of light out of the analyzer is gim%(a;— I °j = §

3 ly-
A... The adiabatic processes have no heat exchanged with the surroundingsre@®giheg
processes, consider the First Law of Thermodynarlds= Q +W P A

with the ideal gas equation and that the internal energy of the gas
depends on temperature only.
Method 1:For process (C), since the volume is constant in doubling A

the temperature, one can wi@e = nc AT = (l)(g RJ(T) = g RT. E

A c
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For process (A), one can wri@, = nC AT = (1)(2 Rj(T) = g RT . Lastly, for the isothermal

process, there is no change in the internal energy, so the heat is congieéebito the work done on
the gas. Since the work done is LESS during this process compared to theess (A (consider
the area under the curve), the heat added is less.

Method 2: The internal energy change of the gases are

AU =gnRAT — AU, =AU :gRT ; AU =0. From the First Law, sincd/ = —PAV is
larger for process A than process C, there is more heat for A&tdre= Q +W . In addition, with
more work done in process A than process E, the heat for E is much less tohprthetss A.

E... Relativistic kinetic energy ié;/—l)moczwherey = / ( > - Computing the ratio gives
(v
C

KE, 7,-1_ Ji- 62 025 _ 518
KE, 7, -1 “1 0048 T
' J1- 3

B... For a traveling wave, the general formy'éx,t) = Asin(kx— a)t)so that the period of the wave

is found asTl = 2—” = 2?7[ =126s.

w
C... The expression for radioactive decayNs= Noe'“ . This yields an expression fdras

% —e*? = 2= —%In% Therefore, to find the time for 1/3 of the sample to remain, we

have%— Cst=— %In ( y/ J 32 yr.

C... The initial potential energy of the mass-spring system willdrestormed entirely into thermal
energy (and sound, etc.) from the friction. Hence, the condition we seekrid tbdicoefficient of
friction which returns the mass back to equilibrium with no speed. That is

kx
2Mg
.. Inductors have a voltage related to change... as driving frequencysiesyéiae inductor reacts
more strongly. Hence, the circuit is said to be more inductive. Frowir8dt theory, a higher
frequency increases the inductive reactance and makes the pHasea@negpositive. As the
reactance increases, the impedance must be increasing asehtadecreases, and the current
decreases, so does the power associated with the resistor (and hence#)e sour
E... Since the field is directed into the plane and is decreasing, themanduced electric field
oriented clockwise in space from the solenoid. The switch is open in¢h#,@o there is no current
in the branch of the circuit with the battery once equilibrium is d@staa. Considering the loop
around the solenoid with the three resistors in a clockwise mannerasne h

-IR-IR-IR=0=IR= % . In looking at a loop around the circuit with the battery, the bulb

down the middle branch, and the switch, one has

4 ,
§+AVR+AVS=O—>§+%+AVS=O = AVS=§§. We havea—%from the resistor

%kxz = unx=u(Mg)X = sy, =

since we cross the resistor against the direction of the currengthit.



