Phy2020  Test 3 Dec. 2, 2009, Chapters 12-20 (no 15) 
All problems worth 3 points total unless stated otherwise – points for parts are given.

g=9.8 m/s2  ;  1 Hz = 1 cycle/second  ;  1000 g = 1 kg ; 100 cm = 1 m
3 sig figs for all answers (-1 point each omission)

f=(/2(   f=1/T  v= λf   Ideal gas law PV=nRT, where n=number of moles of gas and R=8.3 J/mole
β (in dB) = 10 log(I/I0), where I0 is the reference sound intensity 10-12 W/m2
Doppler formula: 

for the source moving away from the observer:  f’ = f/(1 + vsource/vsound) 

for the source toward the observer:  f’ = f/(1 - vsource/vsound)

Temperature in Fahrenheit/Centigrade/Kelvin. Water freezes at 32 oF, 0 oC, and 273 K, water boils at 212 oF, 100 oC, and 373 K ; Coulomb’s Law F=kq1q2/r2, k=9 x 109 Nm2/C2, a single electric charge, e, = 1.602 x 10-19 C; magnitude of force on a charged particle with charge q, moving at velocity v, in a magnetic field perpendicular to the velocity Bperp, F=qvBperp; acceleration in centripetal motion, a=v2/r
1a. (2 points)  A 1 kg rock, with a density of 5 g/cm3, is in a small vessel floating in a pool of water.  What volume of water, with a density of 1 g/cm3, did the vessel displace when the rock was placed into the boat?  (Archimedes principle.)
___________________________cm3
The weight of the water displaced provides the flotation force to counter the weight of the rock, so 1 kg of water is displaced, or 1,000 cm3 
1b. (2 points)  Now the rock is removed from the small vessel and placed directly in the water.  Instead of your answer in a.), what volume of water is now displaced?  (hint:  the displaced water volume = volume of rock.)

___________________cm3
The volume of the rock is only 200 cm3 (density=M/Volume, so 5 g/cm3 = 1000 g/V → V=200 cm3) 
2.  An ideal gas contained in a constant volume V, starts off with some pressure P1 and 200 oF.  The temperature of the gas in this constant volume is now raised to 400 oF.  What is the new pressure P2 in terms of P1?
__________________ x P1
PV=nRT, with T in units of Kelvin, so 200 oF is 168 oF above the freezing point of water, and thus 200 oF  is (using 168/1.8 to rescale the degrees Fahrenheit into degrees Centigrade) = 93.3 oC=273+93.3=366.3 K.  Similarly, 400 o F is (400-32)/1.8 = 204.4 oC  which is 273+204.4 = 477.4 K. So P2 = P1 *477.4/366.3 = 1.303 P1
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3.  A standing wave is set up in a rope across the top of the physics building lobby.  The ends of the rope are 30 m apart.  If the wave looks like the picture (maximum at the left end and a node [i. e.  zero] at the right end), what is the wavelength of the standing wave, in m?
______________________________ m

At the left end, until the first node, is ¼ of a wavelength.  Then there are two more full wavelengths until the right end.  Thus, we have 2.25 λ = 30 m, and λ=13.3 m
4. How much louder (i. e. by what factor is the sound intensity larger) is 120 dB sound than a 60 dB sound?

Loudness (sound intensity) is described by the decibel scale, 

β (in dB) = 10 log(I/I0), where I0 is the reference sound intensity 10-12 W/m2
Therefore, 120 dB has an I given by 120 = 10 log(I/I0)

And 60 dB has an I given by 60 = 10 log(I/I0) or 6=log(I/I0) or 6=logI – logI0​
Or 6= logI –(-12) or logI = -6
So I=10-6 W/m2 and I (from the 120 dB) can be found from 12 = logI + 12

or logI = 0, and 100 = 1 So I=1 W/m2, so the ratio of loudness is 1/10-6 = 1,000,000
5.  A source of sound (vsound=343 m/s) is moving toward an observer at 300 m/s.  If the source is emitting 1000 Hz sound, what frequency (in Hz) does the observer detect?

_______________________________Hz

Use the Doppler formula for the source moving toward the observer:

f’ = f/(1 - vsource/vsound) = 1000 Hz/(1-300/343) = 7980 Hz.

 6.  Two identical charges q are 10-9 m apart.  How large (in units of Coulombs) is q if FCoulomb = 1 N? 3 sig figs
_______________________________________C
F=kq2/r2 = 1 N = 9 x 109 Nm2/C2 q2/10-18 m2, q2=10-18/9 x 109 (C2), so q=1.05 x 10-14 C
                      R1
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7a. (1 point) If three resistors, R1= 15 Ω, R2= 10 Ω, and R3= 5 Ω are hooked in parallel between point A and point B (see picture just above), what is the resultant total resistance of these three resistors?  3 sig figs
1/Rtotal = 1/R1 + 1/R2 + 1/R3 = 0.066666 + 0.1 + 0.2 = 0.30666 so Rtotal=2.73 Ω

7b. (2 points)  If a current of 1 A runs between point A and point B in the parallel configuration shown in 8a., what is the power dissipated in resistor R2 in units of Watts? (2 sig figs)
Not all the 1 A of current flows thru each resistor, the current splits up so that the total flow is 1 A.  One way to do this is to calculate the voltage across the 3 resistors which is the same since they are all in parallel like the lights in your house all see 120 V.  So V=IRtotal = 1 A x 2.73 Ω = 2.73 V.  So the power loss across resistor R2 is just V2/R2 = 0.75 W.  
Another way to see this, after you have V=2.73 V, is to find the current thru R2 (I=V/R2 = 0.273 A)  then, the power dissipated in R2 is just Ithru R22 * R2 = 0.2732 * 10 = 0.75 W 
8.  A single electron, q=1.602 10-19 C, m= 9.1 x 10-31 kg, is moving at 3 x 107 m/s in a  10-4 T (about the size of the earth’s field) perpendicular magnetic field.  What is the radius of the circular motion that the electron is bent into by the magnetic field, in units of m (please get the power of 10 right)
_____________________________m
F=ma=mv2/r=qvB, so r=mv/qB=9.1 10-31 3 107/1.602 10-19 10-4 =1.70 m 

***9.  Extra Credit

The magnetic field in a 12 cm2 area coil with 10 loops of wire is changed from 0 to 0.5 T in 0.030 seconds.  What is the induced voltage, in units of volts?

_________________________________V

Induced voltage= # of loops x change in flux/change in time
change in flux = change in field x area of loop= 0.5 T x 12 x 10-4 m2 = 6 x 10-4 Tm2 so induced voltage = (10 x 6 x 10-4 / 0.03 ) V = 0.2 V 
