PHY2020 Final
May 2, 2013

1.  Use Coulomb’s law (F=kq1q2/d2 , where k=9x109 Nm2/C2) to calculate the force in Newtons between two charges, q1 = 0.03 C and q2 = 0.2 C, that are a distance ‘d’ of 5 m apart.  (units of 105 N) 

a.   21.6

b.  2.16

c.  216

d.  0.00216
e.  2160
Soln.:  F= 9x109 Nm2/C2 * 0.03 C * 0.2 C/(5m)2 = 0. 00216 x 109 N= 21.6 x 105 N
|____​_______m______________    :Before

<- - - - - - - - - L

|___________m_____2m______    :After

<- - - - - - - - - L- - - - 1.5L
2. A mass ‘m’ is attached to an essentially massless rod a distance L from the axis of rotation (marked by the vertical line | at the left end of the figure above).  If a second mass of size 2‘m’ is now attached 1.5 L from the axis of rotation, what is the ratio of the total moment of inertia of both masses together to the moment of inertia of just the single mass:  IAfter/IBefore?

a.  5.5       b.  2.5
c.  2.25 
d.  3.25 
e.  4.5
the total moment of inertia of both masses is just the sum of the moment of inertia of each mass:  Itotal After= m1R12 + m2R22 = mL2 + 2m(3L/2)2 = 11/2 mL2
while the moment of Inertia of the single mass is just mL2 so the ratio is 11/2
3.  What is the sound intensity, in units of W/m2 of a 10 dB sound?

a.  10-11
b.  10-12
c.  10-10 
d.  10-9 
e. 10-8
10 dB=10 log10(I/I0), so log10(I/I0) = 1 so I=10 I0 = 10-11 W/m2
4.  1 horsepower is 746 W.  Assuming no losses, how many horsepower does an elevator motor have to have to move 1000 kg up a 30 story (=100 m) building in 60 seconds?
a.  22       b.  6.7
c.  400  
d.  1300
e.  11

the change in potential energy is mgh=1000 kg * 9.8 m/s2 * 100 m = 980,000 J.  If this is to be done in 60 seconds, the power=energy/time=980000/60=16333. W = 21.9 hp.
5.  Ignoring air friction, if you throw a baseball at an angle of 43o above the horizontal with a speed of 80 mph, how far away in meters does it land?
a.  130       b.  120
c.  110 
  d.  100 
e.  90

use the range equation, which we derived in class, R=v2sin2(/g.  Using 60 mph=26.8 m/s, we get 80 mph=35.7 m/s so R=(35.7 m/s)2sin86o/9.8 m/s2 = 129.7 m
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6.  A 1500 kg car is parked 600 m up a steep hill, see picture.  Ignoring friction and ignore the size of the car, if the car rolls the linear distance of 600 m down the incline, how fast is it going in mph at the bottom?
a.  140       b.  110
c.  80 
  d.  50 
e.  20

the car trades its potential energy, mgh, for kinetic energy, ½ mv2, so v=(2gh)1/2.  The height of the car is found from sin20o=h/600 m, so h=205 m, so v=63.4 m/s.  Divide by 26.8 m/s/60 mph to get 142 mph
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7.  A projectile under the influence of the earth’s gravity (but ignoring air resistance) is launched from an initial position y=y0 and x=0 at an angle of 50o above the horizontal x-axis with an initial speed of 40 m/s.  How fast in meters/sec is it traveling at the top of its arc?

a.  26

b.  0

c.  13

d.  39

e.  31
The projectile loses all of its y-component of velocity by the top of the arc, leaving only the x-component.  Vx is constant throughout the projectile’s motion: vx=40 m/s * cos50o = 25.7 m/s
8.  A runner in his/her rest frame whistles at a frequency=2000 Hz.  If the runner is moving directly away from an observer at 10 m/s, what frequency (units of Hz) does the observer hear?  (vsound=343 m/s)  
a.  1943    b.  2060     c.   1990     d.  1967    e.  2037
f’ = f/(1 + vsource/vsound)    source receding from observer

f’ = 2000/(1 + vsource/vsound)  = 2000/(1+10/343) = 1943 Hz
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9.  Three forces, F1, F2 and F3 push on the left side of a box as shown.  The angle that F1 makes with the horizontal (shown by the dashed line) is 45o above, the angle that F2 makes with the horizontal is 20o below, and the angle that F3 makes with the horizontal is 60 o below.  If F1 and F2 are both 200 N, how big must F3 be in order (warning – the drawing of the length of the F3 vector may not be to scale) to cancel the vertical component of all three forces, so that F1y + F2y + F3y = 0?
a.  84

b.  47

c.  227

d.  145

e.  111

The y components of the forces are F1y= -200 N * sin45o, F2y= + 200 N * sin20o, 

F3y= +|F3| * sin60o so the sum of the Fy components is -141 N + 68.4 N + |F3|sin60o so that F3 has to be equal to +72.6 N/sin60o, or 83.8 N
10.  A car has a speedometer that indicates how fast it is going based on measuring how fast the rear axle is rotating and how big the tires installed at the assembly plant were.  Suppose someone changes their 26 inch diameter tires and installs 30 inch diameter tires.  When their speedometer indicates 60 mph (remember, this speed comes from a calculation based on the old, 26 inch diameter tires), how fast are they really going on their new, larger tires?  (units of mph)
a.  69

b.  57

c.  60

d.  66

e.  63

The velocity of a rotating object depends on the angular velocity, (, and the radius r via v=(r.  If the diameter goes up a factor of 30/26, so does the radius, so the actual speed is 30/26 times the indicated speed, or 69.2 mph.  Good way to get a ticket.
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11.  The density of mercury is 13,600 kg/m3, and the density of fresh water is 1000 kg/m3.  If a cube of length L and of some density floats on water with 70% of its length submerged (see picture), what fraction (in %) of its length is submerged when it floats in a pool of mercury? 
a.  5

b.  0.4

c.  3

d.  6.6

e.  7
The buoyant force (Archimedes’ principle) on the cube is the weight of liquid displaced.  Mercury is 13.6 times denser that fresh water, so that the volume of mercury necessary to displace to match the weight of the cube is 13.6 times less than the volume of water.  The volume of liquid displaced is the area of the bottom of the cube, L2, times the length submerged.  In water, the volume displaced is 0.7 L3, and in mercury it’s (0.7/13.6) L3.  So 70%/13.6 = 5.1 % of the cube is submerged.
12.  A spherical balloon full of helium gas under pressure has a radius of 10 cm when the temperature of the gas is 80 oF.  When the gas in the balloon heats up or cools off, the volume of the balloon expands or contracts to keep the pressure in the gas constant.  If the temperature is changed to 100 oF, what is the new radius of the ballon? (units of cm)  (the amount of gas in the balloon does not change.)
a.  10.12
b.  10.01
c.  10.77

d.  11.23

e.  10.27
The ideal gas law tells us that PV=nRT, where P is the pressure, V is the volume, n is the number of moles of gas, R is the gas constant (8.314 J/moleK) and T is the temperature in units of Kelvin.  First, calculate 80 oF and 100 oF in K:  
80 oF = (80-32=48)/1.8 oC=26.67 oC, and 100 oF=37.78 OC.  Add 273.15 K to get this is units of K:  80 oF = 26.67 + 273.15 K = 299.82 K

100 oF = 37.78 + 273.15 = 310.93 K

Since the problem states that the volume changes with the temperature, and the pressure is constant, we know that the volume of the balloon goes up a factor of Twarmer/Tcooler = 310.93 K/299.82 K = 1.037056.  Since the volume of a sphere is 4/3 (r3, this means the radius of the warmer balloon goes up by the cube root of the ratio of the temperatures:  rwarmer/rcooler=1.0370561/3 = 1.0122, so the new radius of the balloon is 1.0122 * 10 cm = 10.12 cm
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13.  If the voltage in the figure is 10 volts, how much power is dissipated in the 50 ( resistor, in units of W?
a.  0.58
b.  0.11
c.  2.7   
d.  2

e.  0.19
The formula for the power is P=VI or, using Ohm’s law V=IR, P=I2R.

If we knew the total resistance of the circuit, we could find the current flowing (Ohm’s Law:  V=10 V = IflowingRtotal).  If we knew the current flowing in the circuit, then P=I2*50(, since the current flowing in the circuit all has to go thru the 50 ( resistor, which is in series.  So RTotal= 50 ( + the resistance of the 3 resistors in parallel:
1/Rparallel = 1/100 + 1/100 + 1/300 so Rparallel=42.9 (, so RTotal=92.9 (, so I flowing in the circuit is 10 V/92.9 ( = 0.108 A, so power in the 50 ( resistor =(0.108 A)2 * 50 (=0.58 W

14.  A nucleus, sitting at rest without any external forces, suddenly decays into two pieces.  One piece has a mass of 6.6 x 10-27 kg.  The other piece has a mass of 397.5 x 10-27 kg.  If the smaller mass piece goes off with a velocity of 15 x 106 m/s, what is the velocity, in units of 105 m/s, of the bigger piece?
a.  2.5  
b.  3.0
c.   3.5  
d.  4.0

e.  4.5
This process is describing the decay of the 241Am in smoke detectors, where the small piece is an alpha particle (same as the nucleus of a Helium atom).  If there are no external forces, we know that momentum is conserved, Pinitial=0=Pfinal=6.6 10-27 kg * 15 106 m/s - 397.5 10-27kg * vbig piece.  So we know vbig piece = 15 106 m/s*6.6/397.5 in the opposite direction. vbig piece= 250,000 m/s
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15.  Extra credit:  Shown above are two transparent materials with differing indices of refraction, and (i is the incident light beam and (r is the refracted light beam.  At what angle (i does no light escape the higher index of refraction material?  (total internal reflection)  units of degrees
a.  42  
b.  45
c.   48  
d.  51
e.  54

Using Snell’s Law, n1sin(1 = n2sin(2, so as soon as (r reaches 90o, all of the light gets refracted back into the n=1.5 material.  We saw this in a demo.

1.5sin(i = 1sin90o  so  (i = sin-11/1.5 = 41.8 o

16.  You want to boil a pot of water to produce steam in a room in a dry climate (not Florida).  It takes 540 cal to turn 1 g of water at 100 oC into steam.  It takes 1 cal per gram of water to heat water each 1 oC between just above the freezing point of water and just below the boiling point of water (0-100 oC).  Suppose your pot holds just over 1 quart of water, which is about 1 liter.  1 liter of water has a mass of 1 kg.  If the water in the pot starts out at 40 oC, how much energy does it take to boil away the whole pot of water?  Units of 1000 cal.
a.  600  
b.  640
   c.   480  
d.  520 
e.  560
To warm the 40 oC water up to the boiling point of 100 oC, takes 1000 g * 60 OC * 1 cal/goC = 60,000 cal.  To turn the 100 oC water into steam takes 1000 g * 540 cal/goC=540,000 cal.  So the total energy is 600,000 cal.
17.  1 biological “Calorie” = 1000 calories in physics units.    Suppose you use 100,000 calories (physics units) to cook something in the kitchen.    Now, consider how much effort you personally would have to expend to produce this 100,000 calories (100 biological Calories) of useful work.  Consider carrying a mass up a flight of stairs in a 10 story, 30 m tall building.  How big would the mass have to be in kg for you (assuming perfect efficiency and no losses) to expend 100,000 calories of work?  Use change in potential energy=mgh (=Cooking is a lot of work)
a.  1420  
b.  1020
   c.   1120  
d.  1220 
e.  1320
100,000 cal = 418,400 J = mgh = m * 9.8 m/s2 * 30 m so m=418,400/294 = 1423 kg!
18.  A violin string is tuned so that its fundamental harmonic (half a wavelength fits between the two fixed ends of the string) frequency is 300 Hz.  What frequency is the third harmonic (two wavelengths fit between the two fixed ends of the string), in units of Hz?
a.  1200  
b.  300
   c.   600  
d.  900 
e.  1500

vsound in violin string=(f, where ( is the wavelength and f is the frequency.  For the fundamental harmonic, (/2 = L, the length of the string, or (=2L and f=300 Hz.  For the 3rd harmonic, the vel. of sound in the string remains the same, 2(=L or (=L/2, so f has to be 4 times higher, or 1200 Hz, to keep the product (f = constant

19.  An arrow traveling at 30 m/s goes straight up.  Ignoring air friction, how long (in seconds) does it take to come down to its starting height?

a.  6.1  
b.  3.1
   c.   0.7  
d.  0.33
e.  2.5

to go up takes as long as it takes to turn v0 (30 m/s) down to 0 m/s (vertical velocity is zero at the apogee.)  With no air friction, the trip down is just the trip up over again, so total time = twice the time to reach apogee.  At apogee, v(t)=0.  Using v = v0 + at and v0=30 m/s and a=9.8 m/s2, t to reach the apogee is found from 0=30 m/s -9.8 m/s2 t, so t=3.06 s, so the total time up and down is 2*3.06 s = 6.12 s.

20.  A strong slinger can whirl a stone in a circle (radius = 1 m) over their head applying a force of 200 N.  If the slinger chooses a stone that weighs 1 N and it is launched at an angle to the horizontal of 45o, how far (in m) does it go before returning to its launch height?  (ignore air friction)

a.  200  
b.  4.5
   c.   20.4  
d.  44
e.  175
F=ma, a=v2/r.  If the stone weighs 1 N, it has a mass of 0.102 kg.  Applying a force of 200 N gives F=200 N = 0.102 kg *v2/r.  Since r=1 m, we get the launch velocity = (200 N*1 m/0.102 kg)1/2 = 44.3 m/s.  The range equation then gives R= v2sin2(/g=(44.3 m/s)^2sin90o/9.8 m/s2, so R=200 m
21.  The density of Os is 22.59 g/cm3.  If an asteroid made of pure Os, radius 1 km, just misses an astronaut outside the international space station on its way by the earth, what is the acceleration on the astronaut, in units m/s2, due to the asteroid’s gravitational pull?
a.  0.006  
b.  0.001
   c.   0.011  
d.  0.016
e. 0.021 
distance from center of asteroid to astronaut = 1000 m (plus a hair)
Fgravity=(6.7 10-11 N m2/kg2)mastronautMasteroid/(103 m)2  so the acceleration on the astronaut due to the asteroid is Fgravity/mastronaut = a (since F=ma) .  The Masteroid = Vol * density, density 
=22.59 10-3 kg/10-6 m3 = 22.59 103 kg/m3, Vol sphere=4/3 (r3=4.19 (103m)3, so Masteroid=4.19 109 * 22.59 103 kg=94.65 1012 kg so the acceleration due to gravity of the asteroid 1 km from its center is a=6.7 10-11 N m2/kg2 94.65 1012 kg/(103 m)2=
634 10-5 m/s2=0.00634 m/s2






