Practice for Final Test PHY2020

Pick the answer closest to your answer.

g=9.8 m/s2     100 cm=1 m     39.37 inches=1 m    1 km=1000 m

12 inches=1 foot      5280 feet=1 mile     1 kg = 1000 g

1 hour = 3600 s     G=6.7 10-11 Nm2/kg2
Comparison between metric and English units of Force:  1 lb (pound) = 4.45 N

100 cm=1 m     39.37 inches=1 m

12 inches=1 foot      5280 feet=1 mile

Useful formulas:

(f=v    EKE=1/2 mv2    momentum=p=mv     t=t0/(1-v2/c2)1/2

P=IV   V=IR

Formulas:  Don’t forget  d = v t   !!!!!

x-x0 = v0x​ + (1/2)axt2      y-y​0 = v0y + (1/2)ayt2   
2ax (x – x0) = vx2 – v0x2         2ay (y – y0) = vy2 – v0y2
v = v0 + at     F=ma    Fgravity = GmM/r2 where 

a = v2/r            circumference of a circle:  2(r, where r is the radius

for elastic collisions, no external forces:


v1final = v1initial (m1-m2)/( m1+m2) and v2final = v1initial (2m1)/( m1+m2)

torque = Iα    rotational kinetic energy = ½ I ω2
F=qvB (force on a moving charge in a magnetic field)

the charge on 1 electron is -1.6 x 10-19 C, on 1 positron +1.6 x 10-19 C

f’ = f/(1 + vsource/vsound)    source receding from observer

f’ = f/(1 - vsource/vsound)     source approaching observer
1.  The new high performance Cadillac CTS-V develops 556 horsepower (1 hp=746 W) and can accelerate from 0 to 60 mi/hr in 3.9 s.  Assuming constant acceleration, what is the acceleration, expressed as a fraction of the acceleration due to gravity, g=9.8 m/s2? (for example, if you calculate a=0.98 m/s2 for the car, this would mean the acceleration is 1/10 of g)
a.  0.70

b.  0.50
c.  0.60

d.  0.40
e.  0.80

solution:  as we have done multiple times in class, 60 mi/hr = 26.8 m/s, so a=(v/(t = 26.8 m/s / 3.9 s = 6.87 m/s2
2.  During the 3.9 s period that the CTS-V takes to go from 0 to 60 mi/hr, calculate the energy that is used based on the power of 556 hp.  (A Watt is a Joule/second).  A US gallon of gasoline has about 132 x 106 J of energy.  Assuming 50% efficiency (i. e. assume ½ of this energy in the gasoline actually winds up contributing to the rated horsepower), how much gasoline does the Cadillac use to accelerate up to 60 mi/hr in 3.9 s, in units of gallons.

a.  0.025
    b.  0.225
c.  0.325

d.  0.425

e.  0.125

556 hp=556 hp * 746 W/hp = 414,776 W.  Now multiply by 3.9 s to get the total energy = 1.62 MegaJ.  Double this for the 50% energy loss in the combustion process, so the Cadillac needs to burn enough fuel to produce 3.24 MJ, which is only 0.025 gallons.  Of course, if the Cadillac spent a full hour at this power consumption, it would use 22.6 gallons/hour; with its 18 Gallon tank, this would lead to frequent stops.  However, it’s not likely to be racing around at full power for any long period of time. 

3.  Two moving masses collide and stick together.  The incoming mass on the left, m1=1 kg, has v1initial=2 m/s.  The target mass, m2=3 kg, is initially moving toward the incoming mass at v2initial = - 2/3 m/s.  All motion is along the x-axis.  Ignoring friction and gravity, what is the velocity of the stuck-together masses after the collision?  Units of m/s

a.    0.0
b.  0.5

c.  1.5

d.  2.0

e.  1.0

Soln.:  since they stick together, the collision is not elastic.  Conserve momentum (no friction, no gravity = no external forces), so pi=1 x 2 kgm/s + 3 x –2/3 kgm/s= 0 = pf  Since the masses stick together, vfinal is simply zero to conserve the momentum.  ALL  the initial energy is lost. 
4.  A mass ‘m’ is attached to the end of an essentially massless rod a distance L from the axis of rotation.  If a second mass of  size 2‘m’ is now attached midway between the axis of rotation and the first mass, i. e. at distance=L/2 from the axis of rotation, what is the total moment of inertia of both masses together?

a.  3/2 mL2
b.  mL2
c.  5/4 mL2 

d.  9/4 mL2 
e.  2 mL2
the total moment of inertia of both masses is just the sum of the moment of inertia of each mass:  Itotal= m1R12 + m2R22 = mL2 + 2m(L/2)2 = 3/2 mL2
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5.  If a mass whose weight is 600 N is hung from two wires, with the left support wire (as shown in the figure) at an angle of 20 degrees from the horizontal providing support force F1eft and the right support wire supplying force Fright 40 degrees above the horizontal, what is the magnitude (rounded to 2 sig figs) of Fright in N?

a.  650

b.  730

c.  800

d.  700

e.  900

Sum the forces in the x and y directions.  For x, has F1eftcos20=Frightcos40

For y, have F1eftsin20 + Frightsin40 = 600 N.  Since want to find Fright, eliminate F1eft :

Fleft = (600 N – Frightsin40)/sin20  

Use the first eqn. To find Fright = (1/cos40)(600 N – Frightsin40)*cos20/sin20=

3.59(600N-0.643Fright)=2152N – 2.31 Fright   Thus 3.31 Fright=2152 N and Fright=650 N.

6.  A wheel with radius 50 cm is spinning at 100 rpm.  How fast (linear speed, in m/s) is the rim moving?  (2 sig figs)

a.  5.2

b.  130

c.  790

d.  2.1

e.  1300

v=ωr.  Need r in mks = 0.5 m, need 100 rpm=100*2*π/60 s = 10.47 rad/s = ω, so now v=10.47 * 0.5 = 5.2 m/s

7.  What is the temperature 500 K in Fahrenheit?

a.  441

b.  273

c.  373

d.  329

e.  158

500 K = (500-273)*1.8 + 32 = 441 F

8.  A spring, ignoring friction, oscillates back and forth with a frequency, f, of 1.5 Hz.  If the mass that is oscillating is 3 kg, what is the spring constant of the spring, in units of N/m?  (round to 2 sig figs)

a.  266 
b.  656

c.  136

d.  166

e.  4900

ω=(k/m)1/2 and f=ω/2π so ω= 2( * 1.5=9.42 and k= ω2 * m = 88.83 * 3 =266 N/m

9.  What is the sound intensity, in units of W/m2 of a 103 dB sound?

a.  0.02
b.  0.01
c.  0.03 
d.  0.025
e.  0.015

103 dB=10 log10(I/I0), so 10103/10=I/I0, so 1010.3 * 10-12 W/m2 = I = 10-1.7 W/m2 = 0.002 W/m2
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10.  What is the total resistance between points A and B of the six resistors arranged in the picture, in units of Ohms?  Each individual resistor=10 (
a.  18.3

b.  60

c.  10.5

d.  15.2
e.  45 

Rtotal=10 ( + (1/10 + 1/10 + 1/10)-1 ( + (1/10 + 1/10)-1 ( = 18.3 (
11.  In the picture of the six resistors, if 10 A flows into point A, how much power in units of Watts is dissipated in the uppermost resistor (in the middle, the top one of the group of three)?

a.  111

b.  1000
c.  27.9

d.  62.5
e.  33

All 10 A flows thru the first, in series resistor.  Then, the current splits into three equal parts of 3.33 A which flows thru each of the three resistors in parallel in the middle.  Thus, P=I2R = 3.332 x 10 = 111 W
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12.  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 velocity of 40 m/s.  How far in meters does it travel horizontally before it comes back down to its initial height y0 above the ground?

a.  161

b.  131

c.  121

d.  141

e.  151

If we knew how long the projectile took in its path from y0 up to the peak, we could double this to find the time of flight, ttotal, and use x=v0xttotal, where v0x is just equal to 40 m/s * cos50.  The time to get to the top, which is ttotal/2, can be found from vy = v0y + ayt which gives vy at any time t.  At tpeak, vy=0, so 0=40 m/s * sin50 –9.8 m/s2 * tpeak, so tpeak = 3.127 s, ttotal=2*tpeak = 6.253 s and x, the horizontal distance traveled in this time is 40 m/s * cos50 *6.253 s = 161 m     
13.  Suppose a given circuit can handle 20.00 A current before a circuit breaker trips.  If all the devices in this circuit have 120.0 V across them, and the current being drawn at some point in time is 17.30 A, what is the highest wattage device (or collection of devices) that can be added to the circuit and still keep the current (just) under 20.0 A?

a.  two 150 Watt light bulbs

b.  an 800 Watt hair dryer

c.  a 50 Watt bulb and a 25 Watt clock
d.  two 100 Watt light bulbs 
e.  none of these – they all blow the circuit breaker

The circuit has 2.7 A at 120 V, or 324 W of power left before the breaker trips.  Thus, answer a is correct.

14.  On one fast roller coaster design (never built due to fear of law suits), the wagon would roar thru a part of a circle, radius 20 m, at 90 mi/hr or 40.2 m/s.  What was the centripetal acceleration needed to be exerted by the wagon on an occupant to force him/her around this circle at this speed, not in units of m/s2 but expressed as a fraction (or multiple) of g=9.8 m/s2?  (Thus, if acentripetal=4.9 m/s2, then your answer should be 0.5 (since 4.9 is ½ of 9.8)  (So as not to confuse you, ignore gravity in this problem – this could be a sideways loop.)

a.  8.3     b.  0.5    c.  0.9    d.  1.8    e.  12

acentripetal=v2/r = 40.22 m2/s2 / 20 m = 80.9 m/s2 = 8.3 g.  Probably no roller coaster has this tight of a loop.

15.   A “McCloskey ship” was a concrete ship built in World War II (in Tampa actually) due to the lack of steel.  The empty ship weighed 2490 metric tons (each metric ton = 1000 kg) empty and could carry 1775 metric tons of cargo.  If the dimensions were 102.53 meters long x 16.45 m wide x 10.66 m high (assume that the boat was rectangular rather than curved in order to make calculation possible), how much further into the water (density = 1 g/cm3) did the ship sink when the 1775 metric tons of cargo were loaded, in units of meters? 

a.  1    b.  0.5    c.  1.5     d.  2.0    e.  0.1

We need an Archimedes buoyancy force of F=ma=1775 x 1000 kg *  9.8 m/s2 = 17.4 x 106 N.  Each 1 meter of the boat sinking further into the water displaces 102.53x16.45x1= 1687 m3 of water, and each cubic meter of water weighs (since 1 m3 = 106 cm3 = 106 g = 103 kg) 103 kg x 9.8 m/s2 = 9.8 103 N, so we need (17.4 x 106/9.8 103)=1.78 x 103 m3 of water displaced, so we need the boat to settle 1780/1687 = 1.06 m.  Not much.
16.  An ambulance siren in its rest frame emits a frequency=1000 Hz.  As the siren approaches an observer at rest, the ‘pitch’ or frequency increases  How fast does the ambulance have to be traveling for the observer to hear a frequency of 1200 Hz?  Units of m/s  (vsound=343 m/s)

a.  57    b.  27     c.   37     d.  47    e.  17

f’ = f/(1 - vsource/vsound)     source approaching observer, and f’/f=1.2, 

so 1 - vsource/vsound = 1/1.2 and vsource/vsound = 0.167, so vambulance = 57 m/s
