Final Test PHY2020

5/1/2008

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

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.  How fast, in units of miles/hour, is 343 m/s?

a.  770

b.  530

c.  590

d.  650

e.  710

solution:  as we have done a zillion times in class, 60 mi/hr = 26.8 m/s, so 343 m/s = around 767 mi/hr.

2.  The mass of an electron (or a positron, which is just a particle like the electron but with a positive charge) is 9.1 x 10-31 kg.  If a positron is moving at 105 m/s in a magnetic field of 0.1 T, what is the radius of the orbit that the force on the electron due to the magnetic field will bend the electron into?  (units of microns, 1 µ=10-6 m)

a.  5.7
    b.  1.8
c.  3.2

d.  4.9

e.  6.6

We know that the force on the moving particle is F=qvB=1.6 x 10-19C x 105m/s x 0.1 T = 1.6 x 10-15 N.  We know that this provides an acceleration on the particle from F=ma of a=1.6 10-15/9.1 10-31 = 0.176 x 1016 m/s2.  Further, we know that the particle will be bent into a circular orbit by this a, which can also be expressed as v2/r

So the radius of our orbit r=v2/a  = 1010/0.176 x 1016 = 5.69 10-6 m 

3. A fast 100 m sprinter can come out of the starting blocks and accelerate from v=0 up to a top speed of 25 miles/hour, and then run at that (constant) speed to finish the race.  If the sprinter, during his/her acceleration has a=0.37 g (g=9.8 m/s2), how long does it take the sprinter to run the 100 meter distance?  Units of seconds

Soln:  first, change 25 mi/hr into mks units.  26.8 m/s=60 mi/hr, to 25 mi/hr=11.17 m/s.  The first part of the runner’s speed profile is starting at v=0 and accelerating at a=0.37 g = 3.626 m/s2.  The distance covered can be gotten various ways, including via the supplied formula 2ax (x – x0) = vx2 – v0x2 , so the distance covered x from the starting point x0 is just (11.17)2/2*3.626 = 17.2 m.  the time taken is 

x=17.2 m=1/2 at2 so t=3.08 s.  The rest of the race (100-17.2) m is covered at constant velocity = 11.17 m/s, (use d=vt or t=d/v) so the time for the second part is 7.41 s.  Total time is just the sum of the two, or 10.49 s.
a.  10.5
b.  10.0
c.  10.2

d.  10.3
e.  10.4

4.  Consider a 1500 kg car with a 300 horsepower motor (1 hp = 746 W).  The motor does work (Energy/time) getting the car up to some speed in some time.  If there are no losses, about how long should it take the car to accelerate up to 60 miles/hour, in sec.?  (Round your answer to 2 sig figs.)

a.  2.4

b.  3.4

c.  4.4

d.  5.4

e.  6.4

Soln.: v=26.8 m/s;  ½ mv2 = ½ 1500 26.82 = 538,680 J.  300 hp=223,800 J of energy supplied every second, so it takes 538,680/223,800 s = 2.41 s to change the energy of the car up to 60 mi/hr.  (Since it takes longer in reality, there is obviously in fact some loss – wind resistance, motor inefficiency, frictional loss with the pavement, …)

5.  Two masses collide and stick together.  The incoming mass, m1=1.5 kg, has v1initial=3 m/s.  The target mass, m2=3 kg, is initially stationary.  Ignoring friction and gravity, what is the velocity of the stuck-together masses after the collision?  Units of m/s

a.    1.0
b.  0.5

c.  1.5

d.  2.0

e.  2.5

Soln.:  since they stick together, the collision is not elastic.  Conserve momentum (no friction, no gravity = no external forces), so pi=1.5 x 3 kgm/s = pf = 4.5 kg x vfinal
This implies that vfinal=1 m/s.

6.  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 the same size (‘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.  5/4 mL2
b.  mL2
c.  3/2 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 + m(L/2)2 = 5/4 mL2
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7.  If a mass whose weight is 1000 N is hung from two wires, with the left support wire (as shown in the figure) at an angle of 45 degrees from the horizontal providing support force F1 and the right support wire supplying force F2 30 degrees above the horizontal, what is the magnitude (rounded to 2 sig figs) of F1 in N?

a.  900

b.  730

c.  800

d.  700

e.  630

We did one of these, where the forces weren’t perpendicular to each other, in class one day.  Sum the forces in the x and y directions.  For x, has F1cos45=F2cos30

For y, have F1sin45 + F2sin30 = 1000 N.  Since want to find F1, eliminate F2 :

F2 = 2*(1000 N – F1sin45)  (since sin30=1/2)

Use the first eqn. To find F1 = (1/cos45)* 2*(1000 N – F1sin45)*cos30=

2.45(1000N-0.707F1)=2450N – 1.732 F1   Thus 2.732 F1=2450 N and F1=897 N.

8.  A wheel with radius 25 cm is spinning at 500 rpm.  How fast (linear speed, in m/s) is the rim moving?  (2 sig figs)

a.  13

b.  130

c.  790

d.  2.1

e.  1300

v=ωr.  Need r in mks = 0.25 m, need 500 rpm=500*2*π/60 s = 52.36 rad/s = ω, so now v=52.36 * 0.25 = 13.1 m/s

9.  What is the temperature 100 oF in Kelvin?

a.  311

b.  273

c.  373

d.  329

e.  56

100 oF = (100-32)/1.8  oC = 37.8 oC, so add 273 K to this to get 100 oF = 310.8 K

10.  A spring, ignoring friction, oscillates back and forth with a frequency, f, of 5 Hz.

If the mass that is oscillating is 5 kg, what is the spring constant of the spring, in units of N/m?  (round to 2 sig figs)

a.  4900
b.  650

c.  130

d.  160

e.  940

ω=(k/m)1/2 and f=ω/2π so f=5=(2π)-1*(k/5)1/2 so k=4935 N/m

11.  What is the sound intensity, in units of W/m2 of a 93 dB sound?

a.  0.002
b.  0.001
c.  0.003
d.  0.0025
e.  0.0015

93 dB=10 log10(I/I0), so 1093/10=I/I0, so 109.3 * 10-12 W/m2 = I = 10-2.7 W/m2 = 0.002 W/m2
12.  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 18.30 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 100 Watt light bulbs

b.  an 800 Watt hair dryer

c.  a 50 Watt bulb and a 25 Watt clock
d.  one 150 Watt light bulb
e.  none of these – they all blow the circuit breaker

The circuit has 1.7 A at 120 V, or 204 W of power left before the breaker trips.  Thus, answer a is correct.

13.  What is the resistance of ten 100 Ω resistors arranged in parallel?  units of Ω

a.  10

b.  100

c.  1000
d.  1

e.  0.1

1/Rtotal = 1/R1 + … 1/R10 = 10* (1/100)  so Rtotal=10 Ohms

Problems deleted that were on subjects not covered this semester
16.   A bathtub (all holes sealed) weighing 100 N and with a volume of 105 cm3 is  floating in water, density of water = 1 g/cm3.  In addition to the 100 N weight of the tub itself, how much more weight can it hold and still not sink?  Units of N.

a.  880    b.  680    c.  780     d.  980    e.  1080

A volume of 105 cm3 displaces 105 g =102 kg of water, which has an Archimedes buoyancy force of F=ma=102 * 9.8 = 980 N.  Thus, the tub can hold another 880 N.

17.  A siren in its rest frame emits a frequency=1000 Hz.  As the siren approaches an observer at rest, the ‘pitch’ or frequency increases, while after the siren goes by the fixed observer the frequency decreases.  How fast does the siren have to be going for the difference in the two frequencies (f with siren approaching – f with siren receding) to be 100 Hz?  Units of m/s

a.  17    b.  34     c.   51     d.  69    e.  8.5

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

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

so the difference is 100 Hz = f/(1 - vsource/vsound) - f/(1 + vsource/vsound)

={f*(1 + vsource/vsound) – f * (1 - vsource/vsound)}/(1-(vsource/vsound)2) = 

2f* (vsource/vsound) /(1-(vsource/vsound)2)

Call vsource/vsound = x, so we have 100/2000 = x/(1-x2)

Using the quadratic formula, x=((404)1/2 – 20 )/2  

   (remember when you choose the sign in front of the square root in the formula   

    x={-b(sqrt(b2 – 4ac)}/2a to solve

   the equation ax2 + bx + c = 0, you want the physical answer and x is the ratio of 

    vsource/vsound and we want x less than 1)

So x=0.0499, so vsource=17.1 m/s

