MakeUp Test PHY2020

April 24, 2013
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

24 hours = 1 day; 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

q=1.6 10-19 C, melectron=9.1 10-31 kg
Useful formulas:

(f=v    EKE=1/2 mv2     t=t0/(1-v2/c2)1/2   v=ωr

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  V=IR, P=I2R

P=IV   V=IR

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

Range equation :  for a projectile starting at y0=0, the horizontal distance traveled by a projectile launched upwards at an angle ( with velocity ‘v’ before it reaches y0=0 on the way down is d=(v2sin2(/g)

for elastic collisions in which the target object is at rest, no external forces:


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

Rotational:  s=rθ    vlinear=(r     alinear=(r     Remember, use radians for θ, (, and ( in these and all formulas below.

1 rotation = 360 o (<- don’t use!) = 2( radians

I(moment of Inertia) is for a point mass a distance ‘r’ from the axis of rotation=mr2  If you have more than one mass, the moment of intertia is the sum of all the masses times their respective distances from the common axis of rotation squared: Sum of miri2. (If you need a moment of inertia for a special problem – as long as that’s not the question – you will be given it.)

torque = Iα    also, torque = F times ‘lever arm’,

where ‘lever arm’ is the distance of closest approach to the axis of rotation of the Force vector extended forwards and backwards.
rotational kinetic energy = ½ I ω2 , (=2(*T, where T is the period of oscillation in Hertz (cycles/s).  one kilohertz (KHz) is 1000 cycles/sec
Density is represented by the Greek letter ρ.  ρ=M/V, 

where M is the mass of the object and V is the volume the object takes up.

Ideal gas law PV=nRT, where n=number of moles of gas and R=8.3 J/mole

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
Force on a charge ‘q’ due to an electric field ‘E’ = qE.
Coulomb’s Law F=kq1q2/r2, k=9 x 109 Nm2/C2, a single electric charge, e, = 1.602 x 10-19 C ; 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

in the equation ax2 + bx + c=0, x=[ -b ((b2-4ac)1/2]/2a

F=-kx (spring); KEspring=1/2 kx2; (=(k/m)1/2
Egrav. potential = mgh (h is the height)

EKinetic Energy = ½ mv2   

1.  Let us design a new unit of measure, which we will call the ‘empire.’  The ‘empire’ is a unit of length = 449 m and corresponds to the height of the Empire State Building in New York City.  The tallest building in the world is in Dubai and is 2722 ft tall.  How tall is this building in units of ‘empires’?  

a.  1.85
b.  0.54
c. 830

d. 2.11

e.  2.21
There are 39.37 in/meter, and 12 in one foot, so 1 m=39.37/12=3.2808 ft.  Thus, the building in Dubai is 2722 ft/3.2808 ft/m=829.67 m, or 829.67m/449 m/empire = 1.848 empires, or less than twice the height of the old record holder which held the record from 1931 until 1972.
2.  Extra Credit: A 3 kg object is moving to the right at v=+1.5 m/s.  It meets a 4 kg object moving to the left at -2.3 m/s.  There are no external forces and the collision is elastic.  After the head on collision, what is the velocity of the 3 kg object, in units of m/s?   

a.  -2.84
b.  -2.44
c.  -2.04
d.  -1.64
e.  -1.24
pinitial=m1v1initial + m2v2initial= pfinal = m1v1final + m2v2final
4.5 kgm/s + (-9.2 kgm/s) = -4.7 kgm/s = pinitial=3v1f  + 4v2f
½ m1v1initial2 + ½ m2v2initial2 = KEi = KEf = ½ m1vfinal2 + ½ m2v2final2

So 1.5 *2.25 kgm2/s2 + 2 * 5.29 kgm2/s2 = 13.955 kgm2/s2 = KEi = KEf = ½ m1vf2 + ½ m2v2f2 
Eliminate v2f using the momentum eqn.:  4 v2f = -4.7 – 3 v1f  or 
v2f= -1.175 – 0.75 v1f
And plug this into the KE eqn.:

13.955 = ½ m1vf2 + ½ m2v2f2 =1.5v1f2 + 2(-1.175 – 0.75 v1f)2.  Collecting terms, we have v1f2(1.5 + 2*0.5625) + v1f(3.525) + 2*1.1752 -13.955 or

v1f2(2.625) +3.525v1f – 11.194 = 0
using the quadratic formula to find v1f, we get 

v1f=[-3.525 ((12.43+117.54)1/2]/5.25=[-3.525 ( 11.4]/5.25=+1.5 m/s or -2.84 m/s

Well, if the 3 kg object has a head on collision, it can’t still be going to the right at 1.5 m/s, so the answer is -2.84 m/s.  We can calculate v2f=+0.955 m/s from the momentum eqn. and check the KE balance ½ m1vfinal2 + ½ m2v2final2=1.5*2.842+2*0.9552 = 13.92 which is equal (within rounding error) to KEi
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3.  As shown in the figure above, a force of 300 N pulls the box shown to the right 50 o above the horizontal and a force of 250 N pulls the box to the right 20 o below the horizontal, and a third force, F3 pulls down and to the left with 200 N at just the proper angle (marked with a ‘?’) to cancel the vertical pull.  (Warning – the angle is NOT drawn necessarily accurately.)  What is the angle ‘?’, in degrees?
a.  46
b.  42

c.  50

d.  38

e.  34
Soln.:  Fy = 300 N * sin50 - 250 N * sin20  - 200 N * sin? = 0
So Fy = 229.8 N – 85.5 N – 200 N*sin? = 0 

So 144.3 N = 200 N sin? Or sin? = 0.7215 or the unknown angle is 46o

This gives 138.5 N to the left from F3, with 300 cos 50 + 250 cos 20 = 192.8 + 234.9 to the right, so the horizontal forces are not balanced. 

4. In water, vsound=1484 m/s.  If a sonar sound wave to detect fish has a frequency of 50 kHz (=50,000 cycles/sec), what is the wavelength of this sound wave in water, in meters?

a.  0.03
`b.  0.02
c.  34

d.  50

e.  0.04
Soln.:  λ=vsound/f = 1484 m/s / 50000 Hz = 0.02968 m.

5.  A 0.25 kg mass oscillates back and forth, completing one cycle every 3.3 s.  What is the spring constant (in units of N/m) of the spring?

a.  0.9

b. 0.02

c.  43.6

d.  15.7
e.  19.3
the period of a spring, T, = 2((m/k)1/2, so k=m(2()2/T2 = 0.25 * 39.5 / 3.32 = 0.91 N/m  

6.  A bat is flying along emitting ‘bat sonar’ with a sound frequency of 100 KHz.  A bat at rest detects a frequency of 99 KHz.  (The velocity of sound in air is 343 m/s).  Relative to the bat at rest, how fast is the moving bat flying, in units of m/s?  Mark your answer with ‘away’ or ‘approaching’.
a.  3.46 away
b. 3.43 away
c.  3.43 approaching
d.  3.46 approaching
e.  3.61 away
Since the frequency is lower, the flying bat is moving away.  Use:
f’ = f/(1 + vsource/vsound)    source receding from observer
(1 + vsource/vsound)    = f/f’= 100/99, so vsource = (100/99 – 1)343 m/s = 3.5 m/s and this velocity is away.
7.  The earth makes 1 revolution every 24 hours.  If the radius of the earth is 
6371 km, was is the linear rotational velocity (in m/s) of a point on the earth’s surface at this distance (6371 km) from the axis of rotation?

a.  460

b.  580
        c.  790

d.  74

e.  1300

v=ωr.  r=6,371,000 m  to find (, we need 2( rad/(24 hr * 3600 s/hr)=7.27 10-5 rad/s so v=463 m/s
8.  Supposedly landing with a normal parachute is equivalent to a fall of 14 feet.  Ignoring air resistance, how fast (in miles/hour) is an object falling after falling 14 feet from rest?  (remember g=9.8 m/s2 and 26.8 m/s = 60 mph)
a.  20.5

b. 11.5

c.  12.5

d.  13.5

e.  15.5
2ay (y – y0) = vy2 – v0y2, so 14 ft = 14*12 inches, and 39.37 inches=1 meter, so 14 feet is 4.267 m, so 2(-9.8 m/s2)(-4.267 m) = vy2, or vy=9.14 m/s or 20.5 mph.
9.  What electric field (units of N/C) must a 1.02 kg mass object be in, which is charged to hold 1 C, so that the force from the electric field (which is directed upwards) balances the force downward on the mass due to gravity?

a.  10

b. 1

c.  100

d.  0.1

e.  0.01

Force down = mg = 10 N = Force up = 1C * E, so E=10 N/C
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10.  As shown in the picture, a voltage (equal to 5 Volts) is applied across the three resistors shown.  In units of 10-3 A, how much current total flows in the circuit?

a.  117

b. 16.7

c.  10

d.  67

e.  12

V=IR, need to know the equivalent resistance of the three resistors in parallel:

1/Rparallel = 1/R1 + 1/R2 + 1/R3 = 1/100 + 1/100 + 1/300 = > Rparallel = 42.9 (  so I=5V/42.9 ( = 117 mA
11.  An electron travels in a circle perpendicular to a strong magnetic field.  If the velocity of the electron is 106 m/s and B=1 T, what is the radius of the electron’s circular orbit, in units of 10-6 m?
a.  5.7

b. 117

c.  10

d.  67

e.  12

F=ma=mv2/r (centripetal acceleration)=qvB, so r=mv/qB = 9.1 10-31kg * 106 m/s/(1.6 10-19 C * 1 T) = 5.7 10-6 m
