TestII PHY2020 Formula sheet
All problems worth 4 points total except #1; parts are worth the stated points.  Do problems 1, 2a, 2b (you must do these) AND any 6 of the remaining 8 problems for full credit.  Do more than 6 of the last 8 for 

extra credit.
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   1 J = 1N*m   1 W=1 J/s 
Comparison between metric and English units of Force:  1 lb (pound) = 4.45 N
Useful formulas:

Linear:  Espring = ½ kx2        Egrav. potential = mgh (h is the height)

EKinetic Energy = ½ mv2         

p(the momentum) = mv  (remember, p and v are vectors, so p has both size and – if it’s important – direction)

If there are no external forces (→ momentum is conserved) and the collision is elastic (→ energy is conserved) if mass m1 hits a stationary mass m2 then 

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

Erot. Kin. Energy = ½ I(2     L(angular momentum)=I(
I(moment of Inertia) is for a point mass a distance ‘r’ from the axis of rotation=mr2  (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 = I(         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.

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.
circumference of a circle:  2(r, where r is the radius

Test II for PHY2020

Spring, 2008 – Mar. 5, 2008

Name:____________________________________

UF ID#:_______________________

3 sig figs on all answers – I have given the units for each answer line

(Partial credit:  minus ½ credit for wrong placement of decimal point)

Do Problems 1, 2a, and 2 b
1.  (1 point) If gravity acts in the y-direction and an object is moving in the x-direction with no friction or other forces in the x-direction, is the momentum in the x-direction of the moving object constant (conserved)?  Circle one:  (if you erase/change/etc. – make it clear which you want)

Yes            No

Yes 
2a.  (2 points) A 10 kg object, vinitial = +1 m/s, collides and sticks together with a 4 kg object that was initially stationary.  What is the speed after the collision of the two stuck together masses?  

Since they stick, and since momentum is conserved you get vfinal of the combined masses:

pinitial = 10 kg * +1 m/s = pfinal = (10 kg + 4 kg) * vfinal → vfinal = (10/14) * +1 m/s so the speed (magnitude of the velocity) is 0.714 m/s
______________________m/s.

2b.  (2 points)  In problem 5a. just above, what fraction – if any - of the initial kinetic energy is lost in the collision?  express as a percentage. 

EKEinitial = ½ mv2 = ½ * 10 kg * (1 m/s)2 = 5 J

EKEfinal = ½ (10 + 4 kg) * (0.714 m/s)2 = 3.57 J, so the energy lost is 1.43 J, which is 28.6% of EKEinitial 
______________________%

Choose any 6 of the following 8 problems for full credit – if you wish, you may do more than 6 for extra credit
3.  If you want an load of roofing tiles (total mass = 100 kg) to go up on a 7 m high roof in 1 minute at constant velocity, what power (in units of horsepower, where 1 hp = 746 watts) motor do you need?  (Assume no losses.)
The power needed is the rate that Work is done, which is F*displacement/time

The force needed to counteract the force due to gravity is mg = 100 kg * 9.8 m/s2 = 980 N.  The displacement is 7 m, and the time this displacement should take is 1 min = 60 s, so Power = 980 N * 7 m/60 s = 114 Nm/s = 114 J/s = 114 Watts = 0.153 hp
​​​​​​​​​​​​​​​​​______________________hp
4.  The energy stored in a compressed spring that has spring constant ‘k’ and is compressed a distance ‘x’ from its relaxed state is ½ kx2.  If a spring has k=75 N/m and x is 0.05 m, how fast is a 0.1 kg object going after it has been shoved by this compressed spring?  Units of m/s (hint:  convert the ½ kx2 into kinetic energy)

Espring = ½ 75 N/m * (0.05 m)2 = 0.09375 J = EKE = ½ mv2 = ½ 0.1 kg * v2
implies that v=1.37 m/s
______________________m/s

5.  A 0.5 kg object moving at +3 m/s runs into a stationary object, mass=1 kg.  The collision is elastic.  There are no external forces, so momentum is conserved.  What is the speed of the target (the 1 kg mass) after the collision?  

To solve this, conserve momentum and kinetic energy.  We did this in class and got the general formula given on the formula sheet, 

v2final = v1initial (2m1)/( m1+m2), so vtarget = 3 m/s * (2*0.5 kg)/(0.5 + 1 kg)=2.00 m/s

______________________m/s

6.  A car tire with radius 40 cm is spinning at 600 rpm.  How fast (linear speed, in m/s) is the edge of the tire (by ‘edge of the tire’ is meant the outer edge, where the tread is, at 40 cm from the center of the car’s axle) moving?
v=(r   ( = 600 * 2( rad /60 s = 62.8 rad/s   →   v=62.8 rad/s * 0.4 m = 25.1 m/s  (this is about 60 miles/hour, and this is how fast your wheels have to turn to go that fast.  600 rev/min is a pretty fast rotation – 10 times a second.)
_____________________m/s
7.  If some rotating object free from external torques and moving at angular speed (=100 rad/s suddenly changes its moment of inertia I from Iinitial to 1/3 of the initial moment of inertia (i. e. Inew = 1/3 Iinitial), what is the new (, in units of rad/s?
Free from external torques means angular momentum (L=I() is conserved.  Thus the new ( = 3 * 100 rad/s = 300 rad/s, since (new * Inew has to equal the given (initial) ( of 100 rad/s times Iinitial.  This is just like the spinning person in the chair who decreases their moment of inertial by pulling weights in closer to the axis of rotation – they speed up when their moment of inertial is smaller so L is conserved.
_________________________rad/s

8.  A rotating object initially has 50 J of rotational kinetic energy.  A torque is applied to increase the velocity of the rotating object until it now has 300 J of rotational kinetic energy.  The moment of inertia remains constant.  What is the new angular velocity in terms of the old one?

Erot KE = ½ I (2.  If the rotational KE is increased by a factor of 6, then 

(new2 = 6 * (old2, so (new = (6)0.5 (old , and the squareroot of 6 = 2.45 to three sig figs
(new = _______________(old     (where the blank line is some 3 sig. fig. number)
9.  Consider the picture below.  If the block weighs 500 N and is in equilibrium, what is the magnitude of F1 (magnitude of a vector F1 = (F1x2 + F1y2)1/2) in newtons, 3 sig figs?
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In equilibrium means no net forces in either x or y direction.
sum of Fy = 0 =F1y – 500 N=
F1*sin20o – 500 N=0  → F1 = 1462 N  since F2 has no y-component
__________________ N

10.  How many kilograms (1 kg=1000 g) of air are in our lecture hall, which has approximate dimensions  12 m wide x 20 m long x 3 m high(the density of air is about 0.0013 g/cm3)? (1 m = 100 cm)  (3 sig figs) 
Volume of lecture hall = 12 * 20 * 3 m3 = 720 m3, Mass of air = density of air * Vol

= 720 m3 * 0.0013 10-3 kg/ (10-2 m)3 since 1 g = 10-3 kg and 1 cm=10-2 m

thus Mass of air in lecture hall is 936 kg – a large number.
_______________________kg
