 Test I for PHY2020
Spring, 2008 – Feb. 8, 2008
Name:____________________________________

UF ID#:_______________________

Ignore air friction in all problems.  
3 sig figs on all answers – I have given the units for each answer line
All problems worth 4 points total except #8, which has four parts each worth 2 points; parts are worth the stated points

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

Useful formulas:

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

x-x0 = v0xt​ + (1/2)axt2      y-y​0 = v0yt + (1/2)ayt2
2ax (x – x0) = vx2 – v0x2         2ay (y – y0) = vy2 – v0y2
v = v0 + at     F=ma    Fgravity = GmM/r2 where 





`

G=6.7 10-11 Nm2/kg2
a = v2/r

circumference of a circle:  2(r, where r is the radius
1a (2 points).  The US army is committed to marching at 4 miles/hour for long distances.  How fast, in units of m/s, is 4 miles/hour?   
 ______________ m/s

1 mi = 1.61 km, 4 mi/hr = 6.44 103 m/3600 s = 1.79 m/s
1b (2 points).  How far, in km, would this speed take someone after 8 hours?  
________________________km

6.44 km/hr  * 8 hours = 51.52 km
2a (3 points).  A 45 caliber bullet hits an object, which stops the bullet in 10 cm.  The mass of the bullet is 15 g, and it moves at 830 ft/s just before impact.  What is the force, in N, that the object has to exert on the bullet to stop it?  (Remember, this is also the force that the bullet exerts on the object: action=reaction.)   
_____________________N

39.37 inches = 1 m  = 3.28 ft, so 830 ft/s = (830/3.28) m/s = 253 m/s

2a(x-x0) = 02 – (253 m/s)2, so the deceleration is 64000 m2/s2 /2*0.1 m
3.20 105m/s2, so F=ma=0.015kg* 3.2 105 m/s2 = 4800 N
2b (1 point).  What is this force in English units of pounds?
_________________lbs

4.45 N = 1 lb → 4800 N = 1080 lb
(Think for no credit:  would this force be enough to throw a 180 lb object

backwards?)  yes
3.  A geosynchronous satellite is a satellite that circles around the earth at the same speed as the earth rotates (i. e. its period – the time it takes to go around its orbit once - is 24 hours) so that it is above the same point of the earth all the time (useful for broadcasting).  The height above the surface of the earth of such a satellite is 35,400 km.  What is the acceleration due to the earth’s gravity at this orbit, in units of m/s2? 
_______________________m/s2
distance from center of earth is 6400 km + 35,400 km = 4.18 107 m, 
aEarth = G Mearth/(4.18 107 m)2 = 2.30 10-1 m/s2
Mearth=6 1024 kg, rearth=6,400 km, G (the gravitational constant in Newton’s law of gravity)=6.7 10-11 Nm2/kg2

4a (0 points) (if you don’t know, guess or pick a number – answer is required to do part b).  How much do you weigh, in pounds?   
_____100__(for example)______________lbs

4b (4 points).  How much is this in units of N?    
       ____100 lbs *4.45 N/lb = 445__________________N  

5.  (4 points)  Ignoring air friction, from how tall a building (in units of floors) (assume 4 m per floor) does an object need to be released (with no initial vertical speed) to be going 140 mi/hour (62.6 m/s) when it hits the ground?  (Cultural note:  this is about the top speed that a skydiver can fall, since there is, in reality, air friction that creates a limit to the speed of falling objects.)
____________floors (where 1 floor = 4 m)

2agravity(y-y0)=v2=62.62, implies that y-y0 (ignoring the sign, since y-y0 can be considered as the magnitude of the height of the building) =200 m or 50 floors (if up is +, then y0=200 m and y=0, agravity = -9.8 m/s2)
6.  If two people pull on the box as shown (one pulls with 300 N force 70 o above the horizontal upwards, one pulls with 250 N force 30 o below the horizontal downwards), what is the net (total) force in the y-direction? (units of N, 3 sig figs)  Don’t forget the sign, either + or -.
___________ N

Fy = 300 N * sin70 – 250 N * sin30 = 281.9 N – 125 N = + 156.9 N
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7.  In Venice in the old days, people used to throw things out of their second story windows into the canals, making walking between the canals and the house a somewhat risky/messy  business.  If a second story window is 5 m above the canal, and the canal is 7 m away, how fast horizontally out the window (no v0y) does something need to be thrown to hit the canal instead of landing short on the walkway, units of m/s?
__________ m/s
to fall 5 m takes time t from :  5 m = ½ gt2  → t=1.01 s.

In the x-direction, d=v0x t = 7 m  this implies that v0x must be at least 6.93 m/s

(from v0x = d/t = 7 m/ 1.01 s)
8.  The largest moon of Jupiter, Ganymede, was discovered by Galileo in 1610.  If Ganymede moves in a circular orbit around Jupiter with a radius of 1.07 109 m
a. (2 point) what is the distance, units of 109 m, traveled in one orbit?  
___________ 109 m

2(r = 2(*1.07 109 m = 6.72 109 m
b.  (2 point) If Ganymede takes 7.155 earth days (1 earth day=24 hours) to complete one orbit (to go around the circumference once), what is the magnitude of Ganymede’s velocity, units of m/s?   
_____________ m/s

d=vt, v=d/t = 6.72 109 m/7.155 days * 24 hrs/day *3600 s/hr = 1.09 104 m/s
c.  (2 point) The pull from Jupiter’s gravity is what is causing Ganymede to go in a circular orbit with that velocity.  What acceleration due to Jupiter’s gravity is felt at Ganymede’s orbit, units of m/s2 ?  
 ______________ m/s2   (hint:  a=v2/r)

(1.09 104 m/s)2/1.07 109 m = 0.111 (or 0.110 – depended on when you rounded) m/s2
d.  (2 points)  Remember that F=ma, and also the force due to gravity F=GmM/r2, so that the acceleration ‘a’ caused by, for example, a planet with mass M on a moon with mass m is: a = F/m = GM/r2 where G=6.7 10-11 Nm2/kg2, M is the mass of the planet, and r is the distance from the planet to the moon (“radius of the orbit”).  So, since you know from part (c.) the acceleration exerted on Ganymede by Jupiter’s gravity, and you know the distance between Jupiter and Ganymede, what is Jupiter’s mass, M, in units of kg  (you get to enter the correct power of 10 along with the number)?          
________________  kg
0.111 m/s2 = 6.7 10-11 Nm2/kg2 * M/(1.07 109 m)2
this implies that Mjupiter = 1.89 1027 kg  (which is within a small disagreement equal to the book value).
