 Test I for PHY2020

Fall, 2009 – Sept. 25, 2009

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 = 1.61 km     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   !!!!!  (works when no acceleration)

x-x0 = v0x​t + (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 ‘r’ is the distance between the center of the little m and the big M 





`

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

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

1a (2 points).  Your car’s speedometer reads 40 mi/hr.  How fast, in units of m/s, is 40 miles/hour?   

 ______________ m/s

1 mi = 1.61 km, 40 mi/hr = 64.4 103 m/3600 s = 17.9 m/s

1b (2 points).  How far, in km, would this speed take someone after 2 hours?  

________________________km

64.4 km/hr  * 2 hours = 128.8 km (rounds to 129 km)

2a (1 points).  A 45 caliber bullet is moving horizontally out of an open window on a tall building at time=0 at 830 ft/s.  Ignoring air resistance,   

with what horizontal velocity, in m/s, will it hit the ground?

______________

830 ft/s = 830 ft / 5280 ft/mile = 0.1572 miles  1 mile=1.61 km; vx = v0x = 0.1572 * 1610 m/s = 253 m/s

2b (1 points).   If the bullet takes 3 s to fall to the ground, and started off with no vertical component of velocity, how high up was the window, in m?

_________________

y=height=1/2 gt2 (no v0y), so height = ½ (9.8 m/s2) * (3 s)2 = 44.1 m

2c (1 point) What is the vertical component of the bullet’s velocity when it hits the ground, in m/s?  (Assume the up direction is the +y direction.)

___________________

vy = v0y – g*t = 0 – 9.8 m/s2 * 3 s = -29.4 m/s

2d (1 point)  What is the total velocity, v,  of the bullet ( v = (vx2 + vy2)1/2 )

v=(29.42 m2/s2 + 2532 m2/s2)1/2 = 254.8 m/s rounds to 255 m/s

3. (4 points) The height above the surface of the earth of a certain satellite is 2000 km.  What is the acceleration due to the earth’s gravity at this orbit, in units of 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
_______________________m/s2
distance from center of earth is 6400 km + 2000 km = 8400 km = 8.4 106 m, 

aEarth = G Mearth/(8.4 106 m)2 = (6.7 * 6 / 70.56) * 10-11 * 1024/1012 = 0.570 *10 m/s2=5.70 m/s2
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?   

___________________lbs

4b (4 points).  How much is this in units of N? 

___________________N   

Your weight in lbs *4.45 N/lb , for example if you weigh 100 lbs then the answer is 100 lbs * 4.45 N/lb = 445 N  

5a.  (1 points)  If someone’s mass is 80 kg and they are sitting in a chair in earth’s gravity, with what force in N does the chair push up on them?  

________________________N

action=reaction; your weight (force on you due to gravity) is 80 kg * 9.8 m/s2 = 784 N

5b. (1 point) Now someone with mass=80 kg is standing in an elevator on a scale to measure their weight (in N actually) and the elevator is moving upwards at a constant velocity of 2 m/s.  What number, in N, does the scale read?

_____________________

no acceleration, so scale reads 784 N

5c.  (1 point)  Now the elevator accelerates upwards at 2 m/s2.  What, in N, does the scale read?

___________________

F=ma=80 kg* (9.8 m/s2 + 2 m/s2) = 944 N

5d.  (1 point) Now the elevator accelerates downwards at 2 m/s2.  What, in N, does the scale read?

___________________

F=ma=80 kg* (9.8 m/s2 - 2 m/s2) = 624 N

6.  (4 points) If two people pull on the box as shown (one pulls with 300 N force 65 o above the horizontal upwards, one pulls with 250 N force 20 o below the horizontal downwards), what is the net (total) force in the y-direction? (units of N, 4 sig figs)  Don’t forget the sign, either + or -.

___________ N

Fy = 300 N * sin65 – 250 N * sin20 = 271.9 N – 85.5 N = + 186.4 N
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7.  A baseball is thrown with an initial speed of v0=40 m/s at an angle of 45o above the horizontal.

a. (2 points) What is the initial vertical component (voy) of the velocity, in m/s, 3 sig figs?

_______________m/s

voy=vo*sin45o=40m/s*0.707=28.3 m/s

b. (2 points) What is the highest distance above its starting position that the ball reaches before it starts to fall back down, in m?

y-y0 = height above starting point y0; y-y0 = v0yt – 1/2gt2; so how long until ball reaches top?  At top, vy = 0, vy=voy – gt, so t=voy/g = 28.3m/s / 9.8 m/s2 = 2.886 s

so y-yo=28.3 m/s * 2.886 s – 4.9 m/s2 * (2.886 s)2 = 81.7 m – 40.8 m = 40.9 m (you might have rounded differently to get a slightly different number) 

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 points) 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 points) 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 points) 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 between the center of the planet to center of 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 need 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).

