Practice Problems for Test I for PHY2020(Solutions in Red) 
Ignore air friction in all problems.  

3 sig figs on all answers unless otherwise asked, -1/4 point for not enough sig figs – I have given the units for each answer line

3 significant figures means than ‘1’ is written as 1.00, and pi, 3.141592, is written as 3.14, and 3/1000, is written as 0.00300 NOT 0.003.  The leading zeroes are not part of the precision of the answer.
g=9.8 m/s2     100 cm=1 m     39.37 inches=1 m    1 km=1000 m

12 inches=1 foot  3 feet=1 yard      5280 feet=1 mile = 1.61 km     1 kg = 1000 g

1 min=60 s  1 hour = 60 min      G=6.7 10-11 Nm2/kg2
Comparison between metric and English units of Force:  1 lb (pound) = 4.45 N

mile per hour is abbreviated ‘mph’

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
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)
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

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

EKinetic Energy = ½ mv2   
1a (2 points).  The speed of sound at 12,000 meters above sea level is 573 knots.  1 knot=1.151 miles per hour.  What is the speed of sound at this altitude in m/s? (3 sig figs please)
 ______________ m/s

60 mph=26.8 m/s (or go convert 1 mi using 1 mi=1.61 km), so 573 knots=573*1.151 miles per hour = 659.5 mph  multiply by 26.8 m/s / 60 mph to get 294.6 m/s
1b (2 points).  Light travels at a speed of 2.998 x 108 m/s.  How many yards (3 significant figures please) does light travel in 1 nanosecond (=10-9 s)?
______________yards 

In 10-9s, light travels d=vt=2.998 10+8 m/s x 10-9s=0.2998 m.  1m=39.37 in, and 1 yard=36 in, so 1 m=39.37/36 yards=1.094 yards, so light travels 0.2998 m = 0.328 yd
in 1 nanosecond, or about 1 foot.
2a (2 points).  Ignoring air friction, how fast (‘v’ in the picture) does a baseball need to be hit at an angle of 450 above the horizontal to travel a total distance in the horizontal direction of 400 m?
______________m/s
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Use the range formula, or derive the answer like we did in class (remember that was 2 steps – the first step was finding t/2, the time to reach the top of the arc, in terms of vsin45o ( vertical velocity at top of arc =0=vsin45 – gt/2)and the second step was finding ‘t’ for the ball to travel horizontally 400 m with a velocity of vcos45o (400 m = vcos45 * t) and then eliminating t to have 2vsin45/g = 400 m/vcos45 and in this case solving for v:
v2 = 400 m*g/2sin45cos45 or v=62.6 m/s   From range equation R=400 m = v2sin(2*45o)/g  so v2=400m*g or v=62.6 m/s same answer
2b (2 points).   How long does the ball take to come back down to its starting height, 400 m away horizontally from its starting point? (Hint:  use your answer from 2a.)
_________________s
dx =vx t   400 m=62.6m/s cos45 * t, so t=9.04 s
3 (2 points) Ignoring air friction, what would be the vertical velocity (ignore the horizontal component) of an object dropped from an airplane at a height of 12,000m, in miles per hour (remember for ease of conversion that 26.8 m/s = 60 mph.)  The starting vertical velocity=0.
___________________miles/hour
a=(v2-v02)/(2*(y-y0))  where a=g in the negative direction, or -9.8 m/s2, v0=0, yo=12000m, y=ground=0, so -9.8 m/s2 = v2/(2*(0-12000m)) so v2=+9.8 * 2 * 12000 m2/s2 or v=485 m/s or 1086 mph.  Air friction slows this down to about 140 mph.
4a.  (2 points)  A Porsche 911 has a minimum turning radius of 17.4 feet.  If this Porsche goes around a curve  with a radius of 17.4 feet at a speed of 10 mph, what is the centripetal acceleration, in units of g? (1 g = 9.8 m/s2) (2 sig figs please)
_______________________________g  
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a= v2/r where r=17.4 ft = 17.4ft * 12in/ft/39.37in/m = 5.3 m, and v=10 mph = 10 mph * 26.8 m/s/60 mph = 4.47 m/s, so a=4.472 m2/s2/5.3 m =3.77 m/s2 = 0.38 g (or 0.39 g – some people rounded differently – both were counted correct)
5a. (2 points) The Earth orbits the sun at a distance of 1.496 1011m from the center of the sun.  If the mass of the Sun is 1.989 1030 kg, what is the acceleration, in m/s2 due to the Sun's gravity at the radius of the Earth?  
______________________m/s2
FSun on Earth= GMSunmEarth/(1.496 1011 m)2 so just divide both sides by mEarth to get   aSun at Earth's orbit = 6.7 10-11 1.989 1030 /(1.496 1011)2 m/s2 = 5.95 10-3 m/s2. This is a very small fraction of the pull of the earth at the surface of the earth (9.800 m/s2)  

5b. (2 points)  What is the velocity of Earth in its orbit, in km/s? (3 sig figs please)
_____________________km/s

a = v2/r = 0.00595 m/s2, so v=(.00595 * 1.496 1011)1/2 m/s = 0.298 105 m/s or 29.8 km/s.
[image: image3.jpg]X-direction





6.  (4 points) If two people pull to the right (forwards) on the box as shown (one pulls with 300 N force 25 o above the horizontal upwards, one pulls with 700 N force 50 o below the horizontal downwards), what angle ( in degrees below the horizontal is the net force (equal to the sum of these two forces) in the forwards direction?
___________ o
First, find the net forces in the x and y direction to the right:
Fx= 300 cos25 + 700 cos 50 = 721.8 N

Fy=300 sin25 - 700 sin50  = -409.4 N

So this gives a net force of (721.82 + 409.42)1/2 = 829.8 N at an angle below the horizontal to the right of (=tan-1 -409.4/721.8 = -29.6o
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7.  Ignoring air friction (not much effect at low velocities and short distances) at what angle ( should someone launch a baseball (speed=30 mph) to knock over a target (the triangle) in a carnival amusement booth as shown in the picture? (The baseball starts at 1.5 m above the ground.  The target is 3 m above the ground.  The target is 7 m horizontally from the starting position of the baseball.) This problem is in 3 parts:
a. (1 point)  write down an equation for the time, t, it takes the ball to move 7 m horizontally using metric units for the speed, the angle ( and (hint) the equation    x-x0 = v0x​t (remember, v0x is the x-component of the velocity)
t =________________________________________________
b. (1 point) write down an equation relating y-y0 (how many meters is y-y0?) , v0, the angle (, the acceleration due to gravity, g, and the time, t (don’t substitute your expression for ‘t’ from part a, just use ‘t’) (hint – get the sign in front of ‘g’ correct.)
y-y0 = ________meters=_____________________________

c.  (2 points)  This pair of equations has two answers for (, one is 23.88o and one is 78.2o.  The first angle has the ball going up when it hits the target, and the second angle has the ball going down when it hits the target.  How long does it take the ball to travel the horizontal 7 m with (=23.88o? (hint:  you don’t have to solve some hard equation for this, just plug 23.88o into your answer for part a.)
__________________________s

Convert 30 mph to ½ of 26.8 m/s (which is 60 mph) = 13.4 m/s  To solve this explicitly using algebra and some trig, this is a two step problem.  In the x-direction, dx = vx t, so t=7 m/(13.4 m/s * cos() (answer to part a).  In the y-direction, y-y0 =v0yt – ½ gt2  where the ‘-‘ is because gravity points downward.  y at time t is 3 m, y0 at the start of the problem is 1.5 m, so 

y-y0 = 1.5 m = 13.4 m/s * sin( *t – ½ *9.8 m/s2 *t2  (answer to part b)
so we have two equations in two unknowns, t and (.  Express sin( =(1-cos2()1/2    Eliminate t using the horizontal equation (t=0.52/cos( where 0.52=7/13.4) and plug into the vertical eqn.:

1.5 = 13.4 (1-cos2()1/2*0.52/cos(  - ½ 9.8 (0.52/cos()2 =7(1-cos2()1/2/cos( -1.34/cos2(
Divide thru by 1.5 and multiply thru by cos2( to get

cos2( = 4.67 (cos2( - cos4()1/2 – 0.89.  Set x=cos2( and move the -0.89 to the left side:

x+0.89=4.67 (x-x2)1/2  Square both sides and collect terms:

22.8 x2 – 20.02 x + 0.8 = 0.  Use the quadratic formula to solve for x, and use cos-1 to find the angle.  Get two angles, 23.88o and 78.2o (the second angle is for hitting the triangle when the ball is on the way down.  If plug in 23.88o into answer to part a:

t=7 m/(13.4 m/s * cos() , get t=0.5715 s (answer to part c.) 
8.  (3 points) 1 hp (horsepower) = 746 W (1 W = 1 J/s).   If an elevator and its contents have a mass of 2000 kg, assuming perfect efficiency for the motor, how many horsepower does the elevator motor have to have to move the elevator and its contents up to the 10 th floor of a building (height = 30 m) in 20 seconds? (3 sig figs please)
___________________________hp

Power = energy expended/time = mgh/20 s = 2000 kg * 9.8 m/s2 * 30 m/20 s = 29,400 J/s or 29,400 W or 29,400/746 = 39.4 hp
9. (3 points) Ignoring air friction, if an object dropped out of some window of a 30 story tall (each story is 3 m tall, total building height=90 m) building, from which floor did it come (height of floor = number of floor times 3 m) if its velocity just before impact is 39.84 m/s?  (round to nearest whole number for the floor, e. g. if height is 6.02 m, then this is the second floor)
_______________________floor
PE = mgh = m* 9.8 m/s2 * (number of floor*3 m) = ½ mv2, so we can cancel the mass, m, from both sides and we get number of floor = ½ (39.84 m/s)2/(9.8 m/s2 * 3m) = 27th floor.
