		




	


	





	PHYS 204 MECHANICS
Professor: Dr. Laszlo Kalman
PHYS20440112
Sec 01
Assignment #2
Part A
Q1.  A baseball is thrown with an initial velocity of (10 î + 15ĵ ) m/s. When it reaches the top of its
trajectory, what are (a) its velocity and (b) its acceleration? Neglect the effect of air resistance.
Answer:  (a) When it reaches the top of its trajectory, the j vector is now 0 and the only velocity left is 10i m/s, which is the velocity.
(b) The acceleration of the baseball, neglecting air resistance, is g downwards, i.e.            -9.80j m/s2. This is because the only force acting at the top of the trajectory of the baseball is gravity.

Q2.  How can you throw a projectile so that (a) it has zero speed at the top of its trajectory (b) it
has nonzero speed at the top of its trajectory?
Answer: (a) Throwing the projectile straight up will result in zero velocity at the top of the trajectory. 

(b) Throwing the ball in any other direction than straight up will give a nonzero speed at the top of the trajectory

P1.  A basketball star covers 2.80 m horizontally in a jump to dunk the ball. His motion through
space can be modeled precisely as that of a particle at his center of mass, which we will define
in Chapter 9. His center of mass is at elevation 1.02 m when he leaves the floor. It reaches a
maximum height of 1.85 m above the floor, and is at elevation 0.900 m when he touches down
again. Determine (a) his time of flight (his “hang time”), (b) his horizontal and (c) vertical
velocity components at the instant of takeoff, and (d) his takeoff angle. (e) For comparison,
determine the hang time of a whitetail deer making a jump with center-of-mass elevations yi =
1.20 m, ymax = 2.50 m, yf = 0.700 m.
Answer: From the instant the basketball star leaves the floor until just before he lands, he is a projectile. His vertical velocity and vertical displacement are related by the equation
vyf2 = vyi2 + 2ay (yf – yi).
Applying this to the upward part of his flight gives
0 = vyi2 + 2(-9.80 m/s2)(1.85-1.02) m
Vertical velocity component, vyi = 4.03 m/s                                        (1)
For the downward part of the flight,
vyf2 = 0 + 2(-9.80 m/s2)(0.900-1.85) m.
Thus the vertical velocity just before he lands is vyf = -4.32 m/s (negative because direction is opposite).
(a) His hang time can be found out using vyf = vyi + ayt :
-4.32 m/s = 4.03 m/s +(-9.80 m/s2)t
 Or t = 0.852 s
(b) His horizontal velocity component can be found out by x = vxit :
2.80 m = vxi(0.852s)
vxi = 3.29 m/s
(c)  Vertical velocity component, vyi = 4.03 m/s [as calculated in (1)]                                    
(d) Takeoff angle is  = tan-1(vyi/vxi) = tan-1(4.03/3.29) = 50.8
(e) Similarly for the deer, the upward part of the flight gives
vyf2 = vyi2 + 2ay (yf – yi) :
0 = vyi2 + 2(-9.80 m/s2)(2.50-1.20) m
Vertical velocity component, vyi = 5.04 m/s
For the downward part of the flight,
vyf2 = 0 + 2(-9.80 m/s2)(0.700-2.50) m.
Thus the vertical velocity, vyf = -5.94 m/s (negative because direction is opposite).
The hang time can be found out using vyf = vyi + ayt :
-5.94 m/s = 5.04 m/s +(-9.80 m/s2)t
Or t = 1.12 s
P2.  A basketball player who is 2.00 m tall is standing on the floor 10.0 m from the basket. If he
shoots the ball at a 40.0° angle with the horizontal, at what initial speed must he throw so that it
goes through the hoop without striking the backboard? The basket height is 3.05 m.
Answer: xf = vixt = vit cos 40
Thus when xf = 10 m, t = 10/(vi cos 40)
At this time, yf should be 3.05m - 2 m =1.05m
Thus, 1.05 m = [(vi sin 40)*10 m]/( vi cos 40) + ½(-9.80 m/s2)*[10m/(vi cos 40)]2
From this, Required initial velocity = vi = 10.7 m/s
P3.  A quarterback throws a football straight toward a receiver with an initial speed of 20.0 m/s, at
an angle of 30.0° above the horizontal. At that instant, the receiver is 20.0 m from the quarterback.
In what direction and with what constant speed should the receiver run in order to catch the
football at the level at which it was thrown?
Answer: The football travels a horizontal distance of R,
R = [vi2 sin(2i)]/g = [202 sin 60]/9.80 = 35.3 m
Time of flight of ball :
T = 2vi sini/g = 40 sin 30/9.80 = 2.04 s
Suppose receiver is ‘a’ metres away from where the ball lands and
a = 35.3m – 20 m =15.3 m
To cover this distance in T = 2.04 s, he should travel with a constant speed of 
v = 15.3/2.04 = 7.5 m/s in the direction the ball was thrown initially.


Part B

Q1.  Correct the following statement: The racing car rounds the turn at a constant velocity of 90
miles per hour.

Answer: The racing car rounds the turn at a constant speed of 90 miles per hour.


Q2.  If a car is traveling westward with constant speed of 20 m/s, what is the resultant (net)
force acting on it?

Answer: The resultant force is 0. A mass moving at a constant speed has no acceleration. Newton's second law states that Force = Mass * Acceleration. No acceleration = no force. The only forces acting on the car would be the weight of the car due to gravity and the normal force of the road acting upwards to counteract the force of gravity resulting in again 0. Net force = Zero.


Q3.  A passenger is sitting in the rear of the bus claims that she was injured as the driver slammed on
the brakes, causing a suitcase to come toward her from the front of the bus. If you were the judge in
this case, what disposition would you make? Why? Consider all scenarios.

Answer: There can be two cases. First question that comes to mind is whether the bus moving forward or backing up? If it was moving forward, the passenger is
lying. A fast stop would make the suitcase fly toward the front of the bus, not toward the rear. 
Also if the bus was backing up at any reasonable speed, a sudden stop could not make a suitcase fly that far. Thus in both cases my disposition would be that the passenger is lying. My decision would be to fine her for malicious litigiousness and perjury.


P1.  A Coast Guard cutter detects an unidentified ship at a distance of 20.0 km in the
direction 15.0° east of north. The ship is traveling at 26.0 km/h on a course at 40.0°
east of north. The Coast Guard wishes to send a speedboat to intercept the vessel and
investigate it. If the speedboat travels 50.0 km/h, in what direction should it head?
Express the direction as a compass bearing with respect to due north

Answer: Taking the x-axis along the 20 km distance, 
The y-components of the displacements of and ship and speedboat must be equal in order for the speedboat to intercept the ship,

(26km/h)t sin(40-15) = (50km/h)t sin 
 = sin-1 11/50 = 12.7

Now adding the given 15 angle reference we get the angle at which the speedboat should head :

15+12.7 = 27.7 east of north.


P2. Three forces, given by
F1 = (−2.00iˆ + 2.00jˆ )N ,
F2 = (5.00iˆ − 3.00jˆ )N , and
F3 = (−45.0iˆ )N , act on an object to give it an acceleration of magnitude 3.75 m/s2.
(a) What is the direction of the acceleration?
(b) What is the mass of the object?
(c) If the object is initially at rest, what is its speed after 10.0 s?
(d) What are the velocity components of the object after 10.0 s?

Answer: According to Newton’s 2nd law net resultant force is equal to mass multiplied by acceleration, i.e.
ΣF=ma

Applying it
(-2i + 2j + 5i - 3j - 45i)N = m(3.75 m/s2)a
Where a represents the direction of a.

ΣF = [(42)2 + (1)2] N at tan-1(1/42) below x-axis
ΣF = 42 n at 181 = m(3.75 m/s2)a

For two vectors to be equal, both their magnitude and directions must be equal.
(a) a is at 181 counter clockwise from x-axis.

(b) m = 42N/3.75m/s2 = 11.2 kg

(c) vf = vi + at
         = 0 + (3.75 m/s2 at 181)10 s
So vf = 37.5 m/s cos181 i +37.5 m/s sin181 j
     vf = (-37.5i - 0.893j) m/s
|vf| = [(37.5)2 + (0.893)2] m/s = 37.5 m/s

(d) As calculated in (c)
      vf = (-37.5i - 0.893j) m/s
 

P3.  A ball swings in a vertical circle at the end of a rope 1.50 m long. When the ball is 36.9°
past the lowest point on its way up, its total acceleration is
(−22.5iˆ + 20.2jˆ )m / s 2
. At
that instant, (a) sketch a vector diagram showing the components of its acceleration,
(b) determine the magnitude of its radial acceleration, and
(c) determine the speed and velocity of the ball

Answer : 
(a) Vector diagram showing components of acceleration at the instant.




(b) The components of the 20.2 m/s2 and the 22.5 m/s2 along the rope together constitute the centripetal acceleration,
at = (22.5 m/s2) cos(90-36.9) + (20.2 m/s2) cos36.9 = 29.7 m/s2

(c) ac = v2/r so v = (ac r) = [(29.7 m/s2)(1.50m)] = 6.67 m/s tangent to circle
v = 6.67 m/s at 36.9
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