Assignment #4

Solution

6. To emphasize the fact that the velocity is a function of time, we adopt the notation v(t) for 
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(a) Eq. 4-10 leads to
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(b) Evaluating this result at t = 2.00 s produces 
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(c) The speed at t = 2.00 s is 
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(d) The angle of 
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 at that moment is
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where we choose the first possibility (79.4° measured clockwise from the +x direction, or 281° counterclockwise from +x) since the signs of the components imply the vector is in the fourth quadrant.

11. We apply Eq. 4-10 and Eq. 4-16. 
(a) Taking the derivative of the position vector with respect to time, we have, in SI units (m/s),
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(b) Taking another derivative with respect to time leads to, in SI units (m/s2),
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18. We make use of Eq. 4-16.
(a) The acceleration as a function of time is
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in SI units. Specifically, we find the acceleration vector at 
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(b) The equation is 
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; we find t = 0.75 s.

(c) Since the y component of the velocity, vy = 8.0 m/s, is never zero, the velocity cannot vanish.

(d) Since speed is the magnitude of the velocity, we have 
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in SI units (m/s). To solve for t, we first square both sides of the above equation, followed by some rearrangement:



[image: image15.wmf](

)

(

)

22

22

6.04.064  1006.04.036

tttt

-+=Þ-=


Taking the square root of the new expression and making further simplification lead to 
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Finally, using the quadratic formula, we obtain
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where the requirement of a real positive result leads to the unique answer: t = 2.2 s.

32. We adopt the positive direction choices used in the textbook so that equations such as Eq. 4-22 are directly applicable. The coordinate origin is at ground level directly below the point where the ball was hit by the racquet.

(a) We want to know how high the ball is above the court when it is at x = 12.0 m. First, Eq. 4-21 tells us the time it is over the fence:
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At this moment, the ball is at a height (above the court) of


[image: image19.wmf](

)

2

000

1

sin1.10m

2

yyvtgt

q

=+-=


which implies it does indeed clear the 0.90 m high fence.

(b) At t = 0.508 s, the center of the ball is (1.10 m – 0.90 m) = 0.20 m above the net.

(c) Repeating the computation in part (a) with 0 = –5.0° results in t = 0.510 s and 
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(d) In the situation discussed in part (c), the distance between the top of the net and the center of the ball at t = 0.510 s is 0.90 m – 0.040 m = 0.86 m.

34. Although we could use Eq. 4-26 to find where it lands, we choose instead to work with Eq. 4-21 and Eq. 4-22 (for the soccer ball) since these will give information about where and when and these are also considered more fundamental than Eq. 4-26. With y = 0, we have
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Then Eq. 4-21 yields x = (v0 cos 0)t = 38.7 m. Thus, using Eq. 4-8, the player must have an average velocity of
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which means his average speed (assuming he ran in only one direction) is 5.8 m/s.



40. We adopt the positive direction choices used in the textbook so that equations such as Eq. 4-22 are directly applicable. The initial velocity is horizontal so that 
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.  Converting to SI units, this is v0 = 44.7 m/s.

(a) With the origin at the initial point (where the ball leaves the pitcher’s hand), the y coordinate of the ball is given by 
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, and the x coordinate is given by x = v0t. From the latter equation, we have a simple proportionality between horizontal distance and time, which means the time to travel half the total distance is half the total time. Specifically, if x = 18.3/2 m, then t = (18.3/2 m)/(44.7 m/s) = 0.205 s.

(b) And the time to travel the next 18.3/2 m must also be 0.205 s. It can be useful to write the horizontal equation as x = v0t in order that this result can be seen more clearly.

(c) From 
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, we see that the ball has reached the height of  
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at the moment the ball is halfway to the batter.

(d) The ball’s height when it reaches the batter is 
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, which, when subtracted from the previous result, implies it has fallen another 0.615 m. Since the value of y is not simply proportional to t, we do not expect equal time-intervals to correspond to equal height-changes; in a physical sense, this is due to the fact that the initial y-velocity for the first half of the motion is not the same as the “initial” y-velocity for the second half of the motion.

42. In this projectile motion problem, we have v0 = vx = constant, and what is plotted is 
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 We infer from the plot that at t = 2.5 s, the ball reaches its maximum height, where vy = 0. Therefore, we infer from the graph that vx = 19 m/s.

(a) During t = 5 s, the horizontal motion is x – x0 = vxt = 95 m.

(b) Since 
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 (the first point on the graph), we find 
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 to solve. Here we will use the latter:
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where we have taken y0 = 0 as the ground level.

47. We adopt the positive direction choices used in the textbook so that equations such as Eq. 4-22 are directly applicable. The coordinate origin is at ground level directly below impact point between bat and ball. The Hint given in the problem is important, since it provides us with enough information to find v0 directly from Eq. 4-26.

(a) We want to know how high the ball is from the ground when it is at x = 97.5 m, which requires knowing the initial velocity. Using the range information and 0 = 45°, we use Eq. 4-26 to solve for v0:
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Thus, Eq. 4-21 tells us the time it is over the fence:
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At this moment, the ball is at a height (above the ground) of
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which implies it does indeed clear the 7.32 m high fence.

(b) At t = 4.26 s, the center of the ball is 9.88 m – 7.32 m = 2.56 m above the fence.

51. We adopt the positive direction choices used in the textbook so that equations such as Eq. 4-22 are directly applicable. The coordinate origin is at the point where the ball is kicked. We use x and y to denote the coordinates of ball at the goalpost, and try to find the kicking angle(s) 0 so that y = 3.44 m when x = 50 m. Writing the kinematic equations for projectile motion: 
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we see the first equation gives t = x/v0 cos 0, and when this is substituted into the second the result is
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One may solve this by trial and error: systematically trying values of 0 until you find the two that satisfy the equation. A little manipulation, however, will give an algebraic solution: Using the trigonometric identity 1 / cos2 0 = 1 + tan2 0, we obtain
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which is a second-order equation for tan 0. To simplify writing the solution, we denote
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Then the second-order equation becomes c tan2 0 – x tan 0 + y + c = 0.  Using the quadratic formula, we obtain its solution(s).
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The two solutions are given by tan 0 = 1.95 and tan 0 = 0.605. The corresponding (first-quadrant) angles are 0 = 63° and 0 = 31°. Thus,

(a) The smallest elevation angle is 0 = 31°, and 

(b) The greatest elevation angle is 0 = 63°.

If kicked at any angle between these two, the ball will travel above the cross bar on the goalposts.

61. The magnitude of centripetal acceleration (a = v2/r) and its direction (towards the center of the circle) form the basis of this problem.

(a) If a passenger at this location experiences 
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 east, then the center of the circle is east of this location. The distance is r = v2/a = (3.66 m/s)2/(1.83 m/s2) = 7.32 m. 
(b) Thus, relative to the center, the passenger at that moment is located 7.32 m toward the west.

(c) If the direction of 
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 experienced by the passenger is now south—indicating that the center of the merry-go-round is south of him, then relative to the center, the passenger at that moment is located 7.32 m toward the north.

70. We use Eq. 4-44, noting that the upstream corresponds to the 
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(a) The subscript b is for the boat, w is for the water, and g is for the ground.
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Thus, the magnitude is 
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(b) The direction of 
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is +x, or upstream.

(c) We use the subscript c for the child, and obtain
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The magnitude is 
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(d) The direction of 
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is x, or downstream.

71. While moving in the same direction as the sidewalk’s motion (covering a distance d relative to the ground in time t1 = 2.50 s), Eq. 4-44 leads to
vsidewalk + vman running =  EQ \f(d, t1)  .

While he runs back (taking time t2 = 10.0 s) we have

vsidewalk  vman running =  EQ \f(d, t2)  .

Dividing these equations and solving for the desired ratio, we get   EQ \f(12.5,7.5)  =   EQ \f(5,3)  = 1.67.
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