Chapter 4


11. Walker3 4.P.050. [544504] Show DetailsA train moving with a constant velocity travels 120 m north in 12 s and an undetermined distance to the west. The speed of the train is 26 m/s. (a) Find the direction of the train's motion relative to north.[image: image1.png]


67.4° west of north. (b) How far west has the train traveled in this time? [image: image2.png]


288 m

[Answer]

Distance traveled = 26m/s *12s = 312 m

Displacement along north = 120m

(a) Angle relative to north = arccos ( 120m/312m) = 67.4°
(b) Displacement along west = 312m * sin (67.4°) = 288 m
12. Walker3 4.P.051. [544514] Show Details A hummingbird is flying in such a way that it is initially moving vertically with a speed of 5.1 m/s and accelerating horizontally at 11.0 m/s2. Assume the bird's acceleration remains constant for the time interval of interest. 

[image: image3.png]



(a) Find the x component of the hummingbird's velocity at the time t = 0.45 s. 
[image: image4.png]


4.95 m/s (b) Find the y component of the hummingbird's velocity at the time t = 0.45 s. 
[image: image5.png]


5.1 m/s (c) What is the bird's direction of travel at this time relative to the positive x-axis?. [image: image6.png]


45.9° 

[Answer]

(a) Motion in x-direction starts from rest and has constant acceleration. Therefore,

   x-component of hummingbird’s velocity is = v0+a*t = 0+11.0*0.45=4.95m/s

(b) y-component = v0+a*t = 5.1 + 0*0.45 =5.1m/s (comments: well, it is also reasonable to assume a=g=-9.81m/s2). 
(c) Angle relative to x-axis = arctan ( vy/vx) = 45.9°



13. Walker3 4.P.053. [544631] Show Details A hot air balloon rises from the ground with a velocity of (2.2 m/s)[image: image7.png]


. A champagne bottle is opened to celebrate takeoff, expelling the cork horizontally with a velocity of (6.0 m/s)[image: image8.png]


 relative to the balloon. When opened, the bottle is 5.8 m above the ground. (Neglect air resistance.)  (a) What is the initial velocity of the cork, as seen by an observer on the ground? [image: image9.png]


 = ( [image: image10.png]


6 m/s)[image: image11.png]


 + ( [image: image12.png]


2.2 m/s)[image: image13.png]


  (b) What is the speed of the cork, and its initial direction of motion, as seen by the same observer? 

	Speed 
	[image: image14.png]


6.39 m/s 

	Direction 
	[image: image15.png]


20.1° above horizontal


(c) Determine the maximum height above the ground attained by the cork. [image: image16.png]


6.05 m (d) How long does the cork remain in the air? [image: image17.png]


1.33 s

[Answer]

(a) Vg = Vballon + Vcork = 2.2m/s [image: image18.png]


 + 6.0m/s [image: image19.png]



(b) Speed = sqrt (2.2m/s ^2 + 6.0m/s ^2) = 6.39m/s

   Angle relative to x-axis = arctan ( 2.2 / 6.0 ) = 20.1° above horizontal

(c) yf = yi + vy,0*t – 1/2 g * t2
at maximum height, vy = 0, so the 

   yf = yi + vy,02/ (2*g) = 5.8 + 2.22/(2*9.81) = 6.05m
(d) When the cork reaches the ground, yf = 0.0 = 5.8 + 2.2*t – 4.905*t2 , therefore 

    t = ( 2.2 + sqrt(2.22-4*4.905*(-5.8))) / (2*4.905) = 1.33 s



14. Walker3 4.P.057. [544672] Show Details When the dried up seed pod of a scotch broom plant bursts open, it shoots out a seed with an initial velocity of 2.6 m/s at an angle of 60.0° above the horizontal. 

[image: image20.png]



(a) If the seed pod is 1.2 m above the ground, how long does it take for the seed to land? (Neglect air resistance.) [image: image21.png]


0.775 s (b) What horizontal distance does it cover during its flight? [image: image22.png]


1.01 m

[Answer]

(a) Similar to problem 13. 
yf = 0.0 = yi + vy,0*t – 1/2*g *t2 = 1.2 + (2.6*sin(60.0°)) * t – 4.905 *t2 , 

t must be positive, therefore t = 0.775 by solving the above the 2nd order equation
(b) xf - xi = vx,0*t = (2.6*sin(30.0°))*0.775 = 1.01 m



15. Walker3 4.P.065. [544703] Show Details The men's world record for the shot put, 23.12 m, was set by Randy Barnes of the United States on May 20, 1990. If the shot was launched from 5.70 ft above the ground at an initial angle of 44.0°, what was its initial speed? [image: image23.png]


14.5 m/s 

[Answer]

Motion in y-axis

0 = 5.70ft + v * sin44° * t – 4.905*t2, therefore t = 1.59 s
Motion in x-axis


v*cos44° * t = 23.12 m
Combined the above 2 equations


=> v = 14.5m/s



16. Walker3 4.P.072. [544644] Show Details The archerfish hunts by dislodging an unsuspecting insect from its resting place with a stream of water expelled from the fish's mouth. Suppose the archerfish squirts water with a speed of 1.2 m/s at an angle of 59.0° above the horizontal, and aims for a beetle on a leaf 3.0 cm above the water's surface. 

[image: image24.png]



(a) What is the greatest horizontal distance from which the archerfish can hit the beetle?[image: image25.png]


10.8 cm (b) How much time does the beetle have to react? [image: image26.png]


0.175 s

[Answer]

(a) yf = yi + vy,0 * t -1/2 g*t2  & d=xf-xi = vx,0 * t 
   t = ( 1.2*sin59.0° +/-sqrt((1.2*sin59.0° )2-4*(1/2 g) * 0.03) ) / (2*.(1/2 g) ) 
   flight time can be obtained from the first equation. Keep the bigger solution, t=0.175s
   d = 1.2*cos59.0° *0.175 = 0.108m = 10.8cm

(b)  t=0.175s 



17. Walker3 4.P.039. [544593] Show Details In Sussex County, Delaware, a post-Halloween tradition is "Punkin Chunkin," in which contestants build cannons, catapults, trebuchets, and other devices to launch pumpkins and compete for the greatest distance. Though hard to believe, pumpkins have been projected a distance of 4086 feet in this contest. What is the minimum initial speed needed for a shot of 3606 ft? [image: image27.png]


104 m/s


[Answer]

Rmax = v2/g =3606ft =3606*(12*0.0254)= v2/9.81m/s2 (v=104m/s



18. Walker3 4.P.048. [544675] Show Details A golfer tees off on level ground, giving the ball an initial speed of 44.0 m/s and an initial direction of 42.0° above the horizontal.

(a) How far from the golfer does the ball land? (Neglect air resistance.) [image: image28.png]


196 m
(b) The next golfer in the group hits a ball with the same initial speed but at an angle above the horizontal that is greater than 45.0°. If the second ball travels the same horizontal distance as the first ball, what was its initial direction of motion? [image: image29.png]


48° above the horizontal

[Answer]

(a) R = v2sin(2θ)/g = 44.02*sin(2*42.0°)/9.81 = 196m



19. Walker3 4.P.006. [544553] Show Details Two canoeists start paddling at the same time and head toward a small island in a lake, as shown in Figure 4-15. Canoeist 1 paddles with a speed of 1.45 m/s at an angle of 45° north of east. Canoeist 2 starts on the opposite shore of the lake, a distance d = 1.59 km due east of canoeist 1.

[image: image30.png]



Figure 4-15

(a) In what direction relative to north must canoeist 2 paddle to reach the island?[image: image31.png]


30.5° (west of north) (b) What speed must canoeist 2 have if the two canoes are to arrive at the island at the same time? [image: image32.png]


1.19 m/s

[Answer]

(a) angle = arctan ( (d-1.0)/1.0) = 30.5°
(b) t1 = sqrt(12+12)/14.5 = t2 = sqrt(12+(d-1.0)2)/v2 => v2 = 1.19m/s’



20. Walker3 4.P.004. [544691] Show Details A particle passes through the origin with a velocity of (7.2 m/s) [image: image33.png]


. The particle's acceleration is -(3.6 m/s2) [image: image34.png]


. (a) What are its x and y positions after 5.5 s? [image: image35.png]


-54.5 m (x position) [image: image36.png]


39.6 m (y position) (b) What are vx and vy at this time? [image: image37.png]


-19.8 m/s (vx) [image: image38.png]


7.2 m/s (vy) (c) Does the speed of this particle increase with time, decrease with time, or increase and then decrease? [image: image39.png]


increase with time 

[Answer]

(a) xf = xi + vx,0*t + 1/2 *ax*t2 = 0+0+1/2*(-3.6)*5.52 = -54.5m
   yf = yi + vy,0*t = 0 + 7.2 * 5.5 = 39.6m

(b) v​x = vx,0 + ax*t = 0 + (-3.6)*5.5 = -19.8 m/s
   vy = 7.2 m/s
(c) increase
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