Physics 103


Assignment 3

3.2.
Identify:   Use Eq. (3.2), written in component form. The distance from the origin is the magnitude of 
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3.3.
(a) Identify and Set Up:   From 
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 we can calculate x and y for any t.

Then use Eq. (3.2), in component form.
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	Figure 3.3a
	
	


Evaluate:   Both x and y increase, so 
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 is in the 1st quadrant.

(b) Identify and Set Up:   Calculate 
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(c) The trajectory is a graph of y versus x.
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For values of t between 0 and 2.0 s, calculate x and y and plot y versus x.
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	Figure 3.3b


Evaluate:   The sketch shows that the instantaneous velocity at any t is tangent to the trajectory.

3.5.
Identify and Set Up:   Use Eq. (3.8) in component form to calculate 
[image: image47.wmf]av

()

x

a

 and 
[image: image48.wmf]av

().

y

a


Execute:   (a) The velocity vectors at 
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 are shown in Figure 3.5a.
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	Figure 3.5a


(b) 
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	(c)
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	Figure 3.5b
	
	


Evaluate:   The changes in 
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 are both in the negative x or y direction, so both components of 
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3.10.
Identify:   The person moves in projectile motion. She must travel 1.75 m horizontally during the time she falls 9.00 m vertically.

Set Up:   Take 
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 downward. 
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Execute:   Time to fall 9.00 m: 
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Speed needed to travel 1.75 m horizontally during this time: 
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Evaluate:   If she increases her initial speed she still takes 1.36 s to reach the level of the ledge, but has traveled horizontally farther than 1.75 m.


3.12.
Identify:   The football moves in projectile motion.

Set Up:   Let 
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 be upward. 
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Execute:   (a) 
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(b) Different constant acceleration equations give different expressions but the same numerical result: 
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(c) Regardless of how the algebra is done, the time will be twice that found in part (a), which is 
2(1.224 s) = 2.45 s.
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(e) The graphs are sketched in Figure 3.12.

Evaluate:   When the football returns to its original level, 
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	Figure 3.12



3.16.
Identify:   The shell moves in projectile motion.
Set Up:   Let 
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 be horizontal, along the direction of the shell’s motion, and let 
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Execute:   (a) 
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(b) At the maximum height 
[image: image88.wmf]0.

=

y

v

 
[image: image89.wmf] 

 

v

y

=

v

0

y

+

a

y

t

gives 
[image: image90.wmf]0

2

043.3 m/s

4.42 s.

9.80 m/s

-

-

===

-

yy

y

vv

t

a


(c) 
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(d) The total time in the air is twice the time to the maximum height, so 
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Evaluate:   The equation for the horizontal range R derived in the text is 
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3.18.
Identify:   The shot moves in projectile motion.

Set Up:   Let 
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 be upward.
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(d) The initial and final heights are not the same.

(e) With 
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(f) The graphs are sketched in Figure 3.18.

Evaluate:   When the shot returns to its initial height, 
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 The shot continues to accelerate downward as it travels downward 1.81 m to the ground and the magnitude of 
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	Figure 3.18



3.19.
Identify:   Take the origin of coordinates at the point where the quarter leaves your hand and take positive y to be upward. The quarter moves in projectile motion, with 
[image: image112.wmf]0,

x

a

=

 and 
[image: image113.wmf]y

ag

=-.

 It travels vertically for the time it takes it to travel horizontally 2.1 m.
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	Figure 3.19
	
	


(a) Set Up:   Use the horizontal (x-component) of motion to solve for t, the time the quarter travels through the air:
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Set Up:   Now find the vertical displacement of the quarter after this time:
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(b) Set Up:   
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Evaluate:   The minus sign for 
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3.21.
Identify:   Take the origin of coordinates at the roof and let the 
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 Apply constant acceleration equations for the x and y components of the motion.
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	Figure 3.21a
	
	


(a) At the maximum height 
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(b) Set Up:   Find the velocity by solving for its x and y components.
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 is negative because at the ground the rock is traveling downward.)
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(c) Set Up:   Use the vertical motion (y-component) to find the time the rock is in the air:
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Set Up:   Can use this t to calculate the horizontal range:
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(d) Graphs of x versus t, y versus t, 
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	Figure 3.21b


Evaluate:   The time it takes the rock to travel vertically to the ground is the time it has to travel horizontally. With 
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[image: image179.wmf](0)

y

=

 is 
[image: image180.wmf]0

2/3.33s.

==

y

tvg

 The time in the air is greater than this because the rock travels an additional 15.0 m to the ground.


3.25.
Identify:   Apply Eq. (3.30).

Set Up:   
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(b) Solving Eq. (3.30) for the period T with 
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Evaluate:   
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3.27.
Identify:   For the curved lowest part of the dive, the pilot’s motion is approximately circular. We know the pilot’s acceleration and the radius of curvature, and from this we want to find the pilot’s speed.
Set Up:   
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Evaluate:   This speed is reasonable for the type of plane flown by a test pilot.

3.28.
Identify:   Each planet moves in a circular orbit and therefore has acceleration 
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Set Up:   The radius of the earth’s orbit is 
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Evaluate:   Mercury has a larger orbital velocity and a larger radial acceleration than earth.


3.29.
Identify:   Uniform circular motion.

Set Up:   Since the magnitude of 
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==
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 and the resultant acceleration is equal to the radial component. At each point in the motion the radial component of the acceleration is directed in toward the center of the circular path and its magnitude is given by 
[image: image207.wmf]2
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Execute:   (a) 
[image: image208.wmf]22
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v

a

R

.

===.

.

 upward.

(b) The radial acceleration has the same magnitude as in part (a), but now the direction toward the center of the circle is downward. The acceleration at this point in the motion is 
[image: image209.wmf]2

350 m/s,

.

 downward.

(c) Set Up:   The time to make one rotation is the period T, and the speed v is the distance for one revolution divided by T.

Execute:   
[image: image210.wmf]2
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 so 
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Evaluate:   The radial acceleration is constant in magnitude since v is constant and is at every point in the motion directed toward the center of the circular path. The acceleration is perpendicular to 
[image: image212.wmf]v

r

 and is nonzero because the direction of 
[image: image213.wmf]v

r

 changes.


3.31.
Identify:   Relative velocity problem. The time to walk the length of the moving sidewalk is the length divided by the velocity of the woman relative to the ground.

Set Up:   Let W stand for the woman, G for the ground and S for the sidewalk. Take the positive direction to be the direction in which the sidewalk is moving.

The velocities are 
[image: image214.wmf]W/G

v

 (woman relative to the ground), 
[image: image215.wmf]W/S

v

 (woman relative to the sidewalk), and 
[image: image216.wmf]S/G

v

 (sidewalk relative to the ground).

Eq. (3.33) becomes 
[image: image217.wmf]W/GW/SS/G

vvv
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The time to reach the other end is given by 
[image: image218.wmf]W/G
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t
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Execute:   (a) 
[image: image219.wmf]S/G

10 m/s

v

=.



[image: image220.wmf]W/S
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(b) 
[image: image223.wmf]S/G
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 (Since 
[image: image226.wmf]W/G

v

 now is negative, she must get on the moving sidewalk at the opposite end from in part (a).)
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Evaluate:   Her speed relative to the ground is much greater in part (a) when she walks with the motion of the sidewalk.


3.32.
Identify:   The relative velocities are 
[image: image228.wmf]S/F
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v

r

 the velocity of the scooter relative to the flatcar, 
[image: image229.wmf]S/G

,
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 the scooter relative to the ground and 
[image: image230.wmf]F/G

,
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 the flatcar relative to the ground. 
[image: image231.wmf]S/GS/FF/G

.
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 Carry out the vector addition by drawing a vector addition diagram.

Set Up:   
[image: image232.wmf]S/FS/GF/G

.

=-

vvv

rrr

 
[image: image233.wmf]F/G

v
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 is to the right, so 
[image: image234.wmf]F/G
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v
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 is to the left.

Execute:   In each case the vector addition diagram gives

(a) 
[image: image235.wmf]50 m/s

.

 to the right

(b) 16.0 m/s to the left

(c) 
[image: image236.wmf]130 m/s

.

 to the left.

Evaluate:   The scooter has the largest speed relative to the ground when it is moving to the right relative to the flatcar, since in that case the two velocities 
[image: image237.wmf]S/F

v

r

 and 
[image: image238.wmf]F/G

v
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 are in the same direction and their magnitudes add.


3.33.
Identify:   Apply the relative velocity relation.

Set Up:   The relative velocities are 
[image: image239.wmf]C/E

,

v

r

 the canoe relative to the earth, 
[image: image240.wmf]R/E

,
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r

 the velocity of the river relative to the earth and 
[image: image241.wmf]C/R

,
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r

 the velocity of the canoe relative to the river.

Execute:   
[image: image242.wmf]C/EC/RR/E
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 and therefore 
[image: image243.wmf]C/RC/ER/E
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 The velocity components of 
[image: image244.wmf]C/R
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 are 
[image: image245.wmf]0.50 m/s(0.40 m/s)/2, east and (0.40 m/s

)/2, south,
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 for a velocity relative to the river of 0.36 m/s, at 
[image: image246.wmf]525

.°

 south of west.

Evaluate:   The velocity of the canoe relative to the river has a smaller magnitude than the velocity of the canoe relative to the earth.


3.35.
Identify:   Relative velocity problem in two dimensions. His motion relative to the earth (time displacement) depends on his velocity relative to the earth so we must solve for this velocity.

(a) Set Up:   View the motion from above.
	[image: image247.png]



	
	The velocity vectors in the problem are:


[image: image248.wmf]M/E

,

v

r

 the velocity of the man relative to the earth


[image: image249.wmf]W/E

,
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 the velocity of the water relative to the earth


[image: image250.wmf]M/W

,

v

r

 the velocity of the man relative to the water

The rule for adding these velocities is


[image: image251.wmf]M/EM/WW/E
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	Figure 3.35a
	
	


The problem tells us that 
[image: image252.wmf]W/E

v

r

 has magnitude 2.0 m/s and direction due south. It also tells us that 
[image: image253.wmf]M/W

v

r

 has magnitude 4.2 m/s and direction due east. The vector addition diagram is then as shown in Figure 3.35b.
	[image: image254.png]W/[E
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	This diagram shows the vector addition


[image: image255.wmf]M/EM/WW/E

=+

vvv

rrr

 

and also has 
[image: image256.wmf]M/W

v

r

 and 
[image: image257.wmf]W/E

v

r

 in their specified directions. Note that the vector diagram forms a right triangle.

	Figure 3.35b
	
	


The Pythagorean theorem applied to the vector addition diagram gives 
[image: image258.wmf]222
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Execute:   
[image: image259.wmf]2222
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[image: image261.wmf]65;
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 or 
[image: image262.wmf]9025
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 The velocity of the man relative to the earth has magnitude 4.7 m/s and direction 
[image: image263.wmf]25 S

°

 of E.

(b) This requires careful thought. To cross the river the man must travel 800 m due east relative to the earth. The man’s velocity relative to the earth is 
[image: image264.wmf]M/E
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v
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 But, from the vector addition diagram the eastward component of 
[image: image265.wmf]M/E

v

 equals 
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Thus 
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(c) The southward component of 
[image: image268.wmf]M/E

v
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 equals 
[image: image269.wmf]W/E
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 Therefore, in the 190 s it takes him to cross the river, the distance south the man travels relative to the earth is


[image: image270.wmf]0
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Evaluate:   If there were no current he would cross in the same time, 
[image: image271.wmf](800 m)/(42 m/s)190 s

.=.

 The current carries him downstream but doesn’t affect his motion in the perpendicular direction, from bank to bank.

3.39.
Identify:   The resultant velocity, relative to the ground, is directly southward. This velocity is the sum of the velocity of the bird relative to the air and the velocity of the air relative to the ground.

Set Up:   
[image: image272.wmf]B/A

100 km/h.
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[image: image273.wmf]A/G

40 km/h, east.

=

r

v

 
[image: image274.wmf]B/GB/AA/G
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Execute:   We want 
[image: image275.wmf]B/G

r

v

 to be due south. The relative velocity addition diagram is shown in 
Figure 3.39.

	[image: image276.jpg]UB/G






	Figure 3.39


(a) 
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(b) 
[image: image279.wmf]22
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500 km

55 h.

917 km/h

d

t

v

===.

.


Evaluate:   The speed of the bird relative to the ground is less than its speed relative to the air. Part of its velocity relative to the air is directed to oppose the effect of the wind.


3.58.
Identify:   While the hay falls 150 m with an initial upward velocity and with a downward acceleration of g, it must travel a horizontal distance (the target variable) with constant horizontal velocity.

Set Up:   Use coordinates with 
[image: image281.wmf]y

+

 upward and 
[image: image282.wmf]x

+

 horizontal. The bale has initial velocity components 
[image: image283.wmf]000
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 and 
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 The equation 
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 applies to the vertical motion and a similar equation to the horizontal motion.

Execute:   Use the vertical motion to find t: 
[image: image288.wmf]2
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 gives 
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 The quadratic formula gives 
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 The physical value is the positive one, and 
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Evaluate:   If the airplane maintains constant velocity after it releases the bales, it will also travel horizontally 630 m during the time it takes the bales to fall to the ground, so the airplane will be directly over the impact spot when the bales land.


3.68.
Identify:   The rock moves in projectile motion.

Set Up:   Let 
[image: image293.wmf]y

+

 be upward. 
[image: image294.wmf]0,
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 Eqs. (3.22) and (3.23) give 
[image: image296.wmf]x

v

 and 
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Execute:   Combining Eqs. 3.25, 3.22 and 3.23 gives
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 where Eq. (3.21) has been used to eliminate t in favor of y. For the case of a rock thrown from the roof of a building of height h, the speed at the ground is found by substituting 
[image: image300.wmf]yh
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 into the above expression, yielding 
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 which is independent of 
[image: image302.wmf]0
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Evaluate:   This result, as will be seen in the chapter dealing with conservation of energy (Chapter 7), is valid for any y, positive, negative or zero, as long as 
[image: image303.wmf]2
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3.84.
Identify:   Both the bolt and the elevator move vertically with constant acceleration.

Set Up:   Let 
[image: image304.wmf]y

+

 be upward and let 
[image: image305.wmf]0
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 at the initial position of the floor of the elevator, so 
[image: image306.wmf]0
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 for the bolt is 3.00 m.

Execute:   (a) The position of the bolt is 
[image: image307.wmf]22
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 and the position of the floor is (2.50 m/s)t. Equating the two, 
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 Therefore, 
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(b) The velocity of the bolt is 
[image: image310.wmf]2
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 relative to earth, therefore, relative to an observer in the elevator 
[image: image311.wmf]517 m/s250m/s767m/s
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(c) As calculated in part (b), the speed relative to earth is 5.17 m/s.

(d) Relative to earth, the distance the bolt traveled is 
[image: image312.wmf]2222
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Evaluate:   As viewed by an observer in the elevator, the bolt has 
[image: image313.wmf]0
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 so in 0.782 s it falls 
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