
Physics 103


Assignment 1

1.2.
Identify:   Convert volume units from L to 
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Evaluate:   
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 is greater than 
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1 cm,

 so the volume in 
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 is a smaller number than the volume in 
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 which is 
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1.3.
Identify:   We know the speed of light in m/s. 
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 Convert 1.00 ft to m and t from s to ns.

Set Up:   The speed of light is 
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Execute:    
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Evaluate:   In 1.00 s light travels 
[image: image15.wmf]855
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1.5.
Identify:   Convert volume units from 
[image: image16.wmf]3
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 to L.

Set Up:   
[image: image17.wmf]3
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Execute:   
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Evaluate:   The volume is 
[image: image20.wmf]3

5360 cm.

 
[image: image21.wmf]3

1 cm

is less than 
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 so the volume in 
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1.9.
Identify:   Convert miles/gallon to km/L.

Set Up:   
[image: image25.wmf]1 mi1609 km.
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Execute:   (a) 
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(b) The volume of gas required is 
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Evaluate:   
[image: image30.wmf]1 mi/gal0425 km/L.
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 A km is very roughly half a mile and there are roughly 4 liters in a gallon, so 
[image: image31.wmf]2
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 which is roughly our result.


1.10.
Identify:   Convert units.

Set Up:   Use the unit conversions given in the problem. Also, 
[image: image32.wmf]100 cm1 m
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Execute:   (a) 
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(b) 
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(c) 
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Evaluate:   The relations 
[image: image37.wmf]60 mi/h88 ft/s
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and 
[image: image38.wmf]333
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are exact. The relation 
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is accurate to only two significant figures.


1.13.
Identify:   The percent error is the error divided by the quantity.

Set Up:   The distance from Berlin to Paris is given to the nearest 10 km.


Execute:   (a) 
[image: image40.wmf]3
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(b) Since the distance was given as 890 km, the total distance should be 890,000 meters. We know the total distance to only three significant figures.

Evaluate:   In this case a very small percentage error has disastrous consequences.


1.16.
Identify:   Estimate the number of people and then use the estimates given in the problem to calculate the number of gallons.

Set Up:   Estimate 
[image: image41.wmf]8
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people, so 
[image: image42.wmf]8
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Execute:   
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Evaluate:   The number of gallons of gas used each day approximately equals the population of the U.S.


1.17.
Identify:   Express 200 kg in pounds. Express each of 200 m, 200 cm and 200 mm in inches. Express 200 months in years.

Set Up:   A mass of 1 kg is equivalent to a weight of about 2.2 lbs.
[image: image45.wmf]1 in254 cm.
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Execute:   (a) 200 kg is a weight of 440 lb. This is much larger than the typical weight of a man.

(b) 
[image: image47.wmf]43
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 This is much greater than the height of a person.

(c) 
[image: image48.wmf]200 cm200 m79 inches66 ft.
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 Some people are this tall, but not an ordinary man.

(d) 
[image: image49.wmf]200 mm0200 m79 inches.
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 This is much too short.

(e) 
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 This is the age of a teenager; a middle-aged man is much older than this.

Evaluate:   None are plausible. When specifying the value of a measured quantity it is essential to give the units in which it is being expressed.


1.20.
Identify:   Approximate the number of breaths per minute. Convert minutes to years and 
[image: image51.wmf]3
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to 
[image: image52.wmf]3

m

to find the volume in 
[image: image53.wmf]3
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breathed in a year.

Set Up:   Assume 
[image: image54.wmf]10 breaths/min.
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where r is the radius and d is the diameter. Don’t forget to account for four astronauts.

Execute:   (a) The volume is 
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(b) 
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Evaluate:   Our estimate assumes that each 
[image: image61.wmf]3

cm

of air is breathed in only once, where in reality not all the oxygen is absorbed from the air in each breath. Therefore, a somewhat smaller volume would actually be required.


1.24.
Identify:   Estimate the diameter of a drop and from that calculate the volume of a drop, in 
[image: image62.wmf]3
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 Convert 
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to L.

Set Up:   Estimate the diameter of a drop to be 
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 The volume of a spherical drop is 
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Execute:   
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 The number of drops in 1.0 L is 
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5

33

1000 cm

210

410 cm

-

=´

´


Evaluate:   Since 
[image: image68.wmf]3
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 if our estimate of the diameter of a drop is off by a factor of 2 then our estimate of the number of drops is off by a factor of 8.


1.27.
Identify:   Draw each subsequent displacement tail to head with the previous displacement. The resultant displacement is the single vector that points from the starting point to the stopping point.

Set Up:   Call the three displacements 
[image: image69.wmf],
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Execute:   The vector addition diagram is given in Figure 1.27. Careful measurement gives that 
[image: image74.wmf]R
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Evaluate:   The magnitude of the resultant displacement, 7.8 km, is less than the sum of the magnitudes of the individual displacements, 
[image: image76.wmf]26 km40 km31 km.
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	Figure 1.27



1.28.
Identify:   Draw the vector addition diagram to scale.

Set Up:   The two vectors 
[image: image78.wmf]A
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and 
[image: image79.wmf]B
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are specified in the figure that accompanies the problem.

Execute:   (a) The diagram for 
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is given in Figure 1.28a. Measuring the length and angle of 
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and an angle of 
[image: image83.wmf]34.

q

=°


(b) The diagram for 
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 is given in Figure 1.28b. Measuring the length and angle of 
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(c) 
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(d) 
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Evaluate:   The vector 
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	Figure 1.28



1.31.
Identify:   For each vector 
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 use that 
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Set Up:   For 
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Execute:   
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Evaluate:   The signs of the components correspond to the quadrant in which the vector lies.

1.34.
Identify:   Find the vector sum of the three given displacements.

Set Up:   Use coordinates for which 
[image: image124.wmf]x
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 is east and 
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 is north. The driver’s vector displacements are: 
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Execute:   
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 This result is confirmed by the sketch in Figure 1.34.

Evaluate:   Both 
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 is in the first quadrant.
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	Figure 1.34



1.35.
Identify:   If 
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Set Up:   From Figure E1.28 in the textbook,
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Execute:   (a) 
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Evaluate:   These results agree with those calculated from a scale drawing in Problem 1.28.


1.36.
Identify:   Use Equations (1.7) and (1.8) to calculate the magnitude and direction of each of the given vectors.

Set Up:   A sketch of 
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Execute:   (a) 
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(c) 
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Evaluate:   In each case the angle is measured counterclockwise from the 
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 axis. Our results for 
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 agree with our sketches.


1.37.
Identify:   Vector addition problem. We are given the magnitude and direction of three vectors and are asked to find their sum.
Set Up:   
	[image: image184.jpg]
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	Figure 1.37a
	
	


Select a coordinate system where 
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 Find the x and y components of each vector; add them to find the components of the resultant. Then the magnitude and direction of the resultant can be found from its x and y components that we have calculated. As always it is essential to draw a sketch.

Execute:   
	[image: image197.jpg]
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	Figure 1.37b
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	Figure 1.37c
	
	


The angle 
[image: image211.wmf]q

 measured counterclockwise from the 
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 In terms of compass directions, the resultant displacement is 
[image: image213.wmf]31.1 N
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Evaluate:   
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 is in 2nd quadrant. This agrees with the vector addition diagram.


1.43.
Identify:   Use trig to find the components of each vector. Use Eq. (1.11) to find the components of the vector sum. Eq. (1.14) expresses a vector in terms of its components.

Set Up:   Use the coordinates in the figure that accompanies the problem.

Execute:   (a) 
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(240 m)cos300(240 m)sin300(208 m)(120 m)

=-..°-..°=-.+-.

Bijij

r



[image: image219.wmf]ˆˆˆˆ

() (300)(400)(300)(123 m)(300)(338 m)(40

0)(208 m)(400)(120 m)

ˆˆ

(1201 m)(1494)

=. -.=..+..-.-.-.-.

=.+.

b

CABijij

ij

rr

r


(c) From Equations (1.7) and (1.8),


[image: image220.wmf]22

1494 m

(1201 m)(1494 m)1917 m, arctan 512

1201 m

C

.

æö

=.+.=.=.°
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èø

.


Evaluate:   
[image: image221.wmf]x

C

and 
[image: image222.wmf]y

C

are both positive, so 
[image: image223.wmf]q

is in the first quadrant.

1.46.
Identify:   Target variables are 
[image: image224.wmf]×

r

r

AB

 and the angle 
[image: image225.wmf]f

 between the two vectors.
Set Up:   We are given 
[image: image226.wmf]r

A

 and 
[image: image227.wmf]r

B

 in unit vector form and can take the scalar product using Eq. (1.19). The angle 
[image: image228.wmf]f

 can then be found from Eq. (1.18).
Execute:   (a) 
[image: image229.wmf]ˆˆ

4.007.00,

=+

r

Aij



 EMBED Equation.DSMT4  [image: image230.wmf]ˆˆ

5.002.00;

=-

Bij

r



 EMBED Equation.DSMT4  [image: image231.wmf] 
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 EMBED Equation.DSMT4  [image: image232.wmf]5.39.

B

=

 
[image: image233.wmf]ˆˆˆˆ

(4.007.00)(5.002.00)(4.00)(5.00)(7.00)(2
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×=+×-=+-=

ABijij

r

r



 EMBED Equation.DSMT4  [image: image234.wmf] 
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(b) 
[image: image235.wmf]6.00

cos0.1382;

(8.06)(5.39)

AB

f

×

===

r

r

AB



 EMBED Equation.DSMT4  [image: image236.wmf] 

f
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Evaluate:   The component of 
[image: image237.wmf]r

B

 along 
[image: image238.wmf]r

A

 is in the same direction as 
[image: image239.wmf],

r

A

 so the scalar product is positive and the angle 
[image: image240.wmf]f

 is less than 
[image: image241.wmf] 

9

0

°

.



1.47.
Identify:   For all of these pairs of vectors, the angle is found from combining Eqs. (1.18) and (1.21), 
to give the angle
[image: image242.wmf]f

 as 
[image: image243.wmf]arccosarccos.

xxyy

ABAB

ABAB

f

+

æö

æö

×

==

ç÷

ç÷

ç÷

èø

èø

r

r

AB


Set Up:   Eq. (1.14) shows how to obtain the components for a vector written in terms of unit vectors.

Execute:   (a) 
[image: image244.wmf]22,40,13,

AB

×=- = =

AB

r

r

 and so 
[image: image245.wmf]22

arccos165.

4013

f

-

æö

==°

ç÷

èø


(b) 
[image: image246.wmf]60,34,136,

AB

×===

AB

r

r



 EMBED Equation.DSMT4  [image: image247.wmf]60

arccos28.

34136

f

æö

==°
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èø


(c) 
[image: image248.wmf]0

×=

AB

r

r

 and 
[image: image249.wmf]90.

f

=°


Evaluate:   If 
[image: image250.wmf]0,

×>

r

r

AB



 EMBED Equation.DSMT4  [image: image251.wmf]090.

f

£<°

 If 
[image: image252.wmf]0,

×<

r

r

AB



 EMBED Equation.DSMT4  [image: image253.wmf]90180.

f

°<£°

 If 
[image: image254.wmf]0,

×=

r

r

AB



 EMBED Equation.DSMT4  [image: image255.wmf]90

f

=°

 and the two vectors are perpendicular.

1.48.
Identify:   Target variable is the vector 
[image: image256.wmf]´

AB

r

r

 expressed in terms of unit vectors.
Set Up:   We are given 
[image: image257.wmf]r

A

 and 
[image: image258.wmf]r

B

 in unit vector form and can take the vector product using Eq. (1.24).
Execute:   
[image: image259.wmf]ˆˆ

4.007.00,

=+

Aij

r

 
[image: image260.wmf]ˆˆ

5.002.00.

=-

Bij

r



[image: image261.wmf]ˆˆˆˆˆˆˆˆˆˆˆˆ

(4.007.00)(5.002.00)20.08.0035.014.0.

´=+´-=´-´+´-´

ABijijiiijjijj

r

r

 But 
[image: image262.wmf]ˆˆˆˆ

0

´=´=

iijj

 and 
[image: image263.wmf]ˆˆˆ

,

´=

ijk



 EMBED Equation.DSMT4  [image: image264.wmf]ˆˆˆ

,

´=-

jik

 so 
[image: image265.wmf]ˆˆˆ

8.0035.0()43.0.

´=-+-=-

ABkkk

r

r

 The magnitude of 
[image: image266.wmf]´

AB

r

r

 is 43.0.
Evaluate:   Sketch the vectors 
[image: image267.wmf]A

r

 and 
[image: image268.wmf]B

r

 in a coordinate system where the xy-plane is in the plane of the paper and the z-axis is directed out toward you. By the right-hand rule 
[image: image269.wmf]´

AB

r

r

 is directed into the plane of the paper, in the 
[image: image270.wmf]-direction.

z

-

 This agrees with the above calculation that used unit vectors.
	[image: image271.jpg]




	Figure 1.48



1.50.
Identify:   The right-hand rule gives the direction and Eq. (1.22) gives the magnitude.

Set Up:   
[image: image272.wmf]1200.

f

=.°


Execute:   (a) The direction of 
[image: image273.wmf]´

AB

r

r

is into the page (the 
[image: image274.wmf]-direction

z

-

). The magnitude of the vector product is 
[image: image275.wmf]2

sin(280cm)(190cm)sin120461cm.

AB

f

=..°=.


(b) Rather than repeat the calculations, Eq. (1.23) may be used to see that 
[image: image276.wmf]´

BA

r

r

 has magnitude 
[image: image277.wmf]2

4.61cm

 and is in the 
[image: image278.wmf]-direction

z

+

 (out of the page).

Evaluate:   For part (a) we could use Eq. (1.27) and note that the only non-vanishing component is 
[image: image279.wmf](280 cm)cos600(190 cm)sin60

zxyyx

CABAB

=-=..°-.°



[image: image280.wmf]2

        (280 cm)sin600(190 cm)cos600461 

cm.

-..°..°=.

2


This gives the same result.

1.66.
Identify:   Let 
[image: image281.wmf]D

r

 be the fourth force. Find 
[image: image282.wmf]D

r

such that 
[image: image283.wmf]0,

+++=

rr

rr

ABCD

 so 
[image: image284.wmf]().

=-++

rr

rr

DABC


Set Up:   Use components and solve for the components 
[image: image285.wmf]x

D

and 
[image: image286.wmf]y

D

of 
[image: image287.wmf].

D

r


Execute:   
[image: image288.wmf]cos300866N,  sin3005000N.

xy

AAAA

=+.°=+.=+.°=+.



[image: image289.wmf]sin3004000N, cos3006928N.

xy

BBBB

=-.°=-.=+.°=+.



[image: image290.wmf]cos5302407N, sin5303190N.

xy

CCCC

=-.°=-.=-.°=-.


Then 
[image: image291.wmf]2253N,

x

D

=-.



 EMBED Equation.DSMT4  [image: image292.wmf]8734N

y

D

=-.

 and 
[image: image293.wmf]22

902 N.

xy

DDD

=+=.



 EMBED Equation.DSMT4  [image: image294.wmf]tan|/|8734/2253.

yx

DD

a

==..

 
[image: image295.wmf]7554.

a

=.°

 
[image: image296.wmf]180256,

fa

=°+=°

 counterclockwise from the 
[image: image297.wmf]-axis

x

+.


Evaluate:   As shown in Figure 1.66, since 
[image: image298.wmf]x

D

and 
[image: image299.wmf]y

D

are both negative, 
[image: image300.wmf]D

r

 must lie in the third quadrant.
	[image: image301.jpg]




	Figure 1.66
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