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UNITS, PHYSICAL QUANTITIES AND VECTORS 

 1.1. IDENTIFY : Convert units from mi to km and from km to ft. 

SET UP: 1 in. 2.54 cm, 1 km = 1000 m, 12 in. 1 ft, 1 mi = 5280 ft. 

EXECUTE : (a) 
2 3

5280 ft 12 in. 2.54 cm 1 m 1 km
1.00 mi (1.00 mi) 1.61 km

1 mi 1 ft 1 in. 10  cm 10  m
 

(b) 
3 2

310  m 10  cm 1 in. 1 ft
1.00 km (1.00 km) 3.28 10  ft

1 km 1 m 2.54 cm 12 in.
 

EVALUATE : A mile is a greater distance than a kilometer. There are 5280 ft in a mile but only 3280 ft in a km. 

 1.3. IDENTIFY : We know the speed of light in m/s. /t d v. Convert 1.00 ft to m and t from s to ns. 

SET UP: The speed of light is 83.00 10  m/sv . 1 ft 0.3048 m. 91 s 10  ns. 

EXECUTE : 
9

8

0.3048 m
1.02 10  s 1.02 ns

3.00 10  m/s
t  

EVALUATE : In 1.00 s light travels 8 5 53.00 10  m 3.00 10  km 1.86 10  mi. 

 1.11. IDENTIFY : We know the density and mass; thus we can find the volume using the relation 

density mass/volume /m V . The radius is then found from the volume equation for a sphere and the result for 

the volume. 

SET UP: 3Density 19.5 g/cm and 
critical 60.0 kg.m  For a sphere 34

3
V r . 

EXECUTE : 3

critical 3

60.0 kg 1000 g
/density 3080 cm

19.5 g/cm 1.0 kg
V m . 

33 3
3 3

3080 cm 9.0 cm
4 4

V
r . 

EVALUATE : The density is very large, so the 130 pound sphere is small in size. 

  

 1.18. IDENTIFY : Estimate the number of people and then use the estimates given in the problem to calculate the 

number of gallons. 

SET UP: Estimate 83 10 people, so 82 10 cars. 

EXECUTE : Number of cars miles/car day / mi/gal gallons/day  

8 82 10  cars 10000 mi/yr/car 1 yr/365 days / 20 mi/gal 3 10  gal/day 

EVALUATE : The number of gallons of gas used each day approximately equals the population of the U.S. 

 1.21. IDENTIFY : Estimate the number of pages and the number of words per page. 

SET UP: Assuming the two-volume edition, there are approximately a thousand pages, and each page has 

between 500 and a thousand words (counting captions and the smaller print, such as the end-of-chapter exercises 

and problems). 

EXECUTE : An estimate for the number of words is about 610 . 

EVALUATE : We can expect that this estimate is accurate to within a factor of 10. 

  

 

 1.35. IDENTIFY : For each vector V
C

, use that cosxV V and sinyV V , when is the angle V
C

makes with the x  

axis, measured counterclockwise from the axis. 

SET UP: For A
C

, 270.0Á. For B
C

, 60.0Á. For C
C

, 205.0Á. For D
C

, 143.0Á. 
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EXECUTE : 0xA , 8.00 myA . 7.50 mxB , 13.0 myB . 10.9 mxC , 5.07 myC . 7.99 mxD , 

6.02 myD . 

EVALUATE : The signs of the components correspond to the quadrant in which the vector lies. 

 1.36. IDENTIFY : tan
y

x

A

A
, for measured counterclockwise from the x-axis. 

SET UP: A sketch of 
xA , yA and A

C
tells us the quadrant in which A

C
lies. 

EXECUTE : 

(a) 
1.00 m

tan 0.500
2.00 m

y

X

A
ɗ

A
. 1tan 0.500 360 26.6 333ɗ . 

(b) 
1.00 m

tan 0.500
2.00 m

y

x

A
ɗ

A
. 1tan 0.500 26.6ɗ . 

(c) 
1.00 m

tan 0.500
2.00 m

y

x

A
ɗ

A
. 1tan 0.500 180 26.6 153ɗ . 

(d) 
1.00 m

tan 0.500
2.00 m

y

x

A
ɗ

A
. 1tan 0.500 180 26.6 207ɗ  

EVALUATE : The angles26.6Áand 207Áhave the same tangent. Our sketch tells us which is the correct value 

of . 

Q: Vector A = 3i + 3j  and vector B = -2i + 4j . What is A + B? 

Ans: Add the x and y components. A + B = (3-2)i +(3+4)j  = i + 7j . 

 

What is B ï A? 

(-2-3)i +(4-3)j  = -5i + j .  

 

Q: What is the magnitude of A? 

 

Ans: 24.433 2222
yx AAA

C
 

Q: What is the direction of A? Your answer should be in degrees from -180° to +180° measured counterclockwise from the 

x-axis. 

Ans: A is in the first quadrant (Ax and Ay) are both positive. The angle above the x-axis is: 

ɗ = tan
-1
(Ay/Ax) = tan

-1
(3/3) = 45º. 

 

Q: What is the magnitude of B? 

Ans: 47.4)4()2( 2222
yx BBB

C
 

What is the direction of B? 

Ans: B is in the 2
nd

 quadrant (x component negative, y component positive).  

ɗ = 180Ü - tan
-1
(By/Bx) = 116.6 º. 

 

 

Q: What is AÅB? 

zzyyxx BABABABA
CC  

= 3*(-2) + 3*(4) = 6 

 

Q: What is (2A - B)Å(2B - A)? 

2A ïB = 2(3i+3j ) ï (-2i + 4j ) = 8i + 2j 

2B-A = 2(-2i + 4j ) - (3i+3j ) = -7i +5j  

(2A - B)Å(2B - A) = 8*(-7)+2(5) = -46 

 

Q: What is the significance of a negative dot product (inner product)? 

Ans: A negative dot product means that the two vectors are more than 90 degrees apart. 
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 1.55. IDENTIFY : For all of these pairs of vectors, the angle is found from combining Equations (1.18) and (1.21), to 

give the angle  as arccos arccos
x x y yA B A B

AB AB

A B
CC

. 

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

EXECUTE : (a) 22, 40, 13,A BA B
CC

and so 
22

arccos 165
40 13

. 

(b) 60, 34, 136,A BA B
CC

 
60

arccos 28
34 136

. 

(c) 0A B
CC

and 90Á. 

EVALUATE : If 0A B
CC

, 0 90Á. If 0A B
CC

, 90 180Á< Á. If 0A B
CC

, 90Áand the two vectors are 

perpendicular. 

Q: A = i+2j+ 3k and B = -2i-2j+4k. Find the cross product (outer product.) What is the angle between the two 

vectors? 

kji

kji

kji

BA

Ĕ2Ĕ10Ĕ14

))2*)2()2(*1(Ĕ)3*)2(4*1(Ĕ)3*)2(4*2(Ĕ

422

321

ĔĔĔ
CC

 

 

Using the dot product we can get the angle between the two vectors: Since  

cos|||| BABABABABA zzyyxx

CC
  

90.44)2()2(

74.3321

222

222

B

A
 

Cos ɗ= [ 1(-2) + 2(-2) + 3(4)]/(3.74 * 4.90) = 70.9 º 

 1.76. IDENTIFY : The four displacements return her to her starting point, so ( )D = A+ B+C
C CC C

, where ,  and 

are in the three given displacements and  is the displacement for her return. 

START UP: Let  be east and  be north. 

EXECUTE : (a) . 

. 

. 

(b) The direction relative to north is . Since and , the direction of  

is  west of north. 

EVALUATE : The four displacements add to zero. 

 


