UNITS, PHYSICAL QUANTITIES AND VECTORS

1.1. IDENTIFY: Convert units from mito km and from km to ft.
SETUP: 1lin.=2.54 cn, 1km=1000n, 12 in.= 1 ft, 1 mi = 5280 fi.

EXEcUTE: (a) 1.00 mi= (1.00 m 5280_“) 12 '”j 254 ¢ n) ;f 1.61kr
1mi 1in. \ 16 c

(b) 1.00 km= (L.00 krr[103 m)[ 16 C”j( 1'”})( ”_t;: 3.28 10
Tkm )| 1m |\ 254 col 121,

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/6=d/v. Convert 1.00 ft to nandt from s to ns.
SETUP:  The speed of light iz =3.00x 16 m/. 1ft=0.3048 n. 1s=16 n.
0.3048 m
EXECUTE: t=—-—_— =102 10° s 1.02r
3.00x 16 m/s

EVALUATE : In 1.00 s light travel8.00x 16 m= 3.0Q 10 km 1.86 10 .
1.11. IpeNTIFY: Weknow the density and mass; thus we can find the volume using the relation
density= mass/volumem V. The radius is then found from the volume equation for a sphere and the result for

the volume.
SETUP:  Density= 19.5 g/crt and m,,;., =60.0 kg. For a sphere/ =4 zr°.

60.0kg \( 10009 000 4
19.5g/crh | 1.0k

r= 3/ﬂ = 3/—3 3080 cm = 9.0 cn.
A Az

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

EXECUTE: V= Myyca! density:[

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

SeT Up:  Estimate3x1¢ people, so2x 10 cars.
Execute:  Number of cars miles/car day / mi/gal galifatay

2x10¢ carsc 10000 mi/yr/car 1yr/365 days /réfal = 3x 16 gal/da

EvALUATE : The number of gédns 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 UpP:  Assuming the twevolume edition, there are approximately a thousand pages, and each page has

between 500 and a thousand words (counting captions and the smaller print, such astiehapitr exercise

and problems).

EXECUTE: An estimate for the number of words is abaGt.

EVALUATE :  We can expect that this estimate ¢gsuarate to within a factor of 10.

1.35. IDENTIFY: For each vectok7, use that/, =Vcosp and Vy =Vsin@ , when g is the angle\7makes with the+x

axis, measureqlcounterclockwise I[om the axis. o o
SETUP: For A, §=270.00. For B, 9=60.0A. For C, 9=205.08. For D, §=143.G".
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Execute: A =0, A=-8.00m B =750m B =13.0m. C, =-109m, C, =-507m. D,=-7.991m,
D, =6.02m.
EVALUATE : The signs of the components correspond to the quadrant in which the vector lies.

1.36. IDENTIFY: tang :% , for @ measured counterclockwise fnathe +Xx-axis.

SeT UP: A sketch of A, A and Atells us the quadrant in whichlies.

EXECUTE:

(a) tand:%—%%om:_o.w(. d=tan' —0.500= 360- 266 38.

() tand:%:%: 0.50( d=tan® 0.500= 26%.

(c) tand :%: 12'0(?0Tn:—0.50(. d=tan® —0.500= 180- 26%- 15.

(d) tand:%:%: 0.50C. d=tan™ 0.500= 180+ 266 20

EVALUATE : The angle®6.6and 207Ahave the same tangent. Our sketch tells us which is the correct value

of 4.
Q: VectorA = 3i + 3 and vectoB =-2i + 4j. What isA + B?
Ans: Add the x and y componen#s+ B = (3-2)i +(3+4) =i + 7].

What isB i1 A?
(-2-3)i +(4-3)] =-5i +j.

Q: What is the magnitude &?

Ans:‘/q,:\/Af+A§ NP4 F =424

Q: What is the direction oA? Your answer should be in degrees frd®0° to +180° measured counterclockwise from the
X-axis.
Ans: A is in thefirst quadrant (Aand A) are both positive. The angle above thaxis is:

d ="A/aN=tani'(3/3) = 45°.

Q: What is the magnitude &?

Ans: ‘g: \/Bf + B§ = \/(—2)2 +(4)?* =447
What is the direction d8?

Ans: B is in the # quadrant (x component negatj y component positive).
d = -1a8'®B{B,) = 116.6°

Q: What isA AB

cCcC
AeB=AB, +AB, +AB,

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

Q:What is (A - B) AR-2)?
2ATB=2(3E+3)i (-2 +4)=8+2
2B-A = 2(-2i + 4j) - (3i+3}) =-7i +5]
(2A - B) AB(-2) = 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 pa\iEs of vectors, the angle is founthfoombiningEquations (1.18) and (1.21), to
give the anglg) as ¢=arcco ﬂ = arcc SAM/ .

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

v U 22
Execute: (a) A-B=-22, A=+/40,B=4/ 13and sog =arcco$ ——— |= 168.
(@) N JT ¢ { o 41—3]
o o 60
b) A-B=60,A=./34,B=./136, g=arcco$ ——— |= 28.
®) V348136, ¢ {\/—3@]
(c) A-B'=0and =904,

EvaLuaTE : If A.B>0, 0<g<90A If A.B<0, 90A %<180.If A-B=0, ¢=908and 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?

cclF P& - :

AxB=|1 2 3=H2*4-(-2*3-FK1*4-(-2*3+K1* (-2 -(-2)*2)
-2 -2

—14-10F 2E

Using the dot product we can get the angle between the two vectors: Since
AeB=AB +AB, +AB, | A||B|cow)

A=VE+22+F =374

B|=/(-2%+(-2)?+4* =4.90

Cos

1.76.

d-2) + 2(2) * 8(4)]/(3.74 *4.90) = 70.9
IDENTIFY: The four displacements return her to her starting pointi)"so-(A’+ BIC)\, where , and
are in the three giverigplacements and is the displacement for her return.
START UP:  Let be eastand be north.
EXECUTE: (@)
(b) The direction relative to north is . Since and , the direction of

is west of north.
EvALUATE : Thefour displacements add to zero.



