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(a) In Europe, gas consumption is in L/100 km. In the US, fuel efficiency is in miles/gallon. Let’s relate
these two: 1 mile = 1.609 km, 1 gal = 3.785 L.

I mile 1.609 k 1.609( 1 k 1 1
mile _ m_1609( 1 (100)===(0.00425) =
gal 378 L  3.785 k 100 L L/100 km / 235.24L/100 km
Therefore, 1 mile/gal is the reciprocal of 235.2 L/100 km.
122 L . 1L 1
. Using = -
0 km 100 km  235.24 miles/gal

(b) Gas consumption is from part (a),

1221 _ ( 1L jzl [ 1 ]: 1
100 km 100 km “ 235.24 miles/gal ) 19.282 miles/gal
Therefore, a car that consumes 12.2 L/100 km of gasoline has a fuel efficiency of 19.3 miles/gal.
(c) If the fuel efficiency of the car is 27.4 miles per gallon, then
27.4 miles 27.4 B 1
gal 23524 1/100 km 8.59 L/100 km

Therefore, 27.4 miles/gal is equivalent to 8.59 L/100 km.
(d)

y [mpg]

2 4 6 8 10 12 14 16 *[L/100km]

A vector is described by a set of components in a given coordinate system, where the components are the
projections of the vector onto each coordinate axis. Therefore, on a two-dimensional sheet of paper there
are two coordinates and thus, the vector is described by two components. In the real three-dimensional
world, there are three coordinates and a vector is described by three components. A four-dimensional
world would be described by four coordinates, and a vector would be described by four components.

A vector contains information about the distance between two points (the magnitude of the vector). In
contrast to a scalar, it also contains information direction. In many cases knowing a direction can be as
important as knowing a magnitude.
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1.20.

1.21.

1.22.

1.23.

1.24.

1.25.

1.26.

In order to add vectors in magnitude-direction form, each vector is expressed in terms of component
vectors which lie along the coordinate axes. The corresponding components of each vector are added to
obtain the components of the resultant vector. The resultant vector can then be expressed in magnitude-
direction form by computing its magnitude and direction.

The advantage to using scientific notation is two-fold: Scientific notation is more compact (thus saving
space and writing), and it also gives a more intuitive way of dealing with significant figures since you can
only write the necessary significant figures and extraneous zeroes are kept in the exponent of the base.

The SI system of units is the preferred system of measurement due to its ease of use and clarity. The SI
system is a metric system generally based on multiples of 10, and consisting of a set of standard
measurement units to describe the physical world. In science, it is paramount to communicate results in
the clearest and most widely understood manner. Since the SI system is internationally recognized, and its
definitions are unambiguous, it is used by scientists around the world, including those in the United
States.

It is possible to add three equal-length vectors and obtain a vector sum of zero. The vector components of

the three vectors must all add to zero. Consider the following arrangement with |T1| = |T2| = |T3| :

v +

The horizontal components of T, and T, cancel out, so the sum T, +7, is a vertical vector whose
magnitude is T'cos@ + T cos@ =2T cos@. The vector sum T, + 7T, +7T, is zero if

2T cos@—-T =0
1
cosf =—
2
6 =60°

Therefore it is possible for three equal-length vectors to sum to zero.

Mass is not a vector quantity. It is a scalar quantity since it does not make sense to associate a direction
with mass.

The volume of a sphere is given by V=(4/3)zr’. Doubling the volume gives
2V =2(4/3)7r’ =(4/3)z(2*")r* =(4/3)7(2"r)’. Now, since the distance between the flies is the
diameter of the sphere, d=2r, and doubling the volume increases the radius by a factor of 2", the
distance between the flies is then increased to 2(2"°7) =2"*(2r) =2"d. Therefore, the distance is increased
by a factor of 2.

The volume of a cube of side r is V, =, and the volume of a sphere of radius r is V,, = (4/3)7r’. The

ratio of the volumes is:

4

e 4

The ratio of the volumes is independent of the value of r.
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The surface area of a sphere is given by4zr’. A cube of side length s has a surface area of 6s°>. To
determine s set the two surface areas equal:

/4 2 /2
65> =4nr’ = s= s =r —”.
6 3

The mass of Sun is 210" kg, the number of stars in the Milky Way is about 100-10° =10", the number

of galaxies in the Universe is about 100-10° =10", and the mass of an H-atom is 2107 kg.

(a) The total mass of the Universe is roughly equal to the number of galaxies in the Universe multiplied
by the number of stars in a galaxy and the mass of the average star:

]\4universe — (1011 )(1011 )(2 . 1030) —2. 10(11+11+30) kg =2. 1052 kg
M, 2-10" k
(b) nhydrogen ~ R = 7 & = 1079 atoms
Mhydrogen 2-10 kg

The volume of 1 teaspoon is about 4.93-107° L, and the volume of water in the oceans is about
1.35-10* L.
1.35-10"' L
T~ =2.74-10" tsp
4.93-10" L/tsp

There are about 2.74-10” teaspoons of water in the Earth’s oceans.

The average arm-span of an adult human is d = 2 m. Therefore, with arms fully extended, a person takes
up a circular area of zr* = z7(d/2)" = z(1 m)* = 7 m®. Since there are approximately 6.5-10° humans, the
amount of land area required for all humans to stand without being able to touch each other is
6.5-10° m*(7)=6.5-10° m*(3.14)=2.0-10" m®>. The area of the United States is about
3.5-10° square miles or 9.1-10"” m”. In the United States there is almost five hundred times the amount

of land necessary for all of the population of Earth to stand without touching each other.

The diameter of a gold atom is about2.6-10"" m. The circumference of the neck of an adult is roughly
0.40 m. The number of gold atoms necessary to link to make a necklace is given by:

i f f neck 4.0-10™"
"= circumierence ol nec. _ m _ 1‘5.109 atoms.

diameter of atom  2.6-10™"° m/atom
The Earth has a circumference at the equator of about 4.008-10" m . The number of gold atoms necessary

to link to make a chain that encircles the Earth is given by:

circumference of Earth  4.008- 10" m

~ diameter of a gold atom © 2610 m

=1.5-10" atoms.

Since one mole of substance is equivalent to about 6.022-10” atoms, the necklace of gold atoms has
(1.5~109 atoms)/(6.022-1023 atoms/mol)=2.5-10’15 moles of gold.  The gold chain has

(1.5 -107 atoms) / (6.022 -10% atoms/mol) =2.5-10" moles of gold.

The average dairy cow has a mass of about 1.0-10° kg. Estimate the cow’s average density to be that of

water, p=1000. kg/m’.

mass _ 1.0-10° kg
p  1000. kg/m’

3

volume = 1.0 m
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Relate this to the volume of a sphere to obtain the radius.

1/3 3
4 3V 3(1.0m
volume=—7r" = r=|—| = u ~0.62 m
3 4 4

1/3

A cow can be roughly approximated by a sphere with a radius of 0.62 m.

1.33. The mass of a head can be estimated first approximating its volume. A rough approximation to the shape

of a head is a cylinder. To obtain the volume from the circumference, recall that the circumference is

C =27 , which gives a radius of r =C/2z. The volume is then:

2 2
Ch
V=(ﬂ'1’2)h =7[[£j h = .
2z 4r
The circumference of a head is about 55 cm = 0.55 m, and its height is about 20 cm = 0.20 m. These values
can be used in the volume equation:
2
0.55m
V= u(o.zo m)=4.8-10" m’.
4r
Assuming that the density of the head is about the same as the density of water, the mass of a head can
then be estimated as follows:
mass = density - volume = (1.0-103 kg/m’ )(4.8«10’3 m’ ) =438 kg.

1.34. The average adult human head is roughly a cylinder 15 cm in diameter and 20. cm in height. Assume

about 1/3 of the surface area of the head is covered by hair.

1 1 2 2 2
Ay == A | == (277" +277h) ===(1* +1h :—[ 7.5cm) +(7.5cm)(20. cm J
hair 3 ( cylinder ) 3 ( ) 3 ( ) 3 ( ) ( )( )
~4.32:10" cm®
On average, the density of hair on the scalp is p,,, =2.3-10” hairs/cm®. Therefore, you have A, x p,..
hairs on your head.
A Prar = (4.32 -10* cm’ )(2.3 .10 hairs/cmz) =9.9-10" hairs.

Exercises
1.35. (a) Three (b) Four (c) One (d)Six (e) One (f) Two (g) Three
1.36. THINK: The known quantities are: F;, =2.0031 N and F,=3.12N. Both F and F, are in the same

direction, and act on the same object. The total force acting on the objectis F,_ .
SKETCH:

F ty

1.

F, o

RESEARCH: Forces that act in the same direction are summed, F_ = ZE
SIMPLIFY: F,, =Y F=F+F,

CALCULATE: F, =2.0031N+3.12N=5.1231N

ROUND: When adding (or subtracting), the precision of the result is limited by the least precise value
used in the calculation. F, is precise to four places after the decimal and F, is precise to only two places
after the decimal, so the result should be precise to two places after the decimal: F, , =5.12 N.
DOUBLE-CHECK: This result is reasonable as it is greater than each of the individual forces acting on
the object.
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The result should have the same number of decimal places as the number with the fewest of them.
Therefore, the result is 2.0600 + 3.163 + 1.12 = 6.34.

In a product of values, the result should have as many significant figures as the value with the smallest
number of significant figures. The value for x only has two significant figures, so w
=(1.1-10°)(2.48-107*)(6.000) =1.6-10".

Write “one ten-millionth of a centimeter” in scientific notation. One millionth is 1/10°=1-10°.
Therefore, one ten-millionth is1/ [10 . 106] =1/10"=1-10"cm.

153,000,000 = 1.53-10°

There are 12 inches in a foot and 5280 feet in a mile. Therefore there are 63,360 inch/mile.
30.7484 miles - 63,360 inch / mile = 1948218.624 inches. Rounding to six significant figures and
expressing the answer in scientific notation gives 1.94822-10° inches.

(a) kilo (b) centi (c) milli

1km

L =1 km(looo mj(lOOO mm
1m

]: 1,000,000 mm =1-10° mm

1 hectare = 100 ares, and 1 are = 100 m’, so:

2 2
1000
1 km? = 1 km? {( J m j( 1 are j[l hectarej =100 hectares.

1 km? 100 m* J\ 100 ares

1 milliPascal

THINK: The known quantities are the masses of the four sugar cubes. Crushing the sugar cubes doesn’t
change the mass. Their masses, written in standard SI units, using scientific notation are
m, =2.53-10" kg, m, =2.47-10" kg , m, =2.60-10" kg and m, =2.58-10 kg.

SKETCH: A sketch is not needed to solve this problem.

RESEARCH:

4
(a) The total mass equals the sum of the individual masses: M, = Zm ;-
j=1
(b) The average mass is the sum of the individual masses, divided by the total number of masses:

_my+m, +my+m,

average 4
SIMPLIFY:
() M, =m, +m, +m, +m,
Mmtal
(b) Myerage ==
CALCULATE:
(@) M, =2.53-10" kg+2.47-107 kg +2.60-10 kg +2.58-10" kg
=10.18-10" kg
=1.018-10"" kg
10.18-107 k;
(B) M, e = 0 B 5545.107 kg
ROUND:
(a) Rounding to three significant figures, M, =1.02-10"" kg.
(b) Rounding to three significant figures, M, =2.55- 107 kg.



Bauer/Westfall: University Physics, 2E

1.47.

1.48.

1.49.

DOUBLE-CHECK: There are four sugar cubes weighing between 2.53-107 kg and 2.60-107 kg, so it is

reasonable that their total massis M, =1.02-10"" kg and their average mass is 2.55-10 kg.

total

THINK: The cylinder has height & = 20.5 cm and radius r = 11.9 cm.

SKETCH:

h

J

RESEARCH: The surface area of a cylinder is A =2zrh+ 2717,

SIMPLIFY: A=2xr(h+r)

CALCULATE: A =27(11.9 cm)(20.5 cm +11.9 cm) =2422.545 cm’

ROUND: Three significant figures: A=2.42-10° cm’.

DOUBLE-CHECK: The units of area are a measure of distance squared so the answer is reasonable.

THINK: When you step on the bathroom scale, your mass and gravity exert a force on the scale and the
scale displays your weight. The given quantity is your mass m, = 125.4 lbs. Pounds can be converted to SI
units using the conversion 11b = 0.4536 kg. Let your mass in kilograms be m,.

SKETCH: A sketch is not needed to solve this problem.

4536 k
RESEARCH: m, = m | 22230 X8
11b
SIMPLIFY: It is not necessary to simplify.

=56.88144 kg

CALCULATE: m, =125.4 lbs(%J

ROUND: The given quantity and conversion factor contain four significant figures, so the result must be
rounded to 56.88 kg.
DOUBLE-CHECK: The SI units of mass are kg, so the units are correct.

THINK: The orbital distance from the center of the Moon to the center of the Earth ranges from 356,000
km to 407,000 km. Recall the conversion factor 1 mile = 1.609344 kilometer.

SKETCH:
______ _ Moon
- - -
. ‘ N
’ - h
; Earth .
1 A}
f v
i I
[ ]
3 I
A" /!
N\ b4
ks s
~ L

RESEARCH: Let d, be a distance in kilometers, and d, the equivalent distance in miles. The formula to
convert from kilometers to miles is d, =d, /1.609344 .
SIMPLIFY: It is not necessary to simplify.
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CALCULATE: 356,000 km| — ™1 | _251208.144 miles
1.609344 km

407,000 k| — ™€ | _57898.0752 miles
1.609344 km

ROUND: The given quantities have three significant figures, so the calculated values must be rounded to
221,000 miles and 253,000 miles respectively.

DOUBLE-CHECK: A kilometer is roughly 2/3 of a mile, and the answers are roughly 2/3 of the given
values, so the conversions appear correct.

THINK: It is a distance d = 60 feet, 6 inches from the pitcher’s mound to home plate. Recall the
conversion factors: 1 foot = 12 inches, 1 inch = 2.54 cm, 100 cm = 1 m.
SKETCH:

RESEARCH: If the distance is x in meters and y in feet, then using the conversion factor ¢, x =cy.

12 inches \( 2.54 cm 1m
c=1foot / foot
1 foot 1inch 100 cm

SIMPLIFY: ¢ =0.3048 meters/foot
CALCULATE: 60 feet plus 6 inches = 60.5 feet. Then, converting 60.5 feet to meters:

d=60.5 ft(wj

=18.440 m.

ROUND: Rounding to three significant figures, the distance is 18.4 m.
DOUBLE-CHECK: The answer is a reasonable distance for a pitcher to throw the ball.

THINK: The given quantities, written in scientific notation and in units of meters, are: the starting
position, x, =7-107 m and the lengths of the flea’s successive hops, x, =3.2:10” m, x, =6.5-10" m,
x,=83-10"m, x,=10.0-10° m, x,=11.5-10" m and x, =15.5-10" m. The flea makes six jumps in

total.
SKETCH:

-
]
]
I
]

RESEARCH: The total distance jumped is x,, = an. The average distance covered in a single hop is:

n=1
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1.52.

‘xtotal

SIMPLIFY: x ., =x, +x, +x, +x, +x, + X4, X, =

avg 6
CALCULATE: x,,=(32m+65m+83m+10.0 m+11.5m+15.5m) 10~ =55.0-10" m
_55.0-10° m

total

=9.16666-10 m

x
avg
ROUND: Each of the hopping distances is measured to 1 mm precision. Therefore the total distance

should also only be quoted to 1 mm precision: x,,, =55.0-107 m. Rounding the average distance to the

total
right number of significant digits, however, requires a few more words. As a general rule of thumb the
average distance should be quoted to the same precision as the least precision of the individual distances, if

there are only a few measurements contributing to the average. This is the case here, and so we state
X, =9.17-10 m. However, suppose we had 10,000 measurements contributing to an average. Surely

we could then specify the average to a higher precision. The rule of thumb is that we can add one
additional significant digit for every order of magnitude of the number of independent measurements
contributing to an average. You see that the answer to this problem is yet another indication that
specifying the correct number of significant figures can be complicated and sometimes outright tricky!

DOUBLE-CHECK: The flea made 6 hops, ranging from 3.2:10° m t015.5-107 m, so the total distance
covered is reasonable. The average distance per hop falls in the range between 3.2:10 mand

1.55-10"" m, which is what is expected.

THINK: The question says that 1 cm’ of water has a mass of 1 g, that 1 mL =1 cm’, and that 1 metric ton
is 1000 kg.
SKETCH:

l
RESEARCH: For the first part of the question, use the conversion equation:

3
lelL(IOOOmLJ(lcm j( g j kg |
1L ImL /\1cm® /{1000 g

For the second part of the question, use:

, , 1000 kg 1000 g \( 1 cm®
1 metric ton =1 metric ton .
1 metric ton 1 kg lg

For the last part, recall that the volume of a cube is V =1".
SIMPLIFY: Re-arranging the formula for the volume of the cubical tank to solve for the length gives

1=3/v..

; 1k
CALCULATE: IL:IL(IOOO mL)(lcm j[ Le j—g ~1kg
1L 1mL /\1cm® /{1000 g

1000 k 1000 3
1 metric ton =1 metric ton g & | LM 000000 cm’
1 metric ton 1kg lg

1=3/1,000,000 =100 cm =1 m
ROUND: No rounding is necessary.
DOUBLE-CHECK: In each calculation the units work out correctly, so the answers are reasonable.
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THINK: The given quantity is the speed limit, which is 45 miles per hour. The question asks for the speed
limit in millifurlongs per microfortnight. The conversions 1 furlong = 1/8 mile, and 1 fortnight = 2 weeks
are given in the question.

SKETCH: A sketch is not needed.

RESEARCH:

I mile 1mile ( 8 furlongs j{ 10° millifurlongsj[% hours J( 14 days J[ 1 fortnight j

lhour 1 hour\ 1 mile 1 furlong 1 day 1 fortnight J{ 10° microfortnights
SIMPLIFY: 1 mile _ 5 688 millifurlongs
hour microfortnight
CALCULATE: 45 miles _ 45| 2.688 millifurlongs ~120.96 millifurlongs
hour microfortnight microfortnight

ROUND: Because the given quantity contains two significant figures, the result must be rounded to
remain consistent. A speed of 45 miles per hour is equivalent to a speed of 120
millifurlongs/microfortnight.

DOUBLE-CHECK: The conversion factor works out to be roughly 3 millifurlongs per microfortnight to
each mile per hour, so the answer is reasonable.

THINK: The density of water is p=1000. kg/m’. Determine if a pint of water weighs a pound.
Remember that 1.00 kg = 2.21 lbs and 1.00 fluid ounce = 29.6 mL.

SKETCH: A sketch is not needed.

RESEARCH: 1 pint = 16 fluid ounces, mass = density - volume

3 3
SIMPLIFY: 1 pint = 1 pint| 10107 | 226 mL j Lem Lm | 4736107 m°
1 pint 1.00 fl. oz J{ 1 mL )\ (100)° cm

CALCULATE: m=(1000. kg/m’ )(4.736-10™* m’)=0.4736 kg

In pounds m is equal to 0.4736 kg| 2225 | 1.046656 Ibs .
1.00 kg

ROUND: Rounding to three significant figures, the weight is 1.05 lbs.
DOUBLE-CHECK: A pint is still a common measure for beverages, such as beer. A beer is relatively light
and mainly comprised of water, so the answer is reasonable.

THINK: The radius of a planet, r,, is 8.7 times greater than the Earth’s radius, r, . Determine how many

times bigger the surface area of the planet is compared to the Earth’s. Assume the planets are perfect

spheres.

SKETCH:

RESEARCH: The surface area of a sphere is A =47r*, so A, =4zr,’, and A, = 47er2 ,and r, =8.7r.
SIMPLIFY: A, =47(8.7r,)

CALCULATE: A, =(75.69)47r,", and A, =477’ By comparison, A, =75.694,.

ROUND: Rounding to two significant figures, the surface area of the planet is 76 times the surface area of
Earth.
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1.56.

1.57.

DOUBLE-CHECK: Since the area is proportional to the radius squared, it is expected that the surface
area of the planet will be much larger than the surface area of the Earth, since its radius is 8.7 times Earth’s
radius.

THINK: The radius of the planet r, is 5.8 times larger than the Earth’s radius ;. Assume the planets are

perfect spheres.
SKETCH:

RESEARCH: The volume of a sphere is given by V =(4/3)zr’. The volume of the planet is
V, =(4/3)zr,’>. The volume of the Earth is V;, =(4/3)7r,’. r, =5.8r,.

SIMPLIFY: V, =(4/3)z(5.8r,)’

CALCULATE: V,=(4/3)7z(5.8r,)" =195.1121,*(4/3)7. Recall, V,=(4/3)zr’. Comparing the
expressions, V, =195.112V.

ROUND: To two significant figures, so V, =2.0-10° V.

DOUBLE-CHECK: The volume of the planet is about 200 times the volume of the Earth. The volume of a
sphere is proportional to the radius cubed, it is reasonable to get a much larger volume for the planet
compared to the Earth’s volume.

THINK: It is necessary to take the height of both masts and the curvature of the Earth into account when
calculating the distance at which they can see one another. If the ships are at the maximum distance at
which the sailors can see one another, then the line between the first sailor and the second sailor will be
tangent to the surface of the earth.

SKETCH: Since it is necessary to take the curvature of the earth into account when solving this problem,
the sketch will not be to scale. The radius of the Earth is labeled R and the center of the earth is labeled C.
The farthest point on the horizon that can be seen by both sailors, which is also the point at which the line
of sight between them is tangent to the Earth, is labeled A. The distance from the first sailor to point A is d,
and the distance from the second sailor to point A is d,.

10
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RESEARCH: Because the line of sight between the sailors is tangent to the earth, it is perpendicular to the
radius of the earth at point A. This means that the triangle formed by the first sailor, point A, and the
center of the earth (point C) is a right triangle. The second sailor, point A, and point C also form a right
triangle. Examining the figure, we can use the Pythagorean Theorem to find equations relating d, and d, to

R R*+d’ = (R+ 34)2 and R* +d? = (R+ 26)2 . The total distance will be the sum d, + d,.

SIMPLIFY: First find expressions for the distances d, and d, and then use those to find the sum. The
equation for d, gives:

R* +d? —R*=(R+34) -R* =

di =(R +2:34R+347)-R* =

d, =/2-34R +34%
Similar calculations are used to find d,:

R*+d2 —R*=(R+26)' ~R* =

d} =(R* +2-26R+26* |- R’ =

d, =/2-26R +26*
Combine to get an  expression for the total distance between the  ships:
dy +d, =~2-34R +34% +/2-26R+26% .

CALCULATE: The radius of the earth is given in Solved Problem 1.2 as 6.37x10° m . Using this gives a
final answer of:

dy+d, = \/2-34 m-(6.37x10°34 m)+ (34 m)’ +\/2-26 m-(6.37x10° m)+(26 m)’

=39,012.54259 m.
ROUND: The radius of the earth used in this problem is known to three significant figures. However, the
heights of the masts of the two ships are given to two significant figures. So, the final answer should have

two significant figures: 3.9x10* m.

DOUBLE-CHECK: The maximum distance between the ships is a distance, so the units of meters seem
correct. The calculated maximum distance at which the two sailors can see one another is 39 km.
Calculating

d =[2:26 m-(6.37x10° m )+ (26 m)’ =21 km

and

d, :\/2-26 m-(6.37x10° m)+(26 m)* =18 km

confirms that the sailor from ship 1, sitting at the top of a slightly taller mast, can see about 3 km further
than his companion. These distances seem reasonable: an average person looking out over the ocean sees
about 4.7 km, and the view from 413 m atop the Willis Tower was calculated to be 72.5 km. Since the
masts are significantly taller than a person but much shorter than the height of the Willis Tower, the final
answer of 39 km seems reasonable.

An alternate way to calculate this would have been to use the secant-tangent theorem, which states that the
square of the distance from the sailor to the horizon equals the product the height of the mast times the

sum of the height of the mast and the diameter of the earth: (d1)2:(2R+34)-34 and

(d, )2 =(2R+26)-26. Using this formula confirms the answer:

11
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1.58.

d,+d, =./(2R+34)-34 + /(2R +26)-26
[

[
:\/(2(6.37x1\66 m)+34 m)~3‘4 m+ V/(z(s 37x10° m)+26 m)-26 m

=39 km

THINK: The altitude of the jet liner is given in feet, so it will be necessary to convert to meters before
calculating the answer. The horizon is the furthest point that can be seen in perfect weather conditions.
Since we don’t know where and when the plane is flying, we will approximate the Earth as a perfect sphere.
SKETCH: Since the radius of the earth is important here, the sketch will not be to scale. Point A is a
furthest point on the horizon that can be seen from the plane, and C marks the center of the Earth, and R
indicates the radius of the Earth. Point X is on the surface of the Earth directly opposite from where the
plane is flying.

7 (35.000 ft)

RESEARCH: The line of sight from the plane to the furthest point on the horizon (point A) is tangential
to the Earth at point A. So, it must be perpendicular to the radius of the Earth at point A. This means that
the plane, point A, and point C form a right triangle. The Pythagorean Theorem states

thatd” + R* = (R+h). To find the distance d, it is necessary to use consistent units. Since the radius of the

Earth (R) is given in meters, it is easiest to convert the height h from feet to meters using the fact that
1 m = 3.281 ft.
1m

SIMPLIFY: First convert the height of the plane from feet to meters, multiplying h by 328l R Then,
solve the expression d* +R* = (R+ h)2 for d, the distance we want to find:
> +R -R*=(R+h)’ -R* =
&’ =(R +2Rh+ 1) -R* =
d=~2Rh+1’
CALCULATE: The radius of the Earth R = 6.37-10° m and the plane is flying h=35,000 ft 3;;11 Y

above the ground. Using these numbers, the distance to the horizon is

1m
3.281 ft

d= 2(6.37><106 m)(35,000 fit j+[35,000 f M
3.281 ft

2
j =368,805.4813 m.

12
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ROUND: Though it is ambiguous, the height of the jetliner above the ground is known to at least two
significant figures. The radius of the Earth is known to three significant figures and the conversion from
feet to meters uses four significant figures. So, the answer is known to two significant digits. This gives a
final distance of 3.7-10° m or 370 km.

DOUBLE-CHECK: The answer is given in units of meters or kilometers. Since the distance to the horizon
is a length, the units are correct. 370 km is the approximate distance between Los Angeles and Las Vegas.
Indeed, in an airplane at cruising altitude, it is just possible to see the Los Angeles coast as you fly over Las
Vegas, so this answer seems reasonable. It is also possible to check the answer by working backwards. The
secant-tangent theorem states that the square of the distance d equals the product of the height of the
plane over the Earth h and the distance from the jetliner to point X on the other side of the Earth. Use this
to find the height of the plane in terms of the distance to the horizon and the radius of the earth:

d* =h(h+2R)=h* +2Rh =
0=h>+2Rh-d* =

h:_ZRiv(ZZR)\/? 2 =—R1W

2 2
=—(6.37x10° m)+\/(6.37 6 710°
=10736.63 m
Converting this back to feet and rounding to 2 significant figures gives confirmation that the answer was

3.281 ft

1m

correct:10736.63459 m - =35,000 ft.

THINK: The given quantity is 1.56 barrels of oil. Calculate how many cubic inches are in 1.56 barrels. 1
barrel of oil = 42 gallons = (42 gal)(231 cu. in./gal) = 9702 cubic inches.
SKETCH: A sketch is not needed.
RESEARCH: If a volume V, is given in barrels then the equivalent volume V, in cubic inches is given by
9702 cu. in.

1 barrel
SIMPLIFY: Not applicable.

the formula V, =V,

9702 cu. in
1 barrel
ROUND: The value given in the question has three significant figures, so the final answer is that 1.56

barrels is equivalent to 1.51-10* cubic inches.
DOUBLE-CHECK: Barrels are not commonly used units. However, since the proper conversion factor of
9702 cubic inches per barrel was used, the answer is accurate.

CALCULATE: 1.56 barrels( j: 15135.12 cu. in.

THINK: The car’s gas tank has the shape of a rectangular box with a square base whose sides measure
I=62 cm. The tank has only 1.5 L remaining. The question asks for the depth, d of the gas remaining in
the tank. The car is on level ground, so that d is constant.

SKETCH:

rd---f---

(D

13
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RESEARCH: A xd. Convert the volume 1.5 L to

as tank

wne =1* - The volume of gas remaining is V,, = A

1500 cm® by using 1 mL=1cm’.

SIMPLIFY: d=V, /A, but A, =I",so0 substitute this into the expression for d: d=V,, /I".
1 3

CALCULATE: d=2222™ _ 390218 cm
(62 cm)

ROUND: To two significant figures d = 0.39 cm.

DOUBLE-CHECK: The car’s gas tank will hold 52 L but only has 1.5 L remaining. The sides of the gas
tank are 62 cm and because the gas tank is almost empty, there should be a small depth of gas in the
bottom of the tank, so the answer is reasonable.

THINK: The formula for the volume of a sphere is given by V.. =(4/3)7r’. The formula for density is

given by p=m/V . Refer to Appendix B in the text book and express the answers in SI units using

scientific notation.
SKETCH:

RESEARCH: The radius of the Sun is 7, =6.96-10° m, the mass of the Sun is m;=1.99-10* kg, the

radius of the Earth is 7, =6.37-10° m, and the mass of the Earth is m, =5.98-10* kg.

SIMPLIFY: Not applicable.
CALCULATE:

4 4
(a) V, =§;er3 :Eﬂ(6.96-108)3 =1.412265-107 m’

4 4
(b) V, =§;er3 =§7z(6.37~106)3 =1.082696-10*" m®

m, 1.99-10%
(€) py=—>=—""—""_ =1.40908-10" kg/m’
Ps V, 1.412265-107 &

24

@ p, =$—§:%:5.sz3249-103 kg/m’

ROUND: The given values have three significant figures, so the calculated values should be rounded as:
(a) V4 =1.41-10" m’

(b) V, =1.08-10* m’

(c) ps=1.41-10’kg/m’

(d) p; =5.52-10" kg/m’

DOUBLE-CHECK: The radius of the Sun is two orders of magnitude larger than the radius of the Earth.
Because the volume of a sphere is proportional to the radius cubed, the volume of the Sun should be
(10>)° or 10° larger than the volume of the Earth, so the calculated volumes are reasonable. Because

density depends on mass and volume, and the Sun is roughly 10° times larger and more massive than the
Earth, it is not surprising that the density of the Sun is on the same order of magnitude as the density of

the Earth (e.g. 10°/10° = 1). Earth is primarily solid, but the Sun is gaseous, therefore it is reasonable that
the Earth is denser than the Sun.

14
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THINK: The tank is in the shape of an inverted cone with height 4= 2.5 m and radius r = 0.75 m. Water
is poured into the tank at a rate of w = 15 L/s. Calculate how long it will take to fill the tank. Recall the

conversion 1 L =1000 cm’.
SKETCH:

lt—— 5 —»|

water

1
RESEARCH: The volume of aconeis V. = gﬂ'?‘zh . The rate water enters the cone is w = where t

cone

is time. When the coneisfull, V. =V

cone water ?

1
therefore gmzh =wt.

r’h
3w
(75 cm)* (250 cm)

3{15000 cm3j
S

ROUND: To two significant figures, t = 98 s.
DOUBLE-CHECK: The calculation resulted in the correct units, so the answer is reasonable.

SIMPLIFY: t=

CALCULATE: t= =98.1748 s

THINK: The rate of water flow is 15 L/s, the tank is cubical, and the top surface of the water rises by 1.5
cm/s. Let h be the height of the water in the tank.

SKETCH:
|
/r 7B
s M f
%
[
h ,-r'
ik !
!
RESEARCH: The change in the volume of the water, AV, ,is 15 L/s=15000 cm’/s. The change in the
height of the water is Ah=1.5 cm/s. An equation to find the side length of the tank is AV, =I*Ah.
SIMPLIFY: [= AV
Ah

15000 cm® /s

CALCULATE: [=
1.5 cm/s

J =100. cm

ROUND: [=1.0-10" cm
DOUBLE-CHECK: The flow rate of 15 L/s is quite fast, but the level of the water is rising by only 1.5
cm/s, so it is reasonable that the tank is relatively large.

THINK: The atmosphere has an effective weight of 15 pounds per square inch. By computing the surface
area of the Earth, it will be easy to compute the mass of the atmosphere. Then, since the atmosphere is

assumed to have a uniform density of 1.275 kg/m’, the mass can be converted to a volume. The volume of
the atmosphere is the difference of two spheres, whose radii are the radius of the Earth, r,, and the radius

of the Earth plus the thickness of the atmosphere, Ar. The result will be a cubic equation with one real
root which can be approximated to give the thickness of the atmosphere.

15
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SKETCH:

\ atmosphere

RESEARCH: Recall the conversions 1 inch = 0.0254 m and 1 kg = 2.205 Ibs. The radius of the Earth is
about 6378 km. The surface area of the Earth is A, =47r’>. The mass of the atmosphere is

m, = A;(151b/sqin). The volume of the atmosphere can be computed using the ratio
V, =m, / p,,where p, is the density of the atmosphere. This volume is the difference of the two spheres,
as shown in the sketch. The volume of the Earth (without its atmosphere) is V, =(4/3)7zr,’, and the
volume of the Earth and atmosphere is V;, =(4/3)7(r +Ar)3. A second method of computing the

volume of the atmosphere is V, =V, —V;. Set the two values of V, equal and solve for r.
SIMPLIFY: The first expression for the volume of the atmosphere is

v _ﬂ_4m’E2 151b
A Pa P, \1squareinch |

The second expression is V, =(47/ 3)((1’E +Ar) =1 ) Setting these expressions equal to each other gives

an equation to solve for Ar.

1 1i
CALCULATE: r, =6378 km[ 000 mj[ n j: 2.511-10° in

1 km 0.0254 m
kg (0.0254 m \’ Lk
p, =1.275 —%(—J =2.089-10° =&
m 1in in

Substituting into the first equation for V, gives:

y 47(2.511-10° in)Z( 151b 1 kg
A7 2.089-10 " kg/in® | 1 square inch (2.205 Ib

j=2.580-1023 inch’.
The second equation for V, becomes:
4
Vv, =Tﬂ((2.511-10S in+Ar)’ —(2.511-10° in)3 ) = 4.1888Ar° +(3.155-10° ) Ar* +(7.923-10" ) Ar.

Setting the two equations for V, equal results in the equation:
4.1888Ar +<3.155-109)Ar2 +(7.923-10”)Ar =2.580-10%,

a cubic equation in Ar. This equation can be solved by a number of methods. A graphical estimate is
sufficient. It has one real root, and that is at approximately

Ar =325300 in = 325300 in 00254 m =8263 m.

lin
ROUND: The least precise value given in the question had two significant figures, so the answer should
be rounded to 8300 m.
DOUBLE-CHECK: The result has units of distance, which is what is expected. What may not be expected
is that our result is not as big as the height of the tallest mountain on Earth, Mt. Everest, which has a height
of 8.8 km. We can obtain a simple approximation of our result by realizing that our calculated value for Ar

is small compared to the radius of Earth. This means that the surface of a sphere with radius R, +Ar and

16
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one with radius R, are not very different, allowing us to write an approximation to our result as

Ar~V, /(47r; )=(2.580-10" inch’)/ (47;(2.511.108 inch)2 ) =3.256-10% inch =8.3 km.

THINK: Let L be the position vector. Then ‘I:‘ =40.0 mand @ =57.0° (above x-axis).
SKETCH:

o

— Av — X

RESEARCH: From trigonometry, sin@=Ay/ ‘I:‘ and cosf =Ax/ ‘Ij‘ . The length of the vector L is given

by the formula ‘i‘ = JAx* +Ay*.
SIMPLIFY: Ax =|L|cosd, Ay =|L|sing

CALCULATE: Ax =(40.0 m)cos(57.0°)=21.786 m, Ay =(40.0 m)sin(57.0°) =33.547 m
ROUND: Ax=21.8m and Ay=33.5m.

DOUBLE-CHECK: ‘I:‘ = \/sz +AY = \/(21.8 m)® +(33.5 m)’ ~40.0 m, to three significant figures.

THINK: a=6.6 cm, b=13.7 cm, and ¢ =9.2 cm are the given quantities.
SKETCH:

RESEARCH: Law of cosines: ¢* =a’ +b* —2abcosy
SIMPLIFY: ¢’ =a’+b* —2abcosy
2abcosy =a’ +b* - ¢’
a+b-c
2ab

o™ a+b -7
4 2ab

(6.6 cm)® +(13.7 cm)® —(9.2 cm)’
2(6.6 cm)(13.7 cm)

cosy =

CALCULATE: y=cos™ { } =35.83399°

ROUND: y =36°
DOUBLE-CHECK: The angle y in the figure is less than 45°, so the answer is reasonable.

THINK: The lengths of the vectors are given as ‘A‘ = 75.0, ‘B‘ = 60.0, ‘é‘ = 25.0 and ‘f)‘ =90.0. The

question asks for the vectors to be written in terms of unit vectors. Remember, when dealing with vectors,
the x- and y-components must be treated separately.

17
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SKETCH:

S

=~

30.0°

RESEARCH: The formula for a vector in terms of unit vectors is V=Vx5c+Vy y. Since

opposite adjacent

and cosf =

sinf = _—,
hypotenuse hypotenuse

sin@ =A—f and cos@ :A—j.
14 4

6, =30.0°, 8, =19.0°=161.0° (with respect to the positive x-axis),

6. =52.0°=232.0° (with respect to the positive x-axis),

6, =27.0°=333.0° (with respect to the positive x-axis).

SIMPLIFY:  A,=|4|cos6,, 4,=|4|sin6,, B,=[B|cos6,, B,=|B[sing,, C,=|C|cost),, C,=[C[sine,

Dx:‘ﬁ‘cosﬁl), and Dy:‘ﬁ
CALCULATE: A, =75.0c0s30.0°=64.9519x, A, = 75.0sin30.0° =37.5y

B, =60.0c0s161.0°=—56.73%, B, =60.0sin161.0°=19.534 )

C, =25.0c08232.0°=—-15.3915x, C = 25.0sin232.0°=-19.70027 y

D, =90.0c0s333.0° =80.19058x, D, = 90.0sin333.0° = —40.859144 y
ROUND: The given values had three significant figures so the answers must be rounded to:
A=65.0%+37.59, B=-56.7%+19.5y, C=-15.4%—19.75, D =80.2% —40.97 .

DOUBLE-CHECK: Comparing the calculated components to the figure provided shows that this answer
is reasonable.

sind, .

THINK: Use the components in Question 1.65 to find the sum of the vectors A, B, Cand D. Also,

calculate the magnitude and direction of A— B+ D . Remember, when dealing with vectors the x and y
components must be treated separately. Treat the values given in the question as accurate to the nearest
decimal, and hence as having two significant figures.

SKETCH: Not applicable.

RESEARCH:

(a) The resultant vector is V = A+B+C+D.

(b) The magnitude of a vector is ‘\7‘ =,/(V.) + (Vy )? . The direction of the vector V is
6, =tan™ (Vy /Vx>.

SIMPLIFY:

(@) A+B+C+D=(A, +B,+C,+D)x+(A, +B,+C, +D))y

(b) ‘V‘z‘fl—ﬁ+ﬁ‘=\/(Ax—Bx+DX)2+(Ay—By+Dy)2

QV :tanil m
A —-B +D,

18
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CALCULATE:

(a) A+B+C+D=(65.0-56.7—15.4+80.2)% +(37.5+19.5-19.7 —40.9) y
=73.1%-3.6)

(b) ‘A—]§+13‘:\/(65.0—(—56.7)+80.2)2 +(37.5-19.7 — 40.9)* =203.217

37.5-19.7.—40.9
0, =tan™ =-6.5270°
65.0 —(—56.7) +80.2

ROUND:
(a) Not necessary.

(b) The given magnitudes have three significant figures, so ‘;\ -B+ f)‘ =203, at —6.53° (below the x-axis).

DOUBLE-CHECK: The length of the resulting vector is less than the sum of the lengths of the
component vectors. Since the vector points into the fourth quadrant, the angle made with the x-axis
should be negative, as it is.

THINK: The problem involves adding vectors, therefore break the vectors up into their components and
add the components. SW is exactly 45° south of W. d, =4.47km N, d, =2.49 km SW, % =3.59 km E.
SKETCH:

Ay

D

RESEARCH: Use D = d, +d, +d, = D.x+D,y, and recall the formula for the length of D: ‘D‘ =

\/DXTDyZ . Decompose each summand vector into components d. = d. X + d, , ¥ with summand
vectors: d, =d,y, d, =d, %+ d, y =—d,sin(45°)x —d, cos(45°) , d, =d.x.

SIMPLIFY: Therefore, D =d, +d, +d, = (d, —d, sin(45°)) + (d, —d, cos(45°)) and

\D\ = J(d, —d, sin(45°))* +(d, —d, cos(45°))" .

CALCULATE: ‘D‘ =/(3.59 - 2.49c0s(45°))" + (4.47 — 2.49sin(45%))’ = 3.269 km

ROUND: ‘D‘ =3.27km

DOUBLE-CHECK: Given that all vectors are of the same order of magnitude, the distance from origin to
final position is less than d,, as is evident from the sketch. This means that the calculated answer is
reasonable.

THINK: The problem involves adding vectors, therefore break the vectors up into their components and

add the components. NW is exactly 45° north of west. d, = 20 paces N, d, =30 paces NW, ;i3 =10 paces S.
Paces are counted to the nearest integer, so treat the number of paces as being precise.
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SKETCH:

RESEARCH:, Use 5=a1+¢§2+33=DX£+Dy}, and recall the formula for the length of D:

‘13‘:1[sz +Dy2 . Decompose each summand vector into components d, = d, x + d,, y, with

summand vectors: d, =d,, d,=d, X+ d,,y =~d,sin(45")x —d, cos(45°) y, d,=—d.y
SIMPLIFY: D=d, +d, +d, =—d, sin(45°)% + (d, — d, + d, cos(45°))J and
|D| = \J(~d, sin(45%)" +(d, —d, +d, cos(45°))" .

CALCULATE: |D|=1/(-30sin(45%)" +(20 ~10+30c0s(45°))’ = 37.739 paces

ROUND: 38 paces

DOUBLE-CHECK: Given that d, >d,, the calculated answer makes sense since the distance D should be
greater than d, .

THINK: The problem involves adding vectors, therefore break the vectors up into their components and
add the components. NW is 45° north of west. 31 = 20 paces N, (32 = 30 paces NW, % = 12 paces N,

d, =3 paces into ground (d, implies 3 dimensions). Paces are counted to the nearest integer, so treat the
number of paces as being precise.

SKETCH:
N
+y
W E [
S +x

RESEARCH: D=d, +d, +d;+d,, d =d,&+d,j+d.z,|D|=[D+D}+D?, d =d 3,
d,=-d, 3 +d, j=—d, cos(45°)% +d,sin(45°)), d,=d,j, and d, =—d,z.

SIMPLIFY: D=d +d, +d, +d, =—d, cos(45°)% +(d, +d, +d, sin(45°))y —d,% and

|D| = J(~d, cos(45%))* + (d, +d, +d,sin(459))" +(~d,)’ .
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y-3z

V2 QJ

CALCULATE: D= —307232 + (20 +12+430 5

|D|=(-21.213)" +(53.213)" +(-3)" =57.36 paces
ROUND: D=-152x+ (32 +15¢2 ) y—3z and round the number of paces to the nearest integer:
‘D‘ =57 paces.

DOUBLE-CHECK: Distance should be less than the sum of the magnitudes of each vector, which is 65.
Therefore, the calculated answer is reasonable.

THINK: Consider the Sun to be the centre of a circle with the distance from the Sun to Venus, as the
radius. Earth is located a distance 7, =1.5-10" m from the Sun, so that the three bodies make a triangle
and the vector from Earth to the Sun is at*0 The vector pointing from Earth to Venus inte rsects Venus’
orbit one or two times, depending on the angle Venus makes with the Earth. This angle is at a maximum
when the vector intersects the orbit only once, while all other angles cause the vector to intersect twice. If
the vector only intersects the circle once, then that vector is tangential to the circle and therefore is
perpendicular to the radius vector of the orbit. This means the three bodies make a right triangle with r,

as the hypotenuse. Simple trigonometry can then be used to solve for the angle and distance.
SKETCH:

Venus

RESEARCH: r’=r+R’, r,sinf=r,
SIMPLIFY: R=\/r -1, O=sin"'(r, /1)

1.1-10"
CALCULATE: R:\/(I.S-IOH)Z—(1.1-10“)2 =1.0198-10" m, ezsin‘l[ls—ojzu.m

1011

ROUND: R=1.0-10" m, 6 =47°
DOUBLE-CHECK: If it had been assumed that & =tan™'(r, /) when the E-to-S-to-V angle was 90°,

then tan@ would be about 36°. Therefore the maximum angle should be greater than this, so the answer
is reasonable.

THINK: All angles and directions of vectors are unknown. All that is known are the distances walked, d,
=550 m and d, =178 m, and the distance d, = 432 m that the friend is now away from you. Since the
distances are the sides of a triangle, use the cosine law to determine the internal (and then external) angles.
Also, since d, <d,, he must have turned back towards you partially, i.e. he turned more than 90°, but less
than 180°.
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SKETCH:

RESEARCH: d,” =d’+d, -2d,d, cos¢, d,’=d’+d,’ —2dd, cosa, 0+a=180°

2 2 _ 2

SIMPLIFY: 2d,d,cos¢=d’+d,’—d,’ = ¢=cos™ [—dl +223d 4, ]
173

2 2 g2

Likewise, o =cos™ m .
2d,d,

(550 m)* + (432 m)* — (178 m)*

2(550 m)(432 m)

CALCULATE: ¢=cos™ ( J =15.714°

= cos! (550 m)* + (178 m)* — (432 m)’
2(550 m)(178 m)
ROUND: Since d, =550m has two significant figures (which is the fewest) the answers should be

J =41.095°, €=180°—-41.095°=138.905°

rounded to two significant figures. This means: ¢ =16°, o =41° and then 6 =139°. The two possibilities
are that the friend turned to the right or the left (a right turn is shown in the diagram). The direction the
friend turned doesn’t matter, he turns by the same amount regardless of which direction it was.
DOUBLE-CHECK: The friend turned through an angle of 140 degrees. The angle between the initial
departure and the final location is 16 degrees. These are both reasonable angles.

THINK: Assume that the Earth is a perfect sphere with radius, 7, = 6378 km, and treat the circumference

of Earth as the circumference of a circle.
SKETCH:

RESEARCH: The circumference of a circle is given by C=27r.
SIMPLIFY: C=27r,

CALCULATE: C=27(6378 km) = 40074 km

ROUND: The instructions from the question say to round to three significant figures: C=4.01-10" km.
DOUBLE-CHECK: Assuming a hot air balloon has an average velocity of 20 km/h, then it would take
about 80 days to travel, hence the phrase around the world in 80 days.

4,308,229 ~4-10°%; 44 ~4 .101,(4-106)(4.10‘ ) =16-10" =2-10°

35467 -102+C=-7%+14j, C=(-7x-3x)+(14y—6y)+10z =—10x + 8y +10z
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THINK: An angle is measured counter-clockwise from the positive x-axis (0°). C= (34.6 m, —53.5m). It
is also possible to measure clockwise from the positive x-axis and consider the measure to be negative.
SKETCH:

v [m]
20 40
0 i x [m]

]

]
-201 c
C N

-40 !

RESEARCH: |C|=,/C7+C, tand= [%]

1 Cy
SIMPLIFY: 6 =tan [C—]

x

-53.5m
34.6 m

CALCULATE: ‘é‘ =J(34.6 m) +(-53.5m)’ =63.713 m, 0= tanl[ j: ~57.108°

ROUND: C=63.7 m, =-57.1° or 303" (equivalent angles).
DOUBLE-CHECK: The magnitude is greater than each component but less than the sum of the
components and the angle is also in the correct quadrant. The answer is reasonable.

THINK: Assume Mars is a sphere whose radius is r,, =3.39-10° m.

SKETCH:

RESEARCH: C=2zr, A=4nr*, V= %72'7‘3

4
SIMPLIFY: C=2rn,, A=4zxn’, V= gmh;

CALCULATE: C=27(3.39-10° m)=2.12999-10" m
A=47(3.39-10° m)* =1.44414-10" m’

4
V=§7z(3.39-106 m)’ =1.63188-10*° m*

ROUND: C=2.13-10" m, A=144-10" m’, V =1.63-10" m’
DOUBLE-CHECK: The units are correct and the orders of magnitude are reasonable.
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1.79. THINK: Sum the components of both vectors and find the magnitude and the angle from the positive x-
axis of the resultant vector. A =(23.0,59.0) and B = (90.0,—150.0) .

SKETCH:
(a)
v
-34
-400
-800
-1200
(b)
v
A
" 9240 | 480 | 720 «x

400

-800

-1200

) ) C
R%EmﬂtC:me,QzMﬁm&wdzﬂX+gﬁtm@zéﬁ

SIMPLIFY:
(a) Since n=-3 and m=9, C,=-3A +9B, and C,=-3A +9B,. Also, 6. =tan' (Cy /Cx) .
(b) Since n=-5 and m=8, C,=-5A +8B, and C,=-5A +8B,. Also, . = tan'l(Cy /Cx) .

CALCULATE:
(a) C, =-3(23.0)+9(90.0) = 741.0, C, = —-3(59.0) +9(—150) = -1527.0

A=(A,,A,)=(-30.0 m,~50.0 m)

(b) =(30.0 m,50.0 m). |C|=+/(605.0)" +(~1495.0 =1612.78

-1495.0
0.=tan™'| ———— |=-67.97°
605.0

ROUND:
(a) C=1.70-10° at —64.1° or 296°
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Chapter 1: Overview

(b) C=1.61-10" at —68.0° or 292°

DOUBLE-CHECK: Each magnitude is greater than the components but less than the sum of the
components and the angles place the vectors in the proper quadrants. The calculated answers are
reasonable.

THINK: The vectorsare A=(A,,A,)=(-30.0 m,~50.0 m) and B=(B,,B,) =(30.0 m,50.0 m). Find the

magnitude and angle with respect to the positive x-axis for each.

SKETCH:
v [m]
B.l
A
40 5/
\B,
)b
o, E
-40 | 0, 40 x [m]
—H
I —
A P 4
¥
i/ =40
i

. C
RESEARCH: C=,/C>+C}, tand, -

X

_ _ A B
SIMPLIFY: A=[A’+A}, B=\[B’+B’, 6, =tan" [A—yJ 6, =tan™ [B—y]

X X

CALCULATE: [4]=+/(-30.0 m)’ +(~50.0 m)’ =58.3095 m, |B|=/(30.0 m)’ +(50.0 m)’ =58.3095 m

~50.0
0, =tan” | ——— " | =59.036° = 180°+59.036° = 239.036°
~30.0 m

50.0
0, =tan | = | =59,036°
30.0 m

ROUND: A =58.3mat239° or —121°,and B=>58.3 mat 59.0°.
DOUBLE-CHECK: Each magnitude is greater than the components of the vector but less than the sum of
the components and the angles place the vectors in the proper quadrants.

THINK: A variable is proportional to some other variable by a constant. This means the ratio of one
variable to another is a constant. Therefore, both ratios are equal. F =200.N, x, =8.00cm and

x, =40.0 cm.
SKETCH:

40.0 cm
8.00 cm S——=
200. N
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1.82.

1.83.

RESEARCH: -2
'xl 'xZ
E
SIMPLIFY: E, =2
xl
CALCULATE: F, =200 NU00em) 504
8.00 cm

ROUND: FE =1.00-10° N
DOUBLE-CHECK: The ratio of distance to force remains 1:25 for the two distances. The answers are
reasonable.

THINK: When a variable is proportional to another, it is equal to the other variable multiplied by a
constant. Call the constant “a”.
SKETCH: A sketch is not needed to solve this problem.

RESEARCH: d=at’

SIMPLIFY: d,=at’, d,'=a(3t,)’

CALCULATE: d,'=9at;’ = 9d,

ROUND: The distance increases by a factor of 9.

DOUBLE-CHECK: Acceleration is a quadratic relationship between distance and time. It makes sense for
the amount of time to increase by a factor larger than 3.

THINK: Consider the 90° turns to be precise turns at right angles.

(a) The pilot initially flies N, then heads E, then finally heads S. Determine the vector D that points from
the origin to the final point and find its magnitude. The vectors are d, =155.3 miles N, d, =62.5 miles E
and d, =47.5 miles S.

(b) Now that the vector pointing to the final destination has been computed,
D=d,%+(d, —d,)y =(62.5 miles)x +(107.8 miles) y, determine the angle the vector makes with the
origin. The angle the pilot needs to travel is then 180° from this angle.

(c) Before the pilot turns S, he is farthest from the origin. This is because when he starts heading S, he is
negating the distance travelled N. The only vectors of interest are d, =155.3 milesN and

d, =62.5 milesE .

SKETCH:
(a) -
N d: +y
W-+E |21
S +Xx

o
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v [mi]

155.31

Chapter 1: Overview

(el

max

(b) (c)
v [mi]
D,
107.8F----%
5/
5
0/ 0 :
62.5 x [mi]
L)-I
RESEARCH:

(a) D=d, +d, +d,=D,x+D j, d =d _i+d, 3}, ‘D‘: [D?+D}

D
(b) tanHzD—y, 6'=0+180°

() Dy =d, +d,, d,=d, i+d, . |D
SIMPLIFY:
(@) d,=d,, d,=d,%, d,=—d,}

Therefore, D=d,x +(d, —d,)} and \D\ =Jd +(d, —d,).

D D
(b) 6= tanl[ y ] and @'=tan™ [D—yjiISO"

x

=,/D.’ +D/}

max

o

() d =dy, d,=d,x, D

CALCULATE:

(2) | D] = /(62.5 miles)” +(155.3 miles — 47.5 miles)’
=124.608 miles

(b) 0'=tan" (107.8 miles

=,d} +d}

o =d2;c+d1;1 = ‘f)

m max

62.5 miles
=59.896°+180°=239.896° or —120.104°

= /(62.5 miles)’ +(155.3 miles)’ =167.405 miles

jilSOo

(©) |D
ROUND:
(a) ‘D‘ =125 miles

(b) 8'=240.° or —120.° (from positive x-axis or E)
(c) ‘Bmax =167 miles

DOUBLE-CHECK:

62IS X [mi]

(a) The total distance is less than the distance travelled north, which is expected since the pilot eventually

turns around and heads south.

(b) The pilot is clearly NE of the origin and the angle to return must be SW.

(c) This distance is greater than the distance which included the pilot travelling S, as it should be.
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1.84.

THINK:

(a) If an observer sees the Moon fully cover the Sun, then light rays from the outer edge of the Sun are
blocked by the outer edge of the Moon. This means a line pointing to the outer edge of the Moon also
points to the outer edge of the Sun. This in turn means that the lines share a common angle. The radii of

the Moon and Sun are, respectively, r,, =1.74-10° m and r, =6.96-10° m. The distance from the Moon
to the Earth is d,, =3.84-10° m.

(b) In part (a), the origin of the light ray is assumed to be the centre of the Earth. In fact, the observer is on
the surface of the Earth, 1, =6378 km. This difference in observer position should then be related to the
actual distance to the Moon. The observed Earth to Moon distance remains the same, d,, =3.84-10° m,
while the actual distance is the observed distance minus the radius of the Earth.

(c) Given the relative error of 1.69% between the actual and observed distance to the Moon, there should
be the same relative error in the difference between the observed and actual distance to the Sun.

d,(observed)=1.54-10" m.
SKETCH:
(a)

(b)

Moon

(c) Not applicable.
RESEARCH:

(a) tand= opposite
adjacent
dg, (observed) —dy,, (actual)
dg\ (actual)

(c) dys(actual) = (1—relative error)dy (observed)
SIMPLIFY:

(a) tanf= [TL] = [r_sj = dy = rSdﬂ
Ay dES V!

dy,, (observed) — (dy,, (observed) —r, )

dy,, (observed) —r,

(b) relative error =

(b) relative error =

_ e
dy,, (observed) —r,
(c) dy(actual) =(1-0.0169)d(observed)

=0.9831d,, (observed)
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CALCULATE:
6.96-10° 3.84-10°
(a) dy = m)( - ™ _}53610" m
(1.74-10° m)
6378000 m

: =0.01689
3.84-10° m—6378000

(c) d(actual)=0.9831(1.54-10" m)=1.513-10" m
ROUND:

(@) dy=1.54-10" m

(b) relative error =1.69%

(c) dy(actual)=1.51-10" m

DOUBLE-CHECK:

(b) relative error =

Chapter 1: Overview

(a) The distance from the Earth to the Sun is about 300 times the distance from the Earth to the Moon, so

the answer is reasonable.

(b) The radius of Earth is small compared to the distance from the Earth to the Moon, so the error

calculated is small.

(c) The relative error is small so there should be a small difference between the actual and the observed

distance from the Earth to the Sun.

THINK: The problem involves adding vectors. Break the vectors into components and sum the
components. The vectors are: (;l1 =1.50 km due N, (;lz =1.50 km 20.0° N of W and (33 =1.50 km due N.

Find the length of the resultant, and the angle it makes with the vertical. Let o =20.0°.

SKETCH:
N

WA—}—~E

RESEARCH: D=d, +d,+d,, d, =d,%+d,j, |D|=\[D’+D/, tan6=

SIMPLIFY: d, =d,j, d,=-d, i+d, j=-d,(cosa)%+d,(sina)3,

‘f)‘ = \/(—d2 cosa)’ +(d, +d, +d,sina)’

6 =tan™ D,
Dy

X

CALCULATE: \13\ = J(=1.50¢05(20.0°) km)* +(3.00 km +1.50sin(20.0°) km)?

—J1.9868 km® + 12.3414 km* = 3.7852 km

0= tan”! ( —1.4095 km

=-21.862°
3.5130 km
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ROUND: ‘D‘ —3.79 km at 21.9° W of N

DOUBLE-CHECK: The only directions travelled were N or NW, so the final direction should be in the
NW region.

THINK: If the number of molecules is proportional to the volume, then the ratio of volumes should be

the same as the ratio of the molecules. 1 mol = 6.02-10® molecules, volume of mol = 22.4 L and the
volume of one breath is 0.500 L. Only 80.0% of the volume of one breath is nitrogen.
SKETCH: Not applicable.

V itrogen # i N
RESEARCH: V. =0.800V, ., Nitrogen _ molecules in one breath _Noan
i Vool # molecules in a mol N,u
V itrogen Nmo ) OSOOV N

SIMPLIFY: N, =—= Nowa) _ rcath (N imot)

Vmol Vmol

. .500 L)(6.02-10* molecul
CALCULATE: N, = 230%03% )((26204 L)O molecules) _; 47500.10% molecules

ROUND: N, =1.08-10" molecules

DOUBLE-CHECK: Since the volume of one breath is about 50 times smaller than the volume of one
mole of gas, the number of nitrogen molecules in one breath should be about 50 times smaller than the
number of molecules in a mole.

THINK: 24.9 seconds of arc represents the angle subtended by a circle with diameter = 21, located a
distance D;,, from Earth. This value must be converted to radians. The diameter of Mars is
2r,, = 6784 km.

SKETCH:

{) ‘N-I
center of w
the Earth

RESEARCH: The angular size is related to the angle 6 shown in the sketch by 6,

sketch, we can see that

=260. From the

ngular size

f
tan@ =

EM
Because Mars is a long distance from the Earth, even at closet approach, we can make the
approximation tané = 6.

2
SIMPLIFY: Putting our equations together gives us 6, —20="1u

angular size D

EM
CALCULATE: We first convert the observed angular size from seconds of arc to radians

1° 2 di
24.9 arc seconds( j( rra 1ansj =1.207-10" radians.

3600 arc seconds 360°
The distance is then
2, 6784 km

= ——————=5.6205-10" km.
(1.207-107" radians)

DEMZH

angular size

ROUND: We specify our answer to three significant figures, D;,, =5.62-10" km.

30



1.88.

1.89.

Chapter 1: Overview

DOUBLE-CHECK: The mean distance from Earth to Mars is about7-10" km. Because the distance
calculated is for a close approach and the distance is less than the mean distance, the answer is reasonable.

THINK: If the quarterback is in the exact centre of a rectangular field, then each corner should be the
same distance from the centre. Only the angle changes for each corner. The width of the field is 53 1/3
yards and the length is 100. yards. Since the question states that the length is exactly 100 yards, the
precision of the final answer will be limited by the width.

SKETCH:
y
F 3
T d d
0 7
Yo, 0, | x
1 d d,
/

SIMPLIFY: |d[=

CALCULATE:

2
(a) ‘&‘:\/(53 l/iyardsj 4{100 Zardsj =56.667 yards, 6, =tan" (53 1/3) 28.072°

(b) 6,=180°—-6, =180°—-28.072°=151.928°
6, =180°+ 0, =180°+28.072° =208.072°
6, =360°—6, =360°—-28.072°=331.928°
ROUND:
(a) d, =56.7 yards at 28.1°
(b) d, =56.7 yards at 152°, d, =56.7 yards at 208°, d, =56.7 yards at 332°
DOUBLE-CHECK: &1 & 33 and 32 &d , are 180° apart. This is expected when throwing at opposite
corners of the field. The answers are reasonable.

THINK: Assume the Cornell Electron Storage Ring is a perfect circle with a circumference of C =768.4 m.
Recall the exact conversion1 m =(100/2.54) inches.
SKETCH:

—

C
f

RESEARCH: C=27xr, d=2r

SIMPLIFY: d= 9( 100in j

7\ 2.54 m

(768.4 m)( 100 in

CALCULATE: d=
T L2.54 m

] =9629.5007 inches
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ROUND: d=9630. inches

DOUBLE-CHECK: There are 12 inches in a foot and 5280 feet in a mile. Therefore there are 63,360
inch/mile. Our answer for the Cornell ring is thus about 1/6™ of a mile, which seems the right order of
magnitude.

THINK: 4% of the 0.5 L for each exhalation is composed of carbon dioxide. Assume 1 mole

(6.02-10% molecules) has a volume of 22.4 L. The particular numbers are actually not that important.
The only important thing is that they have the right order of magnitude. So it also could be 0.3 or 0.6 L
that we exhale in each breath, which are also numbers you can find in the literature; and some sources
quote 5% CO, in the air that we breathe out.

SKETCH: Not applicable.

RESEARCH: How many times do we breathe per day? You can count the number of breaths you take in
a minutes, and that number is around 15. This means that you breath around 800 to 1,000 times per hour
and around 20,000 to 25,000 times per day.

Veo, _ # molecules in one breath  CO,

‘/vCOZ = 0’04Vbreath >

ol # molecules in a mol co,
V. 0.04V,
SIMPLIFY: CO, = Vc 2(CO,, ) =——"=(CO, )
mol mol
.04(0.5 L
CALCULATE: CO, =%(6.02-1023 molecules) = 5.375-10*° molecules

(a) CO,, =# molecules exhaled in a day
_ 4
=(2.5-10%)Co0,, .
= (2.5 -10* )(5.375 -10% molecules)
=1.34375-10% molecules

25
®) me _ 1.34375-10” molecules (365 days ( 12§nole J( 44 g j: 3.58482-10° kg/year
: 1 day k lyear )\ 6.02-10” molecules )\ 1 mole

ROUND: In this case we only estimate order of magnitudes. And so it makes no sense to give more than
one significant digit. We can therefore state our answer as

(@) CO,, = 10* molecules

(b) m, =300 to 400 kg/year

DOUBLE-CHECK: Does it makes sense that we breathe out around 300 to 400 kg of CO, in a year, which
implies that we breathe out approximately 1 kg of CO, in a day. Where does this materials come from?
The oxygen comes from the air we breathe in. So the carbon has to be part of what we eat each day. Since
~1/4 of the mass of a CO, molecule resides in the carbon, this means that we have to eat at least ~1/2 of a
pound of carbon each day. Since carbon, hydrogen, and oxygen are the main components of our food,
and since we eat several pounds of food per day, this seems in the right ballpark.

THINK: Consider the Sun to be at the centre of a circle with Mercury on its circumference. This gives
n, =4.6-10" m as the radius of the circle. Earth is located a distance r, =1.5-10"" m from the Sun so that
the three bodies form a triangle. The vector from Earth to the Sun is at 0°. The vector from Earth to
Mercury intersects Mercury’s orbit once when Mercury is at a maximum angular separation from the Sun
in the sky. This tangential vector is perpendicular to the radius vector of Mercury’s orbit. The three bodies
form a right angle triangle with r, as the hypotenuse. Trigonometry can be used to solve for the angle and
distance.
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SKETCH:

RESEARCH: 1’ =1’ +R’, r,sinf=r,

SIMPLIFY: R=./r’—r>, O=sin" [rﬂj

Ty

4.6-10"
CALCULATE: 12:\/(1.5-10”)2 —(4.6-10°)* =1.4277-10" m, O =sin"" (%]:17.858"

ROUND: R=1.4-10" m, 6=18°
DOUBLE-CHECK: If it had been assumed that the maximum angular separation occurred when the

Earth to Sun to Mercury angle was 90°, @=tan"'(r, /r;) would be about 17°. The maximum angle
should be greater than this and it is, so the answer is reasonable.

1.92. THINK: This question asks about the distance to Proxima Centauri, which can be calculated using
parallax. To do so, it will be necessary to know the radius of Earth’s orbit. It will also be necessary to
convert from milliarcseconds to degrees or radians. Then, geometry should be used to find the distance.
SKETCH: Because of the distances involved, the diagram will not be to scale. The earth is shown at two
locations, ¥ year apart in its revolution around the Sun. The radius of Earth’s orbit is labeled r and the
distance to Proxima Centauri is labeled d.

Earth

Proxima
90° ! Centauri

| d =769 milliarcsec /

Sun

- —

Earth

RESEARCH: The goal is to find d, the distance between the Sun and Proxima Centauri. Note that the
Earth at either of the positions shown, the Sun, and Proxima Centauri form right triangles. The textbook
lists the mean orbital radius of Earth as 1.496 x 10° km. The final answer needs to be in light-years, so it
will be necessary to convert from km to light-years at some point using the fact that 1 light-year = 9.461 x
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10" km. Knowing the parallax and the radius of the Earth’s orbit, it is then possible to use trigonometry to
find the distance d from the Sun to Proxima Centauri: tand = %

r . .
. It is more difficult to

SIMPLIFY: Using algebra to find the distance d in terms of r and 6 givesd = .
an

convert from milliarcseconds to a more familiar unit of angle measure, the degree. Since there are 60
arcseconds to the arcminute, and 60 arcminutes make one degree, the conversion will look like this:

107 arcseconds 1 arcminute 1 degree

angle in milliarcseconds - =angle in degrees.

1 milliarcsecond 60 arcseconds 60 arcminutes
CALCULATE: It is important to perform this calculation with the computer or calculator in degree (not
radian) mode. Using the textbook value for the radius of the earth r = 1.496 x 10° km and the given value
for the parallax of 769 milliarcsec gives:

r

tand
1.496x10° km 1 light-year

10 arcsec 1arcminute 1 degree 9.461x10"* km
1 milliarcsec 60 arcsec 60 arcminutes

tan[769 milliarcsec -

=4.241244841 light-years
ROUND: The parallax has three significant figures. The radius of the earth is given to four, and all of the
conversions are exact except light-years to km, which is given to four. So the final answer should have
three figures. This gives a total distance of 4.24 light-years.
DOUBLE-CHECK: A distance to the Proxima Centauri of 4.24 light-years means that it takes light about
4% years to travel between the Sun and Proxima Centauri. Knowing what we do of astronomical scales,
this makes sense.

Multi-Version Exercises

THINK: The lengths of the x and y components of the vectors can be read from the provided figure.
Remember to decompose the vectors in terms of their x and y components.
SKETCH:

-4

RESEARCH: A vector can be written as V =V & + V,y,where V, =x, —x, and V, =y, —y,.

SIMPLIFY: Not applicable.

CALCULATE: A=(-1.5—(-4))%+(3.5-2)y =2.5%+1.5), B=(4—(-1.5))%+(1-2.5)y =555 —1.5)
C=(-3-3)x—(4—(-1))y=—6x—-3)

ROUND: Not applicable.

DOUBLE-CHECK: Comparing the signs of the x- and y-components of the vectors A, B and C to the
provided figure, the calculated components all point in the correct directions. The answer is therefore
reasonable.
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THINK: The question asks for the length and direction of the three vectors. The x and y components of
the vectors can be read from the provided figure. Remember when dealing with vectors, the components

must be treated separately.
SKETCH:

By
AP EE

-4

RESEARCH: The length of a vector is given by the formula L = \/x* + y* . The direction of a vector (with

respect to the x-axis) is given by tanf=y/x.

SIMPLIFY: 6 =tan”! (ZJ
X

. 1.5
CALCULATE: ‘A‘:\/(Z.S)z +(1.5)° =2.9, 6, =tan™* [§)=30.9638°
B 2 2 4 =15
|B|=(5.57 +(-1.5)" =5.700877, 6, =tan [¥j=—15.2551°

‘é‘ = J(=6) +(=3)* =6.7082,

-3
0. =tan™ (—) =26.565° =180°+26.565° = 206.565°

ROUND: The figure can reasonably be read to two significant digits, so the rounded values are ‘;\‘ =29

6, =31°,
DOUBLE-CHECK: Comparing the graphical values to the calculated values, the calculated values are
reasonable.

B‘ =57, 6, =-15°,

C|=67, and 6, =210°.

Vectors add tip to tail, A+ B+C =D.

¥

By inspecting the image, it is clear that D = (2,-3).
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1.96. THINK: To subtract two vectors, reverse the direction of the vector being subtracted, and treat the
operation as a sum. Denote the difference as E =B — A.
SKETCH:
¥
4
2
N 4p 6 8 Y
22 e
E|* A
-4

RESEARCH: E=B-A4= B+(-4)

SIMPLIFY: No simplification is necessary.

CALCULATE: By inspection, E = (3,-3).

ROUND: No rounding is necessary.

DOUBLE-CHECK: The resultant vector E points from the origin to the fourth quadrant, so its x-

component should be positive and its y-component should be negative. This gives some support to the
reasonableness of the answer.

1.97. THINK: When adding vectors, you must add the components separately.
SKETCH:

RESEARCH: D=A+B+C
SIMPLIFY: D=(A, +B,+C)i+(A,+B, +C))j
CALCULATE: D=(2.5+55-6)x+(1.5-1.5-3)) =2x -39

ROUND: The answers are precise, so no rounding is necessary.
DOUBLE-CHECK: The calculation seems consistent with the provided figure.
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THINK: When subtracting vectors, you must subtract the x and y components separately.
SKETCH:

4
2
-4 -2 [-10 -8 [ -6 [-4.[-2-57 2 x
B dete=r=1"1 <aB A P
_L-1- C
-B t4 E

RESEARCH: F,=C,—A,-B, and F,=C,—A —B,. The length is computed using ‘F‘ = E +F
with F=F,%+F,J.

SIMPLIFY: |F|=(C, -4, ~B,)’+(C, -4, -B,)

CALCULATE: |F|- \/((—6.0) ~25-55) +((-3.0)~(1.5)~(~1.5))

=+/205
=14.318
ROUND: To two significant figures, the length of F is 14.

DOUBLE-CHECK: The size of ‘ﬁ‘ is reasonable.

THINK: The two vectors are A = (A,,A,)=(30.0 m,—50.0 m) and B= (B,, B,)=(-30.0 m, 50.0 m).
Sketch and find the magnitudes.

SKETCH:
y [m]
B 40
0
-40 -20 20 40 x [m]
=20
-40 4

RESEARCH: The length of a vector C=C,%+C, j is ‘é‘ =Jc+Cr.

SIMPLIFY: |4|=[A’+4., |B|=\[B)+B,
CALCULATE: ‘A‘ = J(30)? +(=50)* =58.3095 m, ‘B‘ = J(=30)* +(50)* =58.3095 m
ROUND: ‘Zx‘ =583 m, ‘E‘ =583 m

DOUBLE-CHECK: The calculated magnitudes are larger than the lengths of the component vectors, and
are less than the sum of the lengths of the component vectors. Also, the vectors are opposites, so they
should have the same length.
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1.100. THINK: Use trigonometry to find the angles as indicated in the sketch below. A:(Ax,Ay)

=(30.0 m,—50.0 m) .
SKETCH:
y [m]

20 40

-2016,

=

RESEARCH: tan@ = 2PPOSIt¢

adjacent

SIMPLIFY: tan6, =(A,/A,) = 6, =tan'(A,/A,), tanb,=(A,/A) = 6,=tan'(A,/A))
CALCULATE: 6, =tan™(-50/30)=-59.036°, 6, =tan"'(30/-50) = —30.963°

ROUND: Drop the signs of the angles and just use their size: §, =59.0°, 8, = 31.0°.
DOUBLE-CHECK: The two angles add up to 90°, which they should. The answers are reasonable.

1.101. THINK: The two vectors are A= (4, Ay) =(-30.0 m, —50.0 m) and B= (B,, By) =(30.0 m, 50.0 m).

Sketch and find the magnitudes.
SKETCH:
y [m]

40

=1

20

-40 -20 20 40  x [m]

RESEARCH: |C|=,C.’+C,’
SIMPLIFY: [A|=[a’+A, |B|=[B}+B,

CALCULATE: ‘A‘ =/(=30.0 m)’ +(=50.0 m)* =58.3095 m, ‘E‘ =/(30.0 m) +(50.0 m)’ =58.3095 m

ROUND: ‘A‘ ~583m, ‘E‘ =583 m

DOUBLE-CHECK: The magnitudes are bigger than individual components, but not bigger than the sum
of the components. Therefore, the answers are reasonable.
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1.102. THINK: Using trigonometry find the angles indicated in the diagram below. The vector B=(B,, B))

1.103.

=(30.0 m,50.0 m) .

SKETCH:
y [m]
B,
40 i
| I
'B
20|%/ 15
0|
20 40 x [m]
RESEARCH: tang = PPt
adjacent
SIMPLIFY: 0 =tan"'| 2PPOM€ | g _tan 1| 22| g =tan| ==
adjacent B, B,

50.0 m

Om

30.0 m

50.0 m

CALCULATE: 6, =tan™ ( j =59.036°, @, =tan™' ( J =30.963°

ROUND: 6, =59.0°, 6, =31.0°
DOUBLE-CHECK: The angles sum to 90°, which is expected from the sketch. Therefore, the answers are
reasonable.

THINK: The two vectors are A =(23.0,59.0) and B =(90.0,~150.0) . Find the magnitude and angle with
respect to the positive x-axis.
SKETCH:

1
o=
==

=)

RESEARCH: For any vector C=C,x+C,J, the magnitude is given by the formula ‘C‘ =C.’+C’,and

C
the angle 6. made with the x-axis is such that tan6, = C—y

x

SIMPLIFY: ‘A‘:,/AXHA;, ‘B‘:JBXHBYZ, 0, =tan” [j_i} 0, = tan” [%}

X

CALCULATE: [4]=/(23.0 +(59.0)’ =63.3246, |B|=1/(90.0)" +(~150.0)* =174.9286

: -150.
0, =tan™ 9.0 =68.7026°, O, =tan™" 20.0
23.0 90.0

)z —59.0362°

ROUND: Three significant figures: A =63.3 at 68.7°, B=175at —59.0° or 301.0°.
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DOUBLE-CHECK: Each magnitude is greater than the components but less than the sum of the
components, and the angles place the vectors in the proper quadrants.

1.104. THINK: Add the components of the vectors. Find the magnitude and the angle from the positive x-axis of

the resultant vector. A =(23.0,59.0) and B= (90.0,—150.0).
SKETCH:

120 x

O

dmmm e e — ==

=100

=200

. ) C
RESEARCH: C=(C,,C,), C,=nd, +mB, with n=-1 and m=+1,|C|=\/C/ +C, tanf ==

x

C
SIMPLIFY: C,=-A +B,, C,=—-A +B, 6. =tan" [—yj
Cx

CALCULATE: C, =-23.0+90.0=67.0, C, =-59.0+ (-=150) =-209.0,

» -209.0
C[=(67.0)" +(-209.0)* =219.477, and ¢, = tanl( —

j =-72.225°.

ROUND: C=219 at —72.2° or 288°
DOUBLE-CHECK: The magnitude is greater than each component but less than the sum of the
components and the angle is also in the correct quadrant. The answer is reasonable.

1.105. THINK: Add the components of the vectors (with applicable multiplication of each vector). Find the
magnitude and the angle from the positive x-axis of the resultant vector. A =(23.0,59.0) and
B =(90.0,-150.0).
SKETCH:

(=~
O

dh

N
N TR DO
Al

&

w!
) ) C

. - _ : _ _ _ 2 2 _ 7y

RESEARCH: C=(C,,C,), C,=nd, +mB, with n=—5 and m=+1, |C|=/C/ +C, tand, = -

x
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1.106.

1.107.

SIMPLIFY: C, =54, +B,, C,=-54,+B,,|C|=/C/+C, ¢, =tan™ [—y

C
Cx

CALCULATE: C, =-5(23.0)+90.0=-25.0, C, =-5(59.0)+(-150) =—445.0

[C|=(-25.0y" +(-445.0 = 445702

—445.0
O, =tanl( =0 j:86.785° = 180°+86.785° =266.785°

ROUND: C =446 at 267° or —93.2°

Chapter 1: Overview

DOUBLE-CHECK: The magnitude is greater than each component but less than the sum of the

components and the angle is also in the correct quadrant. The answer is reasonable.

THINK: Add the components of the vectors (with applicable multiplication of each vector). Find the

magnitude and the angle from the positive x-axis of the resultant vector. A =(23.0,59.0) and

B =(90.0,—150.0) .
SKETCH:

34 1200

800

400
34

-480  -240

RESEARCH: C=(C,,C,), C,=nd, +mB, with n=3 and m==7, |C|=,[C,’+C,

C
SIMPLIFY: C _=3A -7B,, C,=3A —7B,, 6.=tan"' [—’J
x X x y y y C

x

CALCULATE: C, =3(23.0)-7(90.0)=-561.0, C, =3(59.0)-7(-150) =1227.0

‘é‘ = J(=561.0)> +(1227.0)* =1349.17

1227.0
6. =tan™ ( ol 0) =-65.43° = 180°-65.43°=114.57°

ROUND: ‘6‘:1.35-103 at 115°

DOUBLE-CHECK: The magnitude is greater than each component but less than the sum of the

components and the angle is also in the correct quadrant.

THINK: The scalar product of two vectors equals the length of the two vectors times the cosine of the
angle between them. Geometrically, think of the absolute value of the scalar product as the length of the

projection of vector B onto vector A times the length of vector A , or the area of a rectangle with one side

the length of vector A and the other side the length of the projection of vector B onto vector A .

Algebraically, use the formula Ae B=A B, +A,B, to find the scalar product from the components,

which can be read from the graphs.
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SKETCH: Using the geometric interpretation, sketch the projection of vector B onto vector A and then
draw the corresponding rectangular area, for instance for case (e):

| T

Note, however, that this method of finding the scalar product is cumbersome and does not readily produce
exact results. The algebraic approach is much more efficient.

RESEARCH: Use the formula Ae B=A B, +A,B, to find the scalar product from the components,
which can be read from the graphs. (Ax,Ay):(6,0) in all cases. In (a), (Bx,By):(l,S); in (b),

(B..B,)=(0,3); in (c), (BB, )=(22); in (d), (B,B,)=(~6,0); in (e), (B,,B,)=(51); and in (f),
(B..B, )=(1.4).

SIMPLIFY: Using the formula Ae B=A,B, +A,B,, find that in part (a), AeB=6-1+0-5. In part (b),

AeB=6-0+0-3. In part (c), AeB=6-2+0-2. In part (d), AeB=6-—6+0-0. In part (e),
AeB=6-5+0-1. Finally, in part (f), AeB=6-1+0-4.
CALCULATE: Performing the multiplication and addition as shown above, the scalar product in (a) is 6
units, in (b) it is 0 units, and in part (c) the scalar product is 12 units. In parts (d), (e), and (f), the scalar
products are —36 units, 30 units, and 6 units, respectively. The one with the largest absolute value is case
(d), |-36|=36.
ROUND: Rounding is not required in this problem.
DOUBLE-CHECK: Double-check by looking at the rectangles with sides the length of vector A and the
length of the projection of vector B onto vector A . The results agree with what was calculated using the
formula.

1.108.  When the scalar products are evaluated as described in the preceding solution, the one with the smallest
absolute value is case (b), where ‘;\ . E‘ =0. It is characteristic of the scalar product that it comes out zero
for perpendicular vectors, and zero is of course the smallest possible absolute value.

1.109.  The vector product of two non-parallel vectors A and B that lie in the xy-plane is a vector in the z-

direction. As given by Eq. (1.32), the magnitude of that vector is [A,B, — A, B, |.
|( )(5)-(0)(1)|=3

(0)(0)|
~(0)(2)[=12
~(0)(-6)|=0
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1.110.

1.111.

1.112.

1.113.

Chapter 1: Overview

(e) =[(6)(1)-(0)(5)| =6
® =[(6)(4)~(0)(1)] =24

The largest absolute value of a vector product is case (a).

AB,—A B,

AB,—A,B,

When the vector products are evaluated as described in Solution 1.109, the one with the smallest absolute
value is case (d). It is characteristic of the vector product that it comes out zero for parallel or antiparallel
vectors, and zero is of course the smallest possible absolute value.

Taking the absolute value and ranking in order from least to greatest, we find that 0 <6 =6 <12 <30 < 36.
This gives us the ordering from least to greatest of the absolute value of the scalar product in parts b, a =f,
¢, e and d.

Ranking the absolute values found in Solution 1.109 in order from least to greatest, we find that
0<6<12<18 <24 <30. This gives us the ordering from least to greatest of the absolute value of the vector
product in parts d, e, ¢, b, f, and a.

THINK: We are given the change in the star’s radius. So, if we can express the surface area,
circumference, and volume in terms of the radius, we can find by what factors these change as the radius
changes.

SKETCH: We can think of the star as a sphere in space with radius r.

RESEARCH: We can use the formulas for volume and surface area of a sphere given in Appendix A. We

4
find that the volume of the sphere on the left is Eizr3 and its surface area is 477 . Similarly, the volume of

4
the sphere on the right is gﬂ'(l 1.41')3 and its surface area is 47(1 1.4r)2 . The circumference of a sphere is

the same as the circumference of a great circle around it (shown in red in the sketch). Finding the radius of
the circle will give us the radius of the sphere. Using this method, we find that the circumference of the

sphere on the left is 2777 , while the sphere on the right has a circumference of 27 (11.4r).

SIMPLIFY: We use algebra to find the volume, surface area, and circumference of the larger sphere in
terms of the volume, surface area, and circumference of the smaller sphere. (a) We find the surface area of

the sphere on the right is 472'(11.41’)2:47Z'(11.42}’2):11.42'47Z7'2 (b) The circumference of

the larger sphere is 27(11.4r)=11.4-(2zr). (c) The volume of the larger sphere is

%;;(11.4@3 :%;;(11.4%3):(11.43 )gnﬁ .
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1.114.

1.115.

1.116.

CALCULATE: Since we don’t know the star’s original radius, we take the ratio of the new value divided
by the old value to get the factor by which the surface area, volume, and circumference have increased. In
part (a), we find that the ratio of the new surface area to the original surface area is
11.4% - 47r? 1142 azr?

—=114"——= 11.4>-1=129.96 . (b) Similarly, we can divide the new circumference by the
4rr

11.4-(27r) 2r o .
————==114——-=114-1=11.4. (c) The new volume divided by the original
2rr 2rr

dxr

original one to get

11.4° )4 77’ 4.3

( )33 =(114°) 2= =114’ 1=1481.544.
dar Sar

ROUND: For all of these calculations, we round to three significant figures. This gives us that (a) the

surface area has increased by a factor of130., (b) the circumference has increased by a factor of 11.4, and

volume is

(c) the volume has increased by a factor of 1.48 x 10°.

DOUBLE-CHECK: Think about what these values represent. The circumference is a one-dimensional
quantity, with units such as km, which is proportional to r. The surface area is a two-dimensional quantity
with units such as km? and is proportional to r°. The volume is a three-dimensional quantity with units
such as km’ and is proportional to 7. So it makes sense that, when we increase the radius by a given
amount (11.4 in this case), the circumference increases in proportion to that amount, while the surface
area increases by that amount squared, and the volume increases by the cube of that amount.

The circumference is directly proportional to the radius.

(a) The surface area is proportional to the square of the radius and therefore to the square of the
circumference. It will increase by a factor of 12.5° = 156.

(b) The radius is directly proportional to the circumference. It will increase by a factor of 12.5.

(c) The volume is proportional to the cube of the radius and therefore to the cube of the circumference. It
will increase by a factor of 12.5° = 1950.

The volume is proportional to the cube of the radius, so if the volume increases by a factor of 872, then the

radius increases by a factor of 3/@ =9.553712362.

(a) The surface area is proportional to the square of the radius. It will increase by a factor of
9.553712362% = 91.3.

(b) The circumference is directly proportional to the radius. It will increase by a factor of 9.55.

(c) The diameter is directly proportional to the radius. It will increase by a factor of 9.55.

(a) The volume is proportional to the cube of the radius, so if the volume increases by a factor of 274, then

the radius increases by a factor of V274 =16.55294536 = 16.6.

(b) The volume is proportional to the cube of the radius. It will increase by a factor of
16.55294536° = 4535.507028 = 4540.

(c) The density is inversely proportional to the volume. It will decrease by a factor of
4535.507028"' = 2.20-10™*.
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Chapter 2: Motion in a Straight Line

Concept Checks

2.1.d 2.2.b 2.3.b 24.c 2.5.a)3 b)1 ¢)4 d)2 2.6.c 2.7.d 2.8.¢c 2.9.d

Multiple-Choice Questions

2.1. e 2.2.c 2.3.c 2.4.b 2.5.e 2.6.2 2.7.d 2.8.c 2.9.a 2.10.b2.11.b 2.12.d 2.13.¢ 2.14.d 2.15.a 2.16.c

Conceptual Questions

2.17.

2.18.

2.19.

2.20.

Velocity and speed are defined differently. The magnitude of average velocity and average speed are the
same only when the direction of movement does not change. If the direction changes during movement, it
is known that the net displacement is smaller than the net distance. Using the definition of average velocity
and speed, it can be said that the magnitude of average velocity is less than the average speed when the
direction changes during movement. Here, only Christine changes direction during her movement.
Therefore, only Christine has a magnitude of average velocity which is smaller than her average speed.

The acceleration due to gravity is always pointing downward to the center of the Earth.

v

g _|te

v
flight up flight down

It can be seen that the direction of velocity is opposite to the direction of acceleration when the ball is in
flight upward. The direction of velocity is the same as the direction of acceleration when the ball is in flight
downward.

The car, before the brakes are applied, has a constant velocity, v,, and zero acceleration. After the brakes
are applied, the acceleration is constant and in the direction opposite to the velocity. In velocity versus
time and acceleration versus time graphs, the motion is described in the figures below.

v a

0

There are two cars, car 1 and car 2. The decelerations are a, =2a, =—a, after applying the brakes. Before
applying the brakes, the velocities of both cars are the same, v, =v, =v,. When the cars have completely
i v, . .
stopped, the final velocities are zero, v, =0. v, =v, +at =0 = t =—-2. Therefore, the ratio of time taken
a

timeofcar1  —v,/—a,

= = l So the ratio is one half.
time of car 2 ( 1 \J
v,/ —an

to stop is Ratio =
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2.21. Here a and v are instantaneous acceleration and velocity. If a = 0 and v #0 at time ¢, then at that moment
the object is moving at a constant velocity. In other words, the slope of a curve in a velocity versus time
plot is zero at time ¢. See the plots below.

v v v

- - Slope=0 - - - —— - slope =0

]
1
I
1
1
I
1
1
1 :
t

t

t

£y | S e = e =

14

2.22. The direction of motion is determined by the direction of velocity. Acceleration is defined as a change in
velocity per change in time. The change in velocity, Av, can be positive or negative depending on the
values of initial and final velocities, Av=v; —v,. If the acceleration is in the opposite direction to the
motion, it means that the magnitude of the objects velocity is decreasing. This occurs when an object is
slowing down.

2.23. If there is no air resistance, then the acceleration does not depend on the mass of an object. Therefore,
both snowballs have the same acceleration. Since initial velocities are zero, and the snowballs will cover the
same distance, both snowballs will hit the ground at the same time. They will both have the same speed.

2.24. Acceleration is independent of the mass of an object if there is no air resistance.
7
i \
! 1
1 1
! 1
L T
1 1
v, V=¥
1 1
1 1
1 ]
I I
1 1
1 1
Snowball 1 Snowball 2

Snowball 1 will return to its original position after Af, and then it falls in the same way as snowball 2.
Therefore snowball 2 will hit the ground first since it has a shorter path. However, both snowballs have the
same speed when they hit the ground.
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Make sure the scale for the displacements of the car is correct. The length of the car is 174.9 in = 4.442 m.
765 4 3 2 1

I=0s
1
==5
3‘i
t=1s
s
I==5
3‘;
t=2s
=2
-

Measuring the length of the car in the figure above with a ruler, the car in this scale is 0.80 + 0.05 cm.
Draw vertical lines at the center of the car as shown in the figure above. Assume line 7 is the origin (x = 0).

Sl Lo

X
x=0

Assume a constant acceleration a=a,. Use the equations v=v,+at and x =x,+v,t+(1/2)at*. When

the car has completely stopped, v=0 at t=¢,.
0=v,+at, = v, =—at,
Use the final stopping position as the origin, x =0 at ¢ =t .

1
0=2x, +v,t, + Eato2

Substituting v, = —at, and simplifying gives

2x

2
0

Note that time ¢, is the time required to stop from a distance x,.First measure the length of the car. The

0

1 1
xo—at§+5at§=0 = xo—zat(f:O = a=

length of the car is 0.80 cm. The actual length of the car is 4.442 m, therefore the scale is
4.442 m

0.80 cm
So the scale is 5.5 = 0.275 m/cm. The farthest distance of the car from the origin is 2.9 + 0.05 cm.

Multiplying by the scale, 15.95 m, #,=(0.333)(65)=1.998's. The acceleration can be found using
_2(15.95 m)
(1.998 s)*

two significant digits: a=8.0 m/s’. Since the error in the measurement is Ax, =0.275 m, the error of the

=5.5m/cm . The error in measurement is (0.05 cm) 5.5 m/cm = 0.275m (round at the end).

a=2x,/t;: a =7.991m/s’. Because the scale has two significant digits, round the result to

acceleration is

2Ax, 2(0.275m)
a= =

- —~~0.1m/s’.
ty  (1.998s)
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2.26.

2.27.

Velocity can be estimated by computing the slope of a curve in a distance versus time plot.
804

40 I
- -
- —-—
-—
20 == -
¢ 2.5 5 1.5 10 >
t[s]
. . ve—v, Av .
Velocity is defined by v = Ax / At. If acceleration is constant, then a = AL (a) Estimate the slope
£

of the dashed blue line. Pick two points: it is more accurate to pick a point that coincides with horizontal
lines of the grid. Choosing pointst=0s,x=0m and t=6.25s,x =20 m:
~200.m-0m
" T6255-0s
(b) Examine the sketch. There is a tangent to the curve at t = 7.5 s. Pick two points on the line. Choosing
points: t=3.4s,x=0mand t=9.8s, x = 60 m:
- 60.m—-0m
9.8s5-3.4s
(c) From (a), v=3.2 m/satt=2.5s and from (b), v=9.4 m/s at t = 7.5 s. From the definition of constant
acceleration,

=3.2m/s

=9.4m/s

- 94 m/s—-32m/s 6.2m/s
75s-25s 50s

=1.2 m/s>.

There are two rocks, rock 1 and rock 2. Both rocks are dropped from height h. Rock 1 has initial velocity
v=0androck 2 has v=v, and is thrownat ¢ =t¢;.

Q "' drops at =10 "' dropsats=1,

I
L h ' &
: 1
' ]
1
’ l 5 l
1 L
Rock 1 Rock 2
Rock 1: hzlgt2 = ft= 2h
2 8
Rock 2: hzvo(t—t0)+%g(t—t0)2 N %g(t—to)z vy (t—1,)~h=0
—v, T AJVe +2gh
This equation has roots t—t, =°—°g. Choose the positive root since (t—t,)> 0. Therefore
g
v, —lVe +2gh
t, =t+¥. Substituting t = 2h gives:
g g

f Jve +2gh / ’
t0: %+V_O_M or %_l_v_o_ (V_Oj +%'
g§ £ g g§ & 4 g
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2.28. I want to know when the object is at half its maximum height. The wrench is thrown upwards with an

1
initial velocity v(t =0)=v,., x =x, +v,t —Egtz, v=v,—gt, and g=9.81 m/s’.

v = U Q IIIILI.\

301 O X,=0,1=0

At maximum height, v=0. v=v,—gt = 0=v,—gt = = v, =gt . Substitute t  _=v,/g into
x=x,+v,t—(1/2)gt*.

2 2 2 2 2
xmzv{v_o}lg[v_oj zv_o_l[v_o}v_o(l_ljzv_o
g§) 2 (¢ g 2\¢ 4 2) 2

2
v
Therefore, half of the maximum height is x,, = 4—0 . Substitute this into the equation for x.

2 2
4 1 1 4
Xy :é =Volys _Egtlzlz = Egtf/z ~Volys +4_0: 0

This is a quadratic equation with respect to ¢,,,. The solutions to this equation are:

2 1 vy 1 1
1/oi\/vo _4(2gj[40g] v, VOZ—EVOZ Vo iVo(\/Ej Vo[ 1 ]

Z(Igj g 4 g

Exercises

2.29. THINK: What is the distance traveled, p, and the displacement d if v, =30.0 m/s due north for
t, =100 min and v,=40.0m/s due south for #,=20.0min? Times should be in SI units:

t, =10.0 min(60 s/min)=6.00-10" s, #, =20.0 min(60 s/min)=1.20-10" s.

SKETCH:
N
W E wi,
vit | | vt o
S Vl.fl 1 f_
P
d[
l"I‘rl -

RESEARCH: The distance is equal to the product of velocit)-r_ and time. The distance traveled is
p=wt +v,t, and the displacement is the distance between where you start and where you finish,
d=vt —vt,.

SIMPLIFY: There is no need to simplify.
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2.30.

2.31.

CALCULATE: p=vt, +v,t, =(30. m/s)(6.00-10" s) + (40. m/s)(1.20-10" s) =66,000. m
d=vt, —v,t, =(30. m/s)(6.00-10° s) — (40. m/s)(1.20-10° s) =—30,000. m
ROUND: The total distance traveled is 66.0 km, and the displacement is 30.0 km in southern direction.

DOUBLE-CHECK: The distance traveled is larger than the displacement as expected. Displacement is
also expected to be towards the south since the second part of the trip going south is faster and has a

longer duration.

THINK: I want to find the displacement and the distance traveled for a trip to the store, which is 1000. m

away, and back. Let /=1000. m.
SKETCH:

home friend store
. ) .
1 5 N
Trip | . 4 4 )
R -
Irip 2 | " p )
I Y ~
RESEARCH: displacement (d) = final position - initial position
distance traveled = distance of path taken
SIMPLIFY:
1 1
a)d=—1-0==I
(a) 5 5

1 3
b) p=l+-]=21
() p +2 2

(©) d=0-0=0
) p=l+1=2l
CALCULATE:
() d=1=2(1000. m) = 500.0 m
2 2

3
b) p=>1
(b) p 5
(©) d=0m

(d) p=21=2(1000. m) = 2000. m

=%(1000. m) = 1500. m

ROUND: No rounding is necessary.

DOUBLE-CHECK: These values are reasonable: they are of the order of the distance to the store.

THINK: I want to find the average velocity when I run around a rectangular 50 m by 40 m track in 100 s.

SKETCH:

40 m AN

start/finish
N

A

50

50m
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final position — initial position

RESEARCH: average velocity =

time
SIMPLIFY: =2 _%i
CALCULATE: 7 =20 =0m _ s
100 s

ROUND: Rounding is not necessary, because the result of 0 m/s is exact.

DOUBLE-CHECK: Since the final and initial positions are the same point, the average velocity will be
zero. The answer may be displeasing at first since someone ran around a track and had no average velocity.
Note that the speed would not be zero.

THINK: I want to find the average velocity and the average speed of the electron that travels
d =242min t =291-10"s in the positive x-direction then d,=1.69m in t,=3.43-10" s in the
opposite direction.

SKETCH:
I d, |
l— d, —=
RESEARCH:

final position — initial position

(a) average velocity =

time
(b) speed = total dista.nce traveled
time
SIMPLIFY:
_ -d
(a) V= 1 2
t,+t,
d +d
(b) S= 1 2
t,+t,
CALCULATE:
_ d-d 2.42 - 1.
() v=2"% i 69 —11,514,195 m/s
t,+t, 291-10° s+3.43-10° s
d +d 242 m+ 1.69
(b) s=2 "% _ il  — 64,826,498 m/s
t+t, 291-10° s+3.43-10° s
ROUND:

(a) ¥=1.15-10" m/s

(b) s=6.48-10" m/s

DOUBLE-CHECK: The average velocity is less than the speed, which makes sense since the electron
changes direction.
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2.33. THINK: The provided graph must be used to answer several questions about the speed and velocity of a
particle. Questions about velocity are equivalent to questions about the slope of the position function.
SKETCH:

x(1) [m]

4

-4 =2 2 4 1s]

RESEARCH: The velocity is given by the slope on a distance versus time graph. A steeper slope means a
greater speed.
. final position — initial position total distance traveled
average velocity = - , speed = -
time time
(a) The largest speed is where the slope is the steepest.
(b) The average velocity is the total displacement over the time interval.

(c) The average speed is the total distance traveled over the time interval.

(d) The ratio of the velocities is v, : v, .

(e) A velocity of zero is indicated by a slope that is horizontal.

SIMPLIFY:

(a) The largest speed is given by the steepest slope occurring between -1 s and +1 s.

|x(tz) _x(tl)l

s=—2——" with f,=1s and t, =—1s.
-1
(b) The average velocity is given by the total displacement over the time interval.
x(t,)—x(t,)

V= ,with t, =5s and t, =-5s.

3
(c) In order to calculate the speed in the interval -5 s to 5 s, the path must first be determined. The path is
given by starting at 1 m, going to 4 m, then turning around to move to -4 m and finishing at -1 m. So the
total distance traveled is

2 h

p=|(4 m=1m)|+|((~4 m)—4 m)|+|(-1 m—(—4 m))|
=3m+8m+3m

=14 m
This path can be used to find the speed of the particle in this time interval.

s= ,with £, =5s and t, =-5s.

tz - tl
x(ty)—x(t,) x(t,) —x(t,)

(d) The first velocity is given by v, = and the second by v, =

s~ h P

(e) The velocity is zero in the regions 1 sto2s, —5sto —4s,and4sto5s.
CALCULATE:

—4m - 4
(@) s :M: 4.0 m/s

1s — (=15s)

_ -Im-1

(b) v _m-m_ —0.20 m/s

5s —(=5s)
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14 m

() s=———=14m/s
5s — (=55)
(d) vl=(_2 m) - (—4m) =2.0m/s, v2=(_1 m) - (—2m)=1'0 m/s, so v, :v,=2:1.
3s —2s 4s — 3s

(e) There is nothing to calculate.

ROUND: Rounding is not necessary in this case, because we can read the values of the positions and times
off the graph to at least 2 digit precision.

DOUBLE-CHECK: The values are reasonable for a range of positions between -4 m and 4 m with times
on the order of seconds. Each calculation has the expected units.

THINK: I want to find the average velocity of a particle whose position is given by the equation

x(t)=11+14¢t —2.0t* during the time interval t=1.0sto t=4.0s.
SKETCH:

x [m]
40
30
20
10

-4 -:zl 2 4 6 R 10 7[s]

RESEARCH: The average velocity is given by the total displacement over the time interval

_ x(t)-x(
g M) ZXE) s —40sand £, = 10,
tz_tl
2 2
SIMPLIEY: 7 — x(t,)—x(t,) _ (11+14t2 —2.0¢, )—(11+14t1 —-2.0¢t, ) _ 14(t, —t,)—2.0(t,” — %)
tz _tl tz _tl tz _tl
_ 14(4.0s-1.0s)—2.0((4.0s)* —(1.0 s)°
CALCULATE: 7 - 1440 OZ)O 0(1(005) WO _ 40 mss
LUSsS—1.USs

ROUND: The values given are all accurate to two significant digits, so the answer is given by two
significant digits: v = 4.0 m/s.

DOUBLE-CHECK: A reasonable approximation of the average velocity from t =1 to t=41is to look at
the instantaneous velocity at the midpoint. The instantaneous velocity is given by the derivative of the
position, which is

d
v=— (l+l4 -2.0¢*)=0+1(14)-2(2.0t) =14 - 4.0¢.
t
The value of the instantaneous velocity at t=2.5s is 14—4.0(2.5)=4.0 m/s. The fact that the calculated
average value matches the instantaneous velocity at the midpoint lends support to the answer.

THINK: I want to find the position of a particle when it reaches its maximum speed. I know the equation
for the position as a function of time: x =3.0t* —=2.0t°. I will need to find the expression for the velocity

and the acceleration to determine when the speed will be at its maximum. The maximum speed in the x-
direction will occur at a point where the acceleration is zero.
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2.36.

SKETCH:

4 2 4 6 8 t[s]
5
-10

RESEARCH: The velocity is the derivative of the position function with respect to time. In turn, the
acceleration is given by derivative of the velocity function with respect to time. The expressions can be
found using the formulas:

d d
v(t) = Ex(t) , a(t)= EV(t) .

Find the places where the acceleration is zero. The maximum speed will be the maximum of the speeds at
the places where the acceleration is zero.

SIMPLIFY: v(t)= dix(t) = %(3.01‘2 —2.0£°)=2-3.0"" =3-2.0>" =6.0t - 6.0t
t

a(t)= iv(t) = i(6.0t —6.0t*)=6.0t'" —2-6.0t*" =6.0—12¢
dt dt
CALCULATE: Solving for the value of t where a is zero:
0=6.0-12t = 6.0=12t = t=0.50s
This time can now be used to solve for the position:
x(0.50) = 3.0(0.50)* —2.0(0.50)’ =0.500 m
Since there is only one place where the acceleration is zero, the maximum speed in the positive x-direction
must occur here.
ROUND: Since all variables and parameters are accurate to 2 significant digits, the answer should be too:
x=0.50 m.
DOUBLE-CHECK: The validity of the answer can be confirmed by checking the velocity at ¢ = 0.50 s and
times around this point. At t = 0.49 s, the velocity is 1.4994 m/s, and at t = 0.51 s the velocity is also 1.4994
m/s. Since these are both smaller than the velocity at 0.50 s (v = 1.5 m/s), the answer is valid.

THINK: I want to find the time it took for the North American and European continents to reach a
separation of 3000 mi if they are traveling at a speed of 10 mm/yr. First convert units:

d =(3000 mi)(1609 m/mi) = 4827000 m , v =(10 mm/yr)(10~ m/mm)=0.01 m/yr,
SKETCH:
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RESEARCH: The time can be found using the familiar equation: d =vt .
SIMPLIFY: The equation becomes t=d/v.

_ 4827000 m
0.0l m/yr
ROUND: The values given in the question are given to one significant digit, thus the answer also should

CALCULATE: ¢ = 482,700,000 yr

only have one significant digit: t=5-10° yr .

DOUBLE-CHECK: The super continent Pangea existed about 250 million years ago or 2.5-10° years.
Thus, this approximation is in the ballpark.

THINK:
(a) T want to find the velocity at ¢+ = 10.0 s of a particle whose position is given by the function

x(t)=At> + B> +Ct+D, where A = 2.10 m/s’, B = 1.00 m/s*, C = -4.10 m/s, and D = 3.00 m. I can
differentiate the position function to derive the velocity function.

(b) I want to find the time(s) when the object is at rest. The object is at rest when the velocity is zero. I'll
solve the velocity function I obtain in (a) equal to zero.

(c) I want to find the acceleration of the object at t = 0.50 s. I can differentiate the velocity function found
in part (a) to derive the acceleration function, and then calculate the acceleration at t = 0.50 s.

(d) I want to plot the function for the acceleration found in part (c) between the time range of -10.0 s to
10.0 s.

SKETCH:
(a) (b)
x(7) [m] v(1) [m/s]
4000
2000
-2 2 1 [s]
a V i 1s]
-2000
(c) (d) The plot is part of CALCULATE.
v(1) [m/s]
4
2
-2 ] 2 1 [s]
a
RESEARCH:

(a) The velocity is given by the time derivative of the positive function v(t)= %x(t) .

(b) To find the time when the object is at rest, set the velocity to zero, and solve for ¢. This is a quadratic

—b++/b* —4ac

equation of the form ax’ +bx +c =0, whose solution is x = 5
a
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(c) The acceleration is given by the time derivative of the velocity: a(t) = %v(t) .

(d) The equation for acceleration found in part (c) can be used to plot the graph of the function.
SIMPLIFY:

(a) v(t) = %x(t) = %(Af +Bt* +Ct+D)=3At> +2Bt+C

(b) Set the velocity equal to zero and solve for t using the quadratic formula:

o —2B+/4B* —4(3A)(C) —2B++/4B*-12AC

2(3A) 6A

d d
c)at)=—v({t)=—
(c) a(t) % (t) 5
(d) There is no need to simplify this equation.
CALCULATE:

(a) v(t =10.05)=3(2.10 m/s*)(10.0 s)* +2(1.00 m/s*)(10.0 s) —4.10 m/s = 645.9 m/s

(3At* +2Bt+C)=6At +2B

—-2(1.00 m/s*) + \/4(1.00 m/s*)* —12(2.10 m/s*)(—4.10 m/s)
6(2.1 0m/s’)
=0.6634553 5,—0.9809156 s
(c) a(t =0.50 s) =6(2.10 m/s*)(0.50 s) +2(1.00 m/s*) =8.30 m/s’
(d) The acceleration function, a(t) = 6At + 2B, can be used to compute the acceleration for time steps of
2.5 s. For example:

a(t =-2.5)=6(2.10 m/s’)(-2.5 5) +2(1.00 m/s*) =—-29.5 m/s’
The result is given in the following table.

(b) t=

ts] -10.0 -7.5 -5.0 -2.5 00 | 25 5.0 7.5 10.0
a[m/s*] -124.0 -92.5 -61.0 -29.5 2.0 33.5 65.0 96.5 128.0
These values are used to plot the function.
a(t) [m/s?
100

ROUND:

(a) The accuracy will be determined by the factor 3(2.10 m/s’)(10.0 s)*, which only has two significant
digits. Thus the velocity at 10.0 s is 646 m/s.

(b) The parameters are accurate to two significant digits, thus the solutions will also have three significant
digits: t=0.663 s and -0.981 s

(c) The accuracy is limited by the values with the smallest number of significant figures. This requires
three significant figures. The acceleration is then a = 8.30 m/s*.

(d) No rounding is necessary.
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DOUBLE-CHECK:

(a) This result is reasonable given the parameters. For example, t*=(10.0s)’=100.s, so the velocity
should be in the hundreds of meters per second.

(b) Since the function is quadratic, there should be two solutions. The negative solution means that the
object was at rest 0.98 seconds before the time designated t = 0's.

(c) These values are consistent with the parameters.

(d) The function for the acceleration is linear which the graph reflects.

THINK: I want to determine the time when a particle will reach its maximum displacement and what the
displacement will be at that time. The equation of the object’s displacement is given as:
x(t) =4.35 m + (25.9 m/s)t —(11.79 111/s2)t2

Differentiating x with respect to t gives the equation for the velocity. This is important since the time at
which the velocity is zero is the moment at which the object has reached its maximum displacement.
SKETCH:

x(f) [m]

20 maximum

z
|

RESEARCH: The velocity is the derivative: v = %x(t) . Find the value of ¢ that makes the velocity zero.

Then, for part (b), substitute that value of t back into x(¢).
SIMPLIFY: v= i
dt
=259 m/s—2(11.79 m/s* )t

Time for the maximum displacement is found by solving for ¢ in the equation:
25.9 m/s—2(11.79 m/s*)t =0.
CALCULATE:
(@) t = 25.9 m/s :

2(11.79 m/s”)
(b) x(t)=4.35m + (25.9 m/s)t —(11.79 m/s’)t

=4.35m +(25.9 m/s)(1.10 s) - (11.79 m/s*)(1.10 s)’

=18.5741 m
ROUND:

(a) The accuracy of this time is limited by the parameter 25.9 m/s, thus the time is t = 1.10 s.

(b) The least accurate term in the expression for x(f) is accurate to the nearest tenth, sox__=18.6 m.
DOUBLE-CHECK: Consider the positions just before and after the time t = 1.10s. x=18.5m for t = 1.00
s, and x = 18.5 m for t = 1.20 s. These values are less than the value calculated for x,___, which confirms

[4.35 m+(25.9 m/s)t —(11.79 m/s*)¢?]

=1.0984 s

the accuracy of the result.
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2.39.

2.40.

THINK: I want to calculate the average acceleration of the bank robbers getaway car. He starts with an
initial speed of 45 mph and reaches a speed of 22.5 mph in the opposite direction in 12.4 s.
First convert the velocities to SI units:

v, =(45 mph)[0.447 m/s j=20.115 m/s
mph

m/s

v =(=22.5 mph)[0.447 J: —10.0575 m/s

mp

SKETCH:

— —7
h i locit
RESEARCH: average acceleration = change 1n. ve .OCI Y
change in time
SIMPLIFY: a=2_"
t
CALCULATE: 7 — (=10.0575 m/s) — (20.115 m/s) 2433 m/s

124 s
ROUND: The least precise of the velocities given in the question had two significant figures. Therefore,
the final answer should also have two significant figures. The acceleration is @ =—2.4 m/s*, or 2.4 m/s*in
the backward direction.
DOUBLE-CHECK: A top-of-the-line car can accelerate from 0 to 60 mph in 3 s. This corresponds to an
acceleration of 8.94 m/s . It is reasonable for a getaway car to be able to accelerate at a fraction of this
value.

THINK: I want to find the magnitude and direction of average acceleration of a car which goes from 22.0
m/s in the west direction to 17.0 m/s in the west direction in 10.0 s: v, =17.0 m/s, v, =22.0 m/s, t =10.0 s.

SKETCH:

=S t=10.0's

ui=()
—_— — &y

V=V
t
SIMPLIFY: There is no need to simplify the above equation.
_ 170 -22.0
CALCULATE: a = mis() 5 m/s _ —0.5000 m/s*. The negative indicates the acceleration is east.
0s
ROUND: The average acceleration is @ =0.500 m/s’ east.

DOUBLE-CHECK: An acceleration of -0.500 m/s” is reasonable since a high performance car can

i

RESEARCH: a =

accelerate at about 9 m/s .
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2.41. THINK: I want to find the magnitude of the constant acceleration of a car that goes 0.500 km in 10.0 s:
d=0.500 km, t=10.0s.
SKETCH:

t=0
V.= r=10.0s
e -

1
RESEARCH: The position of the car under constant acceleration is given by d:EatZ.

d

2
SIMPLIFY: Solving for acceleration gives a = t—f

~2(0.500 km)
©(10.0s)
ROUND: The values all have three significant figures. Thus, the average acceleration is a=0.0100 km/s’,
which is 10.0 m/s’.

DOUBLE-CHECK: This acceleration is on the order of a high performance car which can accelerate from

CALCULATE: a =0.0100 km/s’

0 to 60 mph in 3 seconds, or 9 m/s>.

2.42. THINK:
(a) I want to find the average acceleration of a car and the distance it travels by analyzing a velocity versus
time graph. Each segment has a linear graph. Therefore, the acceleration is constant in each segment.

(b) The displacement is the area under the curve of a velocity versus time graph.
SKETCH:
35 4

I

S

b1 R N A B S R B R AR SN SRRt S

v, (m/s)

26

RESEARCH:
(a) The acceleration is given by the slope of a velocity versus time graph.

slope = e

run
(b) The displacement is the sum of the areas of two triangles and one rectangle. Recall the area formulas:
base x height
2

area of a rectangle = base x height

area of a triangle =
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2.43.

SIMPLIFY:

v, —V Vg —V Vi —V
I I I 11 1L i
(a) a, = : ! > g = 2 : > Ay =—11
- t, —t by —t
L~ m I m, ~ tim,

1 1
(b) X = Evlz (tlz - tl, ) + Vi, (tn2 - tn, ) + EVHIZ (tln2 - tIH, )

CALCULATE:
30.0 -0 30.0 -30.0
(@) q, =M=5.0 m/s’, a, = m/s m/s =0.0 m/s’,
6.0s-0s 12.0s-6.0s
a, - 0.0 m/s—30.0 m/s 2250 m/s?
24.0s—12.0s

b) x =%(30.o m/s)(6.0 s—0.0 8)+(30.0 m/s)(12.0 s—6.0 s) +%(30.0 m/s)(24.0 s —12.0 s) = 450.0 m

ROUND:

(a) Rounding is not necessary in this case, because the values of the velocities and times can be read off the
graph to at least two digit precision.

(b) The answer is limited by the value 6.0 s, giving x = 450 m.

DOUBLE-CHECK: The accelerations calculated in part (a) are similar to those of cars. The distance of
450 m is reasonable. The acceleration in I should be -2 times the acceleration in III, since the change in
velocities are opposites, and the time in III for the change in velocity is twice the change in time that
occurs in L.

THINK: I want to find the acceleration of a particle when it reaches its maximum displacement. The
velocity of the particle is given by the equation v, =50.0t —2.0¢>. The maximum displacement must occur
when the velocity is zero. The expression for the acceleration can be found by differentiating the velocity
with respect to time.
SKETCH:
v, [m/s]
500

400
300
200

100

0 5 10 15 20 25 30 /[s]
RESEARCH: The acceleration is the derivative of the velocity: a = divx . The maximum displacement will
t

occur at a point where the velocity is zero. So, I can find the time at which the displacement is maximal by
solving v_=50.0t—2.0t* =0 for t. The question says to consider after t=0,so I will reject zero and

negative roots. Then differentiate v with respect to ¢ to obtain a formula for the acceleration. Evaluate the
acceleration at the time where the displacement is maximized (which is when the velocity is zero).
SIMPLIFY: No simplification is required.

CALCULATE: Solving v, =50.0t —2.0t’ =0 for t: 0=2.0t(25—t*), so t = 0, +5.0. So, take ¢ =5. Now,
differentiate v with respect t to find the expression for the acceleration.

a =i(50.0t—2.0t3)
dt

=50.0—-6.0t>
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Substitute ¢ = 5.0 s into the expression for acceleration:

a=50.0-6.0t> =50.0—6.0(5.0 s)* =—100 m/s’
ROUND: The solution is limited by the accuracy of 6.0t*, where ¢ = 5.0 s, so it must be significant to two
digits. This gives 50.0 — 150 =-100 m/s* which is also accurate to two significant figures. Therefore, the
acceleration must be accurate to two significant figures: a=-1.0-10° m/s’.
DOUBLE-CHECK: The acceleration must be negative at this point, since the displacement would
continue to increase if a was positive.

THINK:

(a) I want to know the distance between the first and third place runner when the first crosses the finish
line, assuming they run at their average speeds throughout the race. The race is 100. m and the first place
runner completes the race in 9.77 s while the third place runner takes 10.07 s to reach the finish line:
d=100.m, t, =9.77 s, and t, =10.07 s.

(b) I want to know the distance between the two runners when the first crosses the finish line, assuming
they both accelerate to a top speed of 12 m/s: d=100. m, t, =9.77 s, t, =10.07 s, and v=12 m/s.
SKETCH:

(a) (b)
x [m] x [m]
100 RS eSS 100
I\.l : ~rd i
‘:1 "I_‘. 1]s] 1s]
RESEARCH:

(a) First the average speed of each runner must be calculated: s =d/¢. From this the distance between
the two runners can be found: Ad =d, —d,, where d, is 100. m and d, is the position of the third place
runner at 9.77 s.

(b) Since both runners are running at 12 m/s at the end of the race, the distance between the runners will

be the distance the 3™ place runner runs after the first place runner crosses the line: Ad =vAt .
SIMPLIFY:

(@) Ad=d. —d, =d -5, :dl—(ijtl :dl—dl[t—ljzdl[ —t—lJ
t3 t3 t3

(b) Ad=v(t, —t,)
CALCULATE:

(a) Ad=d, (1{—1]:(100. m)[l

3

977 s

]=2.9791 m
7s

(b) Ad=(12 m/s)(10.07 s—9.77 s)=3.6 m

ROUND:

(a) The answer is limited to 3 significant figures from 9.77 s so Ad =2.98 m.

(b) The distance then is 3.60 m between the first and third place runners.

DOUBLE-CHECK:

The two calculated distances are a small fraction (about 3%) of the race. It is reasonable for the third place
runner to finish a small fraction of the track behind the first place finisher.
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2.45.

THINK:

(a) Since the motion is all in one direction, the average speed equals the distance covered divided by the
time taken. I want to know the distance between the place where the ball was caught and midfield. I also
want to know the time taken to cover this distance. The average speed will be the quotient of those two
quantities.

(b) Same as in (a), but now I need to know the distance between midfield and the place where the run
ended.

(c) I do not need to calculate the acceleration over each small time interval, since all that matters is the
velocity at the start of the run and at the end. The average acceleration is the difference between those two
quantities, divided by the time taken.

SKETCH:

In this case a sketch is not needed, since the only relevant quantities are those describing the runner at the
start and end of the run, and at midfield.

RESEARCH:

The distance between two positions can be represented as Ad =d; —d, , where d, is the initial position and
d; is the final one. The corresponding time difference is Af = ¢, —¢,. The average speed is Ad / At.

(a) Midfield is the 50-yard line, so d, =—1yd, d; =50 yd, t, =0.00 s, and ¢, =5.73 s.

(b) The end of the run is 1 yard past d = 100 yd, so d, =50 yd, d;, =101 yd, t, =5.73 s, and ¢, =12.01 s.

(c) The average velocity is Av/At=(v; —v,)/(t; —t,). For this calculation, f, =0, t, =12.01 s, and

v, =v, =0 m/s, since the runner starts and finishes the run at a standstill.
SIMPLIFY:

(a), (b) Ad = 4 —d;

At t -t
(c) No simplification needed
CALCULATE:

Ad _ (50 yd)—(-1yd)
At (5.735)—(0.00 5)
b) Ad _ (101yd)—(50 yd)

At (12.015)—(5.73s)

i

=8.900522356 yd/s[3—ﬁ](
1yd

0.3048 m

(@) 1 ft

J =8.138638743 m/s

j =7.425859873 m/s

3ft [0.3048 m
1yd

=8.121019108 yd/s| —
1ft

© Av _vi—v, 0m/s—0m/s
A h—r 12015-000s

ROUND:

(a) We assume that the yard lines are exact, but the answer is limited to 3 significant figures by the time

data. So the average speed is 8.14 m/s.

(b) The average speed is 7.43 m/s.

(c) The average velocity is 0 m/s™

DOUBLE-CHECK:

The average speeds in parts (a) and (b) are reasonable speeds (8.9 ft/s is about 18 mph), and it makes sense

that the average speed during the second half of the run would be slightly less than during the first half,

due to fatigue. In part (c) it is logical that average acceleration would be zero, since the net change in

velocity is zero.

=0 m/s’
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2.46. THINK: Use the difference formula to find the average velocity, and then the average acceleration of the
jet given its position at several times, and determine whether the acceleration is constant.
SKETCH:
x(1) [m]
80

60
40

20

0 | 2 t]s]

RESEARCH: The difference formula m = final point — initial point

final time — initial time
SIMPLIFY: For velocity the difference formula is v =(x; —x,)/(t; —t,) and the corresponding difference

formula for the accelerationis a = (v, —v,)/(t; —t,).
CALCULATE: As an example, v=(6.6 m—3.0 m)/(0.60 s—0.40 s)=18.0 m/s, and the acceleration is
a=(26.0 m/s—18.0 m/s)/(0.80 s—0.60 s)=40.0 m/s’ .

t[s] x [m] v[m/s] | a[m/s?]
0.00 0 0.0

0.20 0.70 3.5 17.5
0.40 3.0 11.5 40
0.60 6.6 18 32.5
0.80 11.8 26 40
1.00 18.5 335 37.5
1.20 26.6 40.5 35
1.40 36.2 48 37.5
1.60 47.3 55.5 37.5
1.80 59.9 63 37.5
2.00 73.9 70 35
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ROUND: The position measurements are given to the nearest tenth of a meter, and the time
measurements are given to two significant figures. Therefore each of the stated results for velocity and
acceleration should be rounded to two significant figures.

t[s] x [m] v[m/s] | a[m/s?]
0.00 0.0 0.0

0.20 0.70 3.5 18
0.40 3.0 12 40.
0.60 6.6 18 33
0.80 11.8 26 40.
1.00 18.5 34 38
1.20 26.6 41 35
1.40 36.2 48 38
1.60 47.3 56 38
1.80 59.9 63 38
2.00 73.9 70. 35

DOUBLE-CHECK: The final speed of the jet is 70. m/s, which is equivalent to 250 km/hr, the typical
take-off speed of a commercial jet airliner.

THINK: I want to find the position of a particle after it accelerates from rest at a, =2.00 cm/s’ for

t, =20.0 s then accelerates at a, =—4.00 cm/s’ for ¢, =40.0 s.
SKETCH:

—_— a,=20cm/s’, 7,=20s

1
a,=-4.0cm/s’ 1,=40s

(T) x
RESEARCH: The position of a particle undergoing constant acceleration is given by the formula
X=X, + vt +%at2. The same particle’s velocity is given by v =v, +at . The final speed at the end of the
first segment is the initial speed for the second segment.

1
SIMPLIFY: For the first 20 s the particle’s position is x, = Ealtlz . This is the initial position for the second
segment of the particle’s trip. For the second segment, the particle is no longer at rest but has a speed of
v=agt, .
1, 1 1
X=X, +Vt, +Eazt2 = Eall‘1 +att, +5a2t2
CALCULATE:
1 1
x 25(2'00 cm/s)(20.0 s)* +(2.00 cm/s*)(20.0 5)(40.0 s) +E(_4'OO cm/s*)(40.0 s)° =—1200 cm

ROUND: The variables are given with three significant figures. Therefore, the particle is -1.20-10° cm
from its original position.

DOUBLE-CHECK: Note that the second phase of the trip has a greater magnitude of acceleration than
the first part. The duration of the second phase is longer; thus the final position is expected to be negative.
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2.49.

2.50.

Chapter 2: Motion in a Straight Line

THINK: The car has a velocity of +6 m/s and a position of +12 m at t = 0. What is its velocity at ¢ = 5.0 s?
The change in the velocity is given by the area under the curve in an acceleration versus time graph.
SKETCH:

a, [m/s’]

5

L5

0 I 2 3 4 5 6 t[s]

base - height

RESEARCH: v =v, + area, area of triangle = 3

AaAt

SIMPLIFY: v=v,+

(4.0 m/s*)(5.0 s) _

CALCULATE: v=6 m/s+ 16 m/s

ROUND: The function can only be accurate to the first digit before the decimal point. Thus v =16 m/s.
DOUBLE-CHECK: 16 m/s is approximately 58 km/h, which is a reasonable speed for a car.

THINK: I want to find the position of a car at f, = 3.0 sif the velocity is given by the equation
v=At’+Bt withA=2.0m/s* and B=1.0m/s”.

SKETCH:
v(t) [m/s]
8
4
4 2 2 4 t[s]
=4

RESEARCH: The position is given by the integral of the velocity function: x =x, + I: v(t)dt.
SIMPLIFY: Since the car starts at the origin, x, =0 m.

t;

x= J'O" v(t)dt = [ (A#” + Bt )dt = %Atf +%Bt?

CALCULATE: x =§
ROUND: The parameters are given to two significant digits, and so the answer must also contain two
significant digits: x =23 m.

DOUBLE-CHECK: This is a reasonable distance for a car to travel in 3.0 s.

(2.0 m/s*)(3.0 s)° +§(1.o m/s*)(3.0s)> =22.5m

THINK: An object starts at rest (so v, =0 m/s) and has an acceleration defined by a(t)=Bt* —(1/2)Ct,

where B = 2.0 m/s* and C = -4.0 m/s’. 1 want to find its velocity and distance traveled after 5.0 s.
Measure the position from the starting point x;, =0 m.
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SKETCH:
a(r) [mfsf]‘

2

-3 2 - 1 £ [s]

RESEARCH:

(a) The velocity is given by integrating the acceleration with respect to time: v = Ia(t)dt.

(b) The position is given by integrating the velocity with respect to time: x = Iv(t)dt.
SIMPLIFY:

v :ja(t)dt =I[Bt2 —%Ct)dt :%Bf —iCt2 +v,, and

1 1 1 1
x=[vdt = [| ZBE —Ct +v, dt =—Bt' ——Ct* +v,t +x,
3 4 12 12
CALCULATE:

1 1 1 1
% =§Bt3 —Zcﬁ +v, =§(2.0 m/s*)(5.0 s)’ _ZH‘O m/s*)(5.0 s)* +0 m/s =108.33 m/s

x =é(2.0 m/s*)(5.0 s)* —%(—4.0 m/s’)(5.0 s)° +(0 m/s)(5.0 s)+(0 m)=145.83 m

ROUND: All parameters have two significant digits. Thus the answers should also have two significant
figures: at t =5.0 s, v=110 m/s and x = 150 m.

DOUBLE-CHECK: The distance traveled has units of meters, and the velocity has units of meters per
second. These are appropriate units for a distance and velocity, respectively.

THINK: A car is accelerating as shown in the graph. At t= 2.0 s, its position is x, = 2.0 m. I want to
determine its position at = 10.0 s.
SKETCH:

24 -

v, (mis)

-8 :
t(s)

RESEARCH: The change in position is given by the area under the curve of the velocity versus time graph
plus the initial displacement: x =x, + area . Note that region II is under the t-axis will give a negative area.

Let A, be the area of region I, let A, be the area of region II, and let A, be the area of region III.
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SIMPLIFY: x=x,+A, +A, +A
CALCULATE:

111

1 1 1
x=2.0 m+5(12.0 m/s)(5.0 s—2.0 s) +E(—4.0 m/s)(8.0 s—5.0 s)+5(4.0 m/s)(10.0 s—8.0 s) =18 m

ROUND: The answer should be given to the least accurate calculated area. These are all accurate to the
meter, thus the position is x = 18 m.

DOUBLE-CHECK: The maximum velocity is 12 m/s. If this were sustained over the 8 second interval, the
distance traveled would be 2.0 m+(12 m/s)(8.0 s) =98 m. Since there was a deceleration and then an

acceleration, we expect that the actual distance will be much less than the value 98 m.
THINK: A car is accelerating as shown in the graph. I want to determine its displacement between t =4 s

and t=9s.
SKETCH:

v, (m/'s)

g
t(s)

RESEARCH: The change in position is given by the area under the curve of a velocity versus time graph.

Note that it is hard to read the value of the velocity at t = 9.0 s. This difficulty can be overcome by finding

the slope of the line for this section. Using the slope, the velocity during this time can be determined:

Ax = Area, m=--c. Let A, be the area of region I, let A,be the area of region II, and let A, be the area
run

of region III.

SIMPLIFY: Ax=A, +A, +A,

_ 4.0 m/s —(—4.0 m/s)
~ 100s-60s

CALCULATE: m =2.0 m/s’

Ax 2%(4.0 m/s)(5.0 s—4.0 s) +%(—4.0 m/s)(8.0 s—5.0 s)+%(2.0 m/s)(9.0s—8.0s)=-3.0m

ROUND: Ax=-3.0m

DOUBLE-CHECK: The car will end up with a negative displacement since the area of region II is larger
than the combined areas of regions I and III. The overall displacement is less than if the car had traveled
constantly at its maximum velocity of 4 m/s (when the displacement would have been 20 m).
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THINK: A motorcycle is accelerating at different rates as shown in the graph. I want to determine (a) its
speed at £ =4.00 s and ¢ = 14.0 s, and (b) its total displacement between t =0 and ¢t = 14.0 s.
SKETCH:

o

a, (m/s?)

b A D 2w o

n

t(s)

RESEARCH:

(a) The velocity of the motorcycle is defined by the area under the curve of the acceleration versus time
graph. This area can be found by counting the blocks under the curve then multiply by the area of one
block: 1 block = (2's) 1 m/s* =2 m/s.

(b) The displacement can be found by separating the acceleration into three parts: The first phase has an

acceleration of a, =5 m/s’ for times between 0 to 4 seconds. The second phase has no acceleration, thus
the motorcycle has a constant speed. The third phase has a constant acceleration of a, =—4 m/s*. Recall
the position and velocity of an object under constant acceleration is x=x,+v,t+(1/2)at’ and
v =v, +at, respectively.

SIMPLIFY: Att=4.00sand 14.0 s, there are 10 blocks and 6 blocks respectively. Recall that blocks under

the time axis are negative. In the first phase the position is given by x=(1/2)a,(At,)* where At is the

duration of the phase. The velocity at the end of this phase is v =a,At,. The position and velocity of the
first phase gives the initial position and velocity for the second phase.

1
X=X, +V,At, = 24 (A1)’ +a,At,At,
Since the velocity is constant in the second phase, this value is also the initial velocity of the third phase.

1 1 1
X =x, +Vv,At, + Ea3 (At,) = Eal (At))’ +a,AtAt, +a,At At + EaS (At,)

CALCULATE:
(a) v(t=4.00s)=10(2.00 m/s)=20.0 m/s, v(t =14.0 s)=6(2.00 m/s)=12.0 m/s
(b)

X =%(s.0 m/s?)(4.00 s —0 s)* +(5.0 m/s*)(4.00 s —0 s)(12.0 s —4.0 s) + (5.0 m/s*)(4.00 s —0 s)(14.0 s—12.0 s)

1
+E(_4‘0 m/s*)(14.0 s —12.0 s)*

=232 m
ROUND:
(a) Rounding is not necessary in this case, because the values of the accelerations and times can be read off
the graph to at least two digit precision.
(b) The motorcycle has traveled 232 m in 14.0 s.
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DOUBLE-CHECK: The velocity of the motorcycle at t = 14 s is less than the speed at t = 4 s, which makes
sense since the bike decelerated in the third phase. Since the bike was traveling at a maximum speed of 20
m/s, the most distance it could cover in 14 seconds would be 280 m. The calculated value is less than this,
which makes sense since the bike decelerated in the third phase.

THINK: I want to find the time it takes the car to accelerate from rest to a speed of v = 22.2 m/s. I know
that v, =0 m/s, v=22.2 m/s, distance = 243 m, and a is constant.

SKETCH:
v, =0 — v=222m/s
a
T T
x=0 x=243m
RESEARCH: Recall that given constant acceleration, d = (1 / 2)(v0 + V)t .
SIMPLIFY: ¢t = 2d
Y

2(243 m)
0.0 m/s+22.2 m/s
ROUND: Therefore, t = 21.9 s since each value used in the calculation has three significant digits.
DOUBLE-CHECK: The units of the solution are units of time, and the calculated time is a reasonable
amount of time for a car to cover 243 m.

CALCULATE: t= =21.8919 s

THINK: I want to determine (a) how long it takes for a car to decelerate from v, =31L0m/sto

vy =12.0 m/s over a distance of 380. m and (b) the value of the acceleration.
SKETCH:

Vﬂ v

<> &

I Ax |
RESEARCH: Since the acceleration is constant, the time can be determined using the equation:

Ax =(1/2)(v, +v)t , and the acceleration can be found using v* =v,” +2aAx .

SIMPLIFY:
1 2A
(@) Ax=—,+v)t = (V,+V)t=2Ax = t= a
2 Vo +V
V-’
(b) v’ =v, +2aAx = 2aAx=v'-v, = a= L
2Ax
CALCULATE:
2A 2 .
(a) t=——= G80.m) 17674
v,+v (31.0 m/s+12.0 m/s)
2_ 2 2 2
() a= VooV (12.0 m/s)* —(31.0 m/s) — _1.075 m/s®

2Ax 2(380. m)
ROUND: Each result is limited to three significant figures as the values used in the calculations each have
three significant figures.
(a)t=17.7s
(b) a = -1.08 m/s>
DOUBLE-CHECK:
(a) The resulting time has appropriate units and is reasonable for the car to slow down.
(b) The acceleration is negative, indicating that it opposes the initial velocity, causing the car to slow down.
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2.57.

THINK: I want to find (a) the total distance covered in time ¢ = 59.7 s, and (b) the velocity of the runner
at t = 59.7 s. It will be useful to know the time taken to accelerate, t,, and the time taken to run at the

achieved constant velocity, f,. Note that the mass of the runner is irrelevant.

SKETCH:
v, =0 v==06.3 m/s v==63m/s

: Ax : Ar,

RESEARCH: The runner accelerates from rest to some velocity, v, then continues to run at this constant
velocity. The total distance covered, Ax, will be the sum of the distance covered while accelerating, Ax,,

and the distance covered while at constant velocity, Ax,: Ax=Ax, +Ax,. The distance Ax, is determined
by v’ =v,’ +2aAx,. The distance Ax, is determined by Ax, =vt,. It will be necessary to know the time
taken to run this distance Ax, . This time, ¢,, and the time taken to cover the distance Ax,, t,, must sum

to the given total time of 59.7 s: t, ., =t +t,. The time f can be determined using the equation:

total

v=1v,+at,.
SIMPLIFY:
2 2
vi=v, +2aAx, = Ax, = Y = v=v,+at, = I = Y%
2a a
V=,
Ax, =vt, = Ax, =V(ty —1) = AX, =V| by ——
a
: : : v =, v=v,) v v
Finally, the total distance covered is Ax = Ax, + Ax, = V| ot = | =+ V| g —— | -
2a a 2a a
CALCULATE:
6.3 m/s)’ 6.3
(a) Ax :(—m/s)z-i-(6.3 m/s)| 59.7 s——m/s2
2(1.25 m/s*) 1.25 m/s
=360.234 m
. 6.3m/s—0 m/s . . . . .
(b) Since t, = BRI 5.0 s is the time taken to reach the final velocity, the velocity of the runner
.25m/s
at =59.7s is 6.3 m/s.

total
ROUND: Since v has only two significant digits, Ax =360 m, or 3.6-10° m.

DOUBLE-CHECK: This seems like a reasonable distance to cover in the total time, given most of the
distance is covered at the constant velocity 6.3 m/s. Since the runner stops accelerating after 5.0 s, the
velocity of the runner is still 6.3 m/s at 59.7 s.

THINK: I am given v, =70.4m/s, v=0, Ax=197.4 m, and constant acceleration. I am asked to find

the velocity v’ when the jet is 44.2 m from its stopping position. This means the jet has traveled
Ax"=197.4 m —44.2 m =153.2 m on the aircraft carrier.
SKETCH:

=70.4 m/s v'=7

70



2.58.

2.59.

Chapter 2: Motion in a Straight Line

RESEARCH: The initial and final velocities are known, as is the total distance traveled. Therefore the

equation v’ =v,” +2aAx can be used to find the acceleration of the jet. Once the acceleration is known,

the intermediate velocity v' can be determined using (V')° = v,? +2aAx".
SIMPLIFY: First find the constant acceleration using the total distance traveled, Ax, the initial velocity,
2 2 2
vi—v v
v,, and the final velocity, v: a= " L =— 22 (since v =0 m/s). Next, find the requested intermediate
x x

velocity, v':

0

2 2
(V')z :Voz +2aAx" = (V’)Z =v,’ +2[—2vngAx' = v = VOZ —VLAX’

_ (70.4 m/s)’
(197.4 m)

ROUND: At Ax'=153.2 m, the velocity is v' =33.3 m/s.
DOUBLE-CHECK: This v' is less than v, but greater than v, and therefore makes sense.

CALCULATE: v'= \/(70.4 m/s)’ (153.2 m) =33.313 m/s

THINK: I want to find the acceleration of a bullet passing through a board, given that Ax=10.0 cm
=0.100 m, v, =400. m/s, and v=200. m/s. I expect the acceleration to be negative, since the bullet is

slowing down.
SKETCH:

v v
— i ——————ly —
a
p—

+— Ax —|
RESEARCH: v’ =v +2aAx
2 2

SIMPLIFY: a=_ "

2Ax

_(200. m/s)* —(400. m/s)’
- 2(0.100 m)
ROUND: Since each velocity is given to three significant digits, a = —6.00-10> m/s’.

DOUBLE-CHECK: That a is negative indicates it is in the opposite direction of the initial velocity, so the
bullet slows down. The speed of the bullet decreases by 200 m/s in 0.1 m, so I am not surprised to get such
a large value for the acceleration.

CALCULATE: a =—-600,000. m/s’

THINK: A car accelerates from rest with a =10.0 m/s*>. I want to know how far it travels in 2.00s.
SKETCH:

v,=0 _ t=2.00s
a =10.0 m/s’
G —— G
f Ax |
1

RESEARCH: Ax=v,t+ Eatz

1
SIMPLIFY: Since v, =0 m/s, Ax :Eal‘2 .
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1
CALCULATE: Ax =5(10.O m/s*)(2.00 )’ =20.0 m

ROUND: Ax =20.0 m
DOUBLE-CHECK: This seems like a reasonable distance to cover within 2.00 s given a = 10.0 m/s*.

2.60. THINK: A airplane accelerates from rest at a=12.1 m/s*. I want to know its velocity at 500. m.
SKETCH:
V=0 —
a =12.1 m/s*
b *

[ 500 m |
RESEARCH: v’ =v,” +2aAx ;v,=0,a=12.1 m/s’, Ax = 500 m

SIMPLIFY: v =./v,’ +2aAx

=+/2aAx

CALCULATE: v =+/2(12.1 m/s*)(500. m) =110.00 m/s

ROUND: v =110. m/s
DOUBLE-CHECK: This take-off speed is about 400 kph, which is reasonable for a small plane.

2.61. THINK:
(a) L know that v, =0 m/s,v=5.00 m/s , and a is constant. I want to find v, .
(b) t=4.00 s is given. I want to find Ax.

SKETCH:
=4.00s
v,=0 v=>5.00 m/s
L& : e,
—
[ Ax |
RESEARCH:
v, +v
(a) Vav :0—
8 2

1
(b) a is unknown, so use Ax ZE(VO +v)t

SIMPLIFY: It is not necessary to simplify the equations above.

CALCULATE:
5.00 0
(@) Vg = w =2.50 m/s
1
(b) Ax= 5(5.00 m/s+0 m/s)(4.00 s) =10.00 m
ROUND:

(a) v is precise to three significant digits, so v,,, =2.50 m/s.

(b) Each v and t have three significant digits, so Ax =10.0 m.
DOUBLE-CHECK:
(a) This v,,, is between the given v, and v, and therefore makes sense.

(b) This is a reasonable distance to cover in 4.00 s when Vo = 2.50 m/s.
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2.63.

Chapter 2: Motion in a Straight Line

THINK: I have been given information on two runners. Runner 1 has an initial velocity v, =0 and an

acceleration a, =0.89 m/s”. Runner 2 has a constant velocity of v, =5.1 m/s. I want to know the distance
traveled by runner 1 before he catches up to runner 2. Note that both runners cover the same distance, that
is, Ax, = Ax,, in the same time, ¢.

SKETCH:
v, =0
a,=0.89 m/s*
Runner | Agg ! s § . .
— X Position vs Time
| Ax, 1 X =x
runner | s——
runner 2 ----
V,=5.1m/s v,=5.1m/s
X =X
Runner 2 4%8 (;2 -0 § t
[ Ax, |

RESEARCH: For runner 1, Ax, =v, t +(1/2)a,t*. For runner 2, Ax, =vt .

SIMPLIFY: Since the time is not given, substitute the equation for runner 2 for the value of t: t =Ax, /v,.
Then for runner 1:

2
1 1 1 Ax
Ax, =v t+—at’ = Ax,=—at’ = Ax,=—a, 2
©2 2 2 v,

Since Ax, = Ax,, I write:

2
1 (A 1 Ax’ 1 A
Axl :—al( xl] = EQILZI—A)CI =0 = Axl (E[ll ! —1] =0

2
2 VZ 2 2

Observe that one solution is Ax, =0. This is true when runner 2 first passes runner 1. The other solution

1 Ax 2v,?
occurs when runner 1 catches up to runner 2: Eal —+-—1=0.Then Ax, =—*.
2 al

2(5.1m/s)’

CALCULATE: Ax, =
(0.89 m/sz)

=58.449 m

ROUND: Ax, =58 m

DOUBLE-CHECK: A runner might catch up to another runner on a race track in 58 m.

THINK:

(a) The girl is initially at rest, so v, =0, and then she waits ¢'=20 s before accelerating at a, =2.2 m/s’.
Her friend has constant velocity v, =8.0 m/s. I want to know the time required for the girl to catch up
with her friend, ¢, . Note that both people travel the same distance: Ax, = Ax,. The time the girls spends
riding her bike is ¢,. The friend, however, has a t' head-start; the friend travels for a total time of
t,=t'+t,.

(b) The initial conditions of the girl have changed. Now v, =1.2 m/s . The initial conditions of the friend

are the same: v, =8.0 m/s . Now there is no time delay between when the friend passes the girl and when

the girl begins to accelerate. The time taken to catch up is that found in part a), t=20s. I will use
t=16.2 s for my calculations, keeping in mind that ¢ has only two significant figures. I want to know the
acceleration of the girl, a, , required to catch her friend in time .
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SKETCH:
(a)
Position-Time
X, =X
! - — - girl
/ — friend
£
r
4
Xk~ Xo - — &>
t t,
I |
t
1
(b)
Position-Time
s
P - - - girl
e —— friend
"
xl'n - IGI}' = il §
t
RESEARCH:

1
(a) The distance the girl travels is Ax, =v, f, + Eal t,”. The distance her friend travels is Ax, =v,t, .
1
(b) Ax, :V10f+5a1t , Ax, =v,t
SIMPLIFY:
1
(a) Since v, =0, Ax, ZEaltlz . Also, since t, =t'+1,, Ax, =v,(t'+1,). Recall that Ax, =Ax, . This leads
1 ' 1 ' | '
to —a, =v,(t'+1,) . Now solve for ¢,: Jab' =ttt = et vt vt =0.

The quadratic formula gives:

1
(b) Asin part (a), Ax, =Ax,,andso v, t -1-5(111‘2 =v,t. Solving for a, gives:

2(1/2 —vlo)

1 2
—at"=vt-vt = a =
2 ’ t
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CALCULATE:

(8.0 m/s)i\/(—&O m/s)2 +2(2.2 m/sz)(S.O m/s)(20 s)
(a) t, = \/

2.2 m/s?
(8.0 m/s)i\/64 m?/s* +704 m*/s’

B 2.24n/s>

(8.0 m/s) +27.7 m/s

2.2 m/s?
=16.2272,—8.9545

2(8.0 m/s—1.2 m/s)
16.2s

(b) a = =0.840 m/s’

ROUND:

(a) Time must be positive, so take the positive solution, t, =16 s.

(b) a, =0.84 m/s’

DOUBLE-CHECK:

(a) The units of the result are those of time. This is a reasonable amount of time to catch up to the friend
who is traveling at v, =8.0 m/s.

(b) This acceleration is less than that in part (a). Without the 20 s head-start, the friend does not travel as
far, and so the acceleration of the girl should be less in part (b) than in part a), given the same time.

THINK: The motorcyclist is moving with a constant velocity v, =36.0 m/s. The police car has an initial
velocity v, =0, and acceleration a, =4.0 m/s’.

(a) I want to find the time required for the police car to catch up to the motorcycle. Note both the police
car and the motorcycle travel for the same amount of time: £, =1, .

(b) I'want to find the final speed of the police car, v, .

(c) I want to find the distance traveled by the police car at the moment when it catches up to the
motorcycle. Note the motorcyclist and the police car will have both traveled the same distance from the
police car’s initial position, once the police car catches up to the motorcycle. That is, Ax_ = Ax

SKETCH:

p*

X Position vs Time

— police car

---- motorcyclist

RESEARCH:
(a) Tofind t,,use Ax, =v, t, +(1/2)a,t,’ for the police car and Ax,, =v,t, for the motorcycle.

(b) To find v,,use v, =v, +at for the police car.

(c) Since Ax, = Ax,,, Ax, =v,_t, for the police car.
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SIMPLIFY:
(a) Since Ax, =Ax,:
1 -
Vplp T8, =Vl
1 2 Si _
Ve lp T8, = V1, incet, =t
1 2 Si _
Eaptp =Val, ince v, =0,

2
1
£, (Eaptp - ij =0

There are two solutions for ¢, here: t =0 or [%aptp —va =0. The first solution corresponds to the
time when the motorcycle first passes the stationary police car. The second solution gives the time when
the police car catches up to the motorcycle. Rearranging gives: £, =2v, /a, .
(®) v,=v, +at, = v, =at, sincev, =0. Substituting t, =2v, /a, into this equation gives:

v, :ap(ZVm /ap)zzvm.

(c) No simplification is necessary.

CALCULATE:

2(36.0 m/s)
a) t =————~==18.0s
@, 4.0 m/s’

(b) v, =2(36.0 m/s)=72.0 m/s

(c) Ax, =(36.0m/s)(18.0s) =648 m

ROUND:

(a) a, has only two significant figures, so £, =18 s.
(b) v, has three significant digits, so v, =72.0 m/s.
(c) a, has only two significant digits, so Ax, =650 m.

DOUBLE-CHECK:

(a) The calculated time is reasonable for the police car to catch the motorcyclist.

(b) The calculated speed is fast, but it is a realistic speed for a police car to achieve while chasing a
speeding vehicle.

(c) The distance is a reasonable distance to cover in 18 s given that the average speed of the police car is

Vivg = (1/2)(1/pu +v, ) =(1/2)v, =36.0 m/s.

THINK: Since no information is given about the direction of the second car, it is assumed that both cars
travel in the same direction. The first car accelerates from rest with a, =2.00 m/s*>. The second car moves
with constant velocity v, =4.00 m/s . The cars are 30.0 m apart. Take the initial position of car 1 to be
x, =0. Then the initial position of car 2 is x, =30.0 m. Both cars will have the same final position:
x, =x, =x' . Both cars will travel for the same amount of time: ¢, =¢, =¢'.

(a) I want to know the position of the collision, x'.
(b) I want to know the time at which the collision occurs, t'.
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SKETCH:
x Position vs Time

’ -=-=- carl

— car 2

RESEARCH: car 1: Ax, =v, t, +%a1t12; car2: Ax, =v,t,

SIMPLIFY:

(a) Tosolve for x",use Ax, =v, t, +(1/2)at,’ = x'—x, =v t,+(1/2)at’. Since x, =0 and v, =0,
x'=(1/2)at’. Time t, is mnot known, but ¢t =t, and Ax,=vt,, therefore,
t=t,=Ax,/v,= (x' =X, )/ v, . Inserting this ¢, into the first equation yields

’ 2
1 X _xz a 2
x'==a v = ((x') —2x20x'+x202)

- 2
v, 2v,

Rearranging gives:

2 2
a a,x a,x 2v
! (x')z—[ —> +1]x’+ ; =0 = (x')z—(2x20+ a2 ]x’+x202=0.

2
2v,

This is a quadratic equation. Solving for x':

2
2v,’ 2v,’
2, +22 |+ [l 2x, +22 | —4x,?
, 0 al 0 al 0

X =
2

/_ xz
(b) To solve for t', use t'=t, = *, from above.

VZ
CALCULATE:

2
2(4.00 m/s)’ 2(4.00 m/s)’
2(30.0 m)+(7mi) + 112(30.0 m)+(7msz) ~4(30.0 m)’
2.00 m/s 2.00 m/s

(@) x'=

2
=14.68 m, 61.32 m

The first solution may be disregarded; with both cars moving in the same direction, the position of the
collision cannot be between their two initial positions. That is, x' cannot be between x, =0 and

X, = 30 m.

(b) t'= X X _ 61.32 m—30.0 m —7830 s
v, 4.00 m/s

ROUND:

(a) x'=61.3m

(b) t'=7.83s

DOUBLE-CHECK:
(a) This collision position has units of distance, and is greater than the initial positions of both cars, as it
should be.

(b) The time is reasonable since this is the time required for car 2 to travel Ax, =x'—x, =30 m ata speed

of v,=4.0m/s.
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2.67.

THINK: I know that v, =26.4 m/s and a=—g=-9.81 m/s’. I want to find ¢ Note that once the ball

gets back to the starting point, v=-26.4 m/s,,or v=—v,.
SKETCH:

total *

———————— - maximum height

path up path down
RESEARCH: v=v, +at
SIMPLIFY: ¢=2 "0 -~ =% _2%
a -8 8
2(26.4
CALCULATE: =249 5 300066
9.81 m/s

ROUND: Since all the values given have three significant digits, t = 5.38 s.
DOUBLE-CHECK: This seems like a reasonable amount of time for the ball to be up in the air.

THINK: I know that v, =10.0 m/s, a=-g=-9.81m/s’,and y, =0 m.
(a) I want to find the velocity vat t = 0.50 s.

(b) I want to find the height h of the stone at t = 0.50 s.

SKETCH:

y Position vs Time

RESEARCH:
(a) v=v, +at

1
(b) Ay=v,t +Eat2 and Ay=h
SIMPLIFY:
() v=v,—gt

L, 1,

(b) h =v0t+5at =v0t—5gt
CALCULATE:
(a) v=10.0 m/s —(9.81 m/s*)(0.50 s)

=10.0 m/s —4.905m/s
=5.095 m/s

(b) = (10.0 m/s)(0.50 s)—%(9.81 m/s?)(0.50 s)?

=50m-1.226 m
=3.774 m
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Chapter 2: Motion in a Straight Line

ROUND:

(a) Subtracting two numbers is precise to the least precise decimal place of the numbers. Therefore,
v=>5.1m/s.

(b) h=3.8m

DOUBLE-CHECK:

(a) v <v,, and this makes sense since speed decreases as the object rises.

(b) This is a reasonable height for a ball to achieve in 0.50 s after it is thrown upward.

THINK: I know that v, =—10.0 m/s, and a=—g=-9.81 m/s’. I want to find v at £ = 0.500 s.

SKETCH:
Yo = Q v, =-10.0 m/s

o
—

é

RESEARCH: v=v, +at

SIMPLIFY: v=v, — gt

CALCULATE: v =-10.0 m/s—(9.81 m/s*)(0.500 s)=—10.0 m/s —4.905 m/s =—14.905 m/s

ROUND: Subtracting two numbers is precise to the least precise decimal place of the numbers. Therefore,
v=-14.9 m/s.

DOUBLE-CHECK: A negative v indicates that the stone is (still) falling downward. This makes sense,
since the stone was thrown downward.

THINK: Take “downward” to be along the negative y-axis. I know that v, =—10.0 m/s, Ay=-50.0 m,

and a=-g=-9.81 m/s’. I want to find t, the time when the ball reaches the ground.
SKETCH:
v, =-10.0 m/s Q Y, =50.0m

|

1
RESEARCH: Ay =v,t +Eat2

1
SIMPLIFY: —at® +v,t — Ay =0. This is a quadratic equation. Solving for
2

T + v, —4(4a)(-4Ay) vy TNV, —2gAy
2(a) g
~(=10.0 m/s) £+/(=10.0 m/s)> —2(9.81 m/s*)(—50.0 m)
-9.81 m/s’

CALCULATE: ¢t =

=-4.3709s, 2.3322 s
The time interval has to be positive, so t = 2.3322 s.
ROUND: All original quantities are precise to three significant digits, therefore t = 2.33 s.
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2.71.

DOUBLE-CHECK: A negative v indicates that the stone is (still) falling downward. This makes sense,
since the stone was thrown downward. The velocity is even more negative after 0.500 s than it was initially,
which is consistent with the downward acceleration.

THINK: I know that v, =20.0 m/s, y,=(2/3)h,, -and a=—-g=-9.81m/s’. I want to find h_,_ . Note
that when y=h
SKETCH:

the velocity is v=0.

max

Position vs Time

RESEARCH: v* =v,> +2a(y - y,)

SIMPLIFY: v’ :vg—zg(hm—éhmj = v - :—2g£1hmj = hyp=——"——"=nh

3(20.0 m/s)’
2(9.81 m/s”)
ROUND: h, =612m

DOUBLE-CHECK: h_ is positive which is consistent with the sketch. This seems like a reasonable
height to achieve by throwing the ball upward.

CALCULATE: h,, = =61.16 m

THINK: I know the final height is y and the initial velocity is v,. The velocity at this height is zero:
v, =0.Also, a, =—g . Iwant to know the velocity at half of the final height, v, . Assume y, =0.
SKETCH:

Position vs Time

v,v =0

Y

RESEARCH: v, =v,> +2a(y - y,)

SIMPLIFY: The initial velocity, v,, is v, :./vyz —2a(y—y,)=+2gy . Then v,,, in terms of the
maximum height y, is

(V%y )2 ud +2a[(%yj—yoj - V%yz :(\/@)2 —2gGyJ = V%yz =2 -8 = vy, :\/;J’
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CALCULATE: This step is not necessary.
ROUND: This step is not necessary.

2
DOUBLE-CHECK: The units of v,, are: [vly} = f(mzj(m) =, ,m_z =m/s, which is a unit of velocity.
2 2 S S

THINK: The acceleration of an object due to gravity on the surface of the Moon is independent of the
mass of the object.
SKETCH:

1
RESEARCH: We can use y =3 gt’, where y is the distance the objects fall, ¢ is the time it takes for the

objects to fall, and g is the acceleration of gravity on the Moon.
1 2

SIMPLIFY: We can solve our equation for g: y = 5 gt > g= t—f
2y 2(l6m)

t (14s)
ROUND: The values given are all accurate to two significant digits, so the answer is given two by two
significant digits: g = 1.6 m/s’.
DOUBLE-CHECK: The Moon is smaller and less dense than the Earth, so it makes sense that the
acceleration of gravity on the surface of the Moon is about 6 times less that the acceleration of gravity on
the surface of the Earth.

CALCULATE: ¢ 1.6327 m/s’.

THINK: The bowling ball is released from rest. In such a case we have already studied the relationship
between vertical distance fallen and time in Example 2.5, “Reaction Time”, in the book. With this result in
our arsenal, all we have to do here is to compute the time ¢, it takes the ball to fall from Bill’s apartment
down to the ground and subtract from it the time ¢, it takes the ball to fall from Bill’s apartment down to

John’s apartment.
SKETCH:

Y Position vs Time

I
r

|— f., —]

0 t

rtnl.ll

RESEARCH: We will use the formulat =,/2h/g from Example 2.5. If you look at the sketch, you see

that ¢, =\/2htotal /g =\/2y0 / g and that ¢, =\/2hl /g =\/2(y0 -y g.
SIMPLIFY: Solving for the time difference gives:

ty =t —t =2V, 1§ =20, — ¥/ g
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CALCULATE: t, =+/2(63.17 m)/(9.81 m/s*) —/2(63.17 m —40.95 m)/ (9.81 m/s’)
=1.4603 s
ROUND: We round to ¢, =1.46 s., because g has three significant figures.
DOUBLE-CHECK: The units of the solution are those of time, which is already a good minimum
requirement for a valid solution. But we can do better! If we compute the time it takes an object to fall

40.95 m from rest, we find from again using t=./2h/ g that this time is 2.89 s. In the problem here the

bowling ball clearly already has a significant downward velocity as it passes the height of 40.95 m, and so
we expect a time t, shorter than 2.89 s, which is clearly fulfilled for our solution.

THINK: The information known for the rock is the initial velocity, v, =0 and the initial height,
,, =18.35m . The information known for the arrow is the initial velocity, v, =47.4 m/s and the initial
height, y, =0. For both, a=-g =-9.81 m/s’. Note that both the rock and the arrow will have the same

final position, y', and both travel for the same time, ¢'. I want to find ¢".

SKETCH:
v Position vs Time

y"ll T
_\ . rOCk
y4 ___-2

- --=-- arrow

RESEARCH: Ay=v,t+ %atz
1
SIMPLIFY: For the rock, y, -y, =1/r01"+(1/2)a(t')2 =, :—Eg(t')z+yr0. For the arrow,

Vo= =vaot'+(1/2)a(t’)2 =y, = vaot’—(l/z)g(t’)z. As the final positions for each are the same, we

1 1 )
know y, =y, D_Eg(t')z y, :Vaot,—gg(t')z =y, =t = t':y—°.
v,
18.35
CALCULATE: t'=—>>™ _ (387135
47.4 m/s

ROUND: v, is given to three significant figures, so ¢'=0.387 s.

DOUBLE-CHECK: This is a reasonable time for an arrow of initial velocity 47.4 m/s to rise to a height
less than 18.35 m (the height from which the rock was dropped).
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THINK: At y=(1/4)y,.., v=25m/s. Also, a=—g=-9.81m/s’ and y, =0. I want to find v,. It will be

useful to know y__. At y__, v'=0.

SKETCH:
¥ Position vs Time

v=25m/s

RESEARCH: v’ =v;* +2a(y-y,)
SIMPLIFY: V2 = VOZ + 261()/ — Yo ) = V()2 - 2g (i)}max j

1 1
= VOZ =V2 +2g(zymaxj=‘v2 +Egymax

Now I must find y_ . When y__ isachieved, the velocity v' is zero. Then
2

(v’)2:v02+2a(ymax_y0) = 0:V02_2gymax = ymax :;L'
g

Inserting this into the equation above gives
2
1 3 4
v, =V +—g LI N v =vi+—v) = vt =v = vt =—v =y ==
2°\ 2¢ 4 4 3
2
CALCULATE: v, =——(25m/s)=28.87 m/s

NG

ROUND: The value for v limits the calculation to two significant figures. So v, =29 m/s.
DOUBLE-CHECK: v, is greater than v =25 m/s, as it should be.

THINK: For the elevator, the velocity is v, =1.75 m/s, the acceleration is a, =0, and the initial height is
¥., =0. For the rock, the initial velocity is v, =0, the acceleration is a, =—g =-9.81 m/s’, and the initial
heightis y, =80.0 m.

(a) Ineed to find the time it takes the rock to intercept the elevator, t'.

(b) Ineed to find the time it takes the rock to hit the ground at y, =0, t".

When the rock intercepts the elevator, both are at the same position y’, and have taken the same time, ¢',

to arrive there.
SKETCH:
y Position vs Time

--=-- elevator

— rock

RESEARCH: The elevator position is determined from Ay, =v t. For the rock, Ay, =v, t +(1/2)a,t’.
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SIMPLIFY: For the elevator, y, -y, =vt = y, =vt. For the rock, y, -y, =v, t+(1/2)at’ =

yr _yro :_(l/z)gt2
(a) Both objects take the same time to intercept each other, and both have the same position at
interception:

ye:yr = Vet,:yro _%g(t'>2 = %g(t')z-}—vetl—y‘b:o'

Solving for t'. in the quadratic equation gives:

2 1
o - i\/ve _4(2gj(_yr”) v gy,
= : = " )
21 —
)
(b) The total fall time, t", for the rock is Ay, =y, -y, :vrot”—l-(l/z)ar(t”)z. The final position is

y,=0. With v, =0, =y, =—(1/2)g(t")" = t"=_[2y, /8.
CALCULATE:

—(1.75 m/s)i\/(l.75 m/s) +2(9.81 m/s*)(80.0 m)
9.81 m/s’

(@ t'= =3.86415,-4.2209 s

. [2(80.0m)
(b) t"=,|——— =4.0386s
9.81m/s

ROUND: The values given have three significant figures, so the final answers will also have three
significant figures.

(a) Taking the positive solution for time, t'=3.86 s.

(b) t"=4.04s

DOUBLE-CHECK: The total time to fall is greater than the intercept time, as it should be.

THINK: It is probably a good idea to read through the solution of the “Melon Drop” problem, Solved
Problem 2.5 in the textbook before getting started with the present problem. The present problem has the
additional complication that the water balloon gets dropped some time before the dart get fired, whereas
in the “Melon Drop” problem both projectiles get launched simultaneously. For the first 2 seconds, only
our water balloon is in free fall, and we can calculate its position y, and velocity v, at the end of this
time interval.

a) After the initial two seconds the dart also gets launched, and then both objects (water balloon and dart)
are in free-fall. Their initial distance is y, , and their relative velocity is the difference between the initial

velocity of the dart and v, . The time until the two objects meet is then simply the ratio of the initial

distance and the relative velocity.
b) For this part we simply calculate the time it takes for the balloon to free-fall the entire height 4 and
subtract our answer form part a).
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SKETCH:
y Position vs Time
--=-- dart
— balloon
f
b 1, =1+
RESEARCH:
(a) The position and velocity of the balloon after the time f, =2 s are
o =h-3gt
Vi, =8l

The time is takes then for the balloon and the dart to meet is the ratio of their initial distance to their
initial relative velocity:

£y = Yy, /(Vd0 _Vbn)
Our answer for part a) is the sum of the time ¢,, during which the balloon was in free-fall alone, and the
time ¢, t, =t, +t,.
(b) The total time it takes for the balloon to fall all the way to the ground is

tmtal = \/2h/g

We get our answer for part b) by subtracting the result of part a) from this total time:
t'=t ., —t,

total

SIMPLIFY:
(a) If we insert the expressions for the initial distance and relative speed into ¢, =y, /(v, —v, ), we find

ty=yy, | vy, —vy,)=(h—3gt’)/ (v, +gt,). Adding ¢, then gives us our final answer:

t, =ty +(h—3gt," )/ (vy +gt,)
(b) For the time between the balloon being hit by the dart and the water reaching the ground we find by

inserting ¢, =+/2h/ g into t'=t . —t,:

t'=\2h/ g —t,

80.0 m-1(9.81 m/s*)(2.00 s)’
20.0 m/s+(9.81 m/s” )(2.00 s

CALCULATE:

(a) t, =2.00 s+ =3.524s

(b) ¢ =\/2(80.0 m)/(9.81m/s’) —3.524 s=0.515s.

ROUND:
(a) t, =3.52s
(b) t'=0.515s

DOUBLE-CHECK: The solution we showed in this problem is basically the double-check step in Solved
Problem 2.5. Conversely, we can use the solution method of Solved Problem 2.5 as a double-check for
what we have done here. This is left as an exercise for the reader.
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2.79.

THINK: I know the runner’s initial velocity, v, =0, her acceleration, a=1.23 m/s*, her final velocity,
Note that Ax

is composed of a displacement Ax, which occurs while accelerating and a displacement Ax, which occurs

v=5.10 m/s, and the distance she traveled, Ax =173 m.I want to know the total time ¢, .
at a constant velocity. That is, Ax = Ax, + Ax,. Mass is irrelevant.

SKETCH:
x [m] Position vs Time

1
1
1
1
1
1
1
1
|
I
f

(=
[T

t[s]

total

[=— t,—|

RESEARCH: The total time is the sum of the times for each displacement. Let ¢

wa =5 +t, with ¢, the
time for displacement Ax, and ¢, the time for displacement Ax,.For ¢, use v=v,+at,. For Ax,, use
Ax, =(1/2)(v+, )t,. For t,,use Ax, =vt,.

SIMPLIFY: Note that

1 1 1 v v
Ax, :—(v+v0)t1 =Vt =—V—=—.
2 2 2 a 2a
To compute the value of ¢, , first simplify expressions for f, and t,:
2
v
v=v, v Ax, Ax-Ax Ax 2a AMx v
t = =—and t,= = = == _
a a v v 4 v 2a

Using the last two equations ¢, can be calculated as follows:

v Ax v v Ax
=t E— A ———=—
a v 2a 2a v

t

total

5.10 m/s 173 m

CALCULATE: t n
2(1.23 m/sz) 5.10 m/s

=35.995s

total

ROUND: Each initial value has three significant figures, so f,,,, =36.0 s
DOUBLE-CHECK: This is a reasonable amount of time required to run 173 m.

THINK: Let the moment the jet touches down correspond to the time t =0. The initial velocity is

142.4 mi 1h 1 .
v, = o rY 16993 m s 6 s
1 hr 3600 s 1 mi

The jet comes to rest in a time of #, =12.4 s. The jet comes to a complete stop, which makes the final

velocity zero, so v, =0. I want to compute the distance the jet travels after it touches down, Ax.
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SKETCH:
x[m] Position vs Time

0 ! 1[s]

1
RESEARCH: To determine the distance traveled, the following equation can be used: Ax = E(VO +V)t.
SIMPLIFY: With v =0, the equation becomes Ax =(v,t)/2.

CALCULATE: Ax= %(63.66 m/s)(12.4 s) =394.7 m.

ROUND: Since t has three significant digits, the result should be rounded to Ax =395 m.
DOUBLE-CHECK: This is a reasonable distance to decelerate from 63.66 m/s in 12.4 s.

2.80. Velocity is the slope of the position versus time graph. Therefore, v = 0 at the local maxima and minima.
Acceleration is the slope of the velocity versus time graph. On a position versus time graph, acceleration, a
is zero at inflection points on the curve that are not maxima or minima, i.e. a = 0 as the slope of x vs. t
approaches a constant value over some non-zero time interval, Af:

10 v=_0
8
R
=
= 4
=2
-2
-4
2.81. THINK: The acceleration is the derivative of the velocity with respect to time, that is, the instantaneous

change in velocity. Since the car is stopped and then accelerates to 60.0 miles per hour, we can infer that
the acceleration is positive in the direction of the car’s motion.

SKETCH: Sketch the motion of the car at 0 s and time 4.20 s. Since the acceleration is unknown, use the
variable a to represent the size of the acceleration.

=0 O<t<42 f =420
|{:.r | =0 0= |Fx |< 60.0 |{:._\_ | — 60.0
|ﬁ|:ﬂ |Ej|:(_g |ﬁ|:ﬂ
% é
— —— .
by o by
Xp= 0 =9
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RESEARCH: Since this problem involves motion with constant acceleration, use equation (2.23). (a) The
velocity in the positive x direction at time ¢ is equal to the velocity in the positive x direction at time 0 plus
the acceleration in the x direction multiplied by the time, v, =v,,+a,t. (b) Having found the

acceleration in the positive x direction, use the equation x = x;, + v, +%axt2 to find the position x at time
t =4.20 s. To make the calculations simple and straightforward, take the position of the car at time t =0 s
to be the zero of our coordinate system, so x, = 0 miles.
SIMPLIFY: (a) Use the velocity at times ¢ = 0 and ¢ = 4.2, solve the equation v, =v,, +a,t for a,to get:
Ve =Vyo Ta,t
Vo TV =Veo T Vyo tat=a,t
(ve—veo)/t=(a,t)/t
Yx “Vxo0
t
(b) Using the expression for a, and algebra to find an expression for the total distance traveled:

:ax

x=x) +vt +1a,t?
Ve =V
=Xo +Vyot +%[—" - 20 Jtz
- 1
=Xy + Vot +5(vx —Vyo )t
CALCULATE: (a) Since the car starts at rest, v, =0mph. Also, the velocity at time t = 4.20 s is

. . . . . VeV 60.0-0 100 _

v, =60.0 mph in the positive x direction. Using these values gives a, = —*—* = CI Tmph s
t .

Since time t is given in miles per hour, it is necessary to convert this to miles per second to make the units

consistent. Convert this to a more convenient set of units, such as mi-s to make future calculations easier:

100 i lh 1 i

e e e (b) Plug in values to find x, the location of the car at time t = 4.20 s.
7 hour-sec 3600sec 252 sec’

This gives:

- 1, 42
X=Xy + Vot +5a,t

2
=0+0+2155-(4.20)

= 7 =0.035 mi
200

ROUND: Since the measured values have 3 significant figures, the answers in both parts will have 3

mi

- ~0.00397— or 3.97x10° "= (b) Using

significant figures. (a) For the acceleration,
2 sec sec sec

scientific notation, 0.035=23.50x10"2 mi. Note also that if we convert to SI units, we obtain (a) 6.39 m/s*
for the acceleration and (b) 56.3 m for the distance.
DOUBLE-CHECK:

. _3 mi .
(a) Accelerating at a constant rate of 3.97x107> —— for 4.20 seconds from a standing start means that the
g 2 g

sec
- i 3600
car will be going 3.97x10 3112- 4.2 sec-h—sec or 60.0 mph after 4.20 seconds. This agrees with the
sec our

question statement.
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(b) Since the car is at position x=1a t* =——t* milesat time ¢ seconds, the derivative with respect to

2 504
1 42
. . . _dx d(ﬁf ) 1 1 .
time gives the velocity as a function of time: —:—:—-thﬁt miles per second,

dt dt 504

1 i 3600 100 i
or—— . XC_Tr T at time £ At time f = 420 s, this gives a velocity of
252 sec  hour 7 hour

—(4.2) =60.0 mph, which agrees with the setup for this problem.

THINK: It is known for a car that when the initial velocity is

k lh 1000
v, =100.0 —>.— .~
h 3600s 1km

and the final velocity is v, =0, the stopping distance is Ax =40 m. Determine the stopping distance, Ax'

=27.7778 m/s,

when the initial velocity is

k 1h 1000
v,'=130.0 —.— . —— 1
h 3600s 1km

and the final velocity is v,'=0. The road conditions are the same in each case, so it can be assumed that

=36.1111 m/s,

the acceleration does not change.

SKETCH:
v,=100.0 km/h v,=0
),: E; : *-'1.-'
. ° e
fper———40.00 m ———
ve=130.0 km/h N v/=0
a
G — G
[ ®
I Ax’ |

RESEARCH: The acceleration, a can be determined from the original conditions with v’ =v* +2aAx.
Substitute the value of the acceleration computed from the first set of conditions as the acceleration in the
second conditions to determine Ax'.

SIMPLIFY: Withv=0, 0=v,” +2aAx = a=-v,’/(2Ax). Then, v,” =v,” +2aAx". With v,'=0,

2 2 2
0 = VO_AX
3 .

2a 5| v’ v,
2Ax

(40.00 m)=67.5999 m

(36.1111 m/s)’

(27.7778 m/s)’
Note that the unit conversion from km/h to m/s was not necessary as the units of velocity cancel each
other in the ratio.
ROUND: Ax'=67.60 m
DOUBLE-CHECK: The stopping distance for the larger initial velocity is greater than the stopping
distance for the small initial velocity, as it should be.

CALCULATE: Ax'=
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2.83. THINK: The initial velocity is
k lh 1000
v, =60.0 — . — -1
h 3600s 1km
The final velocity is v = 0. The stop time is t = 4.00 s. The deceleration is uniform. Determine (a) the
distance traveled while stopping, Ax and (b) the deceleration, a. I expect a < 0.

SKETCH:

=16.67 m/s.

X Position vs Time

Ax —

0 40's g
RESEARCH:

(a) To determine the stopping distance, use Ax =t (v, +v)/2.
(b) To determine a, use v =v, +at.

SIMPLIFY:

(a) With v =0, Ax=v,t/2.

(b) Withv=0, 0=v,+at=a=-v,/t.

CALCULATE:
16.67 m/s)(4.00 s
(a) Ax:( 2)( ):33.34m
(b) a=—18871S _ 167 mis’
4.00 s
ROUND:
(a) Ax=33.3m

(b) a=-4.17 m/s’

DOUBLE-CHECK: The distance traveled while stopping is of an appropriate order of magnitude. A car
can reasonably stop from 60 km/h in a distance of about 30 m. The acceleration is negative, indicating that
the car is slowing down from its initial velocity.

2.84. THINK: The car’s initial velocity is v, =29.1 m/s. The deceleration is a=-2.4 m/s’. Assume that the
final velocity is v = 0, that is the car does not hit the truck. The truck is a distance d = 200.0 m when the car
begins to decelerate. Determine (a) the final distance between the car and the truck, Ax_, and (b) the time

it takes to stop, t.

SKETCH:
'|-"U= 29.1 m/s {}’ =-2.4 m/s? v=10 ﬂ\l
G> o> 0]0) 0O O
. ® o
[ Ax — Ax  —+
| 200. m |
RESEARCH:

(a) The distance to the truck is the difference between the initial distance d and the stopping distance Ax:
Ax_; =d—Ax. Ax can be determined from v’ =v,* +2aAx.
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(b) The stop time is determined from v =v, +at.
SIMPLIFY:
(a) Withv=0, v’ =v, +2aAx = 0=v," +2aAx = Ax=-v," /2a. Then, Ax_, :d+(v02 /Za).
(b) Withv=0, t=—-v,/a.
CALCULATE:

(29.1 m/s)’

=200.0m—-176.4 m=23.6 m
2(—2.4 m/sz)

(a) Ax,,=200.0 m+

(29.1m/s)

(—2.4 m/sz) 1213

(b) t=-

ROUND:
(a) Since the acceleration has two significant figures, Ax_, =24 m

(b) Rounding to two significant figures, t = 12 s.

DOUBLE-CHECK: The stopping time and distance are realistic for a car decelerating from 29.1 m/s.
THINK: For train 1, it is known that v, ; =40.0 m/s, a, =—6.0 m/s’ and v, =0. For train 2, it is known
that v, =0 and a, =0. The distance between the trains is d = 100.0 m. Determine the distance between

the trains after train 1 stops, Ax

SKETCH:
X Position vs Time
T ¥ T
Ax
g _$_ train 1
_L Ax, ---- train 2

t
RESEARCH: The final distance between the trains, Ax is the difference between the initial distance, d
and the stopping distance of train 1, Ax,: Ax=d —Ax,.

2 2
v 14
SIMPLIFY: With v, =0, v’ =v, ) +2a,Ax, = 0=v,,/ +2a,Ax, = Ax, =- 2“) . Then, Ax=d +21—°
al al
2
(40.0 m/s)
CALCULATE: Ax=100.0 m+————-=100.0 m-133.3m=-33.3m
2(—6.0 m/sz)

ROUND: Note that Ax is determined to be a negative value. This is due to the stopping distance being
greater than the initial distance between the trains. This implies that train 1 actually collides with train 2.
Then the distance between the two trains is zero.

DOUBLE-CHECK: It is reasonable for train 1 to collide with train 2 given the initial separation of only
100.0 m and an initial velocity for train 1 of 40.0 m/s.

THINK: The initial velocity is v, =25.0 m/s. The acceleration is a=-1.2 m/s*. Determine (a) the
distance Ax traveled in t = 3.0 s, (b) the velocity, v after traveling this distance, (c) the stopping time, ¢'
and (d) the stopping distance, Ax'. Note when the car is stopped, v'=0.
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SKETCH:
x [m] Position vs Time
- v=20
Ax’ T
Ax
. ‘L T T t[s]
3.0 i

RESEARCH:

(a) To determine Ax, use Ax =v,f+ (at2 ) /2.

(b) To determine v, use v =v, +at.

(c) To determine t', use v=v, +at.

(c) To determine Ax',use v’ =v,” +2aAx.
SIMPLIFY:

(a) Itis not necessary to simplify.

(b) Itis not necessary to simplify.

(c) With v'=0, v'=v,+at'=t'=—v, /a.

(d) With v'=0, v'’=v, +2aAx'= Ax'=—v,’ / 2a.
CALCULATE:

(a) Ax=(25.0 m/s)(3.0 s)—i—%(—l.Z m/s’ )(3.0's)" =69.6 m

(b) v=25.0 m/s+(—1.2 m/sz)(.’a.O s)=21.4 m/s

. (25.0mys)
() t'=—a""" ") 220835
(-12my/s?)
2
(d) Ax'= _(250m/s) —260.4 m
2(—1.2 m/sz)

ROUND: Both the acceleration and the time have two significant figures, so the results should be rounded
to Ax=70.m,v=21m/s, t'=21s and Ax'=260 m.

DOUBLE-CHECK: The car travels 70 m while decelerating, which is less than the 75 m it would have
traveled in the same time if it had not been decelerating. The velocity after decelerating is less than the
initial velocity. The stopping distance is greater than the distance traveled in 3.0 s, and the stopping time is
greater than the intermediate time of 3.0 s. All of these facts support the calculated values.

THINK: The initial velocity is

v, =212.809 mph[ Lh )(1609'3 o

3600 s

The acceleration is a=-8.0 m/s’. The final speed is v = 0. Determine the stopping distance, Ax.

- j=95.1315 m/s.
mile
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SKETCH:
x [m] Position vs Time

- t[s]
RESEARCH: Use v’ =v,” +2aAx.

SIMPLIFY: Withv=0, 0=v,* +2aAx = Ax=-v,* / 2a.
(95.1315 m/s)’
2(—8.0 m/sz)

ROUND: The acceleration has two significant figures, so the result should be rounded to Ax =570 m.
DOUBLE-CHECK: The initial velocity is large and the deceleration has a magnitude close to that of
gravity. A stopping distance greater than half of a kilometer is reasonable.

CALCULATE: Ax=- =565.6 m

THINK: The velocity can be converted to SI units as follows:
1h 1609.
v, =245 mph 609310 ) _ 1095 mys.
3600 s mile

The distance is Ax =362 km =3.62-10° m. Determine the time, t to travel the distance, Ax. Note the
acceleration is a = 0.

SKETCH:
X Position vs Time
Dallas -
Austin ¢
)
RESEARCH: For a =0, use Ax =vt.
SIMPLIFY: ¢=2%
v
5
CALCULATE: ¢=>3210M 336
109.5 m/s

ROUND: The distance Ax has three significant figures, so the result should be rounded to t =3310 s.
DOUBLE-CHECK: The time in hours is

00 s
An hour is a reasonable amount of time to fly a distance of 362 km.

3310{ Lh j=0.919h.
36

The position is given by x =at’ +bt* +c, where a=2.0 m/s’, b=2.0 m/s* and ¢ = 3.0 m.
(a) Determine the sled’s position between #, =4.0 s and t, =9.0 s.

x(4.05)=(2.0m/s*)(4.05)’ +(2.0 m/s*)(4.05)° +3.0 m =163 m ~160 m
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%(9.08)=(2.0 m/s*)(9.0s)’ +(2.0 m/s*)(9.0s)" +3.0 m =1623 m ~1600 m

The sled is between x = 160 m and x = 1600 m.
(b) Determine the sled’s average speed over this interval.
A - 1623 m—163 1460
== P B P B P 2292 mis =290 m/s
At t, -t 9.0s—-4.0s 50s

THINK: The cliff has a height of 4 = 100. m above the ground. The girl throws a rock straight up with a
speed of v, =8.00 m/s. Determine how long it takes for the rock to hit the ground and find the speed, v of

the rock just before it hits the ground. The acceleration due to gravity is a =—g =-9.81 m/s’.
SKETCH:

h

RESEARCH: The total displacement in the vertical direction is given by Ay =y -y, If the top of the
cliff is taken to be the origin of the system, then y,=0 and y, =—h=-100. m. Therefore, Ay=—h.

1
(@) Ay=wv,t +Eat2

(b) v =v," +2aAy
SIMPLIFY:
(a) The quadratic equation can be used to solve for ¢ from the equation gt* /2—vt+Ay=0:

-
_Voi Yo 4(2j( h)_voixlv02+2gh

R

(b) v=4v,” +2gh

CALCULATE:

8.00 m/si\/(S.OO m/s)’ +2(9.81 m/s’)(100. m)

(9.81 m/sz)

=5.40378 sor —3.77 s
The negative time is impossible.

(a) t=

(b) v= \/(8.00 m/s)* +2(9.81 m/s*)(100. m) = 45.011 m/s

ROUND:

(a) t=540s

(b) v=45.0 m/s

DOUBLE-CHECK: The calculated time and speed for the rock are reasonable considering the height of
the cliff. Also, the units are correct units for time and speed.
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THINK: The police have a double speed trap set up. A sedan passes the first speed trap at a speed of
s, =105.9 mph. The sedan decelerates and after a time, ¢ = 7.05 s it passes the second speed trap at a speed
of s, =67.1 mph. Determine the sedan’s deceleration and the distance between the police cruisers.
SKETCH:

— (]

[ [

X, Xy
RESEARCH:
(a) Convert the speeds to SI units as follows:
5, =105.9 mph| 1 |[ 16093 m ) 4o 5y s

3600 s mile
5, =671 mph| 0 |[ 16993 M )55 596 mys.
3600 s mile

The sedan’s velocity, v can be written in terms of its initial velocity, v, the time t, and its acceleration a:
v =v, +at. Substitute s, for v, and s, for v.
(b) The distance between the cruisers is given by: Ax =x, —x, = vt +(1/2)at*.
SIMPLIFY:
(@) a=? Yo %74
t t

(b) Substitute s, for v, and the expression from part (a) for a: Ax=st+(1/2)at’
CALCULATE:

29.996 m/s —47.34 m/s
(@) a=

7.05s

=-2.4602 m/s*

(b) Ax=(47.34 m/s)(7.05 s)+§(—2.4602 m/s*)(7.05 s)° =272.6079 m
ROUND: The least number of significant figures provided in the problem are three, so the results should
be rounded to a =-2.46 m/s* and Ax =273 m.

DOUBLE-CHECK: The sedan did not have its brakes applied, so the values calculated are reasonable for
the situation. The acceleration would have been larger, and the distance would have been much smaller, if
the brakes had been used. The results also have the proper units.

THINK: The initial speed of a new racecar is v, =0 (standing start). The car accelerates with a constant

acceleration and reaches a speed of v = 258.4 mph at a distance of I = 612.5 m. Determine a relationship
between the speed and distance.

SKETCH:
v=10 v =258.4 mph
I [ I [ I
0 1 1 3 1=612.5
1 / > / 2 / m

RESEARCH: The acceleration is constant, so there are two expressions for velocity and distance:
v=v,+at, x=x,+v,t+(1/2)at’.

1
SIMPLIFY: It is given that v, =0 and x, =0, so the above expressions simplify to v=at, x :Eatz.

Thus, t =+/2x/a. Substituting this expression into v =at,

95



Bauer/Westfall: University Physics, 2E

2.93.

2x
v=a,|l— =+2ax.
a

CALCULATE: (1) The speed at a distance of x = [/4 is given by:

Vi, = /Zaé = \E(\/zal) :%\/2(11.

Note that v =+/2al , therefore, v,, =v /2.
1
Vi =—(258.4 mph)=129.2 mph

(2) Similarly, substituting x = I[/2 into v= J2ax

Vi, = \/7—\/7 (258.4 mph)=182.716 mph.

(3) Substituting x =31/4 into v = 2ax ,

Vg = \/7—\/7 2584mph =223.781 mph.

ROUND: Initially there are four significant figures, so the results should be rounded to v,, =129.2 mph,
v, =182.7 mph and v,,, =223.8 mph.
DOUBLE-CHECK: Note that v, <v,, <v,,, <v as expected.

THINK: An expression of y as a function of ¢ is given. Determine the speed and acceleration from this
function, y(f). The first derivative of y(t) yields speed as a function of time, v = dy/dt, and the second
derivative yields acceleration as a function of time, a = dv/dt.

SKETCH: A sketch is not needed to solve the problem.

d sin(a t+p )
RESEARCH: From a table of common derivativess ———== acos(a t+p ), and
dt

d cos(a t+p )
——— = =—asin(at+ ).

i (at+5)
SIMPLIFY: Itis not necessary to simplify.
CALCULATE:

(a) v =%(3.8sin(0.46t/s —0.31) m-—0.2t m/s+5.0 m)

=3.8(0.46)cos(0.46t /s —0.31) m/s —0.2 m/s
=1.748¢0s(0.46t / s—0.31) m/s—0.2 m/s
_dv
dt
=—1.748(0.46)sin(0.46¢ / s—0.31) m/s’

=—0.80408sin(0.46¢ /s —0.31) m/s’
(b) Seta=0: 0=-0.80408sin(0.46t/s—0.31) m/s’ = sin(0.46¢/s—0.31)=0. Itis known that

sina =0 when o =nz and nis an integer. Therefore,

=%(1.748cos(0.46t/s—0.31) m/s —0.2 m/s)

nr+0.31 s
046

0.46t/s—03l1=nr=t=
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The times between 0 and 30 s that satisfy a = 0 are:
t=6.8295n+0.6739 s

=0.6739 sfor n=0
=7.5034 sforn=1
=14.3329 sfor n=2
=21.1624 sforn=3

=27.9919 sfor n=4.
ROUND: Rounding to two significant figures,

(a) v=1.7cos(0.46¢/s—0.31) m/s—0.2 m/s, a=-0.80sin(0.46¢/s—0.31) m/s’

(b) t=0.67s,7.5s,145s,21 sand 28 s.
DOUBLE-CHECK: For oscillatory motion, where the position is expressed in terms of a sinuous
function, the velocity is always out of phase with respect to the position. Out of phase means if x =sint,

then v =cost=sin(t+7/2). The acceleration is proportional to the position function. For example, if
x=Asint, a=—Asint .

THINK: An expression for position as a function of time is given as x(t)=4t".

SKETCH: A sketch is not needed to solve the problem.

RESEARCH: (a+b) =a’+2ab+b*

SIMPLIFY: Simplification is not necessary.
CALCULATE:

(2) x(2.00)=4(2.00)" m=16.00 m
(b) x(2.00+At)=4(2.00+At)" m=4(4.00+4.00At + A’ ) m
=(16.00+16.00A¢ + 4A¢” ) m

Ax  x(2.00+At)—x(2.00)

C
© At At
_16.00+16.00At + 4At* —16.00 m
At s
=(16.00+ 4At) m/s

Taking the limitas Af —0: lim - = 1im 16,00+ lim 4A¢ = 16.00 m/s.
At—0

At—0 At At—0
ROUND: Rounding to three significant figures,
(a) x(2.00)=16.0 m

(b) x(2.00+At)=(16.0+16.0At +4At* ) m
A
(©) lim===16.0 m/s
A0 Af

DOUBLE-CHECK: The value of the position function near ¢ = 2.00 s coincides with its value at t = 2.00 s.
This should be the case, since the position function is continuous. The value of the velocity can also be

found from the derivative: limﬁ = ﬂ = i(4t2 ) =8t . Substitute t =2.00 s,
A0 A dt dt
d
d—j =8(2.00)=16.00 m/s. This value agrees with what was calculated in part (c).

t=2.00
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2.95. THINK: The distance to the destination is 199 miles or 320 km. To solve the problem it is easiest to draw
a velocity versus time graph. The distance is then given by the area under the curve.
SKETCH:

i

~

f L 0

4 2
RESEARCH: For a constant speed, the distance is given by x =vt.
SIMPLIFY: To simplify, divide the distance into three parts.
Part1: fromt=0to t=¢,/4.
Part 2: from t=t,/4 to t=t,/2.
Part 3: from t=t,/2 to t=t,.

CALCULATE:
(a) The distances are x, =3.0t, /4, x, =4.5t,/ 4 and x, =6.0¢, /2. The total distance is given by
(3.0+4.5+12)t, 19.5¢, 4x
X=X +%,+x,= m= m = t,=——s.
4 4 19.5
4(320-10°
h=— $=65.6410-10° s=65641s = t, =18.2336 h

(b) The distances are:
65641 65641 65641
X, = 30(7) m=49.23km, x,= 4.5(TJ m=73.85km, x,= 6.0[7) m=196.92 km.

ROUND: Since the speeds are given to two significant figures, the results should be rounded to

x, =49 km, x,=74km  and  x,=2.0-10" km. X, +x, =123 km =120 km, and  then
X =x, +x, +x, =323 km ~ 320 km.

x [km]

320

120
49 —

s
0|

DOUBLE-CHECK: The sum of the distances x,, x, and x, must be equal to the total distance of 320 km:
X, + %, +x, =49.23+73.85+196.92 =320 km as expected. Also, note that x, <x, <x, since v, <v, <v,.
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THINK: The initial speed is v, =15.0 m/s. Assume there is no air resistance. The acceleration due to
gravity is given by g =9.81m/s’. t, is the time taken from the original position to the 5.00 m position on

the way up. The time it takes from the initial position to 5.00 m on its way down is f,.

SKETCH:
y[m]

s

el TS

=
1
il
<

__-Q-—-é-'“"ei

=
—

1
RESEARCH: For motion with a constant acceleration, the expressions for speed and distances are

1, . o
v=v,+at, y=y,+vt +Eat . The acceleration due to gravity is a =—g.

SIMPLIFY:
(a) Atthe maximum height, the velocity is v = 0. Using y, =0:
VO
O=v,—gt = t=—,
4
[P
y:ymax :V()t_ggt N

Substituting t=v,/ g,

1 s
VO VO VO
=Y —_ = —_ =—
ymax OEgJ Zg[g] 2g
(b) If the motion of the ball starts from the maximum height, there is free fall motion with v, =0.

v
v=—gt = tz—E

[P
gt

1
=Y TVE——gt =y, ——
y ymax 0 zg ymax 2

Substituting ¢ = v/g:

2
v
y:ymax__g =>v= (ymax_y)zg’
CALCULATE:

(15.0 m/s)2

(@) Yo =

(b) v= \/(1 1.468 - 5.00)(2)(9.81 m/sz) =11.265 m/s. Thus the speed at this point is 11.265 m/s.
(c,d) Using y =y, +v0t+(at2)/2, y=v,t—(1/2)gt’. Using v, =15.0 m/s, g=9.81 m/s’ and y = 5.00 m,

the quadratic equation is (1/ 2)(9.81 m/s’ )l‘2 —15.0¢ +5.00 m =0. Solving the quadratic equation:

. 15.0+,)(15.0)" —2(9.81)5 150411265
- 9.81 ST ol

§=1.529+1.1483=2.6773 s and 0.3807 s

ROUND:
(a) Rounding to three significant figures, y_  =11.5m.
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(b) All the numerical values have three significant figures, so the result is rounded to v=11.3 m/s. Note
the speed on the way up is the same as the speed on the way down.

(c) Rounding the values to three significant figures, ¢, =0.381 s.

(d) t,=2.68s.

DOUBLE-CHECK: The speed at t, =0.381s and t, =2.68 s must be the same and it is equal to the
speed determined in part (b).

v=v,—gt

v, =15.0—(9.81)0.381=11.2624 m/s ~11.3 m/s

v, =15.0—-(9.81)2.68 =—11.2908 m/s ~—11.3 m/s

As can be seen, |v1| = |v2| is equal to the result in part (b).

THINK: The maximum height is y__ =240 ft=73.152 m. The acceleration due to gravity is given by
g=9.81m/s’.
SKETCH:

~
[
I

= max

\
W
\
1
1
1
|
1
~

]
!
M
I
1
I
!
1
1
A
I
[}

vul : 15
RESEARCH: To solve this constant acceleration problem, use v=v,—gt and y=y, +v0t—( gt’/ 2).

¥, =0.
SIMPLIFY:
(a) Ata maximum height, the velocity v is zero.

-0

14
Vy—gt=0 = t=g

2
12 1 (v, v,
=y, | — |-=g| — | == = v,=42
ymax O(g] 2g{g] 2g 0 gymax
(b) If the motion is considering as starting from the maximum height y,__, there is free fall motion with

v, =0.

v
v=—gt > t=—

2
1, 1 (v v?
= —_— = —_— — = e — = V= — 2
VA R ) 2g£g) Yo "5 (Ve = 7)28
(c) Note that v, is equal to the speed in part (b), v, =—26.788 m/s and v is equal to the original speed but
in the opposite direction, v =—-37.884 m/s.
v, —V

CALCULATE:

(@) v, =4/2(9.81)73.152 =37.885 m/s
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2.98.

Chapter 2: Motion in a Straight Line

() y=

J e 50 v= ( y —%jzg — /gy =+/(9.81)73.152 =26.788 m/s. Choose the positive root

because the problem asks for the speed, which is never negative.
37.884 m/s—26.788 m/s
(c) t=

(9.81m/s?) “hts

ROUND:

(a) Rounding to three significant figures, v, =37.9 m/s.
(b) Rounding to three significant figures, v =26.8 m/s.
(c) Rounding to three significant figures, t = 1.13 s.

DOUBLE-CHECK: It is known that v =,/2gy. This means that the ratio of two speeds is:

VN2

v, 29, \»n

The result in part (b) is for y =y, /2, so the ratio is

1
Nz _ - \ﬁ ~0.7071.
VO ymax 2
Using the results in parts (a) and (b):
26.8 m/
Yz _ 2000 7071 as expected.
v, 37.9m/s

THINK: The initial velocity is v, =200. m/s. There is constant acceleration and the maximum distance is

X =1.5cm=0.015 m.
SKETCH:

RESEARCH: To solve a constant acceleration motion, use v =v,+at. There is a deceleration of a.
[

x=v,t+—at
2

SIMPLIFY: At the final position, v = 0.

VO
Vy—at=0 = a:T

Substituting a=v, /¢ into x_, =v,t—(1/2)at’ gives:

vy , 1 2x
Xy = Vol ———2t =Ev0t = t=

max
max

Yo

2(0.015 m)

00. m/s

CALCULATE: t= =15-10"s

ROUND: Rounding to two significant figures yields the same result, t =1.5-10"" s
DOUBLE-CHECK: It is expected the resulting time is small for the bullet to stop at a short distance.
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2.99.

2.100.

THINK: v, =135m/s for At=30.0s. v,=22.0m/s after At=10.0s (at t = 40.0 s). v, =0 after

At=10.0 s (at t = 50.0 s). It will be easier to determine the distance from the area under the curve of the
velocity versus time graph.
SKETCH:

v [m/s]

22.0

0 300 400 500 'I8]

RESEARCH: Divide and label the graph into three parts as shown above.
SIMPLIFY: The total distance, d is the sum of the areas under the graph, d=A, + A, + A,.

CALCULATE: d=(13.5m/s)(30.0 s)+§(13.5 m/s +22.0 m/s)(10.0 s)+%(22.0 m/s)(10.0's)

=405m+177.5m+110 m=692.5m
ROUND: The speeds are given in three significant figures, so the result should be rounded to d =693 m.
DOUBLE-CHECK: From the velocity versus time plot, the distance can be estimated by assuming the

speed is constant for all time, : d=(13.5m/s)(50.0 s)=675 m. This estimate is in agreement with the
previous result.

THINK: It is given that the initial velocity is v, =0. The time for the round trip ist = 5.0 s.

SKETCH:
L 1.2m
1
/
Y \ o

RESEARCH: a =—g . Using two expressions for velocity and dlstance
(a) v=v,+at

L=}
e—

e3===2=-=-=3-0

S @
|H
|
1y

I

1
() y=y, +v,t +Eat2
SIMPLIFY:
(a) yO zymax’ V:_gt

1
(b) ¥ = Yo = 81"
(c) The distance from the top of the window to the ground is 1.2 + 2.5 = 3.7 m. From part (b),

2(Yrmax —y).
g

CALCULATE: The time taken from the roof to the ground is half the time of the round trip, t = 5.0/2 =
2.5s.

(a) The velocity before the ball hits the ground is v =—(9.81)(2.5) =—24.525 m/s. So the speed is
24.525 m/s.

1
)’=)’max—5gt = t=
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2.101.

2.102.

Chapter 2: Motion in a Straight Line

(b) y = 0 (ground), and ¢ is the time from the roof to the ground.
1, 1, 1 , 2
0= ——gt" =y =—gt" =y =—(9.81m/s")(2.5s) =30.656 m
Vo =58 = Yoo =8 = Yo =5 )(25)
2(30.656—3.7)

(0 t= W =2.3443 s

ROUND: Rounding to two significant figures, |v| =25m/s, y,. =31mandt=23s.
DOUBLE-CHECK: The speed in part (a) is consistent with an object accelerating uniformly due to

gravity. The distance in (b) is a reasonable height for a building. For the result of part (c), the time must be
less than 2.5 s, which it is.

at

d
From a mathematical table: d—e“t =qe
t

3

1 1
(a) x(t):2xozzxoe3°” = =8 = 3at=In8 = t=—1In8

3a
dx 3a t
(b) V(t) = E = Tx0€3
dv (30.’)2 at 9a’ at
(c) a(t) =T, x,e> = . x,€°

(d) ot must be dimensionless. Since the units of  are s, the units of o ares™.
d
Note that —(t")=nt"".
dt
d
(@) v= X _4AP 3B
dt

(b) a :ﬂ =12At* —6Bt
dt

Multi-Version Exercises

2.103.

THINK: The initial velocity is v, =28.0 m/s. The acceleration is a =—g =-9.81 m/s’. The velocity, v is

zero at the maximum height. Determine the time,  to achieve the maximum height.
SKETCH:

Yi Position vs Time

L S et

f

h

RESEARCH: To determine the velocity use v=v, +at,.

SIMPLIFY: at, =v-v, = t,=——2t="0_"
a g g
28.
CALCULATE: 1, =205 _ ) g54p ¢
9.81m/s

ROUND: The initial values have three significant figures, so the result should be rounded to , =2.85 s.
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2.104.

2.105.

DOUBLE-CHECK: The initial velocity of the object is about 30 m/s, and gravity will cause the velocity to
decrease about 10 m/s per second. It should take roughly three seconds for the object to reach its
maximum height.

THINK: The initial velocity is v, =28.0 m/s. The time is t+ = 1.00 s. The acceleration is a=-g

=-9.81 m/s’. Determine the height above the initial position, Ay.
SKETCH:

17 Position vs Time

1.00's
RESEARCH: To determine the height use Ay =v,t + (atz ) /2.

SIMPLIFY: Ay =v,t —%( gt’)

CALCULATE: Ay=(28.0 m/s)(1.00 s)—%((9.81 m/s*)(1.00s)' | =23.095 m

ROUND: As all initial values have three significant figures, the result should be rounded to Ay =23.1 m.
DOUBLE-CHECK: The displacement Ay is positive, indicating that the final position is higher than the
initial position. This is consistent with the positive initial velocity.

THINK: The initial velocity is v, =28.0 m/s. The acceleration is a =—g =-9.81 m/s’. The velocity, v is
zero at the maximum height. Determine the maximum height, Ay above the projection point.
SKETCH:

y Position vs Time

!
RESEARCH: The maximum height can be determined from the following equation: v* =v,” +2aAy.

2

SIMPLIFY: Withv=0, 0=v,-2gAy = Ay= ;L
g

(28.0 m/s)’
2(9.81m/s”)
ROUND: v, =28.0 m/s has three significant figures, so the result should be rounded to Ay =40.0 m.
DOUBLE-CHECK: The height has units of meters, which are an appropriate unit of distance. The

calculated value is a reasonable maximum height for an object launched with a velocity of 28 m/s to
achieve.

CALCULATE: Ay= =39.96 m
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2.106.

2.107.

Chapter 2: Motion in a Straight Line

THINK: Since the rock is dropped from a fixed height and allowed to fall to the surface of Mars, this
question involves free fall. It is necessary to impose a coordinate system. Choose y = 0 to represent the
surface of Mars and t, = 0 to be the time at which the rock is released.

SKETCH: Sketch the situation at time ¢, = 0 and time ¢, when the rock hits the surface.

fDZO
y=1.013m t=7

RESEARCH: For objects in free fall, equations 2.25 can be used to compute velocity and position. In
particular, the equation y =y, +v ot -1 gt* can be used. In this case, y,= 1.013 m. Since the object is not

thrown but dropped with no initial velocity, v,, = 0 m/s, and g = 3.699 m/s’ on the surface of Mars.
SIMPLIFY: The starting position and velocity (y,= 1.013 m and v,, = 0 m/s), final position (y = 0 m) and
gravitational acceleration are known. Using the fact that v, = 0 m/s and solving the equation for ¢ gives:

0=y, +0t-1(g)t* =

g2
S =y, =
) Yo
2= 2-Yo
g
= 2%
4
CALCULATE: On Mars, the gravitational acceleration g = 3.699 m/s’. Since the rock is dropped from a
2.02
height of 1.013 m, y, = 1.013 m. Plugging these numbers into our formula gives a time ¢ = 3 292 s.

ROUND: In this case, all measured values are given to four significant figures, so our final answer has four
significant digits. Using the calculator to find the square root gives a time ¢t =0.7401 s.
DOUBLE-CHECK: First note that the answer seems reasonable. The rock is not dropped from an extreme
height, so it makes sense that it would take less than one second to fall to the Martian surface. To check the
answer by working backwards, first note that the velocity of the rock at time ¢ is given by the equation
v, =v,o— gt =0—gt =—gt in this problem. Plug this and the value v, = 0 into the equation to find the
average velocity v, = %(vy + O) = %(— gt) . Combining this with the expression for position gives:
Y=Yt 7yt
=)ot (%(—gt))t

Using the fact that the rock was dropped from a height of y, = 1.013 m and that the gravitational
acceleration on Mars is g = 3.699 m/s’, it is possible to confirm that the height of the rock at time ¢ =

0.7401 sis y =1.013 +%(—3.699)(0.74012 ) =0, which confirms the answer.

The time that the rock takes to fall is related to the distance it falls by y = % gt’.

105



Bauer/Westfall: University Physics, 2E

2.108.

1 , 1 2 2
y=2gt'= 2(3.699 m/s’ )(0.8198 s)* =1.243 m
THINK: Since the ball is dropped from a fixed height with no initial velocity and allowed to fall freely, this
question involves free fall. It is necessary to impose a coordinate system. Choose y = 0 to represent the
ground. Let t, = 0 be the time when the ball is released from height y, = 12.37 m and ¢, be the time the ball
reaches height y, = 2.345 m.
SKETCH: Sketch the ball when it is dropped and when it is at height 2.345 m.

y=234

Lh

me
| :
I = 0 7 (round)

RESEARCH: Equations (2.25) are used for objects in free fall. Since the ball is released with no initial
velocity, we know that v,, = 0. We also know that on Earth, the gravitational acceleration is 9.81 m/s’. In
this problem, it is necessary to find the time that the ball reaches 2.345 m and find the velocity at that time.
This can be done using equations (2.25) part (i) and (iii):

@ y=yo—3st’

(iii) v, =—gt
SIMPLIFY: We use algebra to find the time ¢, at which the ball will reach height v, = 2.345 m in terms of
the initial height y, and gravitational acceleration g:

Y1=Xo _%g(tl)z =
%g(tl)z =Y~ Nh=
(t1)2 :%()’0 _}’1)3

t :\[%(J’o _)’1)

Combining this with the equation for velocity gives v, =—gt; =—¢ %( Yo—n) -

CALCULATE: The ball is dropped from an initial height of 12.37 m above the ground, and we want to
know the speed when it reaches 2.345 m above the ground, so the ball is dropped from an initial height of
12.37 m above the ground, and we want to know the speed when it reaches 2.345 m above the ground, so

¥o=1237 and y, = 2.345 m. Use this to calculate v,, =—9.81,/;2(12.37-2.345) mJs.

ROUND: The heights above ground (12.37 and 2.345) have four significant figures, so the final answer
should be rounded to four significant figures. The speed of the ball at time f is then

-9.81,/537(12.37 - 2.345) = —14.02 m/s. The velocity of the ball when it reaches a height of 2.345 m above

the ground is 14.02 m/s towards the ground.
DOUBLE-CHECK: To double check that the ball is going 14.02 m/s towards the ground, we use equation
(2.25) (v) to work backwards and find the ball’s height when the velocity is 14.02 m/s. We know that:
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2.110.

Chapter 2: Motion in a Straight Line

vi=vi—28(y-y)=
2

vi=0"-2g(y-y,)=-2¢(y-5)=
2

Vy
_— — 1y — =
Y Y=o
2
v
y
— 4+ =
iy Yo=Y
We take the gravitational acceleration g = 9.81 m/s’ and the initial height y, = 12.37 m, and solve for y

v (~14.02)"

when v, = -14.02 m/s. Then y=—2— 4y, =~
’ YT g T 200

doesn’t match the question exactly, it is off by less than 4 mm, so we are very close to the given value. In
fact, if we keep the full accuracy of our calculation without rounding, we get that the ball reaches a velocity
of 14.0246... m/s towards the ground at a height of 2.345 m above the ground.

+12.37 =2.352 m above the ground. Though this

Using the results noted in the double-check step of the preceding problem,

2

=
Yo=Y 2
v (14.787 m/s)’
y=y,———=1351m——————5=237m.
2g 2(9.81m/s)

By the rule for subtraction, the result is significant to the hundredths place.

Again using the results from the double-check step of the earlier problem,
2

=2
Yo~ ¥ 2
v (15.524 m/s)’
Yo=y+-—=2387 m+-—————=14.670 m.
2g 2(9.81 m/s’)

Note that if the value of g is treated as exact, by the addition rule the result has five significant figures.
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Chapter 3: Motion in Two and Three Dimensions

Concept Checks

3.1.b 3.2.a 3.3.b, f 3.4.d 3.5.b 3.6.a 3.7.b 3.8.b

Multiple-Choice Questions

3.1.c 3.2.d 3.3.d 3.4.d 3.5.c 3.6.d 3.7.a 3.8.c 3.9.a 3.10.c 3.11.a 3.12.d 3.13.a 3.14.b 3.15.a

Conceptual Questions

3.16.

3.17.

3.18.

3.19.

3.20.

3.21.

3.22.

For ideal projectile motion, both a, and a, are constant and a, is in fact zero since no horizontal force
acts on the projectile. This results in v remaining constant since there is no horizontal acceleration. From
the same logic, since a, is a non-zero constant (ay =-9.81m/s*), v, does not remain constant. Both x

and y do not remain constant when the angle is between 0° and 90 °.

If air resistance is neglected, the ball will land back in the passenger’s hands since both the ball and the
passenger have the same speed in the x-direction as the ball leaves the passenger’s hand. If the train is
accelerating, the answer does change. After the ball leaves the passenger’s hand, it no longer has the same
acceleration as the train and passenger in the x-direction and as result lands behind the passenger.

Even though the rock was thrown, this would only add initial velocity to the rock. After leaving the
thrower’s grasp the only force acting on the rock is due to gravity. Therefore, according to Newton’s
second law, the rock’s acceleration is identical to the acceleration due to gravity.

Since the balls all start with an initial vertical velocity of zero (v, =0) and acceleration due to gravity is
constant, they all take the same amount of time to reach the ground.

(—vﬁ sin’ )

The maximum height is given by y__=-————=1In order to maximize the height you wantsinf =1,

which occurs when 6 =90° .

(a) Neglecting air resistance, the package travels at horizontal speed v,. Since the package and the plane
travel at the same horizontal velocity, they will both have traveled the same horizontal distance when the
package hits the lake. The distance then between the package and the plane is the altitude h.

(b) When the package hits the lake, the horizontal component of the velocity vector remains v,.

(c) The vertical component of the package’s velocity is

v, =gt =4/2hg, sincehz%gtz,andt: /%
g

The speed s is given by s = \/vxz v} = \/vxz +2hg.

First the answer for vacuum: Here, it is possible to simply apply ideal trajectory considerations, which
neglect air resistance. The cannonballs are launched with the same velocity at the same angle, and the
equation for the range does not depend on mass; therefore the material of the cannon balls could not be
distinguished based on trajectories or range. However, in the presence of air resistance one can distinguish
between the lead and the wood ball. While the force of air friction is the same on both balls, the lead ball
has a much greater mass and thus a much smaller acceleration due to air resistance than the wood ball.
Thus the lead cannonball is the one which deviates less from the ideal projectile motion trajectory.
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3.23.

3.24.

3.25.

Chapter 3: Motion in Two and Three Dimensions

In order to minimize impact, speed should be minimized. The person should jump in the opposite
direction of the vehicle’s motion. This will reduce the magnitude of v_ and thus the impact is reduced.

(a)

~ A~ ’\i- e U N +y
N | -
e — N N e +x
i e N
AN A /\__ A
The velocity of the boat will be v = /v’ ? by the Pythagorean Theorem. The time is then equal to:
d 2D
t=m = ——
v VBWZ - sz
(b)
downstream upstream
VW VDW VB\N
—_— ———
S —
\% v, v,

1 W 2

For the first part of the trip the velocity isv, =v,, +v,,, while on the way back the velocity

. . . . D D D D
isv,=vyy —Vy, so the time of the trip is t=—+—= +
Vi Yy VewtVw Vew T Vw
_ D(VBW—VW) N D(VBW—H/W) :D(VBW—VW)+D(VBW+VW): 2Dvy, '
(VBW +Vw )(VBW —Vw ) (VBW Yy )(VBW —Vw ) VBWZ - sz VBWZ - sz

1
X=X HV L5 Y=yt L+ antz. a, can be found by calculating the slope of the v, versus time graph.

g TV —10 m/s —10 m/s
Yot -t 10s—0s
Now, use the equations with values to get different points.

=—2 m/s’

1
x=1m+4t m/s and y=2 m+10t m/s+5(—2 m/sz)t2

t(s) | x(m) | y(m)
y[m]
0 1 2
30
1 5 11
2 9 18
20
3 13 23
4 17 26
10
5 21 27
6 25 26
7 29 23 0 10 20 30 40 50 x[m]
8 33 18
9 37 11
10 41 2
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3.26.

3.27.

3.28.

The projection of the object’s trajectory onto the xy-plane is uniform linear motion along the diagonal
(x = »). The projection onto the z-axis has a motion is parabolic as a function of time. The components of

the velocity are v, (t)=-/2/2, vy(t)zﬁ/Z and v, (t)=+3-9.8¢, since the velocity is the time

derivative of position. TheV components otl_ the acceleration are the time derivatives of velocity:
a,=0,a,=0,a, =—9.8. This represents projectile motion in the vertical plane that bisects the xy-plane,

with gravity acting in the -z direction.

Differentiate the position components with respect to time to determine the velocity components.

vx(t):dx—(t):%(4.9tz +2t+1)=9.8t +2, vy(t):dy—<t)=%6t+2):3

dt dt
From these equations, differentiate again with respect to time to find the acceleration components.
dv (t) d v (t) 4
a (t)=—"—"=—(98t+2)=98, a (t)=——=—(3)=0
(0= o) (=) g

The acceleration vector at t =2 sis 9.8 m/s” in the x-direction.

(a) Observe the following sketch.

X

From this sketch, it can be seen that as 0 is increased, a circle of radius 5 is drawn.
J}
8 -

-ISIIAIII:III4IIIé _\{:
4]

(b) Differentiate x(t) and y(t) with respect to time to find the velocity components.

dx(t) d , dy(t) d ..
vxﬁt):%q—:;iﬁt(Swosl )=-10 sin2 , ’ﬂ(t):_%t_:@t?(ssmz )=10 cos2

~
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3.29.

3.30.

Chapter 3: Motion in Two and Three Dimensions

(c) The particle’s speed is given by:

v= vx2+vy2nt\/(10 A’ sin’ (2 7)+(10 ) cos® (B¢ ) =10 afsin’2r +cos’2 =10 J1=10
v [m/s]
[

101

57

A diagram of the situation is shown.

z [m]
v [m]
interception
\ 3
ooz A v=600m/s
target __-"7 .- 2
. s T
4
5000 * ™
VO 60°
-500
When the missile reaches the z-axis, it has traveled for t = x—"e . This means it has attained a height of:
v, cosb,
v, sin@,x, gx,

. 1
z, =v,sinft +—at’ = =0
2 v,cos86,  2v," cos 6,

Inserting values, it is determined that t = 8.868 s and z, = 1434 m. Also:

2 2
2v,” cos” a, 2co0s” a, (zr —|y0|tana0)

For the rocket to collide with the missile, z, =z _ . This results is an imaginary number for v, because

z, > | y0|tan6’r and g=9.81 m/s’. This means that there is no speed that will intercept the missile at this

distance and angle.

M The height is given by yz—M.

. Note
g 2g

The range is given byx=-

that cos45° =sin45°=1/ \/5 .

il et ()

X = =  y=—"F—=— = —:—2:4.
g g 26 4g Yy (—vo]

The ratio is not dependent on the initial velocity so the answer does not change when the speed is doubled.
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(21/§z cof sin ) (vﬁ sin’ ) '

3.31 (a) The rangeis given by x =— . The height is given by y =— 5
4 4
v, v, sinf
——2 cosfsinf=——"-sin’0 = 4= = 4=tanf = O=tan'(4)=75.96°
g0 2¢g cos

The launch angle should be 75.96° .
(21/§z cod sin )
8

2 2
2v,

(b) The range is given by x =— . Half this range is given by:

X v .
L =—-Lcosf,sinb, =—
2

cosBsin0,

since (1 / 2)cos 0, sinf, = cosfsinf. Using the trigonometric identity sin2x =2sinxcosx :
1 1
—sin26, =—sin26
4 2
sin26, =2sin26

0, = %sin‘1 (2sin20)

_ 1 .1 . -1
6, = Esm [251n(2tan 4)}
6, =35.13°
For the range to be half of what it was in part (a), the angle should be 35.13°.

3.32. A diagram of the situation is shown below.
2.00m

¥
L a 1.00 m

+x rocket
0

For the original velocity to be the minimum so that the puck does not hit the long side, it must reach the
end of the table in the time it takes the puck to cross the short side. The x and y components can be
considered separately, since the acceleration acts only in the y direction. The time it takes the rocket to push
the puck across the width of the table is:

o

1 2 2yf
=—at" =>t=,—
< 2 a

Since there is no acceleration in the x-direction,

X X 2.00
xf:vxt:vx:—f /

= = =2.00 m/s
t o 2y,/a ~2-1.00/2.00

The trajectory is a parabola. If v <v_._, the puck will hit the opposite long side of the table. If v>v___, the

min > min >

puck will hit the opposite short side.
vy v=v V>

min min min
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3.33. A diagram of the situation is shown.

The projectile’s position is given by x 9%, cos , and y=v,singt —%gt2 . The possible values of x and y

along the slope can be found by x = Rcosar and y = Rsina , where R is the range along the hill. From this,

. . 1 . . .
Rcosa =v,cosft and Rsina =v,sinb,t —Egtz. The two unknowns in these equations are t and R. First,

solve for t:
Rcosa
Rcosa =v,cosOt = t=——.
v, cos0,
Putting this result into the second equation:

. . Rcosa 1 R*cos’a
Rsina = (VO smHO)

S8 T
v,cos6, 27 v, cos 0,
] R*cos’a
Rsing =tan@)Rcosax ——g——5—
v, cos” 6,

2
0=R| tang, cosax —sinx —%R
2y, cos” 6,
The horizontal range should be positive, so R > 0. Then:

2(sina —tan6, cosoc)vo2 cos’ 6,

gcos’a
v, sin(26),) _ 2v,’ cos 6, sin),

Using the horizontal range equation from the text (equation 3.25), R'= ,
g g

the objective is to find a comparative factor £ so that R=R'f.

2 . .
R 2v, cosfsing, cosf, sina —tanf, cosa

g siné, cos’ a
,cotd, tana —tan6,

=R

1 cosa

_R cotf, tana —1
cosa

cotf, tana —1 cotf, tana —tané, . .
= to obtain the comparative factor.

Set
cosa 1 cosa
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3.34. A diagram of the situation is shown.
Swimmer 1 (first leg) Swimmer 1 (second leg)
S e N 500mis fl o N |l
™~ 3.00m/s| = ~ Vi
N~ T o~ T 500m ' TT500m
—— o /.\__ﬂ/\— - 3.00m/s: _/\_/LA_
5.00 m/s 1 o] 4 Al
finish

Swimmer 2 (second leg)

— N — oA
_~5:00m/s 3.00 m/s J\JA

L 300mis Y —~—
— — AL —
A ~—— —N —_— —
5.00 lnf tart P o A V: o ﬁnlsh .
T ey ™ P e ey e -
| 50.0 m | I 50.0 m |

The first swimmer crosses at a speed v, =+/5.00° —3.00” =4.00 m/s both ways. The total trip time for this
swimmer is t=2d/v, :2(50.0 m)/(4.00 m/s) =25.0s. The second swimmer travels at

v, =5m/s—3m/s =2m/s and v,"’ =5m/s+3 m/s=8 m/s for the first and second part of the trip,

respectively. The total time for the trip is
d d_500m 500m .

f=—r—

= =+ =
v, v, 200 m/s 8.00 m/s

The first swimmer gets back faster.

Exercises
THINK: To calculate the magnitude of the average velocity between x=2.0m, y=-3.0m and x =5.0

3.35.
m, ¥ =-9.0 m, the distance between these coordinates must be calculated, then the time interval can be

used to determine the average velocity.

SKETCH:
y [m]

x [m]

\.(59 -9)

RESEARCH: The equation to find the distance is d :\/(xf —X, )2 +( Y=Y )2 . The average velocity is

givenby v=d/t.

\/(xf—xi)2+(yf—yi)2

t

SIMPLIFY: H =
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\/(5.0 m-2.0m) + ((-9:0m)~(-3.0 m))2

24s

=2.7951 m/s

CALCULATE: M -

ROUND: Rounding to two significant figures, M =2.8 m/s.
DOUBLE-CHECK: This result is on the same order of magnitude as the distances and the time interval.

THINK: The given distances must be converted to SI units; but let’s save this until after the calculations. If
you convert and round too early, this calculation turns into total nonsense. The magnitude and direction
of the total displacement are to be determined.

SKETCH:

+x

RESEARCH: Break the distances into north (+y) and east (+x) components. The displacement is given by
d=d +d,+d;. The magnitude is given by ‘cj‘ =,d}+ dy2 and the direction is given by
f=tan”'(d, /d,).

SIMPLIFY: d, =d,, +d,, +d,, =d,cos45°—d, cos30°=(1/32 )d, -(\3 /2)d,

d,=d,, +d, +d,, =d,sin45°~d, +d,sin30° = (1/52)d, ~d, +(1/2)d,

CALCULATE: d, = (1/\/5 }10 mi)- (JE / 2)8 mi )= 0.14286 mi

d, = (/2 )10 mi)-12 mi+(1/2)(8 mi)=—-0.92893 mi

‘El‘ _ \/(0.14286 mi)’ +(0.92893 mi)’ =0.93985 mi=1.5122 km

L, —0.92893 mi

f=tan” | ——
0.14286 mi

ROUND: If you are driving, your odometer usually does not give you the distances to a greater precision
than 1/10™ of a mile. Rounding to two significant figures, the resultant displacement is 1.5 km. The
direction is —81°, or 81° below the positive side of the x-axis.
DOUBLE-CHECK: Our sketch already tells us that the man will end up close to his house and almost
exactly south of it, a conclusion which the sketch supports.

j =-81.257°

THINK: Determine the third vector cZ for a sail boat ride that results in a displacement of
d

total

d, =4.00 km southeast.
SKETCH:

=6.00 km east when the first two legs of the journey are given as dT:Z.OOkm east and

— +y

dl d[oml |

+x
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3.38.

RESEARCH: The component representation of vectors can be used to determine the x and y components

of each vector: d_6dcos and d ) @&dsin . The other equations that can be used are: c?mml = dT + @ + cz ;

‘(;l‘ =d.’+d’; and 0 =tan™ (dy /dx).

SIMPLIFY: d, =d,_, —d, —d,

total

de = dlotalx - dlx - de = dtotal COSOO - dl COSOO - d2 COS4SO = dlotal - dl - d2 / \/E

d, =d,,, —d, ~d, =d,sin0°-d sin0°~d,sin45°=0-0+d, /N2 =d, /2

. 2 2 d /\/5

d :\/dm —d,—d, /\2) +(d,/N2) , O=tan” 2

’ ( l 1 ’ ) ( ’ ) dtotal _dl _dz /\/5
CALCULATE: |d,|= \/(6.00 km —2.00 km — 4.00 km / /2 )2 +(4.00 km /42 )2 =3.0615 km
0 =tan" 400 km /2 = 67.500°
6.00 km —2.00 km — 4.00 km /~/2

ROUND: Rounding to three significant figures, |d,
was 3.06 km 67.5° North of East.
DOUBLE-CHECK: The result is on the same order of magnitude as the other parts of the trip and by

looking at the sketch, the angle is reasonable.

=3.06 kmand € =67.5°. The missing part of the trip

THINK:

(a) The net displacement vector must be found for a truck that drives 3.02 km north then drives another
4.30 km west.

(b) Determine the average velocity of the trip if it takes 5.00 minutes to complete. Convert the time to
seconds: ¢ =5.00 min(60 s/min)=300. s.

SKETCH:

3.02 km

RESEARCH:
(a) The displacement is given by 7 = (x, y).

(b) The magnitude of the average velocity is |17| =d/t, where d= |?| =X’ +y.
SIMPLIFY:
(a) Itis not necessary to simplify.
2 2

(b) |17| = 4 Ny

t t
CALCULATE:
(a) 7=(-4.30 km, 3.02 km)

\/(—4.30)2 +(3.02)°

300.s

() [#]= =0.017515 km/s

ROUND:
(a) Itis not necessary to round since the data is simply restated.

(b) Rounding to three significant figure, |17| =0.0175 km/s.
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DOUBLE-CHECK:
(a) The distance is reasonable for a truck to travel.
(b) This speed corresponds to 63 km/h or 39 mph, which is reasonable for a truck.

THINK: The position components x(t) =—0.45¢t" 6.5t +25 and y(t)=0.35t> +8.3t +34 can be used to

find the magnitude and direction of the position at t = 10.0 s. The velocity and acceleration at t = 10.0 s
must then be determined.

SKETCH:
(a) (b)

[m] [m/s]

100 Al . M

) 0 3 8 ) :
8 12 !
\r) » N
-100

(c)
[m/s?]
2 3
1 a)_[.’}
0 3 g 2 :
-1
u_‘_(.")
-2
RESEARCH:

(a) Insert t = 10 s into the given equations, then use |T‘| =,/x’+y’ and =tan™ (y / x).
(b) Differentiate the given components with respect to time to get functions of velocity.

(c) Differentiate the velocity functions with respect to time to get functions of acceleration.
SIMPLIFY:

(a) It is not necessary to simplify.

~dx(r) d(—o.45t2 —6.5t +25)

(b) v, () T " =(-0.90t—6.5) m/s
d(0.35t* +8.3t +34
vy(t):d);(tt): ( ; . )2(0.70t+8.3) m/s
—0.90t —6. d . .
© a.(1)- dv (t) _d(-0.90t-6.5) 090 mis', a (1)= v, (t) _d(0.70t+8.3) 070 m/e?
dt dt ’ dt dt
CALCULATE:

(a) x(10.0)=-0.45(10.0)° ~6.5(10.0) +25 =85 m, y(10.0)=0.35(10.0)° +8.3(10.0)+34 =152 m

Now, insert these values into the magnitude and distance equations:

H = \/(—85 m)’ +(152m)’ =174 m, 6=tan" (%) =-60.786°
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3.40.

(b) v,(10.0)=-0.90(10.0) - 6.5 =~15.5 m/s, v,(10.0)=0.70(10.0)+8.3=15.3 m/s

- 4 15
V] =+/(-15.5)° +(15.3)* =21.8 m/s, 6 =tan 1(%}:—44.60

(c) Since there is no time dependence, the acceleration is always a :(ax,ay): (—0.90 m/s*,0.70 m/sz).

The ‘ZzF& \/(—0.90 m/s? )2 +(0.70 mys® )2 ~1.140 m/s>, =tan™ (%} —_37.87°.

ROUND:
(a) Both distances and the magnitude are accurate to the meter, H =174 m. Round the angle to three

significant figures, 60.8° north of west (note: west is used because x was negative).

(b) The equation’s parameters are accurate to a tenth of a meter. The rabbit’s velocity is then 21.8 m/s,
44.6° north of west.

(c) It is not necessary to consider the significant figures since the original parameters of the function are
used. The rabbit’s velocity is 1.14 m/s?, 37.9° north of west.

DOUBLE-CHECK:

(a) 174 m in 10 s seems reasonable for a rabbit, considering the world record for the 100 m dash is about
10s.

(b) The velocity of a rabbit ranges from 12 m/s to 20 m/s. This rabbit would be at the top of that range.

(c) A rabbit may accelerate at this rate but it can not sustain this acceleration for too long.

THINK: (a) The position vector is given. The distance the car is away from the origin at t = 5.00 s is to be
determined.

(b) Now, the velocity vector for the car is to be determined.

(c) The speed (magnitude of the velocity) is to be determined at 5 s.

SKETCH:
(a)
[m]
150
{
- (1)
50
x(1)
0 5 10 15 20 s
(b) See sketch above.
(0)
[m/s]
15
v.(9)
10
v.(7)
5
0 2 4 6 g 10 fIs]
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RESEARCH:
(a) The time can be inserted into the position vector and the magnitude can then be found

usingd=|r| =Jx’+y".

(b) The velocity vector is given by derivative of the position vector with respect to time, v(t) =

d;(t)'

dt
(c) To determine the speed, use the magnitude equation M = v+ vyz
SIMPLIFY:
(a) Itis not necessary to simplify.
dr(t
(b) ¥(t) _dlt)_a [244-123t+2.43¢° ], d ~~[74.4+1.80¢" ~0.130¢’ |
dt dt dt

=(—12.3 m/s +4.86¢t m/s>, 3.60t m/s> —0.390¢> m/s3)

(c) Itis not necessary to simplify.
CALCULATE:

(a) 7(5)=(24.4 m)—~5(12.3 m/s) +(5)  (2.43 m/s*),(74.4 m) +(5)’ (1.80 m/s*) —(5)' (0.130 m/s”)
=(23.65m, 103.150 m)

Now, insert the components into the equation for the magnitude:

d=lr|= \/ 23.65m)’ +(103.150 m) =105.8265 m.

(b) There are no other calculations to be done.

(© v(5) =(—12.3 m/s +4.86(5) m/s, 3.60(5) m/s* -0.390(5)’ m/s3)=(12.o m/s, 8.25 m/s)

‘ ‘ \/ 12.0 m/s) +(8.25 m/s)” =14.5624 m/s

ROUND:
(a) The equation is accurate to four significant figures so the distance is now d =105.8 m.
(b) The significant figures remain the same for the parameters.

(c) Rounding to the first place after the decimal, H =14.6 m/s.
DOUBLE-CHECK:
(a) The distance is reasonable for a car to travel.
(b) The derivatives were done correctly.
(c) The speed is reasonable for a car.
3.41. THINK: Ignoring air resistance, the skier’s horizontal velocity will remain unchanged, while her vertical

velocity is influenced solely by gravity. v, =30.0 m/s, g=9.81 m/s’ and t =2.00s.
SKETCH:

RESEARCH: v, =v, and v, =v, +at.
SIMPLIFY: v, =0 gt =—gt
CALCULATE: v, =30.0 m/s and v,, =—(9.81 m/s’ )(2.00 ) =~19.62 m/s.

119



Bauer/Westfall: University Physics, 2E

ROUND: |y |=30.0 m/s and |v,[=19.6 m/s.
DOUBLE-CHECK: The order of magnitude is reasonable.

3.42. THINK: When the arrow is horizontal it is at its maximum height. This occurs when the vertical velocity
is zero. The time to reach maximum height is half the time it takes to fall back to the same height.

y,=1.14m, v, =47.5m/s, 0=35.2°, and g=9.81 m/s’.

SKETCH:
’ +
=L y
t=0 |
BT~
z"’ ‘-‘-‘\‘ I:[’ Tx
\‘\

_f -'Vma\ _f \\\
¥i Y N\

1 .
RESEARCH: y -y, =v +Eat2 ; v f=v,sin
SIMPLIFY: For y=y,, use t=t":

. A ! N2
0 =vfsin ( )g—{z— ( ) .
2vfsi / .
Since t'#0, t’=ﬂ. Therefore, at the maximum height, t:t—:—vﬁ o
4 2 g
(47.5 m/s)sin(35.2°)
CALCULATE: ¢= _ 27911

9.81 m/s’
ROUND: To three significant figures, t=2.79s.
DOUBLE-CHECK: The arrow is horizontal when its vertical velocity is zero:
v, :09:’86 +att=v,sin - = :Vﬁi
4
This is the same as the result obtained above.

3.43. THINK: Assume the ball starts on the ground so that the initial and final heights are the same. The initial

velocity of the ball is v, =27.5 m/s, with §=56.7° and g =9.81m/s’.
SKETCH:

1
RESEARCH: y, -y, :viyt+5at2 and v, 6=v,sin .

2vfsin

1 1
SIMPLIFY: 0 =vf{sin )gt—g = Gsingt— 1= =

2(27.5 m/s)sin(56.7°)
9.81 m/s’

ROUND: Rounding to three significant figures, t =4.69 s.

DOUBLE-CHECK: Given the large angle the ball was kicked, about 5 seconds is a reasonable amount of

time for it to remain in the air.

CALCULATE: ¢ = =4.6860 s
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THINK: Use the horizontal distance and velocity to determine the time it takes for the ball to reach the
net. Then, use this time to determine the vertical height of the ball. Use this vertical height to determine if
the ball clears the net and by how much it does or does not.

SKETCH:

3

L.

+x

1
RESEARCH: v, _6=v,cos ; Vin: v.sin ; R=v_t; and y,—y, = vyt +—at’.
2

2

R
SIMPLIFY: ¢ = and y, 49y +(gsin —1&— 26+ tan ——2— In order to compare the
vfcos vy 93 +(igsin ) 2 ’ 2vf cos’ P
2
height of the net, h, subtract h from the final height, y,: Ah=y, -h=y —h+Rtan —L.

2vfcos’

(9.81 m/sz)(11.83 m)’

CALCULATE: Ah=(1.8 m—-1.07 m)+(11.83 m)tan(7.00°)— =0.031929 m

2(18.0 m/s)’ cos® (7.00°)

ROUND: Rounding the result to two significant figures, the ball clears the net by 3.2 cm.
DOUBLE-CHECK: Given the long distance to the net and the small angle that the ball is hit at, it is
reasonable that the ball would clear the net by such a small distance.

THINK: Simply find a relation between the height of the building and the distance traveled. With the use
of this equation, determine how the height is affected when the distance is doubled. No values are needed.
SKETCH:

stone 1 v stone 2 v +y
ig B g T T_.
\\\ \\‘ +x
h \‘\ h’ \\\
N N
AN N s
I AN \ Nt
A} A
Ay AY
(®) , Q
I D | |- 2D >

1
RESEARCH: x, —x, =vt and y, -y, =v,t +Eat2.

D 2D 1 D’
SIMPLIFY: D=vt = t=—, 2D=vt' = t'="—, —h=0-—gt’ =—5$=
v v 2 2v
1 2 4gD*  2¢D’
_h': I t - _ —
Zg( ) 212 v?
o (2¢D* /4*
catcouae: 1Y),

( gD’ 1 2v* )
ROUND: The ratio of the heights of the buildings is 4 to 1.

DOUBLE-CHECK: Seeing as the paths of the stones are parabolic, the ratio of the heights is proportional
to the square of the ratio of the distances, so the result makes sense.
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3.46. THINK: Assume there is no air resistance and the horizontal velocity remains constant. Also, assume

there is no initial vertical velocity. R=3.0m, y, =2.0m, y, =1.65m and g=9.81 m/s’.

SKETCH:
v +y

S —— i

+x

RESEARCH:

1
(@ y,—y = viyt+zat2 and v, =0and a=-g.

_ 2 2
—Jvfx +vg.

(b) v, =v, and R=v,_t.

Ve

(c) vjzvfxfc—i-vfyj/; vy, =V, +at; and
SIMPLIFY:
1 -2 —Ji
@) y; =y, =0-—gt’ = t= 2i=x)
2 g
R
(b) Vi=V =
t
(© v, =—gt = vo=vi—gty = |v|= vi2+(—gt)2
CALCULATE:
~2(1.65 m—2.00 m)
(@) t= 5 =0.26712's
9.81 m/s
() v, =—2™ 11231 mJs
0.26712's
— 2 2 2
(© [y =y(11.231 mss)’ +((-9.81 mss?)(0.26712 5)) =11.532 mys

ROUND: Rounding to two significant figures, t =0.27 s, v, =11 m/s and ‘VT‘ =12 m/s.
DOUBLE-CHECK: The initial and final velocities of the dart are reasonable for a player to achieve. At

these velocities, the flight time is also reasonable.

3.47. THINK: Use the horizontal distance and velocity to determine the time it takes to reach the post. Use the
time to determine the height of the ball at that point. Then compare the height of the ball to the height of
the goal post. Vertical velocity at this point can be determined as well: v, =22.4 m/s, 6=49.0°

R=39.0m, h=3.05m, g=9.81 m/s’. Assume the ball is kicked off the ground, y, =0 m.
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SKETCH:

2 R .

1
RESEARCH: R=v,t; y,—y, = viyt+5at2; vy, =V, +at; v,B=v,cos ; and v 6= sin .

SIMPLIFY:

R : 1 gR’
a) t= and y,&fv sipt) B P= tan —
(@) vbcos It é e ) 2 2vf cos’

In order to compare the height of the ball to the height of the goal post, subtract 4 from both sides of the
equation,

gR°
Ah=y 6h=~h+Rtan —
s oan 2vf cos’
. gR
(b) vfy@: v,;sin — Yicos
CALCULATE:
(9.81 m/s”)(39.0 m)’
(a) Ah=-3.05m+(39.0 m)tan(49.0°)— - =7.2693 m
2(22.4 m/s) cos®(49.0°)
(9.81 m/s”)(39.0 m)
(b) vy, =(22.4 m/s)sin(49.0°)— =-9.1286 m/s

(22.4 m/s)cos(49.0°)

ROUND: Round to the appropriate three significant figures:

(a) The ball clears the post by 7.27 m.

(b) The ball is heading downward at 9.13 m/s.

DOUBLE-CHECK: The initial velocity certainly seems high enough to clear the goal post from about 1/3
of the field away. It also makes sense that the vertical velocity at this point is lower than the initial velocity
and the ball is heading down.

THINK: Since the time of the last portion of the flight and the horizontal displacement during that time
are given, the x component of the initial velocity can be determined, because the horizontal velocity
component remains constant throughout the flight. The initial velocity can then be determined, because
we also know the initial angle of 8 =35.0°. The vertical displacement of the projectile during the last flight
phase is also given. However, since we do not know the relative altitude of the beginning and end of the
trajectory, the vertical displacement provides no useful information and is thus a distractor, which we can
and should ignore.

SKETCH: A sketch is not needed in this case.

RESEARCH: v, =v, =v,cosf; v, :Ait
d d

SIMPLIFY: v,cosf0=— = v, = .
At cos OAt

CALCULATE: v, =(10.0 m)/[ cos(35.0°)(1.50 5) | =8.138497 m/s

ROUND: Rounding to three significant figures, v, =8.14 m/s.
DOUBLE-CHECK: This speed is reasonable.
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3.49. THINK: Assume the sand moves as a single object and that the sand is moving fast enough to be projected
from the conveyor belt at the top. To solve for the distance, the quadratic equation must be used.

6=14.0°, h=3.00 m, v, =7.00 m/s and g=9.81 m/s’.

SKETCH:
+y L
+x
RESEARCH: v t=@; v =v,cos ; y;,—¥, =6/iyt +%at2; and vy, =V, sin .
SIMPLIFY: v t8d b v,cbs = = = d
vfcos
. 1 g’ g
—hHp singt —d *#H tan — = F - - =0, so
8 2vf cos’ [21/1@ cos’ Garlt)
tanf + \/tanz 0+ Z(gh / (Viz cos’ 0))
d= .
g /4142 cos’ )
CALCULATE:

tan(14.0°) £ \/tanz (14.0°)+2(9.81 m/s” )(3.00 m)/ [(7.00 m/s)’ cos® (14.0°)]

9.81 m/s’[ (7.00 m/s)’ cos’ (14.0°)

=6.6122 mor —4.2672 m
ROUND: d = 6.61 m (the answer must be a positive value)
DOUBLE-CHECK: If launched at 8 =0°, the sand would travel about 6 m, so 7 m for a small angle is
reasonable.

3.50. THINK: Since gravity is a vector, it can be broken up into components. This means that a portion of
gravity accelerates the car down the incline. Once the car reaches the edge, it is under the whole force of
gravity. g=9.81m/s’>, d =29.0 m, =17.0°, h = 55.0 m. The quadratic equation can be used to solve for
distance.

SKETCH:
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1
RESEARCH: g 6 gsin ; v’ =v'+2ad; R=v,t; y,—y =vt +Egt2; v, B=v,cos ; and
v, B=v,sin .
SIMPLIFY: v’ =0+8g,d =2(gin )d = v, =./2gdsin

@ ~hboysigt) -

—

2
R 1 R . R
—h=-v,(si - since t =
v‘(smg)[vﬁcos ] Z/g( fcos J { v fkos j
2
—h =0-Rtan —Lz
2vf cos
gr’

0= cos? G(ng@in ) + Rfanh — (since v, W)
o= ke Rosan ) -

4d@os*0 sin

_h
d@os’0 sin
1/(2d60520 sin )

—tanf + \/tanz 0+

Therefore, using the quadratic formula, R=

by o R _ R

vfcos \/2 gdBin 6bos
CALCULATE:

—tan(17°)i\/tan2 (17°)+55.0 m/((29.0 m)cos’ (17°)sin(17°))
(a) R=

1/(2(29.0 m)cos® (17°)sin(17°))
=36.8323 m or —46.3148 m

832
(b) t= 36.8323 m =2.9862 s

(\/2(9.81 m/s” )(29.0 m)sin(l7°))cos(17°)
ROUND:
(a) The car falls 36.8 m from the base of the cliff.
(b) The car is in the air for 2.99 seconds.
DOUBLE-CHECK: If the car went over the cliff horizontally, it would travel about 43 m and take about
3.3 seconds to fall. The fact that the car travels a shorter distance in a shorter period of time with a small
initial vertical velocity makes sense.

THINK: Though not explicitly stated, assume the launch angle is not zero. The projectile’s height as a
function of time is given. This function can be related to a more general function and the specifics of the

motion can be determined. g =9.81 m/s* and v, =20.0 m/s.
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SKETCH:

I
Ll
.

I

1
ol
-

|

-

R I
1
RESEARCH: y(t)=-4.90t* +19.32t+60.0; R=v,t; y,—y, = vyt + Eal‘2 ; v, =v;sinf;and

v, =V, cos6.
SIMPLIFY:

(@ y, =y, +v, sinGt—égl‘2 ,where (1/2)g = 490m/s’, v;sin6=19.32m/s, and y, =60.0 m.

19.32m/s (1932
(b) sinf=——— = f=sin
v V.

i

i

. 1 gR’ .
(c) 0=y, +v,sinft ——gt> =y, + Rtanf ——=—— since t =
4 2 &= 2v2cos’ 0

v, cosB]

Therefore, {L} R® —(tan@®)R -y, =0. Using the quadratic formula,

2v;” cos’ 0
2y,
tanf+ |tan’ ¢9+%
Re v, cos” @

g/ (vf cos’ 9)

CALCULATE:
(a) y,=H=60.0m
(b) O=sin” (19.32 m/s

=75.02°
20.0 m/s

2(60.0 m)(9.81m/s”)
(20.0 m/s)’ cos® (75.02°)
9.81m/s’
(20.0 m/s’ )cos2 (75.02°)

tan(75.02°) \/tanz (75.02°)+

(c) R= =30.9386 mor —10.5715 m

ROUND:

(a) The building height is 60.0. m.

(b) The launch angle is 75.0°.

(c) The object travels 31.0 m (the positive value must be chosen).

DOUBLE-CHECK: Given the large launch angle, it makes sense that the object doesn’t travel too far.
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THINK: The x-component of the velocity will remain unchanged, while the y-component of the velocity
will remain the same in magnitude but opposite in direction. Av =—20) m/s and 6 = 60°.
SKETCH:

i ~ +x

RESEARCH: Av=v,—v.; v=v.x+v y; v.=v.; v, =—v,; v BEvcos ; and v B=vsin .
f i x y ix fx iy fy x y

SIMPLIFY: Av= (vfxfc + vfyj/) —(viXGjH viyj/) =(vy =V, )X+ (vfy —V, )y =-2v, y=-2v;sin '

Therefore, v, = and v, 6=v,cos = Av .
—2sinf —2tan6
CALCULATE: -2v,, =-20 m/s = v, =10 m/s. Therefore, v; =-10 m/s and

—20 m/s
v, =—————
~2tan(60°)
ROUND: v, =(5.8%+107) m/s and v, =(5.8%~105) m/s.
DOUBLE-CHECK: Because the projectile is shot on level ground, it makes sense that the initial and final y

velocities are equal in magnitude and opposite in direction. Since the angle is greater than 45°, it also
makes sense that the vertical velocity is greater than the horizontal velocity.

=5.7735 m/s.

THINK: At its most basic this problem is just the “Shoot the Monkey” problem (Example 3.1) again. The
tennis ball plays the role of the monkey, and the rock that of the tranquilizer dart.

The time and the position in space where the collision occurs are given, so the information about the
tennis ball is irrelevant. But note that the initial height of the golf ball (h = 54.1 m) and the height (y = 10.0
m) and time (t = 3.00 s) at which the collision occurs are consistent, because the tennis ball drops a
distance £ gt* =0.5(9.81 m/s*)(3s)’ =44.1 m during 3.00 s, which is exactly h—y.

In order to calculate the horizontal velocity component of the rock, we have to keep in mind that it has to
travel a given distance x in a given time. Note that the horizontal velocity component remains unchanged
during the flight of the rock.

For the vertical velocity component, we know that the rock also has to travel a given distance y in the same

time, but that it is in free-fall during that time period.

SKETCH:
¥y
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3.54.

RESEARCH: For the initial velocity components we use x—x, =v,,t and y—y,=v f—% gt* with

X, = ¥, =0. For the final velocity components at the collision moment we use v, =v,,and v, =v ,—gt.
SIMPLIFY: We solve the first two equations for the initial velocity components and find

vo=x/t and v, =(y+3igt’)/t=y/t+1gt

The two equations for the final velocity components are already in the form we can use for inserting

numbers.

CALCULATE: v_—v,_, =20
3.00

=16.667 m/s,
S

100m+ %(9.81 m/s’ |(3.00 s}

Vo= =18.0483 m/s,
3.00s

=47.28°

ZE \/(16.667 m/s)’ +(18.0483 m/s)” =24.57 m/s, ,=tan”' (18.0483 j

16.6667
v, =18.0483 m/s—(9.81 m/s*)(3.00 s)=—11.3817 m/s

|vp= \/(16.667 m/s)’ +(~11.3817 m/s)’ =20.18 m/s, =tan”' (ﬂj =-34.33°
16.6667

ROUND: The initial velocity is v, = 24.6 m/s at 47.3° above horizontal. The final velocity is v = 20.2 m/s at

34.3° below horizontal.
DOUBLE-CHECK: In Example 3.1, “Shoot the Monkey”, we learned that in order to hit the monkey
during its free-fall, one has to aim directly in a straight line at it at the beginning. This means that the

initial velocity vector has to point from the origin directly at the release point of the ball (x,h). This implies

that the tangent of the initial velocity vector is given by tanv, =v (/v,, =h/x . From the values given in

the problem you can see that h/x =(54.1 m)/(50.0 m)=1.08, and our numerical answer yields
VyolVio = (18.0 m/s)/(16.7 m/s)=1.08 .

THINK: Since the initial and final heights are the same, the range and maximum height equations can be
used. Assume the only acceleration is gravity so the horizontal velocity remains unchanged. When the golf

ball is at the maximum height, its vertical velocity is zero. g =9.81 m/s*, §=31.5° and v, =11.2 m/s.
SKETCH:

A +x

2

vfsin(2 ) v, .
RESEARCH: R=———-;H =y, +2—; v, 8vg =v,cos ; and v f=v;sin .
4

g
SIMPLIFY:
(a) R v@sin(2 )
8
. .2
(b) H=0+ vl siny _ 0 sin
2 2g

@) ;:viﬁcx+0j/:vi cos
(d) a=0x-gy=-gy
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CALCULATE:
2 . o
(&) Re (11.2 m/s) 5112(63 ):11.393 o
9.81 m/s
2, 5 °
(b) H = (11.2 m/s) sin (31.5 ):1.7454 o

2(9.81 m/sz)
(c) v=(11.2 m/s)cos(31.5°) % =9.5496x m/s

(d) a=-9.81) m/s’

ROUND:

(a) R=114m

(b) H=1.75m

(c) v=9.55x m/s

(d) a=-9.81) m/s*

DOUBLE-CHECK: Given the initial velocity and angle, the height and range are reasonable.

THINK: The question does not specify a launch angle. However, for maximum distance, the launch angle
is 45°. Assume the initial and final heights are the same so the range equation can be used. R=0.67 km,

g=9.81m/s’ and 6 =45°

SKETCH:
_________ +y
Vg el L.
AN +x
| R |
vl@sin(Z )
RESEARCH: R=—— "/
g
SIMPLIFY: v = | SR
! sin(ze)
\/(9.81 m/s” )(670 m)
CALCULATE: v, = : =81.072 m/s
sm(2~45°)

ROUND: Rounding to two significant figures: v, =81 m/s.
DOUBLE-CHECK: This speed is equivalent to about 300 km/h, which seems reasonable for a catapult.

THINK: In order to attain maximum height, the launch angle must be exactly 90°. The mass of the object

is irrelevant to the kinematic equations. v, =80.3 m/s, 6=90.0° and g=9.81 m/s’.

+yL Q _‘,
|

1
o
+x 1
1
1
~

=4
—

O

vf sin®

RESEARCH: H=y, +
28
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3.57.

3.58.

vf sin’

2g

SIMPLIFY: H=

(80.3 m/s)’sin* (90.0°)
2(9.81 m/sz)

ROUND: Rounding to three significant figures, H =329 m.
DOUBLE-CHECK: Given the initial velocity, this height is reasonable.

CALCULATE: H = =328.65m

THINK: Since the initial and final heights are the same, the range equation can be used to determine
where the runner catches the ball. The time of flight of the ball must also be determined, thus the runner
must run the remaining distance in the same amount of time. v, =25.0 m/s, #=35.0°, d = 70.0 m and
g=9.81m/s’.

SKETCH:

+x

. sin26 1
RESEARCH: R:&; Ve =¥ :viyt+5at2; Vi =V Yy =V, 008605 v, =v,sinf.
g

2 .
SIMPLIFY: R="2120 4 0=y singr—Lgr = =200
g 2 g
d_(";smwj
VR:d_R: g = dg' —v, cos6
t [anej 2v, siné
g

(70.0m)(9.81 m/s*)
2(25.0 m/s)sin(35.0°) B
ROUND: Rounding to three significant figures, v, =3.47 m/s.

CALCULATE: v, =

25.0 m/s)cos(35.0°) = 3.466 m/s

DOUBLE-CHECK: The maximum speed a person can run at is around 12 m/s (see Chapter 1); so the
result obtained here is possible.

THINK: If the frog is to maximize its distance, it must jump at an angle of 45°. Since the initial and final
heights are the same, the range equation can be used to determine the velocity it jumps with. This velocity
can then be used to determine the amount of time of one jump, and then the number of jumps in an hour.
This means the total distance traveled is the number of jumps multiplied by the distance per jump.

d, =13m, g=9.81m/s’ and 6=45°. The total jump time is 0.8(1 h) =2880s.

jump
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SKETCH:
----------- -~ +y
N +x
K e
| |
I b 1
Jump
v : d um;
RESEARCH: d =R =- and v, =v cos45°=v, /2 =222
g jump
SIMPLIFY: v, =/ §d ., and v, = Jed -/ Dmp . Therefore,
Jump
tim —_
S8y 12
The number of jumps, n, is equal to 2880 s / ¢, . This implies that the total distance, D, is
2880 2880
—nd. Sa = S /2=(2880 5),[¢d,,..
jump _ jump Jump d )ump
Jump Jump

CALCULATE: D =(2880 s)\/(9.81 m/s”)(1.3 m)/2 =7272.5 m

ROUND: The frog jumps a total of 7.3 km.
DOUBLE-CHECK: This result is the same distance a person walking briskly at 2 m/s would cover in an
hour, so it is reasonable that a frog could cover the same distance in the same amount of time.

THINK: If the juggler has a ball in her left hand, he can also have one in his right hand, assuming her right
hand is throwing the ball up. This means if the juggler has x number of balls, the minimum time between
balls is 0.200 s. If the time between any two balls is less than 0.200 s, then the hands can’t act fast enough
and she’ll drop the balls. The given information must be used to determine the time of flight, and thus the
total time of one ball going around the loop. Then determine the largest integer, n, which can be
multiplied by ¢, =0.200 s which is still less than the total time. H = 90.0 cm, #=75.0° and

g=9.81m/s’.
SKETCH:
Y N
I’ \\ +x
I \
H { Y
1 \
1 \
1 1
1 H |‘
1 1
L 1
@s SRR @

.2 e 2 9 1
RESEARCH: H = y, +% and y; —y, =v,t +at’
g

(vi sin19)2 ) ) o
SIMPLIFY: H . = v,sinf=,/2gH . Use this when finding ¢, _ :
g
1 2v.sin@ 2+/2¢H SH
0= Vi Sin Gtthmw __gtthrow2 = tthrow = Vl — = g =
2 g g \ g
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8H
t o+t o 447
Therefore, nt < (tpass +tthmw) g o e V8
: ' t
pass pass
8(0.9 m
025+, 200 m)
CALCULATE: n< OZ'Slm/ S _5/2835
AR

ROUND: The maximum number of balls is n = 5.
DOUBLE-CHECK: It is reasonable for a person to juggle five balls at a time.

3.60. THINK: Since the plane is at an angle with the horizontal, it will tend to accelerate down the incline at
only a fraction of gravity. Looking directly down the board, it can be considered as regular projectile
motion with a vertical acceleration less than gravity. If the ball is to land in a hole on the opposite corner,
the ball can’t overshoot the corner, so the ball must be at its maximum height in the trajectory to make it
in the hole. #=30.0°, ¢=45.0°, w=150.0 cm, g=9.81 m/s’.

SKETCH:

. la
[ !
s 4
Side View Top View
2sin(2
RESEARCH: g=gsin€; R =M; and w =§.
g
2 . .
SIMPLIFY: 23" (20) y = |Zrgsind
gsiné sin(2¢)
\/2(0.500 m)(9.81 m/s’ )sin(30.0°)
CALCULATE: v, = : =2.2147 m/s
sin(90.0°)

ROUND: v, =2.21m/s
DOUBLE-CHECK: The speed is typical for a pinball game, and so we have confidence that our solution
as the right order of magnitude.

3.61. THINK: Ignoring air resistance, the biker’s horizontal velocity will remain unchanged. Initially the biker
lands on flat land and afterwards he tries again with a landing ramp on the edge. L = 400. m, 6 =45.0°,
h =8.00m, h, =3.00 m and g=9.81 m/s’.
SKETCH:
(a)

N Ty

+x
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(b)

f i T
0 i nd

RESEARCH: V t=X —X%; Y, -V, =vyit+%at2; V; =V, C0s@; and v, =V, sSind.

SIMPLIFY:
. 1, gr

(a) =t and 0—-h é»l(tv1 sin gt) ,—= . - Therefore, —h, 8 Ltan ——>—— or

vfcos 2 2vf cos

L2 2

£ -—=L#anh + . Solving for v, this gives v, = 5 gL .

2vf cos 2cos 0(Ltan0+h1)
L : 1, gL : ,

(b) =t, and h, tht= (vzgﬂn ) == 5. S0, h,~th = Ltan|-——>———. Solving for v, gives

vfcos 2 2vl cos

gr
v, = . .
2cos 0(Ltan6+h1 —hz)
CALCULATE:
(981 m/s)(400. m)’
(@) v, = =62.025 m/s
2c0s” (45.0°)((400. m )tan(45.0°) +8.00 m)
(9.81 m/s” )(400. m)’
(b) v, = =62.254 m/s
2cos” (45.0°)((400. m)tan(45.0°) +8.00 m —3.00 m )

ROUND:

(a) v, =62.0 m/s

(b) v, =62.3m/s

DOUBLE-CHECK: The initial speed is approximately 220 km/h (around 140 mph), which is achievable
with a motorcycle. Also note that we find that the required initial speeds for parts (a) and (b) are
essentially the same. The change of 3.00 m does not matter much compared to 400. m.

THINK: Determine the distance the golf ball should travel, then compare to the distance it actually
travels. Assume the initial and final heights of the ball are the same, so the range equation can be used.
6=355°,d=868mand g=9.81 m/s’.

1.602km 1h 1000 m
" Imile 36005 1km

=37.0685 m/s

v, =83.3 mph

SKETCH:

-
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3.63.

3.64.

vlg sin2
8
SIMPLIFY: It is not necessary to simplify.
(37.0685 m/s) sin(71.0°)
9.81 m/s’
Ad =132.44 m—86.8m =45.64 m

ROUND: Rounding to three significant figures, 45.6 m.

DOUBLE-CHECK: The ball lost about 1/3 of its distance to the wind. If you are a golfer or if you watch
golf on TV, then you know that golf shots do not quite follow parabolic trajectories, and that the result
found here is quite possible.

RESEARCH: R = and Ad=R-d.

CALCULATE: R= =132.44 m

THINK: If an object is moving in a reference frame that is in motion, then to a stationary observer the
object moves at a sum of the velocities. /= 59.1 m, v, =1.77 m/s and v, =2.35 m/s.

SKETCH:

v, +y
+x
v,
e
: ! |
RESEARCH: X, —x, =Vt
SIMPLIFY: t=
v, TV,

CALCULATE: {= >9.1m —14.345 s

2.35m/s+1.77 m/s
ROUND: Rounding to three significant figures, t =14.3 s.
DOUBLE-CHECK: Given the long length of the walkway and the slow speed, a large time is reasonable.

THINK: If the captain wants to get directly across the river, he must angle the boat so that the component
of the boat’s velocity that counters the river is the same in magnitude and opposite in direction.
v, =1.00 m/s and v, =6.10 m/s.

SKETCH:

360°
N +y L
270° W E 90° e
S
180°

RESEARCH: v=v.x+v j; |7,
x y X

:|17w|; v.Gvsin ; and v E=vcos .
SIMPLIFY: |-if|siv =|" [f)= =sin [V_wJ
VB

CALCULATE: 6 =sin™ [zoo_m/s

=9.4353°
10 m/s

ROUND: Round to three significant figures, as the boat must travel at 9.44° west of north.
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DOUBLE-CHECK: Since the velocity of the water is small compared to the boat’s velocity, a small angle
is expected.

3.65. THINK: If the captain wants to get directly across the river, he must angle the boat so that the component
of the boat’s velocity that counters the river is the same in magnitude and opposite in direction. 6 =315°
and v, =5.57 m/s.

SKETCH:

360° Ve, o

N L
"X___ L

e v ™~ % +x
o o —. By B w
270° W E 90 O =
g A - N A

&

315°

RESEARCH: v=v i+v j; |7,
SIMPLIFY: | f=|-7,sin |
CALCULATE: v, =|(5.57 m/s)sin(315°)| =3.9386 m/s

ROUND: Three significant figures: The river is flowing at 3.94 m/s.
DOUBLE-CHECK: Given the large angle that the boat makes with the river, it is reasonable that the water
has this large velocity.

:|17W|; v Gvsin ; and v B=vcos .

3.66. THINK: The components of the velocity vectors of the wind and the plane can be summed to determine a
resultant vector of the plane’s velocity with respect to the ground. If the pilot wants to travel directly east,
the plane must travel in a direction such that the component of plane’s velocity in the wind’s direction is
equal in magnitude to the wind speed. v, =350. km/h and v, =40.0 km/h.

SKETCH:

- - v v
RESEARCH: v=v,&+v j; [v|= v, v, ; tanez(v—’J- and sin@z(—y].

x vh
_ . - S v, v,
SIMPLIFY: ¥, =v x+v,j = M: v, +v,? 5 6, =tan I[Z}; and 6, =sin I(ZJ
- 2 2
CALCULATE: [¥|=(350. k)" +(40.0 k/h’ =352.28 kan/h
6, = tan™! | 200 xm/h km/h | 1080
350.km/h

135



Bauer/Westfall: University Physics, 2E

0, = sinIL

40.0 km/h
350. km/h

j =6.5624°

ROUND: The plane has a velocity of 352 km/h at 6.52° north of east. To travel directly east, the plane

must travel 6.56° south of east.

DOUBLE-CHECK: Given the small wind speed relative to the plane’s speed, small angles are expected.

3.67. THINK: If the boaters want to travel directly over to the other side, they must angle the boat so that the
component of the boat’s velocity that counters the river is equal in magnitude. The time it takes to get over
will then be based solely on the velocity perpendicular to the river flow. The minimum time to cross the
river is when the boat is pointed exactly at the other side. Also, as long as the boat’s velocity component is
countering the river, any velocity in the perpendicular direction will get the boat across the river: [ =127

m, v, =17.5 m/s, and v, =5.33 m/s.

SKETCH:

RESEARCH: v=v i+v j;

X

Vy

d J; and

=|—vR|; v evsin 5 v Bveos 5 x;—x, =v AL; tan@z(—

V,
cosd = (—yj In part (e), the minimum speed, technically an infimum, will be when the angle 0 is
\

arbitrarily close to 0, and the component of the velocity directly across the stream is arbitrarily close to 0.

SIMPLIFY:
(a) vy, vy = vy@os = , = =cos’ {V—RJ
VB
(b) 1#6(t,sint) = = :
vfsin
(c) 6, =90°
(d) tmin =.;
stm min
(e) V= -V,
CALCULATE:
(a) B=cos™ [Mj =72.27°
17.5m/s
(b) t= 127 m 76195
(17.5 m/s)sin(72.27°)
(c) 6=90°
m
(dt,,=———=7257s
17.5 m/s
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(e) v=5.33m/s

ROUND:

(a) 6=72.3°

(b)t=7.62s

(c) 6=90°

(d) t=7.26s

(e) v=5.33m/s

DOUBLE-CHECK: Given the width of the river and the velocities, these answers are reasonable.

THINK: When the girl walks in the same direction as the walkway, her velocity relative to the terminal is
the sum of her velocity relative to the walkway and the velocity of the walkway relative to the terminal.
When she walks in the opposite direction, her velocity relative to the terminal is the difference between her
velocity relative to the walkway and the velocity of the walkway relative to the terminal. [ = 42.5 m,
t,=152s and t,=70.8s.

SKETCH:

G +y

t,=152s L, =708s
v, v +x
—_— —_
2.5 m

—425m —+

RESEARCH: x; —x, =v At

SIMPLIFY: [=v At = v_ zl; Ve TV, :ti; and v, —v, :tL.
t

1 2

v —l—v —v—l =1 1-i-1 =2 :>v—l 1-i—1
w G G tl tz G G 2t ¢

1 2
I 11 1 If1 1
v, =———| —+— == ——|.
t, 20t t, ) 2\t
42.5 .
m( 1 + 1 =1.698 m/s, vW:425m L - 1
2 \15.25 70.8 s 2 152s 70.8s

ROUND: Rounding to three significant figures, v, =1.70 m/s and v, =1.10 m/s.
DOUBLE-CHECK: The velocities are small, which makes sense for a walkway.

Therefore,

CALCULATE: v, = jz 1.0979 m/s

THINK: Since the wind and plane velocities are vectors, simply add the components of the two vectors to
determine the resultant vector. Southwest is 45° South of West. v, =126.2m/s, v, =555m/s and
0 =45°.
SKETCH:

+y

<}

L p

e W E

— S

Vo }/
w1l
- .
\/ Vi

RESEARCH: ;:vxfc+vyj/; v Bvcos ; v Evsin ; and ‘;‘:1/vx2+vy2.
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SIMPLIFY: v 0=v cos and v §=v sin . Therefore, ;ze—(vw s §° +(6p ¥ ,sin ) and

‘;‘Q\/(—%COB )2+6( , Sin )2.

- 2 2
CALCULATE: |v| \/(—55.5 m/scos(45.0°))” +(126.2 m/s —55.5 m/ssin(45.0°)) =95.401 m/s

ROUND: Rounding to three significant figures, M =95.4 m/s.

DOUBLE-CHECK: Given that the wind is blowing against the plane, the magnitude of the resultant
velocity should be less than the plane’s speed.

3.70. THINK: The horizontal velocity is constant. Determine the vertical velocity as it hits the ground and then
determine the overall velocity. Mass is irrelevant. y =116.7m, 6=22.7°, v ,=36.1m/s and

g=9.81m/s’.

SKETCH:
T e .
L. e I

ty
+x 0 e T T T T -

e e S e

RESEARCH: v/’ =v"+2ad; v,6=vcos ; v 6=vsin ; v, =v,; and ‘;‘zﬂlvx2+vy2.
.2 Y
SIMPLIFY: v f=v,cos and vfﬁ:(vigny) 352 ( v— igz( . gn ) +2 . Also,

|17f}9:\/1g5/sin%/ +2 6+ Jcos’ g;c\/ 242 .
CALCULATE: ||= \/(36.1 m/s)’ +2(9.81 m/s*)(116.7 m) =59.941 m/s

ROUND: Rounding to three significant figures, |Vf| =59.9 m/s.
DOUBLE-CHECK: The final velocity is greater than the initial velocity, which makes sense.

3.71. THINK: The horizontal velocity remains unchanged at any point. v, =31.1 m/s and 6 =33.4°.
SKETCH:

RESEARCH: v, Hv, =v,cos
SIMPLIFY: v 6 v, cos
CALCULATE: v, =(31.1m/s)cos(33.4°)=25.964 m/s

ROUND: Rounding to three significant figures, v, =26.0 m/s.
DOUBLE-CHECK: The result is smaller than the initial velocity, which makes sense.
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THINK: Determine an equation that relates the height of the object being launched to how far

horizontally it travels. v_ =10.1 m/s,d=57.1 mand g=9.81 m/s’.

SKETCH:
v +y

x

|
|
il
(4=}
I
1
1
)
I
1
1
1
]
'
I

L
‘L ‘I‘\ E| \

d I

1
RESEARCH: v t=x,—X; y,—y, =Vt +Eat2 ; and v, 6=v,sin .

2

gd
2v,

SIMPLIFY: d=v.t = t=-% and —h=0—%gt2 = h=

x

(9.81 m/s® )(57.1 m)’

2

<

CALCULATE: h= =156.77 m

2(10.1 m/s)’

ROUND: Rounding to three significant figures, h = 157 m.
DOUBLE-CHECK: Given the velocity and distance, this height is reasonable.

THINK: If rain is falling straight down, to someone moving it would appear as if the rain was heading
towards said person. v. =19.3 m/s and v, =8.9 m/s.

SKETCH:
/x/ +y
D L

Pl 4
dddd a4 +x

v
RESEARCH: tanf= [—yJ
"

SIMPLIFY: 6= tan™ {V—RJ

VC

8.9 m/s

CALCULATE: O=tan™'
19.3 m/s

j: 24.756°

ROUND: Rounding to two significant figures for angles gives the rain an angle of 25° with the
horizontal.
DOUBLE-CHECK: The car is moving faster than the rain so this angle is reasonable.

139



Bauer/Westfall: University Physics, 2E

3.74.

3.75.

THINK: Since both shakers leave the table with no initial vertical velocity, it should take both the same
amount of time to hit the ground. h=0.85m, v, =2.5m/s, v, =5m/s and g =9.81 m/s’.
SKETCH:

-1—:-—;—'
~g—
1]

k4

.
P

-

/

’
’
’

’

I d |
I d !
RESEARCH: (a) The ratio of the times is 1:1 since the times are the same. (b) The ratio of the distances
will be the ratio of the speeds.
SIMPLIFY:
(a) Not necessary.
(b) dp id, =v, v,
CALCULATE:
(a) 1:1
(b) d,:d =v, v =25m/s:5m/s=1:2
ROUND: Rounding is not necessary.
DOUBLE-CHECK: Since the horizontal component of the velocity is constant, and the initial horizontal
velocity of the salt shaker is double that of the pepper shaker, it makes sense that the salt shaker travels
twice as far as the pepper shaker.

THINK: Assuming the box has no parachute, at the time of drop it will have the same horizontal velocity
as the velocity of the helicopter, v,;, and this will remain constant throughout the fall. The initial vertical
velocity is zero. The vertical component of the velocity will increase due to the acceleration of gravity.
The final speed of the box at impact can be found from the horizontal and final vertical velocity of the box

just before impact. h = 500. m, d = 150. m, and g =9.81 m/s’.

SKETCH:
+y
— T;n
= o
h l g %
| d |

1
RESEARCH: To find the speed of the helicopter we use: y; -y, =Vt+=at? and x, —x, =v,t. To find
2

the final speed of the box use v, =v, +at as the vertical component, the helicopter speed as the
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horizontal component, and |17 | =/v," +v,’ tofind the final speed of the box when it hits the ground.

SIMPLIFY: —h=0-2gt = t= [ andso v, =v, =9 =d <.
2 g t 2h

v, =—gt=—g€=—@ and so |a|=\/(—@)2+[d\/%j = Jg(2h+d /[2h))

.81 m/s’
CALCULATE: v, =(150. m) 29(50—”’/5 =14.857 m/s

v|= \/9.81 m/s? (2(500. m) + (150. mY* /[ 2(500. m)]) =100.15 m/s

ROUND: v, =14.9 m/s and |17| =100. m/s.

DOUBLE-CHECK: The helicopter velocity is equivalent to about 50 km/h and the speed that the box has
when it hits the ground is equivalent to about 360 km/h. Both are reasonable values.

THINK: Ignoring air resistance, the horizontal velocity remains constant. Assume the car had no initial

vertical velocity when it went over the cliff. d = 150. m, h = 60.0 m, g =9.81 m/s.
SKETCH:

A}
A}
1
\

I d

1
RESEARCH: x, —x, =v,t and y, -y, =v,t +Eat2.

SIMPLIFY: d=vt = v, :é and —h:O—%gT2 => t= /& Therefore, v =d %
g

9.81 m/s’

2(60.0m)
ROUND: v =429 m/s
DOUBLE-CHECK: The vertical distance is smaller than the horizontal distance, so the car must have been
going fast.

CALCULATE: v, =(150. m) =42.888 m/s

THINK: The initial horizontal velocity must be used to determine the time of flight, then this time can be

used to determine the initial vertical velocity. v, =3.90 m/s, d = 30.0 m, g=9.81 m/s’.
SKETCH:
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1
RESEARCH: x; —x, =v.t5 y; =y, =Vt +Eat2; v 6=v;sin ; and v, 6=, cos .

1 1 d
SIMPLIFY: d=v_t = = andso O=v t——gt’ => v, =—gt -5
v " " 2%y,
v, (v
Also, ——=tanf = f=tan"'| — |.
vix Vix
9.81 m/s* )(30.0 m 3773
CALCULATE: v, = ( X )_ 3773 mls, O=tan| S22 S | gy 100
g 2(3.90 m/s) 3.90 m/s

ROUND: The vertical velocity is 37.7 m/s and the launch angle is 84.1°.
DOUBLE-CHECK: The exam bundle has a small horizontal velocity but travels 30 m, so the vertical
velocity and launch angle must be large to allow the bundle to remain in the air longer.

3.78. THINK: Determine the initial speed of the jump v,. The height of the waterfall is # = 1.05 m. The time
taken for the jump is t = 2.1 s. The initial launch angle is 6, = 35°.

SKETCH:
I e ,

h

|

RESEARCH: Assuming an ideal parabolic trajectory, the kinematic equation for the vertical direction,

w3

1
Ay=v, t —Egl‘2 can be used to solve for v,.

1 1 h+lgt2
SIMPLIFY: Ay=v t——gt* and h-dusingt —— V = ,=—2—
o2 2 sinft
1 2 2
1.05 m+5(9.81m/s )(215) 105 m+2163 m
sin(35°)(2.1's) 1.2045 s

ROUND: There are two significant figures in both the sum in the numerator and the product in the

CALCULATE: v, = =18.83 m/s

denominator of the equation for v, so v, =19 m/s.

DOUBLE-CHECK: Salmon migrate great distances (hundreds of kilometers) up rivers to spawn, and
must overcome large obstacles to do so; this is a fast but reasonable speed for a salmon to exert on its
journey.

3.79. THINK: Determine which floor of the building the water strikes (each floor is h =4.00 m high). The
horizontal distance between the firefighter and the building is AX=60.0 m. The initial angle of the water
stream is @, = 37.0°. The initial speed is v, =40.3 m/s.
ty

SKETCH:

+x

|
']

-

i

i

&
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RESEARCH: To determine which floor the water strikes, the vertical displacement of the water with
respect to the ground must be determined. The trajectory equation can be used, assuming ideal parabolic
motion:

g(Ax)2
2vff cos®
The floor, at which the water strikes, n, is the total vertical displacement of the water divided by the height
of each floor:

Ay@z(tan O)A

2
hf
A 2
SIMPLIEY: n@ 2= 1| (tan ,)A —&
he  h; 2vff cos®

) 2
(9,81 m/s )(60 m) =7.042

CALCULATE: n=—— tan(37°)(60 m)— -
4 m 2(40.3 m/s) cos’(37°)

ROUND: # = 7.042 floors above ground level (where 1 = 0) corresponds to ankle height on the 8® floor.

DOUBLE-CHECK: It is reasonable to expect the water from a high-pressure fire hose to reach the 8"
floor of a building. Also, the answer is unitless, as it should be.

THINK: For a projectile, the launch angle is 6, =68°. In time ¢, it achieves a maximum height y = H and
travels a horizontal distance Ax =d. Assume y, =0. Determine H /d.

SKETCH:
Y
H USSR, -
. Hl) \\\
Yo I Ty
d
RESEARCH: Assuming ideal parabolic motion, the maximum height equation can be used,
v 2
H=y +-2-
Yo 2¢
Note that at the maximum height, the horizontal distance traveled is half of the total range. That is,
in2
d=R/2 and thus, R:m.
g
+V2 / 2 .2 .2 .2 . .
SIMPLIFY: <22 ¥ ( g):vﬁsm y__ fsin’ , Osin® (O sid,sin , =ltan90
d 6 R/260 @g(R/2) {voz ) j sin2 , 2sin ,cos , 2
g ——sin2 |
g

CALCULATE: % = %tan68° =1.2375

ROUND: The launch has two significant figures, so H/d =1.2.
DOUBLE-CHECK: The ratio shows that the maximum height is 1.2 times the horizontal distance
achieved in the same period of time. For such a steep launch angle, it is reasonable to expect H > d.
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3.82.

THINK: The time it takes Robert to cover the distance of the walkway is f, =30.0 s. John’s time is
t, =13.0 s. Kathy walks on the walkway at the same speed as Robert, v, =v,. Determine the time, ¢,

that it takes Kathy to cover the distance of the walkway. Take the distance of the walkway to be Ax.

SKETCH:
v Velocity vs Time

.,
I
I
I
|
VJ ———

=
L ]

I
I
I
i

0

~ —t ===
Y
~

t

~

K ] R

RESEARCH: Kathy’s velocity relative to the airport reference frame, v, , is the sum of the walkway

Ka
velocity, v, and her velocity relative to the walkway, v, . v, is actually John’s velocity relative to the

wa
So,

=v,,;and v =, . The constant velocity equation v=Ax/t can be used to find ¢.

-1
A Ax Ax Ax Ax A 11

SIMPLIFY: v,, = —,0r v, =v,, +y, =V, + ¥ =—+—. — =242 and t, =| —+—| .
t Lottt oot

K J

airport reference frame, v, and v, is Robert’s velocity relative to the airport, v, .

VKa = Vwa + va 3V

wa

R K ] R

1 1
+
13.0s 30.0s

ROUND: Each time given has three significant figures, so t, =9.07 s.
DOUBLE-CHECK: Kathy’s time should be the fastest.

-1
CALCULATE: t, 2( ] =9.0698 s

THINK: The rain speed is v, =7.00 m/s downward. The car speed is

v, :(60'0 kmj Lh }(1000m ) oo s,
1h 3600s \ 1km

Relative to the car, the rain has a horizontal speed of v, =16.67 m/s directed towards the car. Determine

the angle, 6, from the vertical at which the rain appears to be falling relative to the traveling car.

SKETCH: In the reference frame of the car:
+y

D

] 49,00 9

4
4 a 9

d

d
d

4
4

Q v,

RESEARCH: The x and y components of the velocity of the rain, relative to the traveling car are known.
These components make a right-triangle (shown above), such that tanf=v, /v,.
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Yy

SIMPLIFY: 0= tan"' [V—]
16.67 m/s

CALCULATE: O=tan™'
7.00 m/s

j =67.22°

ROUND: 0=67.2° from the vertical.
DOUBLE-CHECK: This angle is less than 90° so it is reasonable that the rain is falling at such an angle.

THINK: Determine g when the range is R = 2165 m, v, =50.0 m/s and 6, =30.0°.

SKETCH:
~1)

- =~

0 ™

RESEARCH: Since the initial and final heights are equal, the range equation can be used:

Re vﬁsin(Z 0)'

g
SIMPLIFY: g = VﬁsmTW
(50.0 m/s)’sin(2(30.0°))

=1.00003 m/s*

CALCULATE: g= 65
m

ROUND: g =1.00 m/s’
DOUBLE-CHECK: The units of the calculated g are correct.

THINK: The height is y, =40.0 m. The horizontal distance is Ax =7.00 m. Determine the minimum

initial horizontal speed v, . Assume the diver does not jump up, but rather out (v, =0).

SKETCH:
y

RESEARCH: If v, =0 for the diver, the initial angle is also 6, =0. The trajectory equation can be used,

g(ax)
2y 2 '

Xo

vy, Jec(tan O)A -
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SIMPLIFY: Taking y = 0 (the base of the cliff),
g(ax) _ g(dx) g(ax)

(9.81 m/sz)(7.00 m)2
f =245t m/s
2\}40.0 m)

CALCULATE: v, =

ROUND: v, =2.45m/s
DOUBLE-CHECK: This is a reasonable velocity for a person to achieve at the start of their dive (ie. a
running start).

THINK: The initial velocity is V, =32.0 m/s, the launch angle is 6, = 23.0° and the initial height is
¥, =1.83 m. Determine the travel time ¢ for the ball before it hits the ground at y = 0.

SKETCH:
y

- -

RESEARCH: Assuming an ideal parabolic trajectory, the kinematic equation can be used for the vertical
displacement, y—8, #(v,sin g) —(1/2) °.
SIMPLIFY: y—§, +(v,gh ,) ——;gt = %9#( ysiy ) + — =0

Solve for t using the quadratic formula:
. . 2 1
vpsin oi\/( fsin ) -‘X[Zyj(y - ) vfsin sz\/( psin Ve (¥)(n- )
1 B g
{3)

(32 m/s)sin(23°)i\/((32 m/s)sin(23°)) +(2(9.81 m/s*))(1.83 m-0)
9.81 m/s*

125034 m/s £/156.33 m®/s’ +35.90 m’/s’

9.81 m/s*
=2.6879 sor —0.1388 s
ROUND: Round to three significant figures. Then, t = 2.69 s (choosing the positive solution).
DOUBLE-CHECK: The units of the result are units of time. This seems to be a reasonable flight time for
a thrown baseball.

t=

CALCULATE: t=

THINK: For the rock, the initial height is y, =34.9 m, the initial speed is v, =29.3 m/s and the launch
angle is 6, =29.9°. Determine the speed of the rock, v, when it hits the ground at the bottom of the cliff,
y=0.
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SKETCH:

Yo f-L-- :

1
1

\

1
\
[}

1
1

0 X

RESEARCH: Assuming an ideal parabolic trajectory, when the rock descends to the height of the cliff

after reaching its maximum height, it has the same vertical speed as it was launched with, only directed
downward. That is, v, '=—

v,, » Where v ' occurs on the trajectory at the vertical position y,. In addition,
v O=v,sin . Since, due to gravity, the speed changes only in the vertical direction, the constant
Yo

acceleration equation, vy2 = vyo2 +2a, ( Y=Y, ), can be used to determine the vertical speed at the bottom

of the cliff. As the horizontal speed v_ remains constant(vx v, =v,cos 0) , the speed at the bottom is
v=v. +v >,
x y

SIMPLIFY: Take the initial vertical speed to be v, '. Then

vyz :qu')z —)Zg(—yo) = vy2 =(—V0 sin 0)2 +2g ,

Also, v 6 v, cos ,. Then,

v:1ﬂx2+vy2v:\/(6)ocos 0))3+(—vﬂsin 0)29+2g 0 49\/ Oz(gos2 , #sin’ ,y)+2g 0 =Al o 28 -

CALCULATE: v= \/(29.3 m/s) +2(9.81 m/s*)34.9 m =/858.49 m’/s’ +684.74 m’/s’

=4/1543.2 m?/s* =39.284 m/s

ROUND: The sum in the square root is precise to the ones-place and therefore has four significant figures
Thus, v=39.28 m/s.
DOUBLE-CHECK: This velocity is greater than v,. It should be, given the acceleration in the vertical
direction due to gravity.
3.87. THINK: For the shot-put, the initial speed is v, =13.0 m/s, the launch angle is 6, = 43.0° and the initial
height is y, = 2.00 m. Determine (a) the horizontal displacement Ax and (b) the flight time ¢, after the

shot hits the ground at y = 0.
SKETCH:

- -
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RESEARCH: Assuming ideal parabolic motion, find (a) Ax from the trajectory equation:

Ax 2
yHyetan A _%:%ﬁ‘(c—os)zo
and (b) t from the equation Ax 1, cos | .

SIMPLIFY:
g

a) With y =0,
(®) 4 2vff cos®

(Ax)2 - (tan 0, )Ax -y, =0. Solving this quadratic equation yields:

0

tan6, i}jtan2 6, —4[gJ(—y )
2vff cos’ 0 2 cog?
Axt= 4 : =| tan 0J_r\/tan2 0+[ 28,9 J [VU cos Oj.

’ 5 g vff cos® g
2vff cos®

(b) t = Ax
vfcos |
CALCULATE:

2(9.81 m/sz>(2 m) (13.0 m/s)2 cos” 43°
(13.0 m/s)2 cos® (43°) 9.81 m/s’

~(0.9325+/0.8696+0.4341)(9.2145 m)
= (0.9325++/1.3037 )(9.2145 m)

=19.114 mor —1.928 m

) t=— M 1045
(13.0 m/s)cos(43°)

ROUND:
(a) The sum under the square root is precise to the tenth-place, and so has three significant figures. Then,
AX=19.1m (take the positive root).
(b) Since 6, and Ax have three significant figures, t = 2.01 s.
DOUBLE-CHECK: For near optimal launch angle (optimal being 6, = 45° ), a horizontal displacement of

19.1 m is reasonable. The flight time of 2.0 s is reasonable for this horizontal displacement.

(a) Ax=| tan(43°)% [tan’(43°)+

3.88. THINK: For the phone, the initial height is y, =71.8 m, the launch angle is 6, =0° and the initial speed
is v, =23.7 m/s. Determine (a) the horizontal distance Ax and (b) the final speed v upon hitting the
water at y = 0. Note: v, =0.

SKETCH:
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RESEARCH: Assuming ideal parabolic motion,
gAx’
2vf cos’ .

0

b) |v|=./v.2+v *. v. does not change, as there is no horizontal acceleration; v_ fv. =v, cos
x y x x X 0

(a) Ax can be determined from the trajectory equation, y #y xtan A —

o Since

the vertical kinematics are governed by free-fall under gravity, to find v, use vyz = vyo2 -2 g( Y=Y, )

SIMPLIFY:

(a) With y = 0, the trajectory equation becomes
gAx’?

2 cos —tanf,Ax — y, =0.

0

Ax’? 2v,2
With 6, =0°, this equation reduces to & x2 -y, =0. Thus, Ax = Yodo,
0 g

2y

(b) v, =v,. Since v, =0 andy=0, v’ =2gy,. Then, M =V, +2gy, -

CALCULATE:

\/2(23.7 m/s)’(71.8 m)
(a) Ax= - =90.676 m
9.81 m/s

(0) 1| = /(237 mis) +2(9.81 mis*)(71.8 m) =/561.69 m* /57 +1408.716 m’/s* =44.389 mis

ROUND:

(a) All the values used in the product have three significant figures, so Ax =90.7 m.

(b) The sum under the square root is precise to the tens-place, and has three significant figures, so
v=44.4m/s.

DOUBLE-CHECK: The horizontal displacement is close to the height; this is reasonable for an object
thrown from the given height. The final speed is greater than the initial speed, as it should be.

THINK: For the burglar, the initial speed is v, =4.20 m/s and the angle is §, =0°. Determine if the
burglar can make it to the next roof, which is a horizontal distance of 5.50 m away and a vertical distance

of 4.00 m lower.
SKETCH:

+x

[ [ b
.
AS

n oo

RESEARCH: There are two ways to approach this problem. Firstly, the vertical displacement can be
determined when the horizontal displacement is Ax =5.50 m. If the magnitude of Ay is less than 4.0 m,

the burglar will reach the next rooftop. Secondly, the horizontal displacement Ax can be determined
when the vertical displacement is Ay =—4.00 m. For this solution, Ay will be determined. The trajectory

equation for ideal parabolic motion can be used:
gAx*

=y, +tan6 Ax — .
r=n 0 2v, cos’ 6,
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2
SIMPLIEY: With 0, =0°, y=—$°
2v,
(9.81 m/sz)(S.S m)2
CALCULATE: y = ™) _ g4ll4m
2(4.2 m/s)

ROUND: The values used in the product have three significant figures, so y =—8.41 m. This means that
after the burglar reaches a horizontal displacement of 5.50 m, he has dropped 8.41 m from the first rooftop
and cannot reach the second rooftop.

DOUBLE-CHECK: The alternate method listed above also reveals that the burglar will not reach the
second rooftop.

THINK: The initial vertical speed of the package is v, =7.50m/s. Its horizontal speed is
v, =v,=470m/s and the initial heightis y, =80.0 m. Determine (a) the fall time, , to the ground, y = 0

X

and (b) the magnitude and direction of the velocity upon impact.

SKETCH:
ey, N
1 \\ +x
\\
Y 0 \\\
AY
A}
| 0N
RESEARCH:

(a) To determine ¢, use the equation y—y, =v t— ( gt ) /2.

(b) The speed v is given by v=,[v’ +vy2. v, remains constant. To determine v , use the constant

acceleration equation, vy2

=v, ?+2aAy. To determine the direction, note that tan@=v, /v, , where 6 is
above the horizontal.

SIMPLIFY:

2 2
(@) Withy =0, -y, =v, ¢t —% = %— v, t =y, =0. Solving the quadratic gives:

2 g
Y i\/v” _4(2J(_y ) v, B, 2

t= =
ol & g
2
(b) v’ =v,*=2¢(y-y,)=v, > +2gy,. Then, v=v.* +v *+2gy,, and
—Jv, > +2
0=tan™ (V—yjztanl VI T8

1% v

X x

>

where theta is measured with respect to the +x-axis and therefore comes out negative.
CALCULATE:

7.50 m/si\/(7.50 m/s) +2(9.81 m/s*)(80.0 m)
9.81 m/s’

(a) t= =4.875s or —3.346s
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(b) v= \/(4.70 m/s) +(7.50 m/s)" +2(9.81 m/s*)(80.0 m) = 40.59 m/s

_J(zso m/s)"+2(9.81 m/s’)(80.0 m) W

em] I

ROUND: t=4.88 sand 6 =-83.4°.
DOUBLE-CHECK: A five second fall is reasonable for such a height. The final speed is greater than the

initial speed v, =,/v, *+v,* =8.9 m/s. The impact angle is almost —90°, as it should be since |vy| is

f=tan™"

much greater than after the fall.

VX

THINK: The height of the goose is h, =30.0 m. The height of the windshield is  =1.00 m. The speed
of the goose is v, =15.0 m/s. The speed of the car is

100.0km 1h 1000 m

v .

©  1lhr 3600s 1km

The initial horizontal distance between the goose and the car is d = 104.0 m. The goose and the car move
toward each other. Determine if (a) the egg hits the windshield and (b) the relative velocity of the egg with

=27.7778 m/s.

respect to the windshield, Vv, . Let 6 be the angle the egg makes with the horizontal when it impacts.
SKETCH:

Y
-
h(!__‘
=
VG ‘.\‘\
~
~
~
“ -
~ v
N [
\ ~—
\
\
h \
© \
\
[ d : z

RESEARCH:
(a) The egg must have a vertical displacement Ay, =h —h, to hit the windshield. Use

1
Ay, = (v,sind, )t _E( gtz) to determine the fall time £. Use Ax, = (v, cos6,)t to determine the horizontal

displacement of the egg. In order for the egg to collide with the windshield, the car must travel
Ax,=d—-Ax, in time t. Use Ax=vt to determine the car’s travel distance Ax_. Note that the launch
angle of the egg is 6, =0°.

(b) The horizontal component of the egg’s speed in the reference frame of the windshield will be
Ve =V, TV, because the car is moving toward the egg in the horizontal direction. Because the car has no
vertical speed, the vertical speed of the egg in the reference frame of the car is unchanged, v,,'=v,. To

determine v, , use vyz = vyoz +2aAy. Then v, '= (v . ')2 +(v o ')2 .The angle of impact is implicitly given
V,

by tanf =—>-.
Vi
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SIMPLIFY:
(a) Since 6, =0° and v, =v,, v, =v,sin€, =0 and v, =v, cosd, =v,. Then
1 1 2<h —hc)
Ay, =——gt* = h —h =——gt* = t=,|——
yg Zg c g th g
2(h, ~h,) 2(h, ~h,)
and also Ax, =v t=v | ———. Inthi car travels Ax_ =vt=v,

g

P 1{7
®) v, '=v,+v.=v,+v. and Ve 1=V, =,/288y, :1/2g(hg—hc). Then, substituting gives:

8gx

vg':\/<vg+vc )2+2g(hg—hc). The angle of impact relative to the car is given by the equation:

V\/J 2g(h,—h.)
=arctan| —— |.

0= arctan(%

gx

Vg+VE

CALCULATE:

30.0 m—1.00 m)

981 m/s =67.542 m

(a) Ax =(27.778 m/s)\/ 2

=67.527 m

\/2(30.0 m-1.00 m)

d—Ax,=d—v M:(104.0 m)—(15.0 m/s)
¢ ¢ 9.81 m/s*

g
(b) v,'= \/(15.0 m/s+27.7778 m/s) +2(9.81 m/s” )(30.0 m ~1.00 m) =/2398.94 m’/s” =48.98 m/s

\/2(9.81 m/s*)(30.0 m~1.00 m)
15.0 m/s +27.7778 m/s

=29.144°

0 =arctan

ROUND: Rounding to three significant figures, Ax_ = 67.5 m and d—Ax, =67.5 m. The egg hits the
windshield at a speed of 49.0 m/s relative to the windshield at an angle of 29.1° above the horizontal.
DOUBLE-CHECK: The speed of the egg relative to the windshield is greater than the speed of the car and
the goose.

3.92. THINK: The initial speed of the ice cream is v,; =0.400 m/s and the escalator angle is 6, =40.0°. The ice
cream launch angle is 6, =-8, (below the horizontal) and the initial height of the ice cream is
Yo =10.0m. The initial height of the professor’s head is y  =1.80m, the professor’s speed is
v, =0.400 m/s, and the professor’s direction is 6, =6, If the ice cream lands on the professor’s head then

the kinematic equations can be used to determine the ice cream flight time ¢, the final vertical position of
the ice cream y, =y, and the speed of the ice cream relative to the professor’s head, v, .
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SKETCH:

RESEARCH: Since the professor and the ice cream have the same horizontal starting point and horizontal
speed, the ice cream does land on your professor’s head because they always have the same horizontal
position. At the time f of the collision, the final vertical positions of the ice cream and the professor are

w0, ¢ (the professor does not

equal, y,=y =y. To find t use y, —y,=v,t —% gt’ and y -y, =v
accelerate). With t known, determine the vertical height y can be found. The speed of the ice cream v,
can be found from v,* =v, *—2g(y—-y,).

SIMPLIFY: Attimet, y, =y, :

1
Y=Y +Vio,yt —Egtz; Yo = Yo +th
I
Yo+ vio,yt —Egt =Y + vp)yt
. 1 7 .
ym@-l-(t—viosgm e)y_z = QO _ﬁ( p S e)
1 .
Egtzé'kﬂvm;m ey+( . i0)=0,
since v,, =v,. Use the quadratic formula to solve for :
—2v@sin | jz\/4 o 8in’ g+ (ym - po)

4
Recall that at time ¢, the professor’s head and the ice cream are at the same vertical height y:

y=0f +v,sin , .

t

2 2
The speed of the ice cream relative to the professor is v, = (vip,x) +(VW) , where v, =0 (they have
the same horizontal speed), v, =v, +v, (they move towards each other vertically), v, can be found

from viy2 :vm,y2 —2g( y- yio), and v, =v, (since the professor does not accelerate). Putting this

altogether gives:

v, b= \/(—vg sin y)z —21/( -0 i0) + ,sin .
CALCULATE: The time that the ice cream lands on the professor’s head is:

~2(0.400 m/s)sin(40.0°)i\/4(0.400 m/s)’sin’ (40.0°)+2(9.81 m/s” )(10.0 m 1.8 m

t= >
9.81 m/s

=1.2416s or —1.3464 s
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3.93.

The positive answer is correct. With ¢ known, the vertical height at which the ice cream lands on the
professor’s head is:

y=(1.80 m)+(0.400 m/s )(sin40.0°)(1.2416 s)=2.1192 m.

The relative speed of the ice cream with respect to the professor’s head at the time of impact is:

v, = J(o.zxoo m/s)’ sin’ (40.0°) ~2(9.81 m/s* )(2.1192 m~10.0 m ) +(0.400 m/s)sin40.0° =12.694 m/s.

ROUND: ¢={.24s, y=2.12m, and v,, =12.7 m/s.
DOUBLE-CHECK: Considering the slow speed of the escalator and the original vertical positions, these

values are reasonable.

THINK: The ball’s horizontal distance from the hoop is Ax =7.50 m. The initial height is y, =2.00 m.
The final heightis y =3.05 m. The launch angle is 8, = 48.0°. Determine the initial speed v,.
SKETCH:

+y -

+x

| Ax i
2
8(Ax)
RESEARCH: To find v, use Ay=tan (A ——————
2vff cos®
2
__8(ax)
SIMPLIFY: tanG)Ax — Ay =————
2y, cos” 6,
2
g(4x)
tandAx—(y—y,)=——5—
’ (r=x) 2v,’ cos’ 6,
2
g(ax)

2v, cos’ @ =——————
tang,Ax—y+y,

B g(Ax)2
" 74 2c0s? 6, (tan,Ax—y +y,)

9.81 m/s’(7.50 m)’

=9.2006 m/
2cos’ (48.0°)((7.50 m)tan(48.0°) —3.05 m +2.00 m) e

CALCULATE: v, = \/

ROUND: As 6, has three significant figures, v, =9.20 m/s.
DOUBLE-CHECK: The result has units of velocity. This is a reasonable speed to throw a basketball.
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3.94. THINK: The pebble’s launch angle is 8, =37°. The vertical displacement is Ay =7.0 m. The horizontal
displacement is Ax =10.0 m. Determine the pebble’s initial speed v,.
SKETCH:

|

+ y

&
y':' l‘
|

|

I
=
AY
\
'

]

%Sj;

T

n
|

I Ax I
2
g(4)
RESEARCH: To find v, use Ayf=tan (A ——————
2vff cos®
2 2
Ax Ax
SIMPLIFY: tanf Ax—Ay= M, v, = 5 g( )
2vff cos® 2cos” 0, (tanGOAx - Ay)

9.81 m/s*(10.0 m)’
2cos’(37°)((10.0 m)tan(37°) =7.0 m)

CALCULATE: v, = =37.89 m/s

ROUND: With two significant figures in 6,, v, =38 m/s.
DOUBLE-CHECK: This speed is fast, but reasonable if, for example, Romeo is a pitcher in the Major
leagues.

3.95. THINK: The bomb’s vertical displacement is Ay =-5.00-10" m (falling down). The initial speed is
v, =1000. km/h(h/3600 s)(lOOO m/km) =277.8 m/s. The launch angle is 0, =0°. Determine the distance

from a target, Ax, and the margin of error of the time At if the target is d = 50.0 m wide.

SKETCH:
v, .
< = __
IR ~. +x
Ay \\\
\\
\
\\
\
I ', target
I Ax I
2
g(Ax)

RESEARCH: To find Ax, use the trajectory equation: Ayé=tan A —————.
2vff cos®
To find At, consider the time it would take the bomb to travel the horizontal distance d; this is the margin

of error in the time. The margin of error for the release time At can be determined from d 9v tos A .
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3.96.

3.97.

SIMPLIFY: Note, tan6, =0 and cosf, =1 for §, =0.

2
A -2v,’A
Ay:——g( i) and Ax= |0
2v, g

For At,use d#v tos At = N = |

0*

2
-2(277.8 m/s) (—5.00-10° m 50.0
(278 mis) | = )zzszsoy ™ At=—— " =0.1800 s
9.81 m/s 277.8 m/s

ROUND: Ax =8.87 km and Af=0.180s.
DOUBLE-CHECK: Considering the altitude and the terrific speed of the airplane, these values are
reasonable.

CALCULATE: Ax = \/

THINK: The package’s launch angle is 6, =49.0° downward from the vertical. The vertical displacement
is Ay =—600. m. The flight time is = 3.50 s. Determine the horizontal displacement Ax.
SKETCH:

fe— Ax —1

RESEARCH: Note, v, 0=v,sin , for the given 6, and v 6=—v,cos . To determine Ax, use Ax=v, 1.

0

. . 1 2
First, determine v, from Ay:vyut—g(gt )

0

1 1
SIMPLIFY: Ay=v 6 + gidt=—v,a0s , — B P =-

1 >
(Ay+gt) )
Ax=1 t=v,sin , =———8+—=siy | —gf—(A +65 2]tan 0

’ costt
CALCULATE: Ax= —(—600. m +%(9.81 m/s’)(3.50 s)° jtan(49.0°) =621.1m

ROUND: Ax=621m
DOUBLE-CHECK: The units for the result are units of distance.

THINK: During the flight of the cannonball it moves with constant horizontal velocity component while
at the same time undergoing free-fall in vertical direction.

(a) Since the time to hit a given point in space is given, we can easily extract the initial velocity from using
our kinematic equations.

(b) If we know the initial velocity, then we can simply use our equation for the maximum height of the
trajectory.

(c) If we know the initial velocity, then we can calculate the velocity at any given point in time, simply by
applying our kinematic equations one more time.
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SKETCH:
1=10.0s
- -®
+y L
+x
I Ax I
RESEARCH:

(a) The horizontal velocity component is v, =V,, = X/t . We can get the vertical component of the initial

velocity from y =y, +V,,t -3 gt?
vyoz

28
(c) Since we have determined the initial velocity components in part (a), we get the velocity components at

(b) To determine H, use H =y, +

any time from v, =v_g; v, =v,,—gt.

SIMPLIFY:

(a) Since y, =0 we get for the initial vertical velocity component y +$gt* =v, t =v, =y/t+1gt
Parts (b) and (c) are already in the shape we can use to put in numbers.

CALCULATE:

(a) v,y =(500. m)/(10.0 5)=50.0 m/s; v, =(100. m)/(10.0 s)++(9.81 m/s*)(10.0 s) =59.05 m/s

v, = \/(50.0 m/s)’ +(59.05 m/s) =77.375 m/s, Angle=tan"'((59.05 m/s)/(50.0 m/s))=49.7441°
(59.05 m/s)’
2(9.81mys’)
(¢) v, =50.0m/s; v, =59.05m/s —(9.81 m/s*)(10.0 s) = —39.05 m/s

(b) H= =177.72 m

v= \/(50.0 m/s) +(-39.05 m/s) =63.442 m/s, Angle=tan"'((~39.05 m/s)/(50.0 m/s))=—37.9898°
ROUND:

(a) v, =77.4m/s at 49.7° above the horizontal

(b) H=178 m

(c) v=63.4m/sat 38.0° below the horizontal

DOUBLE-CHECK: The velocity is reasonable for a cannon. H > Ay as it must be, and v <v,, which it

should be with y > y,.

THINK: When the ball is at height y=12.5m, its velocity is v = (vxfc + vyj/) =(5.68+4.1y) m/s. The

kinematic equations can be used to determine (a) the maximum height H, (b) the range R and (c) the
magnitude and direction of the velocity when the ball hits the ground.
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SKETCH:
}l

|<—: —
]
~
s
4

RESEARCH:

2

v
(a) The maximum height that the soccer ball rises to is given by H = y, + 2}'—0 The initial vertical velocity
g

v can be determined from vy2 = vyoz - 2g(y % )

y0
2

(b) The horizontal distance that the soccer ball travels is given by R& 20 sin2 o
4

(c) For ideal parabolic motion when the initial and final height of the projectile is the same, the initial and
final speeds are the same. The angle of impact is the same, but it is below the horizontal.
SIMPLIFY:

(a) Since y, =0,
v2+2gy v 2
- 2 -2 ¥ _ )
vyo—va +2gy = H= 20 _2g+y

(b) The initial velocity v, is given by v, = \/vxz +v, = \/vxz +v,’ +2gy and the launch angle 6, is given

by v .6=v,co8 , = ,=cos™ [V—"J

Yo

(c) v=v, and 0=-0,.
CALCULATE:
(4.1 m/s)’

@ H= 2(9.81 m/sz)

+12.5m=13.357 m

5.6 m/s

®) v, :\/(5.6 m/s)" +(4.1 m/s)’ +2(9.81 m/s*)(12.5m) =17.13 m/s, 6, =cos”' (17_13 -

j= 70.92°,

2
R= Msin(Z(m.%")) =18.48 m

(9.81m/s )
(c) v=17.13m/s, 68=-70.92°
ROUND: (a) To the first decimal place, H=13.4m. To two significant figures, (b)) R=18m and (c)
v=17 m/s, 71° below the horizontal.
DOUBLE-CHECK: With such a steep launch angle, the range is not expected to be large. Also, H is
greater than y =12.5m, which is expected.
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Multi-Version Exercises

3.99.

THINK: The initial height, velocity, and angle of the tennis ball are known. To find the total horizontal
distance covered before the tennis ball hits the ground it makes sense to decompose the motion into
horizontal and vertical components. Then, find the time at which the tennis ball hits the ground (y = 0)
and determine the horizontal position at that time. To make the problem as simple as possible, choose y =
0 m to be the ground and x = 0 m to be the location of the trebuchet where the ball is released.

SKETCH: A sketch helps to see exactly how to decompose the initial velocity into horizontal and vertical
components.

-

a., =—¢ Is ¥ ¥ P -
a,==981m/ls v, v, 1 P -

[
B
-

RESEARCH: This problem involves ideal projectile motion. Since there is no horizontal acceleration and
the tennis ball starts at x, = 0, the equation (3.11) for the horizontal position at time ¢ is x =v_¢ . Equation
(3.13) gives the vertical position as y =y, +v .t —3gt*. To find a final answer, is necessary to determine
the x- and y-components of the initial velocity, given by v, =v,sin6 and v, =v,cos®.
SIMPLIFY: To find the time when the tennis ball hits the ground, it is necessary to find a non-
negative solution to the equation 0=y, +v t—+gt’. The quadratic formula gives a solution of
2 2
—vyoi\/(vyo) —4(—% )( 0) Vot (vyo) +2gy, . N
t= - = . It will be necessary to take the positive square
2(-38) g
root here: the tennis ball cannot land before it is released. This time can then be used with the equation for
horizontal position to get the position when the tennis ball hits the ground at

2
Vo tallV,e) 128V,
X=V =V, ’ ( d ) . Combining this with the equations for the horizontal and vertical
4

components of the initial velocity (v, =v,sin@ andv, =v,cos@) gives that the tennis ball lands at
Vv, sin@ + (1zosin9)2-i-2gy0
4

x=(v,cos0)
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3.100.

CALCULATE: The problem states that the initial height y, = 1.55 m. The initial velocity v, =10.5 m/s at
an angle of 6 = 35° above the horizontal. The gravitational acceleration on Earth is -9.81 m/s’. Thus the
tennis ball lands at

v, sind + (v, sin8)’ +2gy,
8

x= (VO cosH)

10.5sin(35°) + \/(10.5sin(35°))2 +2-9.81-1.55 W

\/9.51 J
=12.43999628
ROUND: Since the measured values have 3 significant figures, the answer should also have three
significant figures. Thus the tennis ball travels a horizontal distance of 12.4 m before it hits the ground.
DOUBLE-CHECK: Using equation (3.22) for the path of a projectile, it is possible to work backwards
from the initial position (x,, y,) = (0, 1.55) and the position when the tennis ball lands (x, y) = (12.4, 0),
and angle 6, = 35° to find the starting velocity, which should confirm what was given originally.

g 2
=y, +(tanf, )Jx ——=>—x" =
V=Y ( 0) 21/3 cos’ 6,

:[10.5cos(35°)]

9.81

0=1.55+(tan35°)-12.4 - -
2(1/0) cos’ 35°

(124) =

9.81
2(v0)2cosz35°
' 81-(12.4) ’
(1.55+(tan35°)-12.4) () _2 2( ) (%) N
1.55+(tan35°)-12.4 | 2(v, )’ cos’ 35°| 1.5+ (tan35°)-12.4

~ 9.81-(12.4)’
* 2c0s?35°(1.55 +(tan35°)12.4)

1.55+(tan35°)-12.4 = 124) =

(v, )2

9.81-(12.4)
v, = S =
2cos?35°(1.55+(tan35°)-12.4)
v, =10.4805539
Rounded to three significant figures, this becomes v, = 10.5, which confirms the answer.

The x-component of velocity does not change during flight. It is always equal to v,
v, 97, =v,cos =(10.5m/s)cos(35.0" ) =8.601096465 m/s = 8.60 m/s.
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3.102.

3.103.

Chapter 3: Motion in Two and Three Dimensions

2
Vit (vyo) +2gy, )
\/WlTyﬁ: v,sin . Therefore, the
4

The time of travel was previously found to be ¢ =

y-component of velocity just before impact is

v, =V, — &t

vyo + ( )2 +2gy,

:Vyo -

A/ },0 +2gy0 «/ v, smH +2gy0
J 10.5 m/s)sin 35\Zﬂ—ﬁ@-ﬂﬁn
=-8.165913274 m/s = 8 7 m/s downward.

From the two preceding problems,

= vi+v) = \/(8.601096465 m/s)’ +(—8.165913274 m/s)’ =11.86 m/s.

THINK: This question involves flying a plane through the air. The speed of the airplane with respect to
the wind and the velocity of the wind with respect to the ground are both given, so this problem involves
relative motion. The vector sum of the plane’s velocity with respect to the air and the velocity of the air
with respect to the ground must point in the direction of the pilot’s destination. Since the wind is blowing
from the west to the east and the pilot wants to go north, the plane should head to the northwest.

SKETCH: The sketch should shows the velocity of the plane with respect to the wind (v,, ), the velocity of

the wind (which can be thought of as the velocity of the air with respect to the ground or v, ), and the
velocity of the plane with respect to the ground (v, ). The distance the airplane is to travel will affect how

long it takes the pilot to get to her destination, but will not effect in the v, v, v,, direction she flies.

45.0km'h

N

250.0kmMh

RESEARCH: To solve this problem, it is first necessary to note that the wind, blowing from West to East,
is moving in a direction perpendicular to the direction the pilot wants to fly. Since these two vectors form
[P

Vpa

a right angle, it is easy to use trigonometry to find the angle 6 with the equation sinf = . Since North

is 360° and West is 270°, the final answer will be a heading of (360 - 0 )°.
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3.104.

3.105.

SIMPLIFY: To find the final answer, it is necessary to use the inverse sine function. The equation for the
angle 0 can be found using algebra and trigonometry:

1 1 |173g|
sin (smH):sm =
.
A
. - ag
f=sin”'| — [=
7,

360—6 =360—sin"' |1jg |
[

pa
CALCULATE: To find the final answer in degrees, it is necessary first to make sure that the calculator or
=45.0 km/h and the speed of

computer program is in degree mode. Note that the speed of the wind |v,,

=250.0 km/h are given in the problem. Plugging these in and solving

the plane with respect to the air |vpa

gives a heading of:

360 —sin "' |fg| :360°—sin1(

45.0 km/h j
|v

250.0 km/h

pa

=349.6302402°

ROUND: Rounding to four significantfigures, the final heading is 349.6°.

DOUBLE-CHECK: Intuitively, this answer seems correct. The pilot wants to fly North and the wind is
blowing from West to East, so she should head somewhere towards the Northeast. Since the speed of the
airplane with respect to the air is much greater than the speed of the air with respect to the ground (wind
speed), the East-West component of the airplane’s velocity with respect to the air should be less than the
North-South component. Resolving the motion of the plane into horizontal (East-West) and vertical
components gives that the horizontal speed of the plane with respect to the ground v,

is 250.042 - cos (349.6°—270°) or 45.1 km/h from East to West, which is within rounding the same as the
known wind speed.
As in the preceding problem, the velocity vectors form a right triangle, with the wind velocity as the east-

west leg, the plane’s ground velocity as the north-south leg, and the plane’s velocity relative to the air as the
hypotenuse. The plane’s ground speed can therefore be found by applying the Pythagorean Theorem:

J(250.0 k/h)’ —(45.0 km/h)’ =245.9166525 km/h =245.9 km/h.

Using the result from the preceding problem, the time required will be
t= i = 200.0 km =0.8132836794 h = 48.78 min.
v 245.9166525 km/h
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Chapter 4: Force

Concept Checks
4.1.c 42.¢c 43.b 4.4.c 4.5.b 4.6.d

Multiple-Choice Questions
4.1.d 4.2.a 4.3.d 44.a 4.5.a 4.6.bandc 4.7.b 4.8.2 4.9.a 4.10.b 4.11.b 4.12.b4.13.cand d
4.14.a,bandd 4.15.b 4.16.a

Conceptual Questions

4.17.

4.18.

4.19.

Determine an expression for 4 in terms of 6. Since the shoe just starts to slide, the maximum static
friction has been achieved. Sketching shows the forces acting on the shoe:

N

(just about to slide)

In the y-direction: F,, =N-F =0 = N=F =F cosf. In the x-direction: F, =F —f . =0

nety

= =F, =F sin6. With fomae = HN, U, = (Fg sin 9) /N. With N =F, cos,

?‘[ E :.__1_<
Fs JE' +x

U, = (Fg sin 9) / (Fg cos 9) =tand.
applied

If the lower string is pulled slowly, the upper string breaks due to the greater tension in the upper string. If
the lower string is pulled fast enough, the lower string breaks due to the inertia of the ball. The quick jerk
increases the tension in the lower string faster than in the upper string.

The car and the trailer are no longer in an inertial reference frame due to their acceleration up the hill.
However, the intertial forces of the car-trailer system do not change. That is, F, =F is still true. The sum
of the internal forces of a system should always be zero.
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4.20. It is the frictional forces against the tires that drive the car. The direction of the force of the tire against the
road is actually opposite to the direction the car travels in.

V

— 7

+_)’
1 Ve
tire suriace
+-1’ ___________________________ _- e e T T
~F
4.21. A force external to the two interacting bodies can cause them to accelerate. For example, when a horse

pulls a cart, both objects exert a force on each other equal in magnitude and opposite in direction, but the
friction force acting on the horse-cart system causes it to accelerate.

4.22. If the textbook is initially at rest and there is no net force acting on it, then it will remain at rest. However,
if the textbook is moving across a frictionless table at a constant velocity (d17 /dt = 0) , then it will remain
in motion unless acted upon by an external force. The statement is false.

4.23. A mass, m is sliding on a ramp that is elevated at an angle, & with respect to the floor. The coefficient of
friction between the mass and ramp is x.

N

(a) The forces acting on the box are as follows:

o The force due to gravity acting down the ramp, mgsiné.

e The force of friction, f, = 4, N, where the subscript k denotes kinetic friction, acting opposite to

the direction of motion, in this case down the ramp.
The sum of the force components along the ramp is ZF = ma =-mgsin@ — u N. This expression can be
simplified by noting that N =mgcosé. Substituting this into the expression yields:

ma=—mgsin@ —mgcosOu, = a= —g(sinH—i—,uk cos@).

(b) If the mass is sliding down the ramp, the force of gravity remains the same, but the friction force still
opposes the direction of motion and therefore now points up the ramp. Thus the expression for Newton’s
second law can now be written ma =—-mgsin&+ 1, N. The equation for the acceleration is then:

a= —g(sinH—/jk cos&).
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4.24.

4.25.

4.26.

Chapter 4: Force

The shipping crate has a weight of w =340 N. The force of the forkliftis F, ,.. =500 N.
Before After N

N

F forklift kx

The force due to gravity equals the weight of the crate. The mass of the crate, m is constant and so is the
acceleration due to gravity, g. Therefore, the force due to gravity is F, =mg =w =340 N.

The near frictionless slope is at an incline of €=30.0°. It will be useful to draw a diagram of the sliding
block of mass, m, and label the forces on it. The diagram shows a block of mass, m, sliding down a (near)

frictionless incline.

+y
n +x

N
1
-1

_mg cosf)

h
““mg sinf!

]

The magnitude of the net force acting on the block as it slides down the ramp is F,, =mgsiné. The
magnitude of the normal force is N =mgcos@. This means that

E_ /N =(mgsin6)/(mgcos@)=tanb.
For an angle of 30° this means that F /N =tan30°~ 0.58. The net force is approximately 58% of the

normal force.

The tow truck’s mass is M. The mass of shipping crate is m. The angle with respect to the vertical is 6.
The coefficient of kinetic friction is .

N +y

_Mk;v

(a)

T .

I

F =N

mg
(b) The truck pulls the crate at a constant speed, so the net force on the crate is F,_ =md=0. The

components of the net force can be written as ZFX =0; ZFy =0. The sum of the forces in the x

direction are ZFX =T -y N=0.
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Trigonometry can be used to obtain the expression for T, :
T
sin@ :?" = T =Tsind.

Therefore, ZFX = N-Tsind=0. The sum of the forces in the y direction is
sz =0=T, + N -mg=0. To simplify this expression, T, =T cos¢ can be used. In summary, our two

equation for the x and y directions yield:

(1) Tcos@+N—-mg=0

(2) 4 N-Tsinf=0
Equation (2) can be solved in terms of N to get N =Tsinf/ y,. Substituting this into equation (1) yields:
Hmg

T(cos@+sin@/ -mg=0 > T=——+-2=>——,
( yk) & sin@ + y, cos@

Exercises

4.27.

4.28.

THINK: The gravitational constant on the Moon is g _=g/6, where g is the Earth’s gravitational

constant. The weight of an apple on the Earth is w = 1.00 N.

SKETCH:
Apple on earth: Apple on moon:

N N
m | ¥y
C%) C%D +x
mg

mg.

RESEARCH: The gravitational constant on the Earth is g =9.81 m/s”. The weight of the apple, w is given

by its mass times the gravitational constant, w = mg.
SIMPLIFY:
(a) The weight of the apple on the Moon is w,_ =myg_. Simplify this expression by substituting g_=g¢/6:

w, = m( g/ 6). Mass is constant so I can write expressions for the mass of the apple on Earth and on the
Moon and then equate the expressions to solve for m. On Earth, m=w/g. On the Moon, m=6w, / g.
Therefore, w/g=6w_/g = w_=w/6.

(b) The expression for the weight of an apple on Earth can be rearranged to solve for m: m=w/ g.
CALCULATE:

1
(@) w, =g(1.00 N)=0.166667 N

1.00 N
(b) m=—2N__ 0101931 kg
9.81 m/s

ROUND: Rounding to three significant figures, (a) w,_ =0.167 N and (b) m = 0.102 kg.

DOUBLE-CHECK: It is expected that the weight of the apple on the Moon is much less than the weight of
the apple on the Earth. Also, a mass of about 100 g is reasonable for an apple.

THINK: The go-cart is accelerated by having a force, F=423.5N applied to it. The initial velocity is
given as v, =10.4 m/s and the final velocity is v, =17.9 m/s. The time interval over which the change in
velocity occurs is At =5.00 s. Determine the mass, m of the go-cart and the driver.
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SKETCH:

Velocity (w/s)

Time (s) 5.00

RESEARCH: Because the force is constant, the acceleration is constant and the increase in velocity, v is

Av v —v,
linear. The equation for force is F =ma, and the expression for the acceleration is a = A—: = tf tl .
£t
SIMPLIFY: The expression for a can be substituted into the expression for force:
-V F
Fem| 20| = m=e ™
te =t Ve Vi
t—t,
CALCULATE: m= 4235 N =282.33 kg
17.9 m/s—10.4 m/s
5.00s—-0s

ROUND: Rounding to three significant figures, m = 282 kg.
DOUBLE-CHECK: This mass is reasonable for a go-cart with a driver. The units are also correct.
THINK: The scale is in an elevator and the gym member has a mass of m = 183.7 Ib when the elevator is

stationary. The elevator accelerates upward with an acceleration of a=2.43 m/s’. The mass must be
converted to SI units:

1k
m=183.7 Ib-——2 =83.31 kg.
2.2051b
Determine the weight, w measured by the scale as the elevator accelerates upward.
SKETCH: It will be useful to sketch free body diagrams for the forces acting on the scale before and

during the elevator’s acceleration.

Before: During:

N Where N is N . +y

| the normal force l F _isup. |

4 and gis the .

. +x
I acceleration due
to gravity.

mg mg
RESEARCH: Before the elevator accelerates, the net force is F,, =0. The sum of the forces at this point is
E.;=0=N—-mg, therefore N =mg. Once the elevator starts to accelerate upward, there is a net force,
E..,=ma=N-mg. Since the mass of the person, m, the gravitational acceleration, g and the

acceleration, a are known, the equation can be used to determine N, which is the normal force that the

scale displays.
SIMPLIFY: While the elevator is accelerating, the net force acting on the scale can be written as

ma = N —mg. Rearranging to solve for N yields N = m(a + g).
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CALCULATE: N =83.31 kg(2.43 m/s’ +9.81 m/sz) =1019.7144 N . However, scales are calibrated to

read weight based on the assumption of a= g =9.81 m/s’. The acceleration of the elevator “tricks” the
scale. The gym member’s weight as displayed on the scale will be
1019.7144 N 2.2051b
981m/s’  lkg
ROUND: The acceleration is given with three significant figures, so the gym member’s weight is 229 1b.
DOUBLE-CHECK: Since the acceleration of the elevator is up, a person’s apparent weight should

=229.20 Ib.

increase. The weight of the person when the elevator is at rest is 183.7 pounds and the apparent weight of
the person while the elevator is accelerating is 229 pounds, so the calculation makes sense.

THINK: The given quantities are the cabin mass of the elevator, m, =358.1 kg and the combined mass of

the people in the cabin, m = 169.2 kg. The elevator is undergoing a constant acceleration, a =4.11 m/s’
due to be being pulled by a cable. Determine the tension, T in the cable.
SKETCH:
| T
+y

Y L

l (m+m)g
RESEARCH: The sum of all the forces acting on the elevator is F, , = ZFy =ma+ma=T—-mg—m.g.

Fx

SIMPLIFY: Combine like terms: a(m +m, ) =T- g(m +m, ) Rearrange the equation to solve for T:
T:(m+me)(a+g).
CALCULATE: T =(169.2 kg+358.1kg)(4.11 m/s’ +9.81 m/s” ) =7340.016 N

ROUND: Rounding to three significant figures, T =7340 N. The force of the tension is directed upward.
DOUBLE-CHECK: The units calculated for the tension are Newtons, which are units of force. Because
the elevator is accelerating upward, it is expected that the tension in the cable should be higher than if the
elevator was hanging at rest. The calculated tension for the cable when the elevator was accelerating is T =
7340 N. If the elevator is not accelerating, the expected tension is approximately 5173 N, so the answer is
reasonable.

THINK: The mass of the elevator cabin is m, =363.7 kg and the total mass of the people in the elevator
is m = 177.0 kg. The elevator is being pulled upward by a cable which has a tension of T =7638 N. The
acceleration of the elevator is to be determined.

SKETCH:

=34

+y

Y L

(m+m)g

Fx

RESEARCH: Force is equal to mass times acceleration, F =ma. The sum of all the forces acting on the

elevator will give the net force that acts upon the elevator, F,, = sz' In this case, F,, =ma+m,a

=T —mg —m,g. The gravitational acceleration is ¢ =9.81 m/s’.

168



4.32.

4.33.

Chapter 4: Force

SIMPLIFY: Group like terms, a(m +m, ) =T- g(m +m, ) Rearrange to solve for a:
T- (m +m, ) g

“= (m+m,)

7638 N—(177.0 kg +363.7 kg )9.81 m/s’

=4.3161 m/s’
(177.0 kg +363.7 kg)

CALCULATE: a=

ROUND: Rounding to three significant figures because that is the precision of g, a =4.32 m/s’.
DOUBLE-CHECK: The units of the result are correct. Also, the value determined for a is approximately
45% of the acceleration due to gravity, so the answer is reasonable.

THINK: Two blocks are in contact, moving across a frictionless table with a constant acceleration of
a=2.45m/s*. The masses of the two blocks are M, =3.20 kg and M, =5.70 kg. Determine (a) the

magnitude of the applied force, F, (b) the contact force between the blocks, F, and (c) the net force acting
onblock 1, F

net,1*

SKETCH:
() (b)
Fy by
— M, +x T e— +x
M, : v b ol M
()
by
—p | MI - M a 15
RESEARCH:

(a) Since the blocks are on a frictionless surface, there is no force due to friction. The net force is
F=Ma, +M,a,. But the blocks are in contact, so a, =a, =a. The equation can now be reduced to
F=(M,+M,)a.

(b) The force that block 1 feels due to block 2 is equal and opposite to the force that block 2 feels due to
block 1. The contact force is F, = M,a.

(c) The net force acting on block 1 is the sum of all the forces acting on it, F, , =F—M,a.

SIMPLIFY: This step is not necessary.

CALCULATE:

() F=(320kg+570kg)(2.45 m/s”)=21.805 N

(b) F,=(5.70 kg)(2.45 m/s*)=13.965 N

(c) E,, =21.805 N (570 kg)(2.45 m/s*)=7.84 N
ROUND: Three significant figures were provided in the question, so (a) F=21.8 N, (b) F, =14.0 N and
(¢c) F, =7.84N.

net,1

DOUBLE-CHECK: All three results have the correct units of Newtons, which are units of force.

THINK: The force that the ocean exerts on the iceberg keeps the iceberg floating. Since the iceberg floats,
the net force on it must be zero. Therefore the magnitude of the force of the ocean on the iceberg must be
equal to its weight.
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The given quantities are the density of ice, p, =917 kg/m’ and the density of seawater, p, =1024 kg/m’.
=4205.3 m’. This volume is 10.45% of the total volume of

the iceberg. Determine the force, F, that the seawater exerts on the iceberg.
SKETCH:

The volume of the iceberg above the sea is v

above

«—iceberg

| mg seawater

LU
!

b

} y

RESEARCH: The weight of the iceberg is F=m,_g. The mass is the product of density and Volume,
mice = 10 iceV

ice*

We were given the volume above the surface and were told that it represents 10.45% of the
overall volume. So the total volume of the ice is: V,, =V, . /0.1045

ice above

SIMPLIFY: The weight of the icebergis F=m,_ g =p..V..8& = Pie€Vbore /0.1045

CALCULATE: F =(917 kg/m’)(9.81 m/s*)(4205.3 m’)/0.1045 = 3.620087-10° N

ROUND: There are three significant figures provided in the question, so the answer should be written as
F=3.6210° N

DOUBLE-CHECK: The units of Newtons that were calculated are correct units of force. Also, an iceberg
is a very massive object, so it reasonable that the seawater must exert a large force to keep it floating.

THINK: There are three massless ropes attached at one point with the following forces applied to them:
F =150.N at 6 =60.0°, F,=200.N at 6,=100.° and F,=100.N at ¢, =190.°. Determine the
magnitude and direction of a fourth force that is necessary to keep the system in equilibrium.
SKETCH:

F,

R
-

I

1

1

1
Pl

RESEARCH: For the system to remain stationary, the sum of the forces in the x and y directions must be
Zero, ZFx =0 and sz =0. The known forces must be broken into components to complete the

calculations.
+_1-'
6, =60.0° with respect to the x-axis.
L. \ E, =F cosf
+x - *
E , =Fsin6,
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¢ =-10.0° with respect to the y-axis.

B, =-Esing

F,, =F cos¢

a =-10.0° with respect to the negative x-axis.
F,, =-F,cosa

E , =-Fsina

The equations for the sum of the forces in the x and y directions are:
ZFx =0=Fcosf ~Fsing—F cosa+F, , sz =0=Fsinf, +F cos¢—F sina +F, .

The angle is 6, =tan™ (Fw /F, . ) The magnitude of F, is given by |F4| =JF., +E,.
SIMPLIFY: The equations can be rearranged to solve for the components of the fourth force:
F,, =Fsing+F cosa—Fcosf and F,  =F sina —F sin6, - F, cosg.

CALCULATE: F, , =(200.)sin(10.0°) N +(100.)cos(10.0°) N—(150.)cos(60.0°) N =58.2104 N
F, , =(100.)sin(10.0°) N—(150.)sin(60.0°) N —(200.)cos(10.0°) N =-309.500 N

[ —309.500N _ - _
6, =tan 204N |~ —79.3483° with respect to the positive x-axis.

IF,|= \/(58.2104 N) +(~309.500N) =314.9265N

ROUND: The given value for 6, has three significant figures, so the answers must be written as
|F4|:315N and 6, =79.3° below the positive x-axis.

DOUBLE-CHECK: The direction that force F, is applied is consistent with the diagram and the
magnitude of the force is reasonable.

THINK: The given quantities are the masses of the four weights, m, =6.50 kg, m, =3.80 kg,
m, =10.70 kg and m, =4.20 kg. Determine the tension in the rope connected m, and m,.

SKETCH: Focus on an arbitrary point between m, and m,.

T .

n, | |

m, .
- . tx

m; l

m, (m, +m, +m)g

RESEARCH: The masses are in equilibrium, so the sum of the forces in the vertical direction is equal to
zero. Therefore the tension, T in the rope between m, and m, is equal to the force exerted by gravity due
to masses m

> my, and m,: T—m,g—m,g—m,g=0.

SIMPLIFY: T =(m, +m, +m,)g
CALCULATE: T =(3.80 kg +10.70 kg +4.20 kg)9.81 m/s* =183.447 N
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ROUND: There are three significant figures provided in the question so the answer should be written
T =183 N.

DOUBLE-CHECK: Tension is a force and the result has units of force (Newtons). The value of the tension
is also reasonable considering the masses of the objects.

THINK: The value of the hanging mass is M, =0.50 kg and the mass that is on the frictionless table is
M, =1.50 kg. The masses are attached by a light string with a mass that can be neglected. Determine the

magnitude of the acceleration, a of M,.
SKETCH:

+y

Mg

RESEARCH: Force is a vector so the components must be considered separately. Equations can be written

for the components of the force, F, acting on mass, m, : ZF” =0=N-M,g, Zsz =M,a=T. The

two masses are connected, so they accelerate at the same rate. Consider the components of the force, F

acting on the mass, M, : ZFLX =0, ZFW =—Ma=T-Mg. The two expressions of interest are
T-M,a=0 and T-M,g=—Ma.
SIMPLIFY: To determine a, T must be eliminated. Since the masses are rigidly connected by the string,
the tension, T in the rope is constant so both equations can be solved for T, then equated to solve for a:
T=M,a (1), T=M,g—M,a (2). Therefore,
M,a=Mg-Ma = a(M2 +M1):M1g = a:L.
(M, +M,)

0.50 kg(9.81 m/s’ )
(1.50 kg +0.50 kg)

ROUND: The least number of significant figures provided in the question is two, so the answer should be

CALCULATE: a= =2.4525 m/s’

written d@=2.5 m/s’.
DOUBLE-CHECK: The answer has the correct units for acceleration. Also, the value is approximately %
of the acceleration due to gravity, so it is reasonable.

THINK: The given quantities are the masses M, =0.500 kg, M, =1.50 kg and M, =2.50 kg. The masses
are connected by a light string with a mass that can be neglected. The string attaching M, is routed over a
frictionless pulley. M, and M, rest on a frictionless table. Determine the magnitude of the acceleration of
block 3, a, and the tension in the string between M, and M,.
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SKETCH:
+'] s A!!: f\"‘

D
N
]|

RESEARCH: The forces acting on each of the three masses need to be considered separately. The objects
are rigidly connected so they accelerate at the same rate, a =a,=a, =a. The forces on M, are
F,=0=N,-Mg (1), and F,, =M,a=T, (2). The forces on M, are F,,=0=N,-M,g (3) and
E,=M,a=T-T, = T,=T,-M,a (4). The forceson M, are F§ =-Ma=T,-M,g (5 and F, =0

(6). Substituting equation (4) into equation (2) yields M,a=T -Mya (7). This implies
thatT, = M,a+ M,a = (M3 +M, )a.

SIMPLIFY:

M
(@) a= 18

M, +M, + M,

(b) The tension between M, and M, is T, =(M, + M,)a.
CALCULATE:

0.500 kg )(9.81 m/s’
(a) a= ( g)( ) =1.09 m/s*

(2.50 kg +1.50 kg +0.500 kg)
(b) T, =(2.50 kg +1.50 kg)(1.09 m/s” ) =4.36 N

ROUND: The number of significant figures given in the question was three.

(a) a=1.09 m/s?

(b) T, =436N

DOUBLE-CHECK: The units calculated for the acceleration and the tension are appropriate SI units.
Also, the values determined are reasonable considering the masses involved.

THINK: The given quantities are the masses, M, =0.400 kg and M, =1.20 kg. The hanging mass, M, is
attached by a light rope to mass, M, across a frictionless pulley. M, is initially at rest on a frictionless
ramp that is elevated at an angle of €=30.0° above the horizontal. Determine the magnitude and
direction of the acceleration of M, .

SKETCH:

T

[] M']g

RESEARCH: The forces acting on the masses must be considered separately. The forces acting on M, are
E ,=0=N-M,gcosd (1)and F,, =-M,a,=-T+M,gsinf (2). We have to choose a direction for

acceleration so we chose for M, to move up the ramp - if we are wrong then the value for the acceleration

will be negative. If M, moves up the ramp then M, must be descending, so the forces acting on M, are
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F,=-Ma, =T—-M,g (3). Since the two masses are rigidly attached, they both accelerate at the same

rate, a, =a, =a. Also, the tension, T, in the rope between the masses is the same in equations (2) and (3).
SIMPLIFY: From equation (2), T=M,gsind+M,a (4). From equation (3), T=M,g—Ma (5).
g(M, — M, sin)

Therefore M,gsin@+ M,a=M,g— M,a. Solving for a gives: a, =a = MM,
9.81 m/s*(0.400 kg —(1.20 kg )sin(30.0°
CALCULATE: a, = ( d ( g) ( )) =-1.226 m/s’
(1.20 kg +0.400 kg)

Therefore, a, =1.226 m/s* down the ramp.

ROUND: Rounding to three significant figures, the answer should be written a, =1.23 m/s* down the
ramp.

DOUBLE-CHECK: The calculated acceleration has the correct units. Also, it makes sense that a, is down
the ramp because the force due to gravity pulling M, down the ramp is greater than the force exerted on
M, up the ramp due to the force of gravity on M,. In addition we find the limit of the acceleration of the
Atwood machine in the limit of € =90° (See Example 4.5) and the limit of Example 4.4, Two Blocks
Connected by a Rope, for § =0° as limiting cases of our answer. This gives us additional confidence in
our solution.

THINK: The given quantities are the hanging masses m, and m, and the direction of the horizontal forces
cause by the hanging masses on the ring. The strings that attach the hanging masses to the ring can be
considered massless and the pulleys that the strings are routed through are frictionless. Determine the
mass, m,, and the angle, #, that will result in the ring being balanced in the middle of the table.
SKETCH: Top-down view:

W
' T,=mg

+y
' T,, =T,sing =m,gsing

T,, =T, cos¢ =m,gcos¢

3,x

The angle counterclockwise from the positive x-axis, 6 is given by 6=180°+¢. For the ring to be
balanced, the sum of the forces in the x and y directions must be balanced:

ZFy=0=T2—T331n¢:m2g—m3gsin¢ (1)

ZFX:0:T1—T3cos¢:mlg—m3gcos¢ (2)
SIMPLIFY: Solve equation (1) in terms of m, and substitute into equation (2) to solve for ¢.
m, =m, g/ gsing=m, /sing substituted into (2) yields:

m, cos¢ N sing _ m,

m m
mg=m,gcos¢ = m, = = tang=—2 = ¢:tan‘l{—2}
m

sing cosg m, m, )
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0.0300 k
CALCULATE: ¢=tan™' | ——— 5 |=36.8698°, 0=180°+36.8698° =216.8698°,
0.0400 kg
0.030 k
m,=——5_ 005000 kg
sin(36.8698°)

ROUND: Four significant figures are provided in the question, so the answers should be written
6 =216.8° and m, =0.0500 kg.
DOUBLE-CHECK: By observing the sketch, it can be seen that the value of @ is reasonable to balance the

forces. The mass is also a reasonable value.
THINK: Consider the combined mass, m of the monkey and the wood plate when m = 100. kg. Assume

the rope’s mass is negligible and the system is frictionless. In part (b), the acceleration is a =2.45 m/s’.
SKETCH:
For second monkey of mass, m, pulling on rope,
For monkey/plate system: free body diagram for m becomes:

=3}

+y

: o

S — 0 —

RESEARCH:
(a) The minimum force the monkey needs to apply to lift off the ground is the force T required to balance
the force of gravity due to the combined mass, m: 2T -mg=0 = T =mg/2.

(b) sz =ma =2T —mg. There is now a net upward force due to the monkey.
(c) If there is a second monkey, then in part (a), T =mg and the equation in (b) becomes T =m(a + g).
SIMPLIFY:
(a) It is not necessary to simplify.
ma+mg ma+g)
2 2

(c) It is not necessary to simplify.
CALCULATE:

(100. kg)(9.81 m/s”)
2
(100. kg)(2.45 m/s” +9.81 m/s” )

2
(c) T(no a)=(100. kg)(9.81 m/s* ) =981.0 N

(b) T=

(a) T= =490.5 N

(b) T= =613 N

T(a =245 m/s” ) =(100. kg)(2.45 m/s* +9.81 m/s’ ) =1226 N

ROUND: The acceleration has three significant figures, so the answers should be written:
() T=491N

(b) T=613N

(c) T=981N, 1230 N
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DOUBLE-CHECK: The calculated values seem reasonable for the mass of the system of interest. It is
reasonable that a larger force must be applied to give the system an upward acceleration. If a second
monkey pulled the rope from the ground, the tension, T would be due to the full gravitational force of
mass, , so it is reasonable that the answers for part (c) doubled.

THINK: The rope has negligible mass and the pulley is frictionless. The chair and boatswain have a
combined mass, M, of 90.0 kg. Consider two cases: (a) The magnitude of the force the boatswain must pull
on the rope with to achieve constant velocity, ¥ and (b) the maximum force the boatswain must pull on

the rope with to achieve an acceleration of a_,_ =2.00 m/s’.
SKETCH:
5;sz

~|
=

'Mg

RESEARCH:

(a) If the boatswain is moving at a constant velocity, then there is no net force on the system because
dv/dt=0 for a constant v. For this case, the sum of the forces is ZF:O:ZT—Mg. The force the

boatswain must pull with is F = T.
(b) In the case where the boatswain is accelerating, the maximum force, F__ can be substituted in to the

max

sum of the forces equation, 2F,_— Mg =Ma,_

ax *

SIMPLIFY:
(a) 2T = Mg. Substitute the force, F the boatswain must pull on the rope into the equation: F = Mg/2.
M(g+a,,)
(b) Rearrange to solve for F,_: F = EE—
CALCULATE:
90.0 kg)(9.81 m/s’

(a) F:( )(2 )2441.45N

90.0 kg(9.81 m/s” +2.00 m/s’ )
(b) E,, = =53145N

2
ROUND: To three significant figures, the answers are (a) F=441 N and (b) F___ =531 N.
DOUBLE-CHECK: The unit of Newtons is a correct unit of force. It is reasonable that the boatswain had
to pull on the rope with more force to cause a net acceleration than when the system moved at constant

speed.

THINK: A granite block of mass, m = 3311 kg is suspended from a pulley system. The rope is wound
around the pulley system six times. Assume the rope is massless and the pulley is frictionless. Determine
the force, F, the rope would have to be pulled with to hold m in equilibrium.
SKETCH:
+_\-‘ ' F
m

LT

' mg
RESEARCH: The diagram suggests that only the rope attaches to the block, which means that for the
block to be in equilibrium, T —mg =0. The tension in the end of the rope that is pulled on is the same as
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the tension in the rope where it attaches to the block. The tension in the rope of a pulley system is given
by T =mg /2n, where n is the number of loops the rope makes around the pulley system.
SIMPLIFY: The force required to hold the system in equilibrium must be equal to the tension:

F=T="%
2n

(3311 kg)(9.81 m/s’)

(2)(e)
ROUND: The value of g used in the calculation has three significant figures, so the answer is rounded to
F=2710 N.
DOUBLE-CHECK: The units of the result are Newtons, which are a unit of force. The calculated value is
reasonable, considering the mass of the block, although it would be very difficult for one person to hold
this mass in equilibrium.

CALCULATE: F=

=2707 N

THINK: Two masses, M, =100.0 g and M, =200.0 g are placed on an Atwood device. Each mass moves
a distance, Ay =1.00 m in a time interval of At =1.52's. Determine the gravitational acceleration, g  for
the planet and the tension, T in the string. The string is massless and the pulley is frictionless. M, and
M, should be converted to the SI unit of kg.

M, =(100.0 g)[%} =0.1000 kg, M, =(200.0 g)( ! kgg] =0.2000 kg

1000
SKETCH:

+.1 ;

+x

RESEARCH:
(a) The masses are initially at rest, therefore their initial speed v, =0. Because the masses are rigidly
connected, they accelerate at the same rate, a. The net force for one mass is upward and downward for the

other. The value of a can be determined using the kinematic equation Ay =v,t +(at2)/ 2. Because the

masses are initially at rest, the equation reduces to Ay = (at2 ) /2 or a=2Ay/t*. If the forces on mass M,

are considered, the net force equation is F,, =Ma=T—M,g . Formass M,, the net force equation is

Fo=-M,a=T-M,g,.

net
(b) Solve for g, and substitute into the force equation to solve for T .
SIMPLIFY:
(@ Mja=T-M,g, (1), -M,a=T-M,g, (2)
Because the tensions in the ends of the rope are the same, solve equations (1) and (2) in terms of T and
equate the expressions.

M +M
M,g,-Ma=Mg, +Ma = a(M1+M2):gP(M2—M1) = gp:a(#]
M, - M,
. . 28y M, + M
Substitute for a using Ay =(at’)/2 toget g = —L——2
& ( ) 8 & T (MZ—MJ
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4.44.

4.45.

2A
(b) T=M,(g, —a)=Mz[gp - tzyj
CALCULATE:

2(1.00 m ) 0.1000 kg +0.2000 kg
(152s) | 0.2000 kg —0.1000 kg

(a) g, = ]: 2.59695 m/s*

2(1.00 m
(b) T =0.2000 kg| 2.59695 m/s’ —H =0.346260 N
1.52s

ROUND: To three significant figures, the answers should be (a) g , =2.60 m/s” and (b) T =0.346 N.

DOUBLE-CHECK: The units for the calculated answers were the correct units of acceleration and force.
The small tension calculated is reasonable, considering the small masses.

THINK: The mass of the sign is given as m=4.25kg. The sign is hung by 2 wires that each makes an

angle of @ =42.4° with the ceiling. Determine the tension in each wire.
SKETCH:
T T

Lx lx

9 Considering each wire
T T separately:

h?rg

'T, T

2y Ly

] I
'
(]
]

Coordinate System:

RESEARCH: Because the sign is in eqililibrium, the sum of the forces in the x- and y-directions must

equal zero. The sum of the forces in the y-direction is ZFy =0=T, +T, —mg,where T, =T sin¢ and

T, , =T,sin@. Inserting, the expression can be written T sin€+ T, sin® =mg. The sum of the forces in the

x-direction can be written ZFX =0=T,, ~T,,, where T, =T cos€ and T, =T,cosf. Therefore,

T, cos@=T,cosf or T, =T,.

SIMPLIFY: Because T, =T, , the tension can simply be called T. The forces in the y-direction can then be

simplified, 2T'sin@=mg = T =mg/ (25inc9).

(4.25 kg)(9.81 m/sz)
2sin(42.4°)

ROUND: Rounding to three significant figures, T =30.9 N.

DOUBLE-CHECK: The calculated tension has Newtons as the unit, which is the correct SI unit for force.
The calculated value is reasonable considering the given mass and angle. Note that in the limit of 8 — 0
we recover T =mg /2, i.e. the tension in each wire is equal to half of the weight of the sign, as expected.

CALCULATE: T= =30.9153 N

For all values & > 0 the tensions in the wires are larger than this value at & — 0, which is also comforting.
Finally, as 6 — 90° the tensions in the wires become infinitely large, which is also expected.

THINK: A crate of oranges with mass m slides down a frictionless incline. The crate has an initial velocity
v, =0 and a final velocity v, =5.832 m/s after sliding a distance, d =2.29 m. Determine the angle of

inclination, € with respect to the horizontal.
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SKETCH:

N

RESEARCH: The net acceleration, a, of m down the ramp can be determined from the equation

v, =v.’ +2ad. Sum all of the forces acting on the crate down the ramp: ZF =ma =mgsin.

ramp

SIMPLIFY: v, =0, therefore a=v,>/2d. Substitute this relation into the equation for the forces acting
down the ramp:

2 2 2
e _ mgsinfd = sinf = Y g=sin| - |,
d 2dg 2dg

(5.832 m/s)’
2(229 m)(9.81 mys’)

ROUND: Rounding to three significant figures, 6 =49.2°.
DOUBLE-CHECK: The inclination of the plane is reasonable.

CALCULATE: 0 =sin™" =49.20114669°

THINK: The bricks have a mass M =200.0 kg and are attached to a crane by a cable of negligible mass
and length, L = 3.00 m. In the initial vertical position, the bricks are a distance D = 1.50 m from the wall.
Determine the magnitude of the horizontal force, F_, that must be applied to the bricks to position them

directly above the wall.
SKETCH:

tand=D/L (1).By similar reasoning, the angle in the force vector diagram is given by:
tanf=F, /(Mg) (2).
SIMPLIFY: Because @ is the same angle in both cases, equations (1) and (2) can be equated:
D_E _ ,_MgD
L Mg * L
(200.0 kg)(9.81 m/s”)(1.50 m)
3.00 m
ROUND: To three significant figures F, =981 N.

DOUBLE-CHECK: The unit of the calculated value is Newtons, which is a SI unit for force. The result is
reasonable considering the mass of the bricks.

CALCULATE: F, = =981N
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4.47.

THINK: The problem asks for the force needed to hold the block in place. This means that the net force
on the block has to be zero in each case, F,_=F _  =0. The only forces to consider are the force of

net x net y
gravity, which act straight downward, the normal force from the plane, which is perpendicular to the
plane, and the third external force we are asked to apply in parts (a) and (b). We do not need to consider
friction forces, because the problem stipulates a “frictionless ramp”.

SKETCH:

N

RESEARCH:

(a) Tofind F, the forces acting in the x direction on the block must be balanced.
(b) Note that now E and F, are related by F = F, cosé.

SIMPLIFY:

(a) F,, =-F+F, =0, F =F, =mgsin0
(b) E,=F /cos@=mgsin0@/ cos@=mgtan
CALCULATE:

(a) E =(80.0 kg }(9.81 m/s* kin(36.9°)=4712 N

(b) F,=(80.0 kg )(9.81 m/s’ )tan(36.9°): 589.2N

ROUND: To three significant figures,

(a) F =471Nand

(b) F, =589 N.

DOUBLE-CHECK: With almost all problems involving inclined planes, such as this one, one can obtain
great insight and perform easy checks of the algebra by considering the limiting cases of the angle & of the
plane approaching 0 and 90 degrees.

In the case of §— 0° the block will simply sit on a horizontal surface, and no external force should be
required to hold it in that position. Our calculations are compatible with this, because sin0°=tan0°=0.
In the case of &— 90° our results for parts (a) and (b) should be very different. In part (a) the force acts
long the plane and so will be straight up in this limit, thus balancing the weight of the block all by itself.
Therefore, as — 90°, we expect our force to approach F,(6— 90°)=mg . This is satisfied in our
solution because sin90°=1. In part (b) the external force will act perpendicular to the plane in the limit of
6 — 90° . Thus almost no part of it will be available to balance the weight of the block, and consequently
an infinitely big force magnitude should be required. This is also born out by our analytic result for part
(b), because tan90° — o .
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THINK: The mass, m, =20.0kg. The ramp angle is @=30.0°. The acceleration of the masses is

a =a,=0.
SKETCH:
N
T
+__1.>
\/"",\' ) \
(/AN
mg m.g

RESEARCH: For m,, F,, =T —m,g=0. Determine T from the sum of forces on m,.

net,y

SIMPLIFY: For m,, F, =T-F, =0, T-mgsind=0, and T=mgsind. Then for m,,
T=m,g = m,=T/g=m,sinb.

CALCULATE: m, =(20.0 kg)sin(30.0°)=10.0 kg

ROUND: m, =10.0 kg.

DOUBLE-CHECK: m, is the same order of magnitude as m,.

THINK: The pifiata’s mass is M = 8.00 kg. The distance between the poles is D = 2.00 m. The difference in
pole heights is & = 0.500 m. The vertical distance between the shorter pole and the pifiata is s = 1.00 m.
Horizontally, the pifiata is D/2 from each pole. Determine the tension in each part of the rope, T, and
T,. Note, E,_ =F 0.

netx nety =
SKETCH:

I D I
RESEARCH: To find T, and T,, balance the forces on the pifiata in each direction. §, and 6, can be
determined from trigonometry.

2(h+s
SIMPLIFY: Find 6,: tan6, = h+s = 0 =tan’ ( ) . Similarly, 6, =tan™ 2 .
D/2 D D

F,..=T,-T,,=0 = T cosd —T,cosd,=0 (1)

net,x

E.,=T,+T,, -mg=0 = Tsin6 +T,sin6, -mg=0 (2)

net,y

Solve for T, in terms of T, in (1) and substitute into (2):

T, cos6, sin@, +T,sind, -mg=0 = E(cos@ztanﬁl—i-sinﬁz):mg = T,= i - .
cos6, (cos¢92 tan¢91+s1n:92)
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2(0.500 m +1.00 m 2.
CALCULATE: 0, =tan” ( ). 56.31°, 6, = tan [ 220 ) _ 4500
2.00 m 2.00 m

(8.00 kg)(9.81 m/s”) cos(45.0°)
T, = =4439N, T, =(4439N)———L=5659 N
(cos(45.0°)tan(56.31°) +sin(45.0°) ) c0s(56.31°)

ROUND: With all the given values containing three significant figures, T, =56.6 N and T, =44.4 N.
DOUBLE-CHECK: Both T, and T, are less than the weight of the pifiata and are reasonable values.

4.50. THINK: The pifiata’s mass is M = 12 kg. The distance between the poles is D = 2.0 m. The difference in
pole height is & = 0.50 m. The rope length is L = 3.0 m. The pifata is in equilibrium, so F_,_=F _ =0.

et,x net,y
Determine (a) the distance from the top of the lower pole to the ring, d and (b) the tension in the rope, T.

SKETCH:
+_1:

I D I
RESEARCH:
(a) Trigonometry can be used to find d. Also, a relation between the angles 6, and 6, can be established

by balancing the horizontal forces on the ring: F, . = ZF . =0.

(b) To find T, the horizontal and vertical forces on the ring must be balanced. The magnitude of T is the
same on each side of the ring because it is the same rope.

SIMPLIFY:

(a) First, determine how 6, and @, relate: F_ =Tcosd —Tcost, =0 = Tcosd =Tcosb,. Then,

net,x

6,=0,=0. To find d, consider the sketch again:

dcos@+(L—d)cos@=D = Lcosf=D = chos’l(D/L)

Lsinf—h
(L-d)sinf—dsinf=h = Lsin@—2dsin0=h = d="=00"h
2sin@
. . . Mg
(b) From (a), @ =48.19°. To determine T, consider: E., =2Tsind—-Mg=0. Then, T = rend
sin
CALCULATE:
2.0 3.0 m)sin(48.19°)-0.50 m 1.736
(2) @=cos™| = | =48.19°, d:( Jsin ) = M 11646 m
3.0m 25in(48.19°) 1.4907
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12 kg)(9.81 m/s*
(b) T=( $)( o )=78.97N
2sin(48.19°)

ROUND:

(a) Rounding to two significant figures, d = 1.2 m.

(b) Rounding to two significant figures, T'= 79 N.

DOUBLE-CHECK: As they should be, d is less than D and T is less than Mg.

THINK: The masses are given as m, =36.5kg, m,=19.2kg and m, =12.5kg. Determine the

acceleration of m,, a,. As there are no forces in the x-direction, only the y-direction needs to be

considered.
SKETCH:
T, T, 7 -
2 13 T, T,
l.]”
O ‘ | E tx
m.g
mg
mg -
RESEARCH: To determine a,, use F :ZFU. Determine T, and T, by summing the forces on m,

and m,. A key idea is that g, =—a, =—a,, as all the masses are connected (and ignoring any tipping of
m,). Withm, >m, +m,, it can be seen that m moves downward while m, and m, move upward.
SIMPLIFY: m, : F,

et = 1, Mg = mya, =T, -m,g = Tzzmz(“z+g)'
my: F3:T3_m3g = m3a3:T3_m3g = T3:m3(a3+g)
m: K =T+T,-mg = mlal:mz(a2+g)+m3(a3+g)_mlg
With g, =—a, =—a,,

mlal=m2(—al+g)+m3(—al+g)—mlg
mlal +m2a1 +m3a1 = m2g+m3g_m1g
al(ml+m2+m3)=g(m2+m3—ml)

g(mz +m, _ml)

4= (ml+m2+m3)

9.81 m/s’(19.2 kg +12.5 kg —36.5 kg
(36.5 kg +19.2 kg +12.5 kg)

ROUND: There are two significant figures in the sum in the numerator, so the answer should be written,

CALCULATE: g, = =-0.69044 m/s’

a, =0.69 m/s* downward.
DOUBLE-CHECK: g, is less than g in magnitude, which it should be for this system.

THINK: The block’s dimensions are w = 1.165 m, d = 1.648 m and h = 1.051 m. The paperweight’s mass is
m = 16.93 kg. Determine the paperweight’s acceleration, a, down the incline. We first need to realize that
the paperweight will slide down the plane in the direction of the steepest slope, i.e. the direction that has
the smallest angle with the vertical. (This is the same as for a golf ball rolling down the side of a hill on a
putting green.) The most difficult part of this problem is to find which way the steepest slope points. At
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the edges of our slope the angles are 6 =tan™'(h/d) and Hy =tan"'(h/w). But the question is if there is a
steeper angle somewhere in between the x- and y-directions. One may be tempted to think that this leads
to a minimization problem involving some sort of derivative. However, there is a shortcut, if one realizes
that the angle of steepest descent, 6

max

is the one for which the bottom of the slope has the shortest
distance, r, to the corner of the block.
SKETCH: We use the figure in the problem and indicate our coordinate system at the top. The red

triangle containing the angle & __ is a right triangle with side lengths h along the z-direction and r in the

X

xy-plane. The hypotenuse of this triangle is the path along which the paperweight slides down.

e

It is also instructive to draw a top view of the bottom triangle in the xy-plane, because it helps us to
determine the length of the distance r. From this drawing we see that the direction of r has to be such that
it forms the height of the right triangle in the xy-plane.

RESEARCH: From trigonometry we know that the angle a =tan™(w/d) and that the length of  is then
given by r =dsina . Once we have r, we can compute the angle 6, =tan"'(h/r). The magnitude of the
acceleration is then calculated as a = gsiné___, which is universally the case for inclined plane problems.
SIMPLIFY: Inserting all intermediate results, we find

a=gsinf_ = gsin(tan1 ‘:ED
,
= gsin tan1|: h }
& dsina

. -1 h
- gsm[tan [dsin(tan'1 (w/ d))D

CALCULATE: Inserting our given numbers results in

105.1
164.8sin(tan™ (116.5/164.8))

a=(9.81 m/s*)sin tan'll :l =7.27309 m/s’
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ROUND: Since the gravitational acceleration is only specified to three significant digits, we also round

our result to a=7.27 m/s”.

DOUBLE-CHECK: Our result is smaller than the free-fall value of the gravitational acceleration, which is
comforting. What about limits? As h — 0 we find a — 0, as expected. Also, we find that in either limit,
d—0 or w— 0, that our acceleration value approaches a — g, which is also expected.

THINK: The only forces that act on the block are the force of gravity, the normal force from the ramp, and
the tension force from the rope. Gravity, as always, points straight down. The normal force, also as always,
is perpendicular to the plane. And the tension force points in the direction of the rope. No friction is
present. The block is held in position, which implies force equilibrium. The only direction that motion
could occur in is along the plane, and so we should try to compute the force components along the
direction of the plane and make sure they add up to 0, as required by Newton’s first law.

SKETCH:

RESEARCH: Note that we have drawn the angle o, where a=sin"'(L/I). It is the angle between the

rope and the plane. The component of the tension force along the plane is T cosar, where we have defined

the direction up the plane as positive. As always in inclined plane problems, the force component of

gravity along the plane is Mgsiné. Since these are the only two fore components along the plane, we find:
Tcosa—Mgsinf=0

SIMPLIFY: It is now fairly straightforward to solve for the magnitude of the tension in the string:
Mgsin@  Mgsin®

cosa  cos (sin’1 (L1 ))
We can use the trigonometric identity cosg=+/1—sin’¢ (which is valid for any angle) and then find
finally

T =

_Mgsin&_ Mgsing
cosa (L)

64.0kg(9.81 m/s’ )sin(26.0°)

T

CALCULATE: T = =284.2532 N

1-(0.400/1.60)"

ROUND: There are three significant figures in all given values, so the answer should be written as
T =284 N.

DOUBLE-CHECK: There are two limiting cases that we can study to see if our solution makes sense.
First we can see what happens in the limit that L approaches 0. We can see that our solution then reduces
to T = Mgsin@, which is as expected, because then the rope is along the plane and the tension is simply
equal to the component of gravity along the plane. For any value of L > 0, the tension has to increase. In
the limiting case that the side length of the cube approaches the length of the rope, the tension in the rope
has to become infinitely large, which is also born out by our analytic result. This gives us added
confidence that we have solved the problem properly.
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4.54.

THINK: The bowling ball’s mass is M, =6.00 kg. The initial velocity is v,, =0. The wedge’s mass is
M, =9.00 kg and it sits on a frictionless surface. The wedge’s angle is & =36.9°. Determine (a) the force

on the ball, F, , to maintain the ball’s vertical position, and (b) the magnitude of the wedge’s acceleration,

a,, if Fapp =0.
SKETCH:
N,
RESEARCH:
(a) F ., =0 in order to keep the ball in the same vertical position. Also, the ball and wedge must have the

same velocity in the x direction at all times in order to prevent the ball from rolling down (or up) the

wedge=a, =a, =a,. To determine F_, sum the forces in the x direction acting on M,:

X

By = ZFM. The normal force of the ball on the wedge N, must be determined. By Newton’s third law,

N,=-N,. N, can be determined by summing the forces on M.

(b) The wedge’s acceleration, a,, in the absence of any external force can be found by writing one
equation relating accelerations in the x-direction and three equations relating force to acceleration in the
x- and y-directions. The resulting system of four equations can be solved for a,.

SIMPLIFY:
(a) First, consider M,: In the y direction, F,,, =0 to keep the ball in the same vertical position. Then,
E . =N —-F =0 = N cosf@=Mg :Nzﬂ.
Inet,y Ly g1 1 1 17 cosO
L . Mg .
In the x-direction, K, =F, —N, ,=F —N,;sin0=F_ - p— sind=F_ — M, gtand. Now

consider M, : The net force in the x- direction is E

2net,x

=N, =N,sind =M, gtan@, where we have used

‘N L= ‘N 1‘ from Newton’s third law. To keep the ball stationary with respect to the wedge,
al ) — az B} . El}et,x — P;net,x = F;\pp - Mlgtane _ Mlg tane
) , Ml MZ Ml MZ
M, gtand M, gtan6 M
Solving for F_ vyields F,_ =M, gran” | LERnY | M,| 1+— |gtané.
PP PP Ml 1\42 M2

(b) To determine a, when F, =0, note that v, —v,  is the relative velocity at which the wedge is moves

1Lx
horizontally out from under the ball, and therefore (vz —Viy )tanH is the rate at which the surface of the
wedge drops downward beneath the ball. Since the ball drops, too, maintaining contact with the wedge,
this is also the vertical speed of the ball, |v1’ y|. Using the sign convention in the figure to write the

appropriate equation, and then taking the time derivative of all each side, we obtain
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(vz —Vix )tan6’ ==V,

(a2 —-a,, )tan@ =-a,,

:(al‘x —az)tanﬁ @

Now, knowing that |N 1| = |N 2| =N, we relate force to acceleration in the x-direction for the wedge, and in

both the x- and y-directions for the ball:

a,,

Nsin6=M,a, )
Nsinf=-Ma, (3
Ncosf-M,g=Ma,, (4)
We eliminate N using equations (2) and (3):
M,a,=-Ma,,
A = _%az €

We also eliminate N using equations (2) and (4):
M,a
ﬁcos@ -M,g=Ma,,
M,a, cot0—-M,g=Ma, ,

M
a =ﬁ2a2 cotd—g (6)

Ly
1
Finally, we eliminate a, , using equations (1) and (6), substitute for g, , using (5), and solve for a,.
M
(al,)C —a, )tan@ = ﬁzaz cotfd—g

1

1 1

M M
(—ﬁzaz —azjtanQ =ﬁ2a2 cotfd—g

M M
—a,| —2+1 |[tanf ——2a, cotf=—¢
M M

1 1

Y : M
241 [tan@ + —2cotl
Ml Ml
M
. 8

(M, + M, )tan6+ M, cotf
Note that a, =a, , as the wedge does not accelerate in the y direction.
CALCULATE:

app

(a) F,, =(6.00 kg)[lﬁ-%)@ﬁl m/s’ )tan(36.9°) =73.66 N

) (6.00 kg)(9.81 m/s’) 2532 e
(b) 6, = (6.00 kg +9.00 kg)tan(36.9°) + (9.00 kg)cot(36.9°)

ROUND: There are three significant figures in both masses, so the results should be written as
F,, =737 N and a, =2.53 m/s’.

DOUBLE-CHECK: The applied force seems reasonable for the bowling ball on an inclined wedge. A
positive a, implies that the wedge accelerates to the left in the sketch, as it should.
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4.55.

4.56.

THINK: The skydiver’s total mass is m = 82.3 kg. The drag coefficient is ¢, =0.533. The parachute area is
A=20.11m". The density of air is p=1.14 kg/m’. The skydiver has reached terminal velocity (ane‘ = O) .

Determine the drag force of the air, F, .

SKETCH:

w3

RESEARCH: The skydiver has achieved terminal velocity, that is F,, =0. By balancing the forces in y,

net,y

F,,, can be determined.
SIMPLIFY: F, =F, -F=0=F,  =F =mg

CALCULATE: F, =(823 kg)(9.81 m/s")=807.36 N
ROUND: Since the mass has three significant figures, F, =807 N.

drag

DOUBLE-CHECK: Since the skydiver has reached terminal velocity, the air’s drag force should be equal
to her weight, mg.

THINK: The dragster’s initial speed is v, =0. The distance traveled is Ax =402 m in time, ¢t =4.441s.

Determine the coefficient of static friction, 4 necessary to achieve this result.
SKETCH:

—

N

J +x

b
e
I Ax |

RESEARCH: f =uN. To determine f, and N, the forces acting along the x and y directions must be
balanced: F_, = ZFx and F :ZFy. Note, the vertical acceleration is zero, so

nef nety

E, =0.F _=ma Determine a_, by assuming a constant acceleration and using the equation

net,y net,x net,x * net,x

szv0t+(at2)/2.

SIMPLIFY: To determine a_, : Ax=vt +(anet’xt2)/2 = (awtz)/z with v, =0. Then, a  =2Ax/t’.
Sum the forces in the vertical direction on the dragster: F,, =N —F, =0 = N =F, =mg. Sum the forces
in the horizontal direction: F,, .= f = ma, =uyN = ma, = umg. So,
Qe 2Ax
o7 T
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2(402 m)
(9.81 m/s” )(4.441 5)’

ROUND: There are three significant figures in the distance as given, so the result should be written
M, =4.16.

DOUBLE-CHECK: The coefficient of friction that we have calculated would be extremely high for regular
tires. If you ever walked around a car racetrack, you might have noticed that the road surface feels sticky.
Why? The answer is that racing tires are very sticky, with the resulting higher coefficients of friction.
However, the value we calculated here is too high, even for real racing tires, because we assumed that the
only contribution to the normal force is the weight of the dragster. In real race situations, however,
spoilers, wings, and other aerodynamics adjustments can convert some of the wind resistance into a
downward force, which adds to the normal force. In addition, top fuel dragsters point their exhaust pipes
almost straight up. The superchargers in the dragsters’ engine expel the exhaust with very large velocities,
and pointing the exhaust pipes up generates more downward force on the car. The net effect of all of these
corrections is that real-life coefficients of friction do not have to be as high as our calculated result in order
to achieve the accelerations reached.

CALCULATE: u, = =4.1555

THINK: The initial speed of the truck is v =30.0 m/s. The final speed of the truck is v = 0. The mass of
the block is M. The coefficient of static friction is x =0.540. Determine the minimum distance, Ax the
truck can travel while stopping without causing the block to slide.

SKETCH:

+y

RESEARCH: The minimum stopping distance occurs at the maximum acceleration the truck can undergo

without causing the block to slide. Use the equation v’ =v,* +2aAx to determine Ax. The acceleration is
found from balancing the forces in the horizontal direction acting on the block.
SIMPLIFY: For the block, when it is just about to slide, F,, =—f . Then, Ma =-uN=-uMg

net,x
= a, =-—4g. Since the block and the truck remain in contact, they form a single system with the same

net,x

acceleration. With v =0,
2 2 2
-V —v v
0=v," +2a,, Ax = Ax=—0"—= 0 -0
2anet,x 2(_Iusg) zll’lsg

(30.0 m/s)’
2(0.540)(9.81 mys’ )

ROUND: To three significant figures, the result should be written Ax =84.9 m.
DOUBLE-CHECK: The displacement is positive, which is consistent with how the sketch is set up. This is
a reasonable stopping distance.

CALCULATE: Ax= =84.95m

THINK: The box’s distance from the end of the board is D = 0.540 m. The coefficients of friction are
4, =0.320 and g =0.250. Determine the speed of the box after it reaches the end of the board, v. It is
useful to know the angle of the board with respect to the horizontal, 6.
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4.59.

SKETCH:
N

+y
Fx
/ “‘:\ D
‘0] .

RESEARCH: The final speed, v can be found from the equation v’ =v,’ +2aAx. Note, v, =0 as the box
starts from rest. The acceleration a is the net acceleration in the x direction. This is found by balancing the
forces in the horizontal direction when the book is sliding. N is determined by balancing the forces in the

vertical direction. The angle, & can be determined from the equation f.

begins to slide. Note that when the box is stationary, F_ =F _ =0.

et,x nety

SIMPLIFY: First, determine €. When the box is at rest, just about to slide, F,  =F —f =0

X

=u N, just before the box

= F,=f n = Esin@=uN. Since F, is unknown, use the equation:

Fnew =N—Fg,y =0 = N=Fgcos6’ = Fg = p—y

Then, (N /cos@)sinf = uN. Rearranging, u, =tanf = 6=tan™' (,uS ) Once the box is sliding, there is

kinetic friction and a net acceleration in the horizontal direction. Determine a

net,x *

F.=ma, =F —f =mgsin0—uN.

net,x

From above, N =F, cosf =mgcos0. Then, ma,, =mgsind— u,mgcos6. This can be reduced:

net,x
Aoy = g(sin@—,ukcosﬁ) = a,, = g(sin(tarfl (,Us ))—,ukCOS(tan’l (/Js )))
With g, known, v’ =v’+2aAx = v=,/2a D.

CALCULATE: a,,, =(9.81m/s’)(sin(tan (0.320)) - (0.250) cos(tan™ (0.320))) = 0.6540 m/s’,

net,x

v= \/2(0.654 m/s”)(0.540 m) =0.8404m/s

ROUND: Due to the difference in values that appear in the equation for a_,_, there are two significant

net,x

figures. The result should be written as v =0.84m/s.
DOUBLE-CHECK: This is a reasonable speed to achieve after the box slides down the incline.

THINK: It is given that there is a block of mass, M, =0.640 kg at rest on a cart of mass, M, =0.320 kg.
The coefficient of static friction between the block and the cart is z =0.620. Determine the maximum
force on the cart and block such that the block does not slip.

SKETCH:
L. 7

+x —

+y

- My —— F,
F o =
'Ml ,: F "H| f“‘!
.-H'I [ M':
Vo

(a) (b) ()
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RESEARCH: Use Newton’s second law: ZFx =ma,_, ZFy =ma,. The force of friction is given by
F. =puN. First, consider a composite body (block and cart system, free-body diagram (b)). Applying
Newton’s second law, ZFX =ma = F= (M1 +M, )a. Note that both the block and the cart accelerate at
the same rate. Second, consider only the block, applying Newton’s second law in the horizontal and
vertical directions: ZFB,y =ma, = N-w, =0 = N=w,=Mg (ay :O), ZFB,X =ma, = F =Ma.
SIMPLIFY: F=(M,+M,)a, F,=Ma, N=Myg. The maximum magnitude of F is when the
acceleration is at a maximum. This means also that the force of friction is maximum which is equal to
F. =puN=uM,g. Note that when F. > u N, the block starts to slip. F, =y M,g=Ma_ = a_ =g
Therefore, F :(M1 +Mz)a = F__ :(M1 +M2),usg.

max max

CALCULATE: F,, =(0.640 kg+0.320 kg)(0.620)(9.81 m/s” ) =5.83891 N

ROUND: There are three significant figures initially, so the result should be F_=5.84 N.

DOUBLE-CHECK: By checking the masses given and the coefficient of static friction, it can be
determined that the result should be the same order of magnitude as gravity. This is indeed the case.

THINK: A coffee filter is dropped from a height of 2.0 m. The coffee filter reaches the ground after 3.0 s.

What happens when there are two coffee filters? A drag force is F.

g = Kv*. The drag constant, K does not

change if there are one or two filters. Since the cross-sectional areas are the same for the filters, the drag

force for two filters remains F,, = Kv’.

SKETCH: Consider two cases:

+y

1 filter 2 filters

RESEARCH: Use Newton’s second law to determine the acceleration of the system:

ZFy =ma = F,
However, the brief period when the filters are accelerating has been neglected. This means consider only
when the filters reach terminal velocity. This occurs when a = 0.

Fdragsz2=mg = v2=% = v=4/%

Because of constant speed, use y =y, —vt (y = 0 is the ground).

—mg =ma.

rag

SIMPLIFY: y,=vt = t=y,/v=y,/mg/K. Foronefilter, m=m, : t =——=—.
8
K
For two filters, m=2m, :

t, =

Yo — Yo :t_l'
/Zmog \/E /% \/5
K K
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4.61.

4.62.

3.0s

N7

ROUND: The first time has two significant figures, so the result should be rounded to ¢, =2.1s.

CALCULATE: t,=>"2=21213s

DOUBLE-CHECK: It can be seen that ¢ is inversely proportional to Jm. This implies that if the mass of
the object is increased, the time will be decreased. ¢, is less than ¢, as expected.

THINK: The refrigerator has a mass of m = 112.2 kg. The coefficients of static and kinetic friction are
4, =0.460 and g, =0.370. Determine the force of friction if the refrigerator is pushed with a force F.
SKETCH:

N ty L N
tx
B} ] ) )
F F, ® F
7 —
W= mg
w =mg free-body diagram

RESEARCH: Use Newton’s second law: ZFX =ma, = F—F =ma,_, sz =ma, (ay =0),
N-w=0 = N =mg. To move the refrigerator, the maximum static friction needs to be overcome. The
maximum static friction is given by F, = f = u N = umg. After the refrigerator has moved, the force
applied needs to be larger than the force of kinetic friction in order to keep the refrigerator moving. The
force of kinetic friction is given by f, = x4 N =y, mg.

SIMPLIFY: f  =umg and f =pumg.

CALCULATE: f, ., =0.460(112.2 kg)(9.81 m/s”)=50631 N,

£, =0370(112.2 kg)(9.81 m/s’ ) =407.25 N

ROUND: Rounding to three significant figures, since gravity has three significant figures, the results are
fime =506 N and f, =407N.

(a) Here, F is less than f, =506 N. This means that the force of friction balances the force F. Therefore, the

force of friction is 300. N.
(b) Fisstillless than f, =506 N. The force of friction is 500. N.

(c) F is larger than f, =506 N. This means that initially the force of friction is 506 N, but after the
refrigerator is in motion, the force of friction is the force of kinetic friction, F, = f, =407 N.
DOUBLE-CHECK: The force of friction must be equal or less than the force acting on an object, F. <F.

Also, the maximum static friction is always larger than kinetic friction, f > f,.

THINK: A towrope pulls the skiers with a constant speed of 1.74 m/s. The slope of the hill is 12.4°. A
child with a mass of 62.4 kg is pulled up the hill. The coefficients of static and kinetic friction are 0.152 and
0.104, respectively. What is the force of the towrope acting on the child? Constant speed means zero
acceleration, a=0.
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Chapter 4: Force

SKETCH:

mg mg

free-body diagram

RESEARCH: Use Newton’s second law: ZFX =ma,, ZFy =ma,,. The maximum force of static friction
is given by f.

s,max

=u N and the force of kinetic friction is given by f, =z N. Initially, the force of the
towrope must overcome the maximum static friction in order to move the child. sz =ma, =0 since
a,=0. So N-mgcosd=0 = N =mgcosb. ZFx =ma, =0 since a =0. So F-F —mgsinf=0
= F=F +mgsin@. Also, F, = f = uN = pmgcosd.

SIMPLIFY: N =mgcosf, F=f, . +mgsind=pmgcosd+mgsind=mg(u cos@+sind). After the
child is in motion with a speed of 1.74 m/s, u  above is replaced by g, . Therefore,
F:mg(,uk c050+sin6’).

CALCULATE: F=62.4kg(9.81 m/s*)(0.152c05(12.4°) +sin(12.4°)) =222.324 N. After the child is in

motion, F=62.4 kg(9.81 m/s*)(0.104cos(12.4°) +sin(12.4°)) =193.63 N.

ROUND: Rounding to three significant figures, before movement, F = 222 N and after movement begins,
F=194N.
DOUBLE-CHECK: The initial force F = 222 N must be larger than the force after the child is in motion
F=194N.

THINK: A skier moves down a slop with an angle of 15.0°. The initial speed is 2.00 m/s. The coefficient
of kinetic friction is 0.100. Determine the speed after 10.0 s. First, the acceleration of the skier must be
determined.

SKETCH:

N

mg sin &

f

RESEARCH: Assume the direction of motion is the positive direction of the x axis. The force of kinetic
friction is given by f, = 1, N. Use Newton’s second law to determine the acceleration of the skier:

ZFX =ma, = mgsin®— f, =ma_, = ma_=mgsin0— y N

sz =ma, (ay :0) = N-mgcos0=0 = N =mgcos6
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SIMPLIFY: ma_=mgsin®— u, mgcos® = a_= g(sine — M4, cOs 9). The speed after the time interval At
issv=v,+a At=v,+ g(sine — U cosO)At.
CALCULATE: v=2.00 m/s+(9.81 m/s’ )(sin15.0°~0.100cos15.0°)(10.0 s) =17.91 m/s

ROUND: Since v, has three significant figures, round the result to v = 17.9 m/s.
DOUBLE-CHECK: 17.9 m/s is equivalent to about 64.4 km/h, which is a reasonable speed.

THINK: A block of mass, m, =21.9kg is connected to another block of mass, m, =25.1kg on an
inclined plane with 6 =30.0°. The coefficients of friction are g =0.109 and g, =0.086. Determine the

displacement of block 2 after 1.51 s. Because block 2 is heavier than block 1, the displacement of block 2 is
either downward or zero.
SKETCH:

\/' N _ I
+x T T I
+x

m g cos 0

n,
mg m;g

m.g

The force of friction always opposes a motion. This means its direction is opposite to the direction of
motion of the system.

RESEARCH: Use Newton’s second law: ZFX =ma,, sz =ma,.
Block 2: sz =ma = T-m,g=m,a.
Block 1: sz =0 (ay =0) = N-m,gcos6=0 = N =m,gcosO
ZFX =ma = mgsin0-T+F =ma.
SIMPLIFY: T-m,g=m,a = T=m,g+m,a, F.=uN=pum gcos® (u =y, if the blocks are at rest and
4 = g, if the blocks are in motion). So,
m,gsin@-T+F, =ma
m,gsin@—m,g—m,a+F, =ma
m,gsin®—m,g+F, =(m, +m,)a
m,gsin®—m,g + pm, g cosd =(m, +m, )a

_ mgsin®—m, g+ um, g cosd

(m, +my,)
Before a is calculated, it must be determined if the net force (excluding friction) is larger than the
maximum force of static friction.

m,g —m gsin®> ym gcos® = m, >m, sin@+ pum cos® = m, >m, (sin9+,us cosG)
Because (sine + 1, cos 9) <1 and m, >m,, the above condition is satisfied. So the above equation for the

acceleration can be used. Displacement after tis y =y, +v,t+(1/2)at’. y, =0 and v, =0.

yzlatz :ltz m, gsin® —m, g + 1, m gcosd
2 2 (m1+m2)
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Chapter 4: Force

CALCULATE: Displacement is
o[ 21.9kg(9.81 m/s? )sin(30°) ~25.1 kg (9.81 m/s” ) +(0.086)21.9 kg(9.81 m/s” )cos(30°)
(21.9 kg +25.1kg)

y=%(1.51 s)

=-2.9789 m
ROUND: Since the coefficient of kinetic friction has two significant figures, round the result to
y=-3.0m.
DOUBLE-CHECK: It is understandable that the displacement is negative, since m, is larger than m,. If
it assumed the acceleration is equal to gravity, then

1 1
y= —Egtz = —5(9.81 m/s”)(1.51)" =-11.2 m.

The result is much smaller than —11.2 m, since the acceleration must be smaller than the acceleration due
to gravity.

THINK: A wedge has a mass, m = 36.1 kg. The angle is #=21.3° and the force is F = 302.3 N. The
coefficient of kinetic friction is g, =0.159. Determine the acceleration.

SKETCH:

............. mg cos 0 "~
mg

RESEARCH: Use Newton’s second law: ZFx =ma, and ZFy =ma,. F, =Fcosf, F,=Fsin6, and
E = N.

sz =ma, =0, sincea, =0 = N—F, —mgcosd =0 = N =F, +mgcost =Fsin6 +mgcost

ZFx =ma, = F —F —mgsind=ma = ma=Fcosd— yu N —mgsind

FcosO—pu, (Fsint9+mgc050)—mgsint9 _ Fcosf -y, Fsin® — y, mg cos® —mg sin6

SIMPLIFY: a=
m m
F . .
:—(cosﬁ—,uk s1n€)—g(ykcost9+sm0)
m
3023 N . 2 .
CALCULATE: a= (cos(21.3°) - 0.159sin(21.3°)) - (9.81 m/s” ) 0.159cos(21.3°) +sin(21.3°))
36.1kg
=2.3015 m/s’
ROUND: Rounding to three significant figures, a =2.30 m/s’.
DOUBLE-CHECK: Ifit is assumed that @ =0, then the acceleration is a = F/m. a = 302'12 =8.37 m/s’

Therefore the result is reasonably less than this value.

THINK: The chair has a mass of M. The coefficient of static friction is g, =0.560. A force F is acting at an
angle 6 to the horizontal. Determine the range of 6 so that the chair does not move. The condition
requires that the horizontal component of the force F be equal to or less than the maximum force of static
friction, f,

s,max

=uN .
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SKETCH:

!
=

ty

|
oIl

Mg Mg

RESEARCH: Use Newton’s second law:
ZFy =ma,=0 = N-F,—Mg=0 and ZFX =ma, = F —F, =ma
SIMPLIFY: N = Mg + Fsin@ and Fcos@ - F; = ma. The chair not moving means that a = 0, so ZFX =0.

At the minimum angle,

Fx = .fs,max
FcosO=F; .

Fcos@=uN

Fcos® = u, (Mg + Fsin6)

Fcos@ = u Mg+ p Fsin0
F(cos®— u, sinf) = u Mg

M,
cos@ — p sinf i
F
Since u Mg /F is greater than or equal to zero, the critical value occurs when cos@— u, sinf =0. Solving
1 _sin# 1
for 6, cos@ =y sind = — =7 _tand = tan’'| — |=0.
U, cosb M,

CALCULATE: 0 =tan™ L =60.751°
0.560

ROUND: Rounding to three significant figures, 6 =60.8°. Thus, the minimum angle at which any force

can be applied and the chair will not move across the floor is 60.8°.
DOUBLE-CHECK: If 8=90°, the chair is pushed straight down and there are no horizontal forces,
therefore the chair does not move.

THINK: The two blocks have masses m, =0.2500 kg and m, =0.5000 kg. The coefficients of static and
kinetic friction are 0.250 and 0.123. The angle of the incline is 6 =30.0°. The blocks are initially at rest.
SKETCH:

& mg mg

free-body diagrams

m.g
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RESEARCH:
(a) If there is no friction, F, =0, it is given that m, >m,. This would cause block 1 to move up and block 2

to move down. The same motion occurs when there is friction, only the acceleration is less when there is
friction.
(b) Use Newton’s second law to determine the acceleration:

Body I: ZFy =0 and a =0, so N-mgcosf=0 = N =m,gcos6.

Also, ZFX =ma so T —m gsin@—F, =m,a.

Body 2: ZFyzmza so mg—T=ma = T=m,g-m,a.

SIMPLIFY: (b) T-m,gsind—F, =ma and F, = 44 N, so
m,g—m,a—m,gsin®—y N=ma
ng—mlgsinﬂ—,ukmlgcosez(ml+m2)a

_ m,g—m,gsin® -y m gcosO

a
(m, +m,)

(mz -m, (sinG + 4 cose))

. (m, +m,)

(0.5000 kg —0.2500 kg(sin(30.0°) +0.123c0s(30.0°)))

=4.5567 m/s’
(0.5000 kg +0.2500 kg )

CALCULATE: (b)a=(9.81m/s’)

ROUND:
(b) Rounding to three significant figures,

a=4.56 m/s’.

DOUBLE-CHECK: The result is reasonable since it is less than the acceleration due to gravity. In
addition we find the limit of the acceleration of the Atwood machine in the limit of & = 90° (See Example
4.4) and the limit of Example 4.8, Two Blocks Connected by a Rope - with Friction, for § = 0° as limiting
cases of our answer. This gives us additional confidence in our solution.

THINK: Let’s first consider the case where there is no friction; then the force F obviously has to act
horizontally direction, because that is the direction of the intended acceleration. What, then, changes with
the presence of friction? The friction force is always in the opposite direction of the motion of the block,
and it is proportional to the magnitude of the normal force acting on the block from the supporting
surface. Thus, if we direct the force downward, with an angle below the horizontal (8 <0), then our
vertical force component adds to the normal force, which causes a large friction force ... which is bad.
However, if we direct the force upward, then we reduce the normal force and thus reduce the friction force,
and we have a chance to have a higher acceleration of the block than what we would have if the external
force acted horizontally.

SKETCH:

=]

AR

Mg
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RESEARCH: Use Newton’s second law:
y-direction: N—Mg+F, =0= N =Mg—F, = Mg — Fsin0
x-direction: F, — f=Ma and f=yuN, so F, -y N=Ma = Fcosf -y N = Ma.
SIMPLIFY:
_ FcosO— Mg+ 1, Fsin@ F

Fcosf— p, (Mg —Fsin@)=Ma = a= i :M(cos¢9+,uksin9)—,ukg

The acceleration is maximized when da/d0 =0.

% = %(—sin@ + g, cos0)=0 =
—sin@+ , cos@ =0
tan@ =y,
O=tan"' (1)
CALCULATE:
(a) O =tan"'(0.41)=22.2936°
10.0 N . : o 2 .
(b) a= m(cos(zz.w )+(0.41)sin(+22.29°)) - (0.41)(9.81 m/s* ) =17.5936 m/s

ROUND: Rounding to three significant figures, 8 =22.3° and a=17.6 m/s’.
DOUBLE-CHECK: The fact that the force is directed upward makes sense because the y-component of
this applied force will reduce the normal force, acting to reduce the force of friction. Assuming no friction,

the maximum  acceleration is  when 6=0. This means the  acceleration s
a=F/M=10.0 N/0.500 kg =20.0 m/s’. If there is friction and #=0, the acceleration is
F— u, M, F
a= (F-mMg) _F_ 14,8 =20.0 m/s” —0.41(9.81 m/s” ) =16.4 m/s”,
M M

The part (b) result is between 16.4 m/s* and 20.0 m/s’, as it should be.

THINK: A car is initially moving at a speed of 15.0 m/s then hits the brakes to make a sudden stop. The
coefficients of static and kinetic friction are 0.550 and 0.430. Determine the acceleration and the distance
traveled before the car stops.

SKETCH:

mg

mg

RESEARCH: Using Newton’s second law: ZFX =ma, = F,=ma = y N =ma and
sz =ma, =0 = N-mg = N=mg. Also, Va =v02—2ax .
SIMPLIFY:

(@ pymg=ma = a=ug

2 2
Vo =V

(b) +* =v02—2ax =>x=
2a
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CALCULATE:
(a) a= 0.430(9.81 m/s> ) —4.2183 m/s

(15.0 m/s)* -0’
b) x=—"  =266695m
2(4.2183 m/sz)

ROUND: Rounding to three significant figures,

(a) a=4.22 m/s* and
(b) x =26.7 m.
DOUBLE-CHECK: The acceleration is less than the acceleration due to gravity, as expected.

4.70. THINK: There are two blocks with masses, M, =2.00kg and M, =6.00 kg. The are two forces,
F =10.0 N and F, =5.00 N.

SKETCH:
— JM‘2 MI  —

el
el

F, T F, F,
."/lf_, :_‘: s :
T fWI [_;'
free-body diagram composite body

RESEARCH: Using Newton’s second law: ZFx =ma_. Consider the composite body (Ml + Mz) :
F+F =(M,+M,)a
SIMPLIFY:

F +E
(@) a :(](VIIJr—MZ)); Consider M, : ZFX =ma, F —T=ma. Consider M,: ZFx =ma, F, +T =m,a.
1 2
(b) T=F -ma, T=m,a—F
(c) The net force acting on M, is ZFx =F -T=ma.
CALCULATE:
(10.0 N+5.00 N)

(@) a= =1.875 m/s’
(2.00 kg +6.00 kg)

(b) T =10.0 N—(2.00 kg)(1.875 m/s’) =6.25 N
() D F = F, =(2.00kg)(1.875 m/s’ ) =3.75N

ROUND: To three significant figures, a=1.88 m/s*, and T = 6.25 N. The sum of the forces acting on M,
is ) F=3.75N.

DOUBLE-CHECK: The tension T' can also be calculated by T =m,a—F,.

T= (6.0 kg)(1.875 m/s’ ) —5.0 N=6.25 N, which agrees with the previous result.
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4.71. THINK: There are two masses, M, =2.00 kg and M, =4.00 kg. For part (a): a constant velocity means

zero acceleration.
SKETCH:

M

M,

|

+y

Ny
S —— |

Mg T, _1

=
)
e

free-body diagram

=

]
——
ol

T

M, + M,

B

Mg (M, + Mg

composite diagram

RESEARCH: Using Newton’s second law:
Mass 1: ZFy =ma = T,-T,-mg=ma
Mass 2: ZFy =ma = T,-mg=m,a
SIMPLIFY: T,=m, (a + g). Substitute into the following equation:
T =T,+ma+mg = T :mz(a+g)+ml(a+g)=(m1 +m2)(a+g)
The composite mass (ml +m2): ZFy =ma = T —(m1 +m2)g =(m1 +m2)a =T =(m1 +m2)(a+g).
CALCULATE:
(@) a=0,50 T, =(2.00 kg +4.00 kg)(9.81 m/s” ) =58.86 N

(b) a=3.00m/s’,s0 T, =(2.00 kg +4.00 kg)(3.00 m/s* +9.81 m/s* ) =76.86 N

ROUND: Since the masses have three significant figures, the results should be rounded to:

() T, =589N

(b) T, =76.9N

DOUBLE-CHECK: The tension increases as acceleration increases (assuming the acceleration is upward).
As a check, the tension in part (a) is less than the tension in part (b).

4.72. THINK: The initial speed of a hockey puck is v, =12.5 m/s. The puck stops after sliding a distance of

60.5 m. Determine the acceleration and then the coefficient of kinetic friction.
SKETCH:

N N

— 4 —

I3, = - ! , m ty I

mg

me free-body diagram
RESEARCH: Using Newton’s second law and the relation v’ = v’ —2ax:
> F =ma, = F.=ma = F,=uN

ZFy:may =0 (since a,=0) = N-mg=0 = N=mg
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SIMPLIFY: ma=puN=pumg = a=p g = pu =alg. Thefinal speed is zero since the puck has
stopped; v = 0.

2 2
2 _ .2 _VO —_0
ax=v, = a—z— = ,uk—z
X gx

(12.5 m/s)’

~0.13163
2(9.81 m/s2)60.5 m

CALCULATE: p, =

ROUND: Rounding to three significant figures, g, =0.132.
DOUBLE-CHECK: If the puck is on ice, it is expected that the coefficient of kinetic friction is small since
the ice surface is smooth and slippery.

THINK: A mass M is attached to a massless spring. The spring stretches a distance D after the mass is
attached. It stretches an additional D/4 after the elevator accelerates. Assume F_. =kAx.
SKETCH:
a=0 a#0
free-body diagram

a ‘ Fﬁprin:_‘

mg

RESEARCH: Using Newton’s second law and the equation for the force of the spring:
ZFy =ma = F, —-mg=ma = F_, = m(a +g) =kAx.

SIMPLIFY: Whena =0, Ax=D. When a#0, Ax=D+D/4=5D/4.
a=0 = kD=mg = k=mg/D

5D mg \5D 5m 5
az0 = kTZm(cH-g) = (FgJT:m(ﬂ""g) = ngm(a+g) = Tg:a+g = a=§
(9.81m/s2)
CALCULATE: a= =2.4525 m/s’

ROUND: g=2.45m/s’
DOUBLE-CHECK: It makes sense that a = g/4, since it produces D/4 displacement and D is proportional

tog.

THINK: The mass of a crane is M = 1.00-10* and the ball has a mass, m = 1200. kg. Determine the
normal force exerted on the crane by the ground when (a) the acceleration is zero and (b) the acceleration
is not zero.
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SKETCH:
N
T,
M m a
T + I
mg
Mg
free-body diagram

RESEARCH: Use Newton’s second law and the equation v’ =v” —2ax.

For the crane: ZFy =ma,, a, =0 because the crane does not move. N-T—-Mg=0 = N=T+ Mg.
For the ball: ZFy =ma,, a,=-a (deceleration). T—-mg=-ma = T = m(g —a)

SIMPLIFY: N = m(g —a) +Mg = N= (m + M)g —ma. v =0 (the ball has stopped), so a=v,* / (2x).

2

_ —mA
N—(m+M)g m2x

CALCULATE:
(a) Constant speed meansa =0. N = (1.00 -10* kg +1200. kg)(9.81 m/s* ) =109872 N.

(1.00 m/s)2
(b) N =109872 N —(1200. kg)-————~=107472 N

2(0.250 m)

ROUND: Rounding to three significant figures, (a) N =1.10-10°N and (b) N =1.07-10° N.
DOUBLE-CHECK: Because the ball is decelerating, it is understandable that the normal force in part (a)
is larger than the normal force in part (b). This is a similar situation to measuring weight in an elevator.

4.75. THINK: A block of mass m= 20.0 kg is initially at rest and then pulled upward with a constant

acceleration, a =2.32 m/s’.
SKETCH:

v

L.

+x

=

—
8y

I mg

RESEARCH: Using Newton’s second law and the equation v’ =v,’ —2ax: v, =0 = v’ =2ax.

ZFyzmay = T-mg=ma = T=m(a+g).

SIMPLIFY: +* =2ax = v=+/2ax
CALCULATE:

(a) T=(20.0 kg)(2.32 m/s” +9.81 m/s’ | =242.6 N
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(b) D F, =(20.0kg)(2.32 m/s’ ) =46.4 N

() v= J2(2.32 m/s’)(2.00 m) =3.04631 m/s

ROUND: Roungding to three significant figures, the results are

(a) T=243N,

(b) > F, =464 N and

(c) v=3.05m/s.

DOUBLE-CHECK: Since a is about g/4, the net force must be about T/5.

THINK: There are three blocks A, B and C. A force F = 12 N is pulling block C. Determine the tension in
the string between blocks B and C.
SKETCH:

a
— +y

AE?B?;F'CFL*

+x

m, @—r 7_': T ~—e—T, —
} m,+m,+m. @—F
I~——Fr frectbody composite body

m diagram
2

RESEARCH: First, consider the three blocks as a composite block. Using Newton’s second law:
ZFx =ma, = F-T,=ma = T,=F-ma.
F

SIMPLIFY: T, = F—m[—j =F——=—
3m

2(12N)
CALCULATE: T,=———=80N

ROUND: It is not necessary to round. T, =8.0 N
DOUBLE-CHECK: It is reasonable that T, =2F /3 since T, pulls two blocks.

THINK: There are two masses, m, =3.00 kg and m, =4.00 kg arranged as an Atwood machine.

Determine the acceleration of the blocks.
SKETCH:

RESEARCH: Using Newton’s second law, block 1: ZFy =ma,, a,=a, and T-mg=ma. Block 2:

sz =ma,, a,=—-a, and T—m,g =-m,a.
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SIMPLIFY: T=m(a+g)
T-m,g=-m,a
ma+mg—m,g+ma=0
(m, +m,)a=(m,—m,)g
m, —m
o
(4.00 kg —3.00 kg

(
CALCULATE: a= )(9.81 m/sz) =1.4014 m/s
(4.00 kg +3.00 kg)

ROUND: Rounding to three significant figures, a =1.40 m/s’.
DOUBLE-CHECK: If the sum of the forces along the string are considered,

_ _ _(mz_m1)
ZF—(ml+m2)a—m2g T+T-mg = a—mg.

This is the same as above.

4.78. THINK: There are two blocks of masses, m, =3.50 kg and m, arranged as an Atwood’s machine. The
acceleration of the blocks is a, =0.400g. Determine the mass, m
SKETCH:

.

RESEARCH: The magnitude of the acceleration is given but not the direction of motion. Consider the
two values of acceleration, a =+a, =%0.4g. Using Newton’s second law:

(g+a)

(g-a)

ZF:ma = ng—mlg:(m1+m2)a = mz(g—a):ml(g—ira) = m, =m,

(g_%)

1(g+a0)'

(g+a0)
(g—ao)
(9.81 m/s” +0.400g )
(9.81 m/s” —0.400g )

SIMPLIFY: Ifa=+a,, m,=m, .Mfa=-a, m,=m

CALCULATE: m, =(3.50 kg)

=8.1667 kg,

(9.81 m/s” —0.400g )

or, m, = (3.50 kg) =1.5kg

(9.81 m/s” +0.400g )

ROUND: Keeping three significant figures, the mass is either m, =8.17 kg or m, =1.50 kg.
DOUBLE-CHECK: There are two masses calculated for 1, and one of them must be larger than m, and

the other must be smaller than m,. This is what we have found, so the answers are reasonable.
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THINK: The sled has a mass, M = 1000. kg. The coefficient of kinetic friction is £, =0.600. The sled is
pulled at an angle §=30.0° above the horizontal. Determine magnitude of the tension in the rope when

the acceleration is a =2.00 m/s’.
SKETCH:

mg mg
RESEARCH: T, =Tsinf, T, =Tcosf and F = N. Using Newton’s second law: sz =ma, and
a,=0, so N+T -mg=0 = N=mg-T =mg-Tsin0.  Also, ZFx:mu = T -F =ma
= T =F +ma.
SIMPLIFY: TcosO =N +ma
TcosO =y (mg —Tsin9)+ma
Tcos@+ w,Tsin€ = y,mg +ma
T(cos@+ u, sinf) = p,mg +ma
m(,ukg"'a)

(cos@+  sin6)

(1000. kg)(0.600(9.81 m/s ) +2.00 m/s*)

CALCULATE: T = =6763.15N

(c0s(30.0°) +0.600sin(30.0°))
ROUND: Rounding to three significant figures, T'= 6760 N.
ma  (1000.kg)(2.00 m/s’)

DOUBLE-CHECK: If there is no friction, Tcos@=ma = T = =
cost €0s30.0°

=2309 N.
Since friction was considered previously, the result was larger.

THINK: A block with a mass of m = 2.00 kg is on an inclined plane with an angle 6=20.0°. The
coefficient of static friction is z, =0.60.
SKETCH:

N

mg

RESEARCH:
(a) The three forces are the normal, frictional and the gravitational forces.
(b) The maximum force of friction is given by F,

,max

= f.=uN. To determine the normal force, use
Newton’s second law: sz =ma,=0 and a,=0, so N-mgcosf=0 = N=mgcosO. Also,

ZFX =ma, = mgsinf—F, =ma.
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SIMPLIFY:
(c) The block is moving if mgsin@ >F, = y N or mgsin€d— u N >0.
ZFX =mgsin@ — y mg cos = mg(sinH— U, cos@)

CALCULATE:
(b) N =2.00 kg(9.81 m/s* )c0s20.0°=18.437 N
(o) ZFX >0 if sin€ -y cos6 > 0.

sin@ — 41, cos @ =sin(20.0°) —(0.60)cos(20.0°) = —0.2218 < 0
Therefore, mgsin€ < u N. This means the block does not move.

ROUND: (b) N =18.437 N. Rounding to two significant figures, N = 18 N.
DOUBLE-CHECK: The critical angle of the inclined plane such that the blocks starts to move is

tan6, =y, = 6, =tan"' (4, ). Here, 6, =tan'(0.60) =30.96°. Since 6 <6, the block is not moving.
THINK: A block of mass, m = 5.00 kg is sliding down an inclined plane of angle §=37.0° at a constant

velocity (a = 0). Determine the frictional force and the coefficient of kinetic friction.
SKETCH:

.

RESEARCH: There is no acceleration in any direction, a, =a, =0. The force of friction is given by
F =puN. Using Newton’s second law: sz =ma,=0 and a,=0, so N-mgcosd=0
= N =mgcosf. Also, ZFx =ma, =0 and a_=0, so mgsin@—F, =0 = F, =mgsinb.

sin@

SIMPLIFY: N =mgsind = p mgcos@=mgsinf = u = =tand

cos@
CALCULATE:

(a) F, =(5.00 kg)(9.81 m/s’ }sin37.0°=29.519 N

(b) g =tan(37.0°)=0.75355

ROUND: Rounding to three significant figures,

(a) F,=29.5.N and

(b) 14 =0.754.

DOUBLE-CHECK: g, isless than 1 and does not depend on the mass of the block.

THINK: The mass of the skydiver, m=283.7 kg, is given as well as her drag coefficient, ¢, =0.587, and

her surface area, A=1.035m’. We need to determine the terminal velocity then the time to reach a

distance 296.7 m. Air density is p=1.14 kg/m’ and g =9.81 m/s’.
SKETCH: Not needed.

RESEARCH: Terminal speed is v, =,/2mg/c;pA, and for constant velocity v=x/t, where x is the

distance traveled.
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A
SIMPLIFY: =y |%°
12 2mg

t

0.587(L14 km/m’)(1.035 m®)
—6. s

CALCULATE: t=(296.7 m)

2(83.7 kg (98T ™75

ROUND: Keeping only three significant digits, ¢ ~6.09 s.
DOUBLE-CHECK: The typical $peed of a sky diver is 60 m/s. t:(296.7 m)/ (60 m/s) =4.945s. The

result is comparable to this value.

THINK: A book has a mass of m = 0.500 kg. The tension on each wire is T = 15.4 N. Determine the angle
of the wires with the horizontal.
SKETCH:

| mg

RESEARCH: There is no acceleration in any direction, a,=a,=0. Using Newton’s second law:

sz =ma, =0 = 2T —mg =0 and ZFX =ma,=0 = T —-T_ =0.
SIMPLIFY: T, =Tsin6, so 2Tsind=mg = sinf="% = g=sin| 2L |
i’ 2T 2T

0.500 kg(9.81 m/s’ )
2(15.4 N)

CALCULATE: 6 =sin"" [ J =9.1635°

ROUND: Rounding to three significant figures, 6 =9.16°.
DOUBLE-CHECK: If the angle is & =90°, the tension required is T =mg/2=0.500(9.81)/2=2.45N. It
is reasonable that a smaller angle requires more tension.

THINK: A bob has a mass of m = 0.500 kg. The angle is 8 =30.0°.
SKETCH:

free-body diagram: +y

mg mg
RESEARCH: There is no acceleration in any direction, so a, =a, =0. Using Newton’s second law:

ZFX =0 = F-T =0 and ZFX =0 = T,-mg=0.
SIMPLIFY: T =Tsinf and T, =Tcosf. F=T, =Tsin6 and Tcos@=mg = T =mg/cos0. So,

F:[ e jsin@zmgtan@
cos
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CALCULATE:
() F=(0.500kg)(9.81 m/s’ )tan(30.0°)=2.8319 N

0.500 kg(9.81 m/s®
(b) T = g( m/s )
cos(30.0°)

ROUND: Rounding to three significant figures, F = 2.83 N and T = 5.66 N.
DOUBLE-CHECK: The ratio F/T is equal to sin30.0°=0.5, which is correct.

THINK: A ping-pong ball with a mass, m=2.70-10" kg is suspended by a string at an angle of §=15.0°

=5.66381 N

with the vertical. The force of friction is proportional to the square of the speed of the air stream,
v= 20.5m/s.
SKETCH:

free-body diagram:

mg mg
RESEARCH: Use the equation F, =cv’, where c is a constant. There is no acceleration in any direction,
soa =a, =0. T, =Tcos0, T =Tsinf. Using Newton’s second law: ZFX =ma,=0 = F-T =0 and
ZFy =ma,=0 = T —mg=0.

SIMPLIFY: F, =Tsin6, and Tcos@=mg = T = "8 Andso,
cos

F =cv’ =( me jsin@ = c:ﬂ[ Smgjzgtana
cos

v*  cos@ v?

CALCULATE:
2.70-10” kg(9.81 m/s” Jtan(15.0°)

(a) c= =1.688-10" kg/m

(20.5 m/s)2

2.70-10” kg(9.81 m/s’)
(b) T= =0.027421 N
cos(15.0°)

ROUND: Rounding to three significant figures, the results should be

(a) ¢=1.69-10" kg/m and

(b) T=0.0274 N.

DOUBLE-CHECK: Because the mass of the ping pong ball is small, a small value for the tension is
expected. Also, the cross-sectional area of the ball is small so the coefficient of friction is expected to be
small.

208



4.86.

4.87.

Chapter 4: Force

THINK: A silicon nanowire has a length of 100.0 nm and a diameter of 5.0 nm. The density of silicon is
p=2.33 glem’.
SKETCH:

7

| L

+x
. m/z . m/z

mg J??jzg
RESEARCH: Using Newton’s second law:
(a) sz =0=>T,-mg=0 = T =mg

T,
(b) ZFy =0 = E—%gzo =T 2%:71. The mass of the nanowire is mszzp(ﬂRzL).

2
SIMPLIFY: m= pﬂ(gj L= p%DzL

2.33-107° kg

CALCULATE: p=2.33g/cm’ =
(10_2 m)

=2.33-10’ kg/m’, D=50nm=5-10" m,

L=1000nm=1.00-10" m, m=(2.33-10’ kg/m3)%(5.0~10'9 m)2(1.00-10'7 m)=4.575-10"" kg

(a) T,=4575-107" kg(9.81 m/s’ ) =4.488-10™ N

-20
(b) T, :w =2244-10®* N

ROUND: Rounding to two significant figures, T, =4.5-10™" N and T, =2.2-10"° N.

1
DOUBLE-CHECK: Since the volume of a nanowire is very small, it is expected to get a very small tension.
THINK: Two blocks have masses of m, =2.50 kg and m, =3.75 kg. The coefficients of static and kinetic
friction between the two blocks are 0.456 and 0.380. A force, F is applied horizontally on m,. Determine
the maximum force, F, such that m, does not slide, and also the acceleration of m, and m, when

F=245N.
SKETCH:

a, Fy

= v ¥ [
N f\‘] .\:
F. l

L Il F 4 F n, ’E
f m
xt Img | _
............. i —— mg N Hmg

RESEARCH: The force of friction is given by F, = g N,. First, consider m,. Using Newton’s second law:
ZFx =ma, = F-F =ma = F=F +ma, and ZFy =ma,=0 = N -mg=0= N, =mg.
Then, consider m, : ZFx =ma_, F,=m,a,, and N,-N, —m,g =0.
(a) The force is maximum when F, = 4 N, and a, =a, =a.

(b) If F=24.5Nislarger than F

max >

27722

then m, slides on m,.
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SIMPLIFY:

(@) F=puN =ma, = umg=ma, = a:lus(ml /mz)g

Fmax :l:f +mla :/usmlg-'rmllus (ml /mZ)g = /usmlg(l-'rml /mZ)

(b) The force of friction is given by F =g N,. Using the equations, F=F +mga, and F =m,a,:
_izlukmlg and =F_Ff:F_ﬂkm1g: F

2 a — S
m2 m2 ml ml ml
CALCULATE:
(a) E,, =0.456(2.50 kg)(9.81 m/s’ )(1 + 2'52 tg] ~18.639 N
g

245N

0.380)(2.50 kg )(9.81 m/s’
(b) a, —0.380(9.81 m/sz)=6.0722 m/s’ and a, = ( i g)( m/s )
2.50 kg

3.75 kg

=2.4852 m/s’
ROUND: Rounding to three significant figures,

(a) F,_=186N,

(b) a, =6.07 m/s’ and a, =2.49 m/s’.

DOUBLE-CHECK: For part (b), it is known that m, slides on m,. This means that a, is larger than a,.

THINK: Two blocks with masses of m, =1.23 kg and m, =2.46 kg are glued together, moving on an

inclined plane of angle 6=40.0°. The coefficients of kinetic friction are gz, =0.23 and g, =0.35.
Determine the acceleration of the blocks.
SKETCH:

free-body diagram:

e
<

T

F - contact force

<

m.g

RESEARCH: The forces of friction are given by F, = 4, N, and F, = i, N, . First, consider m,. Using
Newton’s second law:

ZFx =ma, = mgsin@+F —F, =ma = mgsin@+F —u N =ma
sz =ma,=0 = N, —-mgcos#=0 = N, =m,gcost
Consider m, :
ZFX =ma, = m,gsin@—F —F,=m,a = m,gsind—F —u, N, =m,a
ZFy =ma,=0 = N,-m,gcosd=0 = N, =m,gcost
SIMPLIFY: mgsin@+F —u, N, =ma

+ m,gsind—F —u, N, =m,a

(m1 +mz)gsin6’—ylkN1 -ty N, :(m1 +m2)a
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M, m, g cos + 1, m, g cosd

+
This implies a = gsin — MM T Hop 1M, :l

= gsin@—gcos@l:
(m, +m,)

(m, +m,)

23(L. 35(2.46 k
CALCULATE: a=(9.81 m/s’ )sin(40.0°)~(9.81 m/s2)cos(40°.0){023(212;1(5)1(2) 431:(13 ‘;6 g)}
23kg+2.46 kg

=3.976 m/s’
ROUND: Rounding to two significant figures, a = 4.0 m/s’.
DOUBLE-CHECK: For a one block system, the acceleration is given by a = gsiné — 1, gcosé.
Myt + Hy 1,

is an effective coefficient for two blocks.
(m, +m,)

THINK: Two blocks with masses, m, =567.1 kg and m, =266.4 kg are on inclined planes with angles
a=39.3° and £ =53.2°. Assume there is no friction. Determine the acceleration of the marble block, 1, .
The marble block, m,, is heavier than the granite block, m,, but angle S is larger than angle o . It is
impossible to guess which block will move up the incline, and which block will move down. The
assumption will be made that the marble block accelerates down the incline, and choose that to be the
positive direction. If the assumption is correct, the acceleration will be positive, and if it is incorrect, the

acceleration will be negative.
SKETCH:

N,

m.g cos f§

m g sin o
mgsinff~~_ 1,7
> -1

m.g

mg

RESEARCH: First, consider m,. Using Newton’s second law: ZFy =ma, =0, N, —mgcosa=0,

Zszmax, and m,gsina—T=ma. Then, consider m,: ZFyzmayzo, N, -m,gcos =0,
ZFX =ma_, and T —m,gsinf =m,a.
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SIMPLIFY: T =m,gsinf +m,a, and so:
mgsina—-T =ma
mgsina —m, gsin f—m,a=ma
mlgsinoc—ngsinﬂ:(m1 +m2)a

m, sina —m, sin

a=
(m1 + mz)
CALCULATE: a= (9.81 m/s*) (567.1kg)sin(39.3°) - (266.4 kg sin(53.2°) =1.7169 m/s
/ (567.1 kg +266.4 kg)

ROUND: Rounding to three significant figures, a=1.72 m/s’.
DOUBLE-CHECK: As we expect, the acceleration must be less than g =9.81 m/s’.

THINK: There are two blocks with masses, m, =559.1 kg and m, =128.4 kg. The angles are o =38.3°

and S =57.2°. The coefficients of friction are g =0.13 and g, =0.31. Determine the accelertation of the
blocks.
SKETCH:

mgsinfi ~._ 4§,
> -1
mg

RESEARCH: The forces of friction are given by F, = 4N, and F, = i, N,. First, consider m,. Using
Newton’s second law:

ZFx =ma, and m gsina—T—F, =ma = mgsina—-T —um, =ma
sz =ma, =0, a,=0, and N,—-mgcosa=0 = N, =m,gcosa
Then, consider m, :

ZFX =ma, and T-m,gsinf—F, =m,a = T-m,gsinf—u,N,=m,a
ZFy =ma, =0 and N, -m,gcosf=0 = N, =m,gcosf}
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SIMPLIFY: m gsina —T — pum,gcosaa =ma and T —m,gsin f — u,m, g cosf =m,a, which implies
T =m,a+m,gsin f + u,m,gcosB. Eliminate T:

m, gsina —m,a—m,gsin ff— p,m, g cosf = y,m, g coscr +m,a
m,gsina —m, gsin ff# — p,m, g cosff — p,m, g cosar = (ml +m, )a

m, sina — m, sin 8 — p,m,cosff — p,m,cosa

a=g

(m, +m,)
he g[ m, (sina - ylcosa) m (sinﬁ + ,uzcos,B)J
m, +m, m, +m,
CALCULATE:
=081 e {(559.1 kg)(sin38.3°-0.13c0s38.3°) (128.4 kg)(sin57.2°+0.31c0s57.2°)
(559.1kg +128.4 kg) (559.1kg+128.4kg)
=2.283 m/s’

ROUND: Rounding to two significant figures, a =2.3 m/s’.
DOUBLE-CHECK: The acceleration must be less than g =9.81 m/s’.

4.91. THINK: Three blocks have masses, m, =3.50 kg, m, =5.00 kg and m, =7.60 kg. The coefficients of
static and kinetic friction between m, and m, are 0.600 and 0.500. Determine the accelerations of m, and
m,, and tension of the string. If m, does not slip on m, , then the accelerations of both blocks will be the
same. First, make the assumption that the blocks do not slide. Then, it must be determined whether the
acting force of friction, F,, is less than or greater than the maximum force of friction.

SKETCH:
—~ 4
[
m, | | T
=1 ¥ —b—(]'- I_
i N Tt
m{@ T3 4
Frictions are not shown. - ' |

m;g +x

free-body diagram:

msg

RESEARCH: Simplify the problem by looking at the axis along the string.
Fy

m +m, f— i 7, | nm.g |

T T rx
— }??1})’ ?’ ? .’}"I'.g'
m, +m,+ n, m, +m, m,
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Using Newton’s second law: ZF =ma = mg= (m1 +m, +m, )a and ZF =ma = T= (ml + mz)a.
SIMPLIFY:

m.g

@ )

(m1 +m2)m3g

(b) T=
(m, +m, +m,)
CALCULATE:
7.60 kg(9.81 m/s )
() a= =4.631 m/s’

(3.50 kg +5.00 kg +7.60 kg)
(b) T =(3.50 kg+5.00 kg)4.631 m/s’ =39.362 N

Now, it must be determined if the force of friction, F, is less than the maximum force of static friction.
From the free-body diagram of m,: ZFX =ma = F =m,a :S.OO<4.631 m/sz):23.15 N. The
=uN, where N, =mg. f = (0.600)(3.50)(9.81) =20.60 N.

F; > f, x> 50 block 1 slips on block 2. Some parts of the question must be reconsidered.

maximum force of static frictionis f, .
RESEARCH: The force of friction is given by F, = g N,. First, consider m,. Using Newton’s second law:
ZFX =ma, = T-F=ma = T—-uN =ma = T—pumg=ma,

ZFy =ma,=0 = N -mg=0 = N =mg

) N m, . .
Now, consider m,: Y F. =ma_ = F.=m,a, = a, = S m e Finally, consider m, :
m

2 mZ
sz =ma, = m,g—T =m,a,.
SIMPLIFY: T -y mg=ma, and m,g—T =m,a, canbe used to eliminate T:

_ _ _ _ _ _ (m3—,ukml)
m,g —ma, — pomg=ma, = m,g—umg=(m+m)a = al_gW
1 3
Also, a, = Al g and T=m(a +ug)=m(g—a)
mZ
CALCULATE:

(7.60 kg —0.500(3.50 kg ))

@ @ =981 mis’) (7.60 kg +3.50 kg

=5.1701 m/s?,

~0.500(3.50 kg)
~ 5.00kg

(b) T =7.60 kg(9.81 m/s’ =5.1701 m/s” ) =35.26 N

ROUND: Rounding to three significant figures,

(a) a, =5.17 m/s*, a, =3.43 m/s* and

(b) T=35.3N.

DOUBLE-CHECK: Because block 1 slips on block 2, g, islarger than a,.

(9.81 m/s’ ) =3.4335 m/s’

2
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THINK: There are two blocks with masses, m, =2.30 kg and m, =5.20 kg. The coefficient of static
friction between the blocks is 0.65.

SKETCH:
F .
N, Fy
_- N, m, ,r — ,\_!] +x
N, F :
mg m.g
E*—. m +m,
m,g -
a
RESEARCH:

(a) From the above diagram, there are three forces acting on block 1; the normal, frictional and
gravitational forces.
(b) Consider block 1. Using Newton’s second law:

ZFX =ma, = N,=ma and ZFy =ma,=0 = F, -mg=0 = F, =mg
There is a minimum force F, when there is a minimum acceleration and F = MN,.

SIMPLIFY: F.=uN =mg = N, S AEN pma=mg = a =% Consider a block composed of

s s

m, +m
block 1 and block 2: ZFx =ma, = F =(m1 +m2)a = F =M.
H
(© N=2
H
(&) SF =ma="28
H
CALCULATE:
2.30 kg +5.20 kg)(9.81 m/s’
(b) F=( i g)( )=113.19N
0.65
2.30 kg(9.81 m/s’)
(¢) N, = =3471N
0.65
5.20 kg(9.81 m/s’
(d) D F = (<) = ) =78.48 N

ROUND: Rounding to two significant figures, F= 110 N, N, =35 N and ZFX =78 N.

DOUBLE-CHECK: The net force on block 2 added to the contact force N, should equal F. F=78 N +
35N =113 N, as expected.

215



Bauer/Westfall: University Physics, 2E

4.93.

4.94.

THINK: The suitcase has a weight of M, =450. N. The coefficient of kinetic friction is g, =0.640.

Determine the angle that minimizes the force to pull the suitcase.
SKETCH:

Mrg aMg

RESEARCH: The force of friction is given by F, =g N. Also, T, =Tcosf and T, =Tsin6. Using
Newton’s second law:
ZFX =ma_, and a_=0,s0 T, —F, =0 = Tcosé=F, =y N
sz =ma,=0 = T +N-Mg=0 = Tsin0+N-Mg=0 = N=Mg-Tsin0
SIMPLIFY: TcosO =y, (Mg —Tsin@) = Mg - Tsin@
T(cos@+,uk sin49):ykMg
T = Mg (cos+ sinH)f1

Differentiate T with respect to 6; Z—g = —,ukMg(—sin9+ M, cos 6’)(cos¢9+ H sinH)_Z. The minimum

tension is when dT/d6=0: —,ukMg(—sin6’+ M, cOs 9)(cos9 + 1, siné’)_2 =0, which simplifies to
—sin@+ g, cos@ =0, or tand = y,_. Thus, & =tan™ (yk )
CALCULATE:
(a) 6 =tan™'(0.640)=32.6192°
0.640(450. N

(b) T = =2425N
(cos(32.6°) +0.640sin(32.6°))

ROUND: Rounding to three significant figures,

(a) 8=32.6° and

(b) T=243N.

DOUBLE-CHECK: As a comparison, if §=0°, T = M, = 0.640(450. N) =288 N. The minimum

tension calculated is less than this value.

THINK: There are three blocks with masses, M, =0.450 kg, M, =0.820 kg and M,. The coefficients of
static and kinetic friction are g =0.560 and g, =0.340.
SKETCH:

Frictions are not shown.
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free-body diagram:

N, a N, a, r
= fl g
F £l g ‘T T ‘M;
Fr'. 2 ol
Mg Mg Mg

RESEARCH: The force of friction is given by F, = uN. It is given that block 1 does not slide on M,,

which means g, =a, =a. First, consider M, . Using Newton’s second law:
ZFX =ma, = F,=Ma and ZFy =ma,=0 = N,-Mg=0 = N, =Mg
Then, consider M, : ZFX =ma, = T-F,-F,=M,a
and ) F,=ma =0 = N,-N,-M,g=0 = N, =(M,+M,)g
Finally, consider M, : ZFy =ma, = M,g-T=M,a.
SIMPLIFY: The maximum force of friction before M, will slip is givenby F, = f  =uN, =uMg.
F,=uMg=Ma = a=pug (1)
Mass 2 is slipping along the table so F,, = f, = 4 N, = 1, (M1 + Mz)g; therefore, the equation for the x-
direction yields T —-uM g—pu, (M1 +M2)g:Mza:>T:Mza—i-,uleg+,uk(M1 +M2)g (2).
Substituting (1) in (2) yields T = M, g+ u M g+ . (M1 +M, )g = U, (M1 +M, )g + 4, (M1 +M, )g (3).

Solving the equation x-direction equation for M; yields, M,=

. Substituting (1) and (3) for a and T,

g—a
respectively, yields M,= a (Ml M, )g A (Ml M )g = (,us T )(Ml M )
§—Hg 1= g
(0.560+0.340)(0.450 kg +0.820 kg)
CALCULATE: M, = 1= 0.560 =2.5977 kg

ROUND: Rounding to three significant figures, M, =2.60 kg.

DOUBLE-CHECK: The order of magnitude of M, is reasonable in comparison to M, and M,.

THINK: The three blocks have masses, M, =0.250 kg, M, =0.420 kg and M, =1.80 kg. The coefficient
of kinetic friction is £ =0.340.

SKETCH:
N, a,
Mll N—al |

Yo

|,M: Ifwlj,
M:g T !_~
Frictions are not shown. ’1;13 4

P
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free-body diagram:

N a T
1 l -
a
M,
- M. s
Mg Mg

RESEARCH: The force of friction is given by F, = s N. First, consider M,. Using Newton’s second law:
D F,=ma, = F,=Ma, and ) F =ma,=0 = N,-M,g=0 = N, =Mg
Then, consider M, : ZFX =ma, = T-F,-F,=M,a and
D F =ma,=0 = N,-N,-M,g=0 = N,=(M,+M,)g
Finally, consider M, : ZFy =ma, = M,g-T=M,a.
SIMPLIFY:
(@) E,=uN,=uMg=Ma, = a =g, which is the acceleration of the block.

(b) For the slab (M,) the friction with the table is F, = f, =N, :,uk(M1 +M2) g ; therefore, the
equation for the x direction yields T - M g— yk(M1+M2) g=M,a. From the equation for M,,
T=M, ( g- a). Substituting this for T yields the following.
M3(g—a)—ykM1g—,uk(Ml+M2)g:Mza:>(M2+M3)a:M3g—,uk(2M1+M2)g
[ M, - (2M, + M,) g
M, +M,

—a=

CALCULATE:
(a) a,=(0.340)(9.81 m/s” ) =3.335 m/s’

1.80 ke —(0.340)(2-0.250 k: 0.420 k 9.81 m/s*
(b) 4 LL80 ke (0340)( &7 8)](9:81 mis )=6.572 s
0.420 kg +1.80 kg

ROUND: Rounding to three significant figures,

(a) a,=3.34 m/s* and

(b) a=6.57 m/s>.

DOUBLE-CHECK: Because M, slides on M, , it is expected that a, isless than a. Both g, and a must
be less than g.

Multi-Version Exercises

4.96. THINK: This problem involves two blocks sliding along a frictionless surface. For these types of
problems, use Newton’s laws. Also note that the tension force from block 1 must be exactly equal and
opposite from the force or block 2.
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SKETCH: Start with the image from the text to create free body diagrams for each block.

l l

RESEARCH: Since the blocks are lying on a frictionless surface, there is no friction force acting on the
blocks. It is necessary to find the tension T on the rope in terms of the force F acting on the second block
and the masses m, and m,. Since force F is acting on the blocks and rope as a single system, Newton’s
Second Law gives that F =(m, +m, )a , where a is the acceleration of the blocks. Looking at the horizontal
forces on block 1 gives T =m,a .

SIMPLIFY: It is necessary to find an expression for the tension in terms of the outside force F acting on

T
block 2 and the masses of the two blocks. Rewriting T=maas a=-— and combining with
ml

T . . . L
F=(m, +m,)a gives F=(m, +m,)— . This expression can be re-written to give the tension in terms of
ml

m

known quantities: T =F
m, +m,

CALCULATE: Using the masses and force given in the question statement gives a tension force of:

T=1261N 1.267 kg
1.267 kg +3.557 kg

=3.311954809 N

ROUND: The masses of the blocks are given to four significant figures, and their sum also has four
significant figures. The only other measured quantity is the external force acting on the second block,
which also has four significant figures. This means that the final answer should be rounded to four
significant figures, giving a total tension of T'= 3.312 N.

DOUBLE-CHECK: Think of the tension on the rope transmitting the force from block 2 to block 1. Since
block 2 is much more massive than block 1, block 1 represents about one fourth of the total mass of the
system. So, it makes sense that only about one fourth of the force will be transmitted along the string to the
second block. About 12.61/4 or 3.153 N will be transmitted, which is pretty close to our calculated value of
3.312N.

F=(m1+m2)l
1

mF=mT+m,T
m, (F —T) =m,T

T 4.094
m, =m2ﬁ=(3.577 kg) 094N =1.495 kg

/13.89 N —4.094 N
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4.98.

4.99.

4.100.

T

F=(m +m,)—
( ' 2)m1
mF=mT+m,T

- mF-mT Cm F-T

15.17 N—4.915 N
m =(1.725 kg) =3.599 k;
2 T ! ( & o5 N 8
T + 1.955 kg +3.619 k
F=(m +m,)—=T"""2 —(5777 N) £ §_1647N
m, m, 1.955 kg

THINK: This problem involves two hanging masses and two frictionless pulleys. The rope is massless, so
it is not necessary to include the gravitational force on the spring. The forces on this system will be the
gravitational force and the tension in the string. To solve this problem, it will be necessary to use Newton’s
laws.

SKETCH: Begin with the sketch from the text. Then, draw free body diagrams for both masses, keeping in
mind that the forces exerted by the rope on the masses must be equal.

Pulley 1 Palley 2

: .

BT A
i

gll &

v

RESEARCH: First note that the two blocks will accelerate at the same rate, but in opposite directions. First
note that the gravitational force on each block can be given in terms of the mass and gravitational
acceleration: g, = gm, and g, = gm, . It is possible to use Newton’s Second law on each block individually
to get two equations relating the tension T, the masses of the blocks m, and m,, and the acceleration a. For
the first block we have that (T-mg)=ma. Likewise, (T—m,g)=m,-(—a) because block 2 is
accelerating in the opposite direction from block 1. With these two equations, we should be able to solve
for either of the unknown quantities a or T.
SIMPLIFY: Since the problems asks for acceleration a, first find an equation for the tension T in terms of
the other quantities. T —m,g =m,a means that T =ma+m,g. Substitute this expression for T into the
equation (T —m,g)=m,-(—a) to get:
-mya=(ma+mg)—m,g=
-ma—m,a=-ma+ma+mg—m,g =
(_ml —-m, )a =mg-—mg=
— mg—mg

—-m, —m,

a

CALCULATE: The masses m, and m, are given in the problem. The gravitational acceleration g is about
9.81 m-s *. Using these values gives the acceleration a:
— mg—mg

—m, —m,
_1.183kg-9.81ms~*—3.639kg-9.81 ms”’
- ~1.183 kg —3.639 kg

a

=4.99654915 m s
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4.102.

4.103.

Chapter 4: Force

ROUND: The masses of the blocks are given to four significant figures, and their sum also has four
significant figures. Since they are the only measured quantities in this problem, the final answer should
have four significant figures, giving a final answer of 4.997 m/s>.

DOUBLE-CHECK: In this situation, it is intuitively obvious that the heavier mass will fall towards the
ground less quickly than if it were in free fall. So it is reasonable that our calculated value of 4.997 m/s” is
less than the 9.81 m/s?, which is the rate at which objects on the Earth’s surface generally accelerate
towards the ground.

mg+ma=m,g—m,a

ta 79,81 m/s> +3.760 m/s’

+ . ’+4. :
mz=mlu=(1.4llkg)981m/sz+4352m/sz=3.661kg
g—a 9.81m/s” —4.352 m/s
mg+ma=m,g—m,a
- 81 m/s’ —3. ?
my=m, 8% = (3,681 kg) 2L /S 370 ) o4y 1
g

THINK: This problem involves friction, so the only forces acting on the curling stone are gravity, the
normal force, and the frictional force. Since gravity and the normal force act in the vertical direction, the
only force slowing the horizontal movement of the curling stone is the frictional force. It is necessary to
come up with a way to relate the initial velocity to the mass, coefficient of friction, and total distance
traveled by the stone. Since the curling stone is slowing to a stop, there is a net external force, so it will be
necessary to use Newton’s Second law.

SKETCH: It is helpful to draw the free body diagrams for the curling stone at three different times: the
moment the curling stone is released, part of the way along its path, and after it has stopped. When the
stone is at rest, there is no velocity and no kinetic friction (there is, however, static friction).

A |
I

N
- — 7 ..?L-.-'_ﬂ:zﬁ'; Ve =0

k -

fp—

=
F 3

-—hlﬂ‘]l -—&1]—* .-ﬁI
W

F;
J

I
3601l m

RESEARCH: The only unknown force acting on the curling stone is the kinetic friction force. The
magnitude is given by f, =4 N . But the normal force is equal and opposite to the gravitational force

(N= —ﬁg =—(mg)), so the magnitude of the normal force is N = mg. The initial kinetic energy of the stone

is K=1mv; and the kinetic energy of the stone at rest is zero. So, all of the kinetic energy has been
dissipated by friction. The energy dissipated by friction is equal to the magnitude of the force times the
distance traveled, f,d =K. This will allow us to find the initial velocity in terms of known quantities.
SIMPLIFY: First, it is necessary to combine f,d=K with the equations for the kinetic energy, normal
force, and frictional force. So:
fid=K=
(4N)d=Lmv; =
— 1

s, (mg)d =my;
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4.104.

4.105.

Use algebra to find an expression for the initial velocity in terms of known quantities:
1, (mg)d = +mv? =
2 2
2y mgd =21y’ =

m m

2p.8d=v; =

\J2u.8d =v,
CALCULATE: The mass of the curling stone m = 19.00 kg, the coefficient of kinetic friction between the
stone and the ice g4 = 0.01869 and the total distance traveled d = 36.01 m. The acceleration due to gravity
on the surface of the Earth is not given in the problem, but it is g = 9.81 m/s’. Using these values,

Vo =+ 2u.8d
:\/2~0.01869~9.81 m/s*-36.01 m =3.633839261 m/s

ROUND: The mass of the curling stone, distance traveled, and coefficient of friction between the ice and
the stone are all given to four significant figures. These are the only measured values in the problem, so the
answer should also be given to four significant figures. The initial velocity was 3.634 m/s.

DOUBLE-CHECK: Since the gravitational and normal forces are perpendicular to the direction of the
motion and cancel one another exactly, they will not affect the velocity of the curling stone. Between the
time the stone is released and the moment it stops, the frictional force acts in the opposite direction of the
velocity and is proportional to the normal force, so this is one-dimensional motion with constant
acceleration. It is possible to check this problem by working backward from the initial velocity and force to
find an expression for velocity as a function of time, and then use that to find the total distance traveled.
Newton’s Second law and the equation for the frictional force can be combined to find the acceleration of

the curling stone: f, =—p,mg =ma_= a,=—u,g. If the spot where the curling stone was released is x, =
0, then the equations for motion in one dimension with constant acceleration become:

1
d=x,+vt +5at2

v=v,+at
and )
=3.634-0.01869-9.81¢ =0+3.6341 ~—0.01869-9.81°
. . . 3.634
Solving the first equation for v = 0 gives 0=3.634—-0.01869-9.81t = t=—————=19.82sec. (The
0.01869-9.81

stone was in motion 19.82 seconds, which is reasonable for those who are familiar with the sport of
curling.) This value can be used to compute the distance traveled by the stone at the moment it stops as

1
d=0+3.634t —30.01869 -9.81t%
1
=0+3.634(19.82) ~-0.01869 -9.81(19.82)" =36.01 m

This confirms the calculated result.

2

1
(4,mg)d =—mv,

mv,’ v (2.788 m/s)’

d= = =
2(umg)  2ug  2(0.01097)(9.81 m/s’)

=36.11m

1
(smg)d = v

v,? (3.070 m/s)’

0

=Y =0.01327
2gd  2(9.81m/s”)(36.21m)

Hi

222



