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Dynamics I:
Motion Along a Line

6.1 Equilibrium

1. The vectors below show five forces that can be applied individually or in combinations to an object.
Which forces or combinations of forces will cause the object to be in equilibrium?
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FB+ FD or FB+ C+ E

-

2. The free-body diagrams show a force or forces acting on an object. Draw and label one more force
(one that is appropriate to the situation) that will cause the object to be in equilibrium.
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3. If you know all of the forces acting on a moving object, can you tell in which direction the object is
moving? If the answer is Yes, explain how. If the answer is No, give an example.
No. Tf you know oll 6f the forces then you know
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6.2 Using Newton’s Second Law

4. a. An elevator travels upward at a constant speed. The elevator hangs by a single cable. Friction and
air resistance are negligible. Is the tension in the cable greater than, less than, or equal to the weight
of the elevator? Explain. Your explanation should include both a free-body diagram and reference to

appropriate physical principles.

Beconse the elevotor is wet o\ccc\uo\hw_:}l R
Yhe net Force on W omust be zevo, Tszfoﬂ_’ T
+he ka\SibV\ QY\A \hlljﬁ:d‘ VV\\,Q{' LL LC\V\‘J n

musv\'\’mde. ond opposite iwn (liru‘\“ oW,

a;'ﬂb

b. The elevator travels downward and is slowing down. Is the tension in the cable greater than, less
than, or equal to the weight of the elevator? Explain.

Recanse the t\wa"or‘ is S\ow'wu) o\cwv\) H‘s .
O\cce.\u-o\*ion is W the o9pos'\'¥(, Jin.c:\"lon T
$rown its wotion. T\\u‘?foﬂ.,ﬂf\e_, net force R
on e elevator g wpwaro‘ and the FG

Exercises 5-6: The figures show free-body diagrams for an object of mass m. Write the x- and

y-components of Newton’s second law. Write your equations in terms of the magnitudes of the

forces £, F5,... and any angles defined in the diagram. One equation is shown to illustrate the procedure.
%
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ma, = F3 ma, = F3 cos 93' F. (.oSe,
Fosin©, +Fysin 830 Fy

ma, = I - F, ma, =
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6. 1
F‘ 4 F
‘Y
ma, = Fycosby — Fy ma, = F cos © - SiV\ 8
ma, = F' + F3 S\V\e3 - Fa ma, = . - FaCQS é Fg Sin 9

Exercises 7—9: Two or more forces, shown on a free-body diagram, are exerted on a 2 kg object. The units
of the grid are newtons. For each:
« Draw a vector arrow on the grid, starting at the origin, to show the net force F

« In the space to the right, determine the numerical values of the components a, and a,.

7. F.(N)
'“‘s (3N-aN)= 5 ™s¢ = 0.5 %
&, = D.ks (QN3=‘ s
8.
a, = 3.\(3 (3N \N-IN) OSM/S
g, = akS (3N- AN) = 0.5"sa
9 oY
ik (aN-aN-3N)= 15
o - Tky (IN+AN-3N) = 0752
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Exercises 10-12: Three forces ﬁl, ﬁz, and ]% cause a 1 kg object to accelerate with the acceleration given.
Two of the forces are shown on the free-body diagrams below, but the third is missing. For each, draw and label

on the grid the missing third force vector.

= a2
10. a=2i m/s F )
: 2
fz F
F(N)
-2 2
- l':‘
3
1. d=-3] m/s* F.(N)
A
12. The object moves with £ M)
constant velocity.
N
F,
F
. —F.N)
,2 a
v F

13. Three arrows are shot horizontally. They have left the bow and are traveling parallel to the ground. Air
resistance is negligible. Rank in order, from largest to smallest, the magnitudes of the horizontal forces
£, F5, and Fy acting on the arrows. Some may be equal. Give your answer in the form A>B =C>D.

2 3

1
% = 10 m/s @ = 9 m/s /;; = 9 n/s
90 ¢

80 ¢ 80 ¢

Order: | = a=3

Explanation: A fYer ‘u\vin the \’ON theve ave No
‘ /

hovizontal Forces on:the aveows (“‘3\“""""‘3

aiv cesistance), The ov\\\, force on the

orvows is the downward Focce of 3"“"“‘\’-
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6.3 Mass, Weight, and Gravity

14. An astronaut takes his bathroom scales to the moon and then stands on them. Is the reading of the scales his
weight? Explain.
The scales will read Wis w\.'\s\f\'\' onn the weon,
—n‘u{ will viet  vead The wC\%\«“ Yot e has ow
Earth.

15. Suppose you attempt to pour out 100 g of salt, using a pan balance for measurement, while in an elevator
that is accelerating upward. Will the quantity of salt be too much, too little, or the correct amount? Explain.

LN

Youw will shill powr e covred amownt,

) ) » ) e : e
Although The we Wt ois increased in d -
Q.\(.Vol?or (w\«'\c\'\ wo?»\o\ \uxJ. "'o pow-iy\s too H‘\'\c_

.Sw\t.\ ) Yhe - \m\m\r\u comp aves +he

on a Spey

mags ‘;F :'?\c. salt ‘,o\,‘mcl w"'\'\f e, moss g ::‘A‘-
knowwn 100g objet. Rothh wweahls re oTTL
by the aweleration in the same way.,

16. An astronaut orbiting the earth is handed two balls that are identical in outward appearance. However, one
is hollow while the other is filled with lead. How might the astronaut determine which is which? Cutting

them open is not allowed.

T\w. ‘Forcm \”&qui\"d "ro qcce\gm‘t'e. an 0\3:\“‘* is
pmporhcma\ Yo its wass, (F :m'&}‘ TLNS‘ the
Q&'\'{'QV\O.U\-\- Can Ad’tfw\'w\@ w\\'\(-\l\ \)0\“ s "\0\\0\4
and which is filld Witk lead by shaking each
OF camsiv cach to acu.\ c,m‘\'t with o 3iw.vx
focce. -TEL foree. °© wived to acalevofe the

hollow  ball is less duwe Yo whe lower wass,
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17. The terms “vertical” and “horizontal” are frequently used in physics. Give operational definitions for
these two terms. An operational definition defines a term by how it is measured or determined. Your
definition should apply equally well in a laboratory or on a steep mountainside.

\le_(‘-\-i(,q\ can l)O. dd:ine.d l)\i ‘H'\L \iv\q_ o \U\m‘o l)bb
maltes \»\o,v\sm down due to cymvi-w, ‘Roriuw}«‘
Con be defin \)\, e surfoce of o liowid far
frowm the edaes of its covtainer or (Ly using
o bubbe level

18. Suppose you stand on a spring scale in six identical elevators. Each elevator moves as shown below.
Let the reading of the scale in elevator n be S, . Rank in order, from largest to smallest, the six scale
readings S, to S¢. Some may be equal. Give your answer in the form A>B=C>D.

(/\/\%
; \ |1 k ) : , :
v Z’g d ¥ d ¥
- i
Up Speeding up Down Slowing Down Steady
at 3 m/s a2 m/s? at 3 m/s a2 m/s? at 3 m/s speed
4 § 6 |
.\,T \) ; 1 T“- ‘:l ld vl
L
Up / “\‘\ Speeding up Down Speeding up Down Falling
at 6 m/s / r&_‘ at 2 m/s’ at 3 m/s at 2 m/s* at 3 m/s at 9.8 my/s?

Order: S‘: S&‘: S‘i >33 > Sg >Sb
Explanation: T\,\t SU"\L r@\g\iv\() \’uxcls \’ou( wdgll\'l')
whi ch (J.Q,pe,v\o\s wpown the W\C\y\‘\'\'ude O.V\o\
diru-hon of yous accdam{'iovx OV\\\,’ V\0+ your
Speu\. Cases \,3. oand H all invelve uQNM‘O‘
accdevadion So +he scale reads tmr wtiq t.
Casc_ 5 ('Q_(:\AS less Hhan your NL'IS U ‘)U—““SQ
youwe accelecation s downword . For case Q’/

+the Saale rcoAMs S(o wﬂl be 2ero,
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6.4 Friction

19. A block pushed along the floor with velocity V, slides a distance d after the pushing force is removed.
a. If the mass of the block is doubled but the initial velocity is not changed, what is the distance the block
slides before stopping? Explain.

The block will slide the some distance 4. The
'Fr'\chov\ forc_q, S PmPor'hoV\o\( to '”\o. W\ASS‘\)‘I“' 'ﬂ\e
\3\0(145 yesSponse to ‘H\o."( 'Forq is o.\So Proporhov\«l
to the mo\SS' So the %(.Q,lt(o\‘l"mn is the sawme,

b. If the initial velocity of the block is doubled to 2¥, but the mass is not changed, what is the distance the
block slides before stopping? Explain.
The blod( wi“ S|iol¢ a AIS‘{'O\V\QL Of l'ld Bq_(,ow\;g_
Hhe awdlwation is wachanged, it will +ake twice
the Hiwme to lose haice the V'-\O'»"fy. Because

‘H«c_ Qe \JL\OC\'\‘Y 15 Q\so c\ouuul, ‘H\t MO(.‘C
P L\x f\»\fﬂ’\tf‘,

N\“ Trave
20. Suppose you press a book against the wall with your hand. The book is not moving.
a. Identify the forces on the book and draw a free-body diagram.
ty The forces ave :
- F & - = O
+ f » Ffus\'\ "

< l >, Fo= §5-Fg =0

b. Now suppose you decrease your push, but not enough for the book to slip. What happens to each of the
following forces? Do they increase in magnitude, decrease, or not change?

ﬁpl,sh AQCV‘!.QSQS
B Same
B decreases
£ Same

]—,; max d urms QﬂS
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21. Consider a box in the back of a pickup truck.
a. If the truck accelerates slowly, the box moves with the truck without slipping. What force or forces act
on the box to accelerate it? In what direction do those forces point?

Tkt S‘\'O&ic ‘Fv(d’.ov\ 'Forcz o.cu,\e.rahs '\\«_ \)ox.
The static friction force poivx'\'.s W the same

£ Hae henck.

d\'rLChOV\ as the Q(,Lb\u‘aho\ﬁ 0

b. Draw a free-body diagram of the box.

Y

’J
FG

¢. What happens to the box if the truck accelerates too rapidly? Explain why this happens, basing your
explanation on physical models and the principles described in this chapter.

If e accelerabion is very \aqe.“r\aw W vnoy
requive o force Ow He box in the same

A;rq,c"io;« '|'\ch uc@zds ﬂ'\(, MOL T MW ‘rgw_fct 'H’“\*A
Cawn \)Q_ proxﬂ c\ed b\l s‘\'o."\t. 'Fr'tc\"\ov\'-f;m =M$y\.

ax
I this case, Hw block will ’fbvw\ o vramain

place while the truck bed accelevates o from
undurneath i “uwiwﬁ it Yo oppear to sliAL
backwards). Kinetice feiction will accelerate
e Box " hv\'\' a'\' o8 ‘QSSU' \"ot\’Q, 'H'\o.v\ 'H’\?—
occeleration of the truck.
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22. A small airplane of mass m must take off from a primitive jungle airstrip that slopes upward at a slight
angle 6. When the pilot pulls back on the throttle, the plane’s engines exert a constant forward force Fy ;-
Rolling friction is not negligible on the dirt airstrip, and the coefficient of rolling resistance is ,. [f the
plane’s take-off speed is v ¢, what minimum length must the airstrip have for the plane to get airborne?
Assume the plane takes off uphill to the right. Begin with a pictorial representation, as was described
in Tactics Box 1.5. Establish a coordinate system with a tilted x-axis; show the plane at the beginning
and end of the motion; define symbols for position, velocity, and time at these two points (six symbols
all together); list known information; and state what you wish to find. Flhrust, m, 8, i, and v g are
presumed known, although we have only symbols for them rather than numerical values, and three

a.

other quantities are zero.

Known* Find : X'
3 A = @) e
\/7‘ t,= O Veer
X .“\ ' \Fo = 0 -‘M
S Me Fw.-us-}

X, Vot
b. Next, draw a force- 1dent1f' catlon diagram. Beside it, draw a free-body diagram. Your free-body diagram
should use the same coordinate system you established in part a, and it should have 4 forces shown on it.

>

a T et

Yo .
Fe Yo
¢. Write Newton’s second law as two equations, one for the net force in the x-direction and one for the
net force in the y-direction. Be careful finding the components of FG (see Figure 6.2), and pay close
attention to signs. Remember that symbols such as F; or f; or represent the magnitudes of vectors;
you have to supply appropriate signs to indicate which way the vectors point. The right side of these
equations have a, and a,,. The motion is entirely along the x-axis, so what do you know about a,?

Use this mformatlon as you write the y-equation.

ZFX=F ‘FGSiV\e“FK

thrust
ZFyz n- FGCOSQ= O

d. Now write the equation that characterizes the friction force on a rolling tire.

S ® MM\
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e. Combine your friction equation with the y-equation of Newton’s second law to find an expression

for the magnitude of the friction force.

.= m Fgcos©

f. Finally, substitute your answer to part e into the x-equation of Newton’s second law, and then solve
for a,. the x-component of acceleration. Use F; =mg if you’ve not already done so.

= maSiv\e ‘MP W\S Cos @: ma.,

F

o= _F_*_“'%\‘:ﬂ - 3(sine *}J.‘.COS@)

hreast

g- With friction present, should the magnitude of the acceleration be larger or smaller than the
acceleration of taking off on a frictionless runway? Swaalles

yes

h. Does your expression for acceleration agree with your answer to part g?
Explain how you can tell. If it doesn’t, recheck your work.

The fridtional componedt has Hhe opposite
S‘icyr\ Qs F‘tkrms‘\— ‘

i. The force analysis is done, but you still have to do the kinematics. This is a situation where we know
about velocities, distance, and acceleration but nothing about the time involved. That should suggest
the appropriate kinematics equation. Use your acceleration from part f in that kinematics equation,

and solve for the unknown quantity you’re seeking.

. &o\(xf\ use \J?=\f.a+3.0~AX 5O

NG
of¢

L . Vate

V.ee = Ao %X, Or Xg= Zeff -

off xF ¥ &Q, a[-&-‘%“_’.* - S(Sg“e +HPC°SQ)]

You’ve found a symbolic answer to the problem, one that you could now evaluate for a range of
values of Fy ., or & without having to go through the entire solution each time.
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6.5 Drag

23. Three objects move through the air as shown. Rank in order, from largest to smallest, the three drag forces
Dy, D,, and D;. Some may be equal. Give your answer in the form A > B =C > D.

¥ T T

6 m/s

4 m/s

20 cm ’ Gmis
|

Order: B‘ = DR> D3 "
Explanation: USiv\S D= 6:"\ or D ra\la
then D,=Dy (same v, Sawme v) awnd

=3 .5 Yy
3700 Mg, Va3t gy, S

A3 \I'Sa :(%\a(%BaAlvu
A NS =(T) AN, so D,<D,

24. Five balls move through the air as shown. All five have the same size and shape. Rank in order, from largest
to smallest, the magnitude of their accelerations ¢; to as. Some may be equal. Give your answer in the form

A>B=C>D.

S0 g 100 0

50¢e 100 g ) g
ONENO ? ? :
Just released Just released v==20 m/s v=-20 m/s 0g

v=0 v=0

Order: Og2@,=20,%0,>a4
Explanation: Og s %m‘\’cﬁ ‘:w_cc\use, \)O‘Hf\ +\"°~
ol,,-as force and 05mv‘t“y are down wovd,

O P because thefe is wo d\rqs force
if vzO. The dvag Force 1S not pfopor“‘ioml
to Hwe wass SO Q\o. acdevokion of ball 4

is grw:\'cr Hon That of ball 3 because
P_Q(,\-\ “—“va‘i{,v\cts 'H'\Q. Sawme clmS 'F‘VC«Q 5 b“+
ball Y experienes o O_sfc.m“'(,f 3mv‘|+nhom|

Fowct.
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25. A 1 kg wood ball and a 10 kg lead ball have identical shapes and sizes. They are dropped simultaneously
from a tall tower.
a. To begin, assume that air resistance is negligible. As the balls fall, are the forces on them equal in
magnitude or different? If different, which has the larger force? Explain.

The foree owm the  leed ball is 10 Hwes Sn_w\u' Cl\M.
to its 10 "'\mz_s CSVUAU viass. The Force of 3mvnly

is Y

b. Are their accelerations equal or different? If different, which has the larger acceleration? Explain.

Eauel. Thowdh the force of 3v‘avi'\‘\, is 10 dimeg
Tcﬂw-_{_\a on the 10kg lead ball, s vusistne {o
aelevati o linertia) is olso 10 times gfu&ur.
('w\sz wa or Q’.—-S FO(‘ Eo{’\ﬂ)

¢. Which ball hits the ground first? Or do they hit simultaneously? Explain.
Simulfancomsly., The  balls are dfoww‘ a the
Same time Frown the same hu‘jh“' with Hae
Sowe  accelevation . Therdfore, they land o
the same  ¥ime,

d. If air resistance is present, each ball will experience the same drag force because both have the same
shape. Draw free-body diagrams for the two balls as they fall in the presence of air resistance. Make sure
that your vectors all have the correct relative lengths.

D B ‘
ood (Thowah the dvaq forces are equa

leed I-‘ ‘iall SP&LES, Yo S?v.scls will differ as

bel o D(plo[m ed i pW"t e \)L\ow)

Fo

€. When air resistance is included, are the accelerations of the balls equal or different? If not, which has the
larger acceleration? Explain, using your free-body diagrams and Newton’s laws.

The Jead ball has o qruater awtlerotion. Buomse the Jmfp

'Fofu is 'mc\cpc,v\c\e.v\'\' & ‘H\L WSS it w’\\l have ‘Q«SS Vfﬁc 1%

. Fon dae do avavity of The laad ball: U
Tesinsd o stersfion e G e 470 i R

)= IF L‘M = ™

lavaer mass of the leod ball lkods 1o a smalley anM\sv. in the
M:gh\'\‘\.,dg, of acctleration, (absent air resishance).

f. Which ball now hits the ground first? Or do they hit simultaneously? Explain.

The lead ball will Wit the 3mv\m’ first bucavse
Wt hag a %moc\'e.r macy\ih\dt. awderation.
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