Selected Problems
from
Chapter 2



1) A car travels in a straight road
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L

object moving along the ®x axls has a position given by
(3 £ - £**3) m, where t 15 measured In =. What 1= the
eleration of the cbject when its velcocity is zero?

4.;-mf5“*2
' m/s**2 V :d—X:3—3t2:>
m/ 2 dt
v=0=3-3% =t?=1
=t =%£1s
LA Sy

dt
a(+1) =-6(1)=-6m/s’
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3) A particle moving with a constant acceleration has a velocity
of 10 cm/s when its position is x0 =10 cm. Its position 4.0 s
later i1s %= -14 cm. What 1s the acceleration cof the particle?

Al -8.0 cm/=s**2
AZ -5.5 cm/=s**2
A3 5.5 cm/s**2
24 8.4 em/s**2 v =10cm/s; X, =10cm;t =4.0s ,x =-14cm
AS -2.0 cm/s**2

a="?
_ 1t 2
X =X, =V i +zat

_14-10=10(4.0)—3a(4.0)> = a = %x (—64)

a=-80cm/s*



4) stone 1s thrown vertically upward such that it has a speed
9.0 m/3 when it reaches one half of its maximum height

ove the launch point. Determine the maximum height.
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Al 8.3 m

Az 2.8 m A L V=0.0 m/s
23 5.3nV,=9.0m/s;v =00m/s

A4 6.5 m ,

25 17 my-Y,=2H;a=-9g=-980m/s

Vo =9.0 m/s

V2=V02+2a(y—y0) -
0 =v,' —29(3H)
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particle moving along the % axis has a poslition given by

E

X =24 © - 2 £*¥*3) meters,
where T 13 measured 1in seconds. How far 1s the particle
from the origin (x=0) when the particle stops momentarily?

Al 32
A2 23
A3 40
Ad 17

AL GE

=R

find x whenv =0

V :d—X:24—6t2:0
dt

t°=4=t =205
X (28)=(24x2-2(2.0)°)=48-16=32m

H 82 9



7/) In 2.0 seconds, a particle moving with constant acceleration

along the ®x axis goes from x=10 m to =50 m. The wvelocity
at the end of this time interval 1s 10 m/=s. What 1s the
acceleration of the particle?

Al -10 m/s**2
A2 +15 m/s**2

A3 -15 m/s**2
Ad +20 m/s**2

A ')

AL 20 my g* &7

t =20s;X,=10m;x =50m;v =10m /s
a="7?
X —X, =Vt —iat?

50-10=10(2) -1a(2.0)* =>a=— 40;20 =-10m/s?




8) A =stone is thrown downward from height

with an initizl speed of 10 m/s.

3.0
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seconds later. Determine h.
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44
14
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It strikes the ground

above the ground

n
>

Yy =Y, =Vt +iat?

—h = (-10)(3.0) —1(9.80)(3.0)°
-h=-30-44.1=-74
h=74m

Vo=-10 m/s

t=3.0s




fﬁ? A helicopter at height h (m) from the surface of the sea 15 descending at a
CONSTANT SPEED v (m/s). The time it takes to reach the surface of the sea can be

found from:

A) -h=-vt

B) h=%:gt

C) -h=tagt

D) h=vt-tagt
E) -h=wvt-t2gt



1) A particle starts from rest at t = 0 s. Its acceleration as a function of time is shown in
Fig  What 15 1ts speed at the end of the 6.0 57

a (mis<)

A) 40 m's
By 0 mf&
C) 12 myV = I adx =areaunder the curve
Dy 20 m's

E) -12ms =40%x2.0-2.0%x2.0+0=80-4.0=4.0m/s



[ 1] The position of a particle x(t) as a function of time (1) 1s descnibed by the equation:
X()=2.0+3.0t-1t, where x 15 inm and t1s in s. What 1s the maximum positive
position of the particle on the x axis?

A) 40 m
B) 20 m
C) 30 m
D)y 10 m
E) 50 m

X (1) = 2.0+ 3.0(1.0) — (1.0)2 = +4.0 m



*3 An automobale travels on a straight road for 40 km a1 30
Emvh. It then continues in the same direction fof another 40
km a1 60 kb (a) What s the average veloaty of the car
during this B km tnp” { Assume that it moves in the positive
& direction.) (B) What is the average speed? () Ciraph v versus
r and indicate how the average velogily s found on the
Eraph, S5M www



3. We use Eq. 2-2 and Eq. 2-3. During a time &, when the velocity remains a positive
constant, speed is equivalent to velocity, and distance is equivalent to displacement,
with Ax =v 1.

(a) During the First part of the motion, the displacement is Axy = 40 km and the time
interval is

o AOKM e

1= -
(30 km/ h)
Dwring the second part the displacement is Axy = 40 km and the dme interval is

(40 km) -
b=——— =047 h
© (B0 kmd o

Both displacements are in the same direction. so the total displacement is
Av =Ax + A =40 km + 40 km = 80 km.
The total time for the rip is t = f + £ = 2.00 h. Consequently, the average velocity is

(80 k) .
Ve = ——— =40 km/ h.
" (2.0h)
(b In this example, the numerical result for the average speed is the same as the
average velocity 40 km/h.

(c) As shown below, the graph consists of two contiguous line segments, the first
having a slope of 30 kmv/h and connecting the origin to (fi, 1) = (1.33 h, 40 km) and
the second having a slope of 60 km'h and connecting (#. xp) to (¢, x) = (2,00 h, 80 km).
From the graphical point of view , the slope of the dashed line drawn from the origin
to (£, x) represents the average velocity.
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*4 A car travels up a hill a1 a constant speed ol 40 km/'h and
returns down the hill at a constant speed of 60 km/'h. Calculate
the average speed Lor the roand trip.

4. Average speed, as opposed to average velocity, relates o the total distance, as
opposed to the net displacement. The distance ¥ up the hull is, of course, the same as
the distance down the hill, and since the speed 15 constant (during each stage of the
motion) we have speed = I¥t. Thus, the average speed 1s

DLF+DM= D

D D
fo + i N

1|"I|.|_:- Vdown

which, after canceling Y and plugging in vy, = 40 km'h and vgewn = 60 km'h, yields 48
km/h for the average speed.



*12 {a) If a particle™s positaon s given by x = 4 = |2 + 3
(where ¢ 5 in scoonds and v is in meters), what s its velocily
st r = 117 (b) Is it moving in the positive or negative direction
of « just then? () What is its speed just then? (d) Is the speed
increasing or decreasing just then” {Iry answenng the next
Iwo guestions without further caleulation.) {e) Is there ever
an instant when the velocity is zero” I so, give the time £ i
not, answer no. (1) Is there a bme after 1 = 3 £ when the
particle s moving in the negative direction of =7 If so. pive
the time £ il pot, answer no.



12. We use Eq. 2-4. to solve the problem.
(a) The velocity of the particle is

1:=£=i (4—=12t+3%°) = =12 +61.
dt

Thus, at ¢ = 1 s, the velocity 15 v= (=12 4+ (6)( 1)) = -6 m/s.
(b) Since v < (0, 1t 1s moving in the negative x direction at t= 1 s.

(ch At i= 1 s, the speed 15 vl = 6 m/s.

(d) For 0 <t < 2 s, vl decreases until it vanishes. For 2 < t < 3 s, vl increases from
zero to the value it had in pant (c). Then, Ivlis larger than that value for ¢ = 3 s

(e) Yes, since v smoothly changes from negative values (consider the ¢ = 1 result) to

positive (note that as 1 — + ==, we have v — + ==). One can check that v = 00 when
t=2s.

(1) Mo. In fact, from v=-12 + 6, we know that v = O forf= 2 =



*14 (a) I the posithon of a particlke & given by v = M ~
5, where x5 i meters and ¢ i in scconds, when, if ever, i
the particle’s velocity zero? (b) When is s acceleration
rero! () For whal tme range (positive o1 negative) is d neg-
ative? {d) Positive? {e) Ciraph xdi ), wir), and a{r).



L4. W use the functional no@mton o, W and &6 and find the lailer o quanncies
ke differenioting:

. axr) , . dni)
Vi|m ——= % + 20 and qu-T'-—Ell:lr
r

with SI units understocd, Thess ex pressions are wed inthe paris that follos.

(a) Prom Om —15F° + 20 we sse that the ool posite value of ¢ for which the
partick: is {momentariby s stoppedis f= 207 15 =125,

b Prom 0 m- 3% we find @00 = 0 jthat & it vanishes &t ¢ o= 0j.
o1 Ivisc bear that @if = — 301 & negative for f= O
{3 The scceleration @ fj = — 3015 pomnve for F 0.

(=) The graphs are shown below. 51 unis are unde mood.



24 An electne vehicle stans from rest and accelerntes ot a
rale of 2.0 m/s” in a straight hine until it reaches a speed of 20
m/s. The vehicle then slows at a constant rate of 1.0 m/s® until

i stops. (a) How much tme elapses from stan 1o stop? (b)
How far does the vehicle travel from start 1o stop?



24. We separate the motion into two parts, and take the direction of motion to be
pogitive. In part 1, the wehicle a-:::-a-]-a-:ates: from rest to it highest speed; we ame

given vo =0, v =2 mfs and a = 2.0 mis’. In part 2, the vehicle -:Ie-:-a-]e:atm from it
highest speed to a halt;, we are given vo=20m's, v =0 and @ =-1.0 s (neEative

hecause the acceleration vector points opposite to the direction of motion ),

(a) From Table 2-1, we find f (the duration of part 1) from v = vo + @&, In this way,
20=04+20¢ yvields 1 = 10 5. We obtain the duratiocn f, of part 2 from the same

equation. Thus, O =204+ (-1 0zleads o =20 andthe total isr=0 + =3 s

ity For part 1, mking x, = 0, we use the equation v =v§ + 2a{x — %) from Table 2-1
and find

A .2 cmen?  pen2
x=t Yo _ (20) _['I:I] = 100 mi.
24 20200

This positicn is then the imival position for part 2, a0 that when the same equation is
nged in part 2 we obtain

'|,.-'E —_F i : M :
£ 100 Y _ | ¥ — (20} |
2a -1

Thus, the fimal position i x = 300 m. That this is also the otal distance tavelad
ahiould be evident (the vehicle did not “backtrack™ or reverse its direction of motion).



43 A hot-air balloon is ascending at the rate of 12 m/s and

15 80 m above the ground when a package is dropped over the

side. (a) How long does the package take to reach the ground?
(b) With what speed does it hit the ground? Ssm



43. We neglect air resistance, which justifies setting a = —g =-9.8 m/s” (taking down
as the —y direction) for the duration of the motion. We are allowed to use Table 2-1
(with Ay replacing Ax) because this 1s constant acceleration motion. We are placing
the coordinate origin on the ground. We note that the initial velocity of the package 1s
the same as the velocity of the balloon, v = +12 m/s and that its initial coordinate 1s v
= +80 m.

(a) We solve v=y, +v, - %grg for time, with y = 0, using the quadratic formula

(choosing the positive root to yield a positive value for 1).

g+ 20y, 12400127 +2(9.8)(80
Y IV 8y _ N (98)180) .,

g 9.5

(b) If we wish to avoid vsing the result from part (a), we could vuse Eq. 2-16, but if
that is not a concern, then a variety of formulas from Table 2-1 can be used. For
instance, Eq. 2-11 leads to

v=vg—gf=12—-(9.8)(5.4) =— 41 m/s.

[ts final speed 1s 41 m/s.



safhiy How [ar does the run-
ner whose velocity—ume graph
s shown in Fig. 2-30 travel in
16 87 ww

v 1im s

0 4 B 12 16
I |%)
Fig. 2-30 Problem 61

61. Since v=% (Eq. 2-4), then Ax=| vdr, which corresponds to the area under

the v vs ¢ graph. Dividing the total area A into rectangular (base x height) and
triangular (L base x height) areas, we have

A - AC'{I:'.E + AE{I:‘.l{I + Alﬂc‘.tﬂli + A

12 cpe iy
A

= %{2}(8} +(8)8) + | (2)4) + %ﬂ)(-‘-ﬂj + (4)(4)

with SI units understood. In this way, we obtain Ax = 100 m.



75 The acceleration of a particle along an x axis is a = 3.k,
with r in seconds and a in meters per second squared. ALr =
20 s, its velocity is +17 m/s. What is its velocity at 1 = 4.0 57

735, Integrating (from 1 = 2 s to variable 1 = 4 s) the acceleration to get the velocity
(and wsing the velocity datum mentioned in the problem, leads to

v=17 + 5 (5)47 = 2%) =47 nus.
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