Section 2.2 Velocity
#2,5,6,9, 12,16, 17, 18

Problem #2

2. Light ravels at a speed of abour 5 & 10° mss. How many
miles does a pulse of light travel in a tme imterval of 0.1 s,
whitli is about e Dlink ol an eyer Compare this distance
1o the diameter of Earth.

Solution:
At constant speed, ¢ = 3% 10° m/s, the distance light ravels in 0.1 s is

Ax=c(Ar)=(3%10° m/s)(0.15)=(3x10 ,m’)[ : 6;1;{1::{)[ llf-}Tﬁ ] =

Comparing this to the diameler of the Earth, D, we find

/ 3 ’ -
Axr_Ax 3010 A G (yith R, = Earth's radius)
D, 2R. 2(638x10° «f)

Problem #5

Two boats stare wgether and race aviuss a GOhpewide
lake and back. Boat A goes across at G0 km/ h and returns
at 60 km/h. Boat B zocs across at 30 km,/ ' h, and its crew,
realizing how far behind it is getting, returns at Y0 km/h.
Turnaround times are negligible, and the boat that com-
pletes the round trip first wins. (a) Which boat wins and
by how much® (Or is it a te®) (h) What is the average
velocity of the winning bow?

Solution:

(a) Boat Arequires 1.0 h to crose the lake and 1.0 h to return, total iime 2.0 h. Boat B requires
2.0 h to cross the lake at which tme the race 1s over.

| Boat A wins, being 60 km shead of B | when the race ends.

(b) Average velocity is the net displacement of the boat divided by the total elapsed time. The
winning boat 15 back where 1t started, its displacement thus being zero, yielding an average

velocity of .



Problem #6
A graph of position versus e for a certain particle moy
ing along the xaxis is shown in Figure P2.b. Find the

x{m)
I
o
-
o
.

]

e Ly (s)
_‘_,_]2:14517
g =5

S5 ) i

FIGURE P2.&8 (Prohlemsfiand 17)

average velocly In the tme intervals from () 0w 2.00 s,
(hy D400« () 200 s 104 00s, () 4005 10 700 5 and
(c) 010 8.00 s,

Solution:

The average velocity over any tima interval ig
Ax _ X -3

o= =
Al 1=
(a) gonx 0Am=U s m/s
Ar 2.00s—-0
Ay 3500m-0
b U= = :i1.25m5|
i Ar 400s5-0 ’!

Ar 500m—=100m
U= = =|—2.5U' m/s
) 3 At 4 M s—-—200s /

_  Ax —=500m-35.00m
|:.|_lj} = = -
At 700s—400s

—3.33 m/s

. Ax x-x 0 0 :
o0 — — = = — [}
e At t,—1, 8.00s-0 U



Problem #9

I [ (s)
. 1 & 3 -5,—“.;

FIGURE P2.8 (Vroblem: S and H)

Find the instantancous velocities of the tennis plaver of
Figure P2.8 at (a) 0.50 5, (b) 2.0s, (¢) 3.05, and (d) 4.2 5.

Solution:

The instantaneous velocity at any time is the slope of the
x vs. ¢ graph at that time. We compute this slope by using
(wu puints vn a straight scgment of the curve, one point on
each cide of tha point of interest.

_ 'Tll.'lfl s 'T1r=€I = 1.0 m =i

_ 4.0 ;
@ Ol 1.0s—0 10s Ll
(b o =I-IIF¢_‘TI1.M _=60m_ —4.0 m/s
; Uz 9. 75¢5-1Us l.hs -

_TLJ:IL- _‘Tll:_la 0
c Nigs = i B
(c) 13.!].'_- 40s=25s 1.5s @

12.0m _

Meg. Xl
d ol.. = 50= .{I‘:
@) Ys=35.Ta0s  10s

20 m/s




Problem # 12

An athlete swims the length L of a pool in a lime
t, and makes the return wrip 1o the siarting position in
a time . If she is swimming initially in the positive x-
direction  determing her average velocities symbolically
in (0 the Arst hall of the swim, (b) the second half of
the swim. and (c) the round trip. (d) What is her average
speed for the ronnd trip:

Solution:
_ (ﬂh.‘r}l _+L

(H] I_"r:" (L!”.:'l _T=

—

Ax), _

_ <F i
(b) I'::(.’_"H}, _f_z

© Tug= e (Ax)HAY), _sL-L 0 5

(Af), ., o+, L+t 4+

rotal distance traveled 1( A -‘f); | + |[ ﬂ-‘f)g
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(dy (ave .tpmn’]m =




Problem # 16

B2 Oune wililere in « vace running on a long, siraight
track with a constant speed o is a distance o hehind a see-
ond athlctc running with a constant speed v.. (a) Under
what circumstances is the first athlete able to overtake the
sccond athlete? (b) Find the timce ¢ 1t inkes the first ath-
lete o overtake the second athlete, m terms of . %, and
.. (c) At what minimum distance A4, from the leading
athlete must the finish line be located so that the trailing
athlere can ar least fie for first place® Fxpress d, in TS

ol i, vy, and vg by using e result of paan (D).

Solution:

(a)

(h)

{c)

Tn urder for the trailing athlete to be able io catch the leader, his speed (,) must be greater
than that of the leading athlete (o, ), and the distance between the leading atlilcte and the
finish line must be gieal envugh to give the tailing athlete sufficient tima to maka np the
deficient distance, d.

Durine a time 7 the leading athlete will travel a distance d; = v.f and the trmling athlete will
travel a distance d, = o,7. Unly when d, = d, +d (wheie d is the initial distance the trail

ing atlilete was behind the leader) will the trailing athlete hm-rj c‘.anght the leader. Hequir-
ing that this condition be satisfied gives the elapsed time required fur the second athlete to
overtake the [irst:

dy=d,+d or wvp=vr+d
giving
d

(0, - o)

In order for the trailing athlete to be able to at least tie for first place, the initial distance
D between the Ieader and the finish line must be greater than or equal to the distance the
Jeader ean travel in the time r calculated above (i.c.. the time required to overtake the
leader). 'Lhat is, we must require thal

o.d
D;zd::v:r:"ullt{-—"‘—] or De—

EI'I - EI: ]

pt—ut=d or [=




Problem # 17
A graph ol position versus time for a certain particle
moving along the w=avis is shown in Figure P2 6. Find
the tnstantaneous velocioy @ the instanms (a) (= 1.00 s,
(b) t=3.00s. (c) f=4.50 s, and (d) ¢ = 7.50 s.
Solution:
I'he instantaneous velocity at any time 1s the slope
of the x vs, 7 graph at that time. We compute this slope
by using two points on @ straight segment of the curve,
uiie point on each side of the point of interest.

(A) Viyoos =w =1 5.00 m/s

2.00s—0

(5.00-10.0) m = :
' S — =|=-2.50 mhl
©)  Trsons (4.00 2.00) s

_(5.00-5.00) m _ 0]

(<) I-";-=.=a~'{5_DD—-LﬂD}“ :
0_((500m) _\ onmry

(8.00-7.00) s



Problem # 18

A ruce car moves such that its position fits the relationship

c= (B0 mssp+ (075 msDE

where xis measured in meters and ¢ in seconds. (a) Plot
a graph of the car's position versus time. (b) Determine

the instantancons velociiy of the car a1 1 = 4.0 s using
ume mtervals of 0,40 s, 0.20 s, and 0,10 s, () Compaic
the average velocity during the first 4.0 s with the results

of part (b).

Solution:
{a) A few typiral valnes are 200 /
sy x(m) 180 /}
1.00 5,75 150 7
2.00 16.0 140
.00 35.3 120
4.00 68.0 E 100
500 119 " 0 /£
6.00 192 a0 )/
pd
40 -
20 .-—"/
0 e
0.00 1.00 2.00 3.00 400 500 600
i(s)
(b} We will use a 0.400 ¢ interval centered at r = 4.00 5. We find at r = 3.80 5, x = 60.2 m and

()

at f =420 s, v =76.6 m. Theretore,

Ax 164 m
L =[41.0 m/s
“TAr 04005 L /8

Using a time interval of (.200 s. we find the corresponding values to he: at r =390 5,
x=6+UOmandatr—410s 2+ — 72.2 . Thus,

Ay  B20m
pm——= =141
“T N T 02005 L

For a iume interval of 0.100 s, the volucs arc: at ¢ = 2.95 5. x = 66.0 m, and at 7 — 4.05 s.
x=70.1 m. Therefore,

Ax 410m
V=—= =|4l.
."jlf UIUU 5 @
Alr=4.00 s, x = 68.0 m. Thus, for the first 4.00 s,
_ Arx 680m-0
U= =—=| 17.00 mys
T
This value is than the instantaneous velocity atr = 4.00 s




