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Velocity and Acceleration in One Dimension
Problem 1: Velocity and acceleration in one dimension

SG:1A.5

An object moves along the z-axis with constant acceleration a. Its position and velocity

at time t = 0 are x = x¢ and v = vy respectively; at some later time ¢ it has position
x and velocity v. Use the definitions of velocity and acceleration to prove that

L o
T = xg + vot + =at
and
v? =3 + 2a(z — 0) -
[It is very easy to prove this with calculus, but for constant acceleration you don’t

actually need calculus to derive these equations.]
Answer:
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Problem 2: Interpreting a graph of v vs. ¢

SG:1A.@Che graph shows the velocity of a particle (along the xz-axis) as a function of time.

(a) When is the acceleration of the particle (i) pos-
itive, (ii) negative, (iii) zero?

(b) What is the particle’s displacement after 3.5 .—
s? After 7 s? E

(¢) Describe in words the motion of the particle. s

Answer:

(@)  Accedlesovom & Toke O§ d\a.u%o. 0} Vdnc.'ﬂ QT
e, b4 e y‘“‘?' of twe erue v ovesus 1. Rewce
>0 e D¢t ¢ and o 65<t<7s'
a=0 25 «t<% and fo s <keds,
0.<0 Jor 3s<tchs

dv
at ’

¥
(b Displacement as a Lunction of +ime: X(EY=X_ =-5 \/(-i-.’)d‘él
o

iIs the avrea under +he curve of v versus +. One can

add the areas on o c hart
(m/s) Arcea (m)

Thtervel v; (m/s) Ve (m/5) Vaverage
O-ls o i o.5 o.5
-2 8 } 3 2 2.0
2-3 S8 3 3 3 3. O
3-3.53 3 1 2 1. ©
3§5-45 t -1 o 0. O
4-6 S - -} -1 -2.0
€-78 -1 o -0.5 -0. 5

At £=23.85s5 +he areqa it 6.5m, and at £=277s i+ 15 4.0wm .,

(¢) The particle starts from rest, and then moves forward. It slows down, coming to rest at 3.75
seconds after it started to move, and then it reverses its motion. At the end of 7 seconds it comes

to rest again, at 4 m from its initial position.
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Problem 4 (Y&F 2.19): Graphing the motion of a spider
(a)

a,‘ta
v,
t=25s *~—i
a, =0
1=10s .
V):
aX
-« e
1=20
s ve=>0
a, =0
t=30s ——4m - — — — ——————————————————————
a, Vx
t=375s ~-—o
V.

Problem 5 (Y&F:2.27): Acceleration and braking of the Ford Aspire

(a) speeding up:
x —x9 = 1320 ft,vp, = 0,t =19.9 s,a, =7

1
T — Ty = Vort + 5%1‘/2 gives a, = 6.67 ft/s2 .

slowing down:
x — xg = 146 ft,vp, = 88.0 ft/s,v, = 0,a, =7

Uy = Vog + 2a,(z — x0) gives a, = —26.5 ft/s2 .

x — xo = 1320 ft,v9, = 0,a, = 6.67 ft/s°, v, = ?
vy = vz + 2a,(x — x0) gives v, = 133 ft/s = 90.5 mph.

a, must not be constant.

Vor = 88.0 ft/s, a, = —26.5ft/s%, v, = 0,t =7

Vp = Vor + ayt gives t = 3.32 s.
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Using Vectors
Problem 6: Using vectors to trace two couples and a dog

SG:1B.Albert, Betty, Carol, and Dave are playing frisbee in a square field whose sides happen to
run due east and due north. Albert’s position vector relative to one corner of the field is [10, 7,
0] m, where x is east and y north (z is up, but you can assume that the field is level).

(a) Betty is 14 m northeast of Albert, Carol is 10 m east of Betty, and Dave is 8 m south of
Carol. What are the position vectors of Betty, Carol, and Dave? (Take the same corner
of the field as origin for all position vectors.)

(b) How far is Albert from Carol?

(c) Dave’s dog Ernie runs from Dave to Betty at 3 m/s. What is his velocity vector? How
long does it take him to reach Betty? What is his position vector 4 s after leaving Dave?

(d) Make a scale drawing of the field, showing the positions of Albert, Betty, Carol, Dave,
and Ernie 4 s after Ernie leaves Dave.

Answer:

() A= (10,7,0)m

A ot B i B (07, T+TE ,0) m
e -C-:= (20*753 T+7Ve , 0)m
o k- ’33 (20*7E ,“*7‘&— ,O\M
A D
1 ®
) * —> sk
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(b} -D\'S'\a,.cg AC 38

1E-Ri= 10007, 78,00 = | (0«76 () w = 222

() 'D\‘s?ﬂacmed \echor -Smu D H B

(a)

-3

A= B-D= (~10,%,0) m-,

Distance fow Do B: 4= |\ = mm=2mw=\2.8m
Deid vedoe 4w D e B ., is= %-;-J}:_:(-s,.u,os
Erwie's Veodhy vedst : T=va , V= 3§=)'G=-J‘:‘__‘-(‘\S,\2,03%
Time d vead Bty t= %= Ll = k.si

Erwie's \ns:kw Vedkot  aftes Sowme hwe % : EW@):D+T1t
Eowe's ?os\'kw after t= ks,

E(ks)= (20v TR, -1+ T, 0V + -}':T‘ (- 60,48, 0)m = (21,16,0)m

See Favie  Ow previous Pagt
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Problem 7 (Y&F:1.52): Finding angles from vectors

For all of these pairs of vectors, the angle is found from combining Equations
(1.18) and (1.21), to give the angle ¢ as

A-B AB_+AB,
¢ =arccos = arccos| —————
AB

AB

In the intermediate calculations given here, the significant figures in the dot
products and in the magnitudes of the vectors are suppressed.

a) A-B =-22, A=./40, B=./13, and so

°

-22
¢ = arccos [WJ—MS .

b) A-B

60
60, A = /34, B =/136, = arccos| ———— |=28°.
¢ [\/34\/136J

)

c) ‘B =0, ¢ =90.

Velocity and Acceleration as Vectors
Problem 8: The trajectory of a kicked soccer ball

SG:1C.3A child is kicking a soccer ball in her backyard. If the ball leaves her foot with speed vg
directed at an angle 6 to the horizontal, derive expressions for the distance x that the ball travels
and the height h that it reaches (assuming that it starts from h = 0, that the yard is level, and
that air resistance is negligible).

(a) She kicks the ball with a speed of 8 m/s at an angle of 70° to the horizontal. How far

from her does it hit the ground, and what maximum height does it reach? Take g = 9.8
m/s?.

(b) She kicks the ball straight up and it reaches a height of 5 m. How far would it have gone
horizontally if she had kicked it with the same speed, but at an angle of 45°7 At what
angle would she need to kick (again assuming the same speed) if she wants it to land a
distance x = 8 m away? Draw the ball’s trajectory for both possible answers. Can you
do this problem if you do not know the value of g7
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Answer:
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Problem 9 (Y&F:2.14): Tracking a suspected UFO
(a) The displacement vector is:
;@):-4aonu@ﬁ-+uooxm@ﬁj+-RTOHM@t—(aonysﬁﬁ}k.

The velocity vector is the time derivative of the displacement vector:

dr(t .
’;(t) = (—5.0 m/s)i + (10.0 m/s)j + [7.0 m/s — 2(3.0 m/s?)t] k.
and the acceleration vector is the time derivative of the velocity vector:
d?r(t) o
@ —6.0 m/s°k .
At t=5.0s:

r(t) = —(5.0 m/s)(5.0 s)i + (10.0 m/s)(5.0 8)7 + [7.0 m/s)(5.0 s) — (3.0 m/s%)(25.0 SQ)] k

~

= (—25.0 m)7 + (50.0 m)j — (40.0 m)k .

dz(tt) = (=5.0 m/s)i + (10.0 m/s)j + [(7.0 m/s — (6.0 m/s%)(5.0 s)] k
= (=5.0 m/s)i + (10.0 m/s)j — (23.0 m/s)k .
d’r(t) o a
w —6.0 m/s°k .

(b) The velocity in both the z- and the y-directions is constant and nonzero; thus the overall
velocity can never be zero.

(c) The object’s acceleration is constant, since ¢ does not appear in the acceleration vector.

Problem 10 (Y&F:3.12): A daring jump

Time to fall 9.00 m from rest:

1 >
=—gt
)’28

9mm:%&&d§w
r=1.36s

Speed to travel 1.75 m horizontally:
X =vyt

1.75m =v,(1.365)
v, =1.3m/s



8.01 Problem Set 2 Solutions, Spring 2005, p. 9

Problem 11 (Y&F:3.24): The trajectory of water from a fire hose

a)
vy cosot =45.0m
cosq =—29M 600
(25.0m/s)(3.00s)
o =53.1°

b)

v =(25.0m/s)c0s53.1°=15.0 m/s

v,= 0

y=15.0m/s

a =9.80 m/s* downward

¢) Find y when 7 =3.00s

. 1,
y=v, s1n(xt—5gt

=(25.0 m/s)(sin53.1°)(3.00s) — %(9.80 m/s>)(3.00s)>

=159m
v, =15.0 m/s = constant

v, =V, sina — g =(25.0m/s)(sin53.1°) - (9.30 m/s*)(3.008) =-9.41

y=qv’ +v,” = \/(15.0 m/s)? + (-9.41m/s* =17.7 m/s

Circular Motion
Problem 12: Centripetal acceleration of geosynchronous satellites

SG:1D.3 (a) A geosynchronous or geostationary satellite is so called because it takes 24 hours to com-
plete one orbit. Such satellites orbit at a height of 35,800 km above the Earth’s surface. What is

the centripetal acceleration of geosynchronous satellites? [The radius of the Earth is 6,400 km.]
(b) What is the centripetal acceleration of a point on the Earth’s equator, at sea level?

Compare your answers to both parts of the question with the value of g at sea level (9.8

m/s?).
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(a) Circollac wohon -+ FA)= +( coslut), sin (wt)) )
dre gt syv hrwaus stk @ = 2/ day
Vouty Veckor = V() ‘-‘-i—%‘ = T (- silwt), costut))
Accduarou Vedme:  al): 9%‘3“ - Tw* (eosCwt) | sinlwt )
Coddyeral accdusabion : @ = 2O = rw?
Rodios of carth: R, hught abwve rfaces b ¥ = Rebz 42,200 lew ®

= 6. hw? - ™ ™
a= %2.2-10°m A = 02t «g= 92 ™
(24 60-60 5)? st ¢ st

() Now h=0 svel Aok
o

= Rwt = bh-10°w ;= 003 ™ «g-qgu
(24 .60 60 =) s =

Problem 13 (Y&F:3.29): Acceleration of objects on the Earth’s surface

Using the given values in Eq. (3.30),

. 47 (6.38x10° m)
= (24 0)(3600 s/h))>

(Using the time for the siderial day instead of the solar day will give an answer that
differs in the third place.) b) Solving Eq. (3.30) for the period T with a_, = g,

=0.034 m/s* =34x107 g.

=5070s ~1.4h.

T_\/47r2(6.38><106m)
9.80 m/s’

Frames of Reference and Relative Velocity
Problem 15: (Y&F:3.39): A canoe on a moving river
The velocity components are

—-0.50 m/s+ (0.40 m/s)/\/Eeast and (0.40 m/s)/\/z south,
for a velocity relative to the earth of 0.36 m/s, 52.5° south of west.



