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(Prob lem 1 .8)

is / .  The pol iceman wishes to sl. toot the robber with a
gun whosc mtzz.le velocity is rre. At what angle 0
above the horizontal should he point his gun' l  First
solve this problem using coordinates travel ing with
the  po l i ceman.  as  shown in  F ig .  1 .19 .Then ske tch  the
solut ion using coordinates f ixed to the groundl is the
angle of the gun the same as the angle of the bul let 's
init ial  velocity in this frame? (Thc advantages of the
first frame are not overwhelming: nevcrtheless. i t  is
clearly the natural choice lor the problem.)

sEcrloN 1.4 (Classical Relat ivi ty and the Speed
of Light)

1.9 n Let us assume the classical ideas of space and t ime
are correct. so that therc could only be one framc. the
"ether frame," in which l ight traveled at the same
speed c in al l  direcl ions. I t  seemcd unl ikclv that the
carth would be exactl l '  at rest in this frame and onc
might reasonably have suessed that the earth's spced
zr relat ive to the ether frame would bc at least of the
order of our orbital speed around the sun
(ir = 3 x 10am/s). (a) What would be the observed
speed (on earth) of a l ight wave travel ing paral lel t t l
v? (Give your answer in terms of c and u, and then
substi tute numerical values.) (b) What i f  i t  werc trav-
el ing antiparal lel  to v? (c) What i f  i t  were travel ing
perpendicular to v (as measured on carth) '? The ac-
cepted value of c is 2.9979 x l0i rn/s (to f ive signif i-
cant f igures).

l . l0 o" At standard temperaturc and prcssure sound trav-
els at spe ed rr :  330 m/s relat ive to the air through
which i t  propagates. Four students. A, B. C, D. posi-
t ion thenrselves as shttwn in Fig. 1.20. with ,4, B. C in a
straight l ine and D vert ical ly above B. A steady wind
is blowing with speed u - 30 m/s along the l ine,4BC.
If B f ires a rcvolver. whirt  arc the specds with which
the sound wil l  travel to A. C. and D ( in the reference
frame of thc observers) ' l  Discuss whcther the dif fer-
ences in your answers could be detccted.

i l l * t lg t f l :  L? j :

(Problem 1.10)

**a l f  is well  known that the spced of sound in atr ts
l  :  330 m/s at standard temperature and prcssure.
What this means is that sound travels at speed rr in al l
directions in the I'ronrc S where the air is a/ rcsl. In any
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other frame 5", moving rclat ive to 5'.  i ts speed is not rr
in al l  direct ions.To veri f l '  this. son.re students set up a
loudspeaker L and receiver R on an open f latcar. as
in Fig. 1.2, l :  by connecting the clectr ical signals fronl
L and R to an osci l loscopc. they can mcasure the t irne
for a sound to travel from L to R and hence f ind i ts
spccd rr '  (rclat ive to the car). (a) Derive an expres-
sion for rr '  in terms of t t .  t ' .  and 0',  whcre tr is thc car's
speed through the air and 0' is thc angle between v
and LR. (Wc cal l  this 0'  since i t  is the angle between v
and u'.  the velocity of the sound measured in thc
frame of the car.) [Hint: Draw a velocity-addit ion tr i-
angle to represcnt the relat ion u : u'  * v. The law
ol cosines shoulcl give you a quadratic equation for
r r ' . ]  (b )  I f  thc  s tudents  vary  the  ang le  0 ' f rom 0  tc r
180". what are the largest and smallest vir lues of t t" l
(c) I f  u is about 1-5 m/s (roughly 30mi/h) '  what wi l l
be thc approximate perccnt variat ion in rr" l  Would
this bc detectable' l

s rc r roN 1 ,5  (The Miche lson 'Mor ley
Exper iment ' )

1.1? , Ir"r the discussion of the Michelson Morlev expcri-
ment. wc twice uscd the binomial approximation

(1  -  ' t ) "  '=  1  -  r t r  (1 '58)

which holds for any number n and anY -r mucl.r small-
e r  than 1  ( tha t  i s .  . r l  <<  1) .  ( ln  the  cxa t rp les .  r r
w a s  - l  a n c l  - ] .  a n d , r  -  B 2  w a s  o l  o r d e r  l 0  x . )

The binornial approximation is frequently uscful in
relat ivi t l ' .  where one often cncountcrs expressions of
the  lo rm (1  " r ) "  w i th . r  s rna l l .  Make a  tab lc  show-
ing ( l .  -  . i  )" rnd i ts approximation I rr-r ior
n  =  - \  a n d . t  -  { ) . 5 . 0 . 1 . 0 . 0 1 . a n d 0 . 0 0 1 . I n e a c h c a s e
lind tht pcrcentagc by which the approximation
differs from the cx:rct result.

I . l3  u  Do the  same tz rsks  as  in  Prob le rn  1 .12 .  bu t  fo r  thc
case / l  :  2. In this case givc an exact expression for
the dif fcrence bctween thc exact and approxirnrrte
forms. Explain whv thc approximation gets better
and bctter as -r + 0.

L l4  *  Use the  b inomia l  rpprox imat i t ' rn  (1 .58)  (Prob lcnr
1 .12)  to  eva lua te  ( l  -  l0  - r ' )  -  1 .  Can you eva lu -
ate this direct ly on your calculator ' l

t . l  5 * Tom Sawycr and Huck Finn can each row a boat at
-5 f t /s in st i l l  water. Tom challcnges Huck to a racc in
which Tom is to row the 2000 ft  across the Mississippi
to a point exactlv oppositc their start ing point and
back again, while Huck rows to a point 2000 ft  direct-
lv downstrcarn and back up again. I f  thc Mississippi
f lows at 3 f t /s. which boy wins and by how long'/

l . l6  u  An a i r l ine ,  a l l  o f  whosc  p lanes  f l y  w i th  an  a i rspeed
ol 200 mi/h, serves three cit ies,.4. B. and C, where B
is 320 mi due east of 21, and C is the same distancc
due north of ,4. On a certain dalr therc is a steady
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