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1. Announcement
Announcement
 Exams
» March 2
« April 6

* Final May 5
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- Spring 06 - GF. Goldstemn () 2008, Gary R. Goldstein, Ph.D.
2. Construct light clock
Construct light clock
- mirror Light hits mirror &
Sy reflects back
To go 1 meter takes
1/(3.0<10%m/sec)
=33 x10° sec
=3 3 nanoseconds
e L photocell
laser light detector
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3. Moving meter stick

Moving meter stick

S8'train $— time round trip: 2xLengthic
frame Aty =2Ly/c
Splatform [T s 11 time to mirvor is longer:
frame Length{e-u)
R . I c Aty =L+u At; so
[ At,= L /(c-u)
tume back to source 15
------ shorter: Length +(etu)

[ : c At, =L-uAt, so
Aty=L /(c+u)

31072006 Phsics 6 - G.B. Goldstesn - Spr.03Physics & 3
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4, Meter stick length
Meter stick length

But At = At, /N(1-u%c?) time dilation
hence 2L /[c(1-u%/c?)] = 2L, /[cV(1-u¥c?)]
or L =L,V(1-u¥c?) < L, (proper length

or length measured in “rest frame™)
. Length Contraction

« moving meter stick “appears’ short
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5. Lecture 6: Space-time, Velocity, Twins: Slide 5

Einstein’s notes attempling
to explain length contraction

and time dilation to David
Rothman without math!

CuickTime™ and a
TIFF [5'“3‘”’ decompressor
are nesded to see this picture.

Sept. 1939 - The above calenlations are in

Prof Emstein's own hand, used to explain to

me without the use of mathematics the reason

for the contraction of a rod m the direction of

its motion and why a clock changes its thythm
Dawvid A. FEothman
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6. Time and space are relative

Time and space are relative

* Duration (or time elapsed) of physical
process depends on Frame
« Shortest duration in Rest Frame of process

(At'= Aty ) “moving clock appears slow™ At
. ; At=
+ All processes are basically physical 1 v
» Size of phenomenon (or lengths) depends e
on Frame
+ Longest length (along motion) n Rest Frame -
of measuring stick (AL'= AL, ) AL =AL 1- v_j
“moving meter stick appears short” c

* Primed frame is train (with fixed clock &
meter stick) moving at v relative to
station’s unprimed frame
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7. Examples

Examples

*  Clocks on nearby satellite vs. Earth observers
« Circles earth in 90 minutes
=60=90 sec=5400 = = §. 4x10°=
»  Circumference = 24,000 mi = 39,000 Km
=3.9x<10'm
» Speedv=3.9x10"m/ 5.4:10% = 7.2:10° m/s
+ Dilation factor 1/ +{1-v*/c?)
s wie= T.2x10°/ 302108 = 2.4<10-*
o (wic)l=58«<10" or0.58 perbillion
+  then 4{1-v¥/c?) less than 1 by 0.3 per billion &
= 1/4{1-%c?) is 1 plus 0.3%107 or 0.3 nanoseconds longer than 1 sec on
satellite’z clocks
{MNeed 11 place accuracy for small correction)
= Size of satellite vs. Earth observers - appears to be shorter by 0.3 parts
per billion
» If satellite is 30 m long it “appears™ 30:x0.3x10°=9.0:10* m shorter

31072006 Dhypsica 6 - (3B Goldstein - Spr 03Physica § 7
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8. Keeping more accuracy

Keeping more accuracy

> evalf(1/sqrt(1-((3.9%10"7/(5.4%10°3))"2/(3.010"8)"2)),24);

. 1.0000000003000000001 3500
o > evalf{%-1.0.24);
. 3.0000000013500*]1 010
« > evalf{1/sqrt(1-((3.9*10"7/(5.4*10"3)y"2/(3.0*10"8)"2)).12),
. 100000000030
+ = evalfi%-1.0,12);
* 5, B 1
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9. Simultaneity is relative

Simultaneity i1s relative
Two events n §' (e.g. tramn’s frame):
2 hights (x,'=0) and (x,’=a) tumed on simultaneously at t'=0
An Event 1s a space-time point.

Let ' frame be moving with V relative to stationary S
InS: x,=vyx,/=0,t;,=0 (using y=1/ V1-V¥c?) )
X,=7a, t,=7 Va/c® which is later (y>1)
2nd event appears later & further away

© 2007 Tufts University

ct ct P'
S" S ............... .? : m
i | —
a Ta
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10. Velocity transformation

Velocity transformation
In S’: object moving with velocity v’
« 5" moves at V relative to S
Classically get u = (u’ + V)
« Would have ¢ exceeded
Relativity: u = (u’ + V)/(1 + Vu'/c?)
Example - light:

u'=¢c = u=c¢
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11. Velocity transformation - example

Velocity transformation - example

Suppose S 1s frame of
spaceship with V=0.8¢
It launches a probe
from its deck with
u'=0.9¢c. What does
Earth viewer see?

u=(0.8c+0.9¢)/(1+0.8x0.9)=1.7c /1.72 =099 ¢
* Can not exceed ¢, no matter how close u’ & V are

© 2007 Tufts University

toc.
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12. Velocity transformation - examples

Velocity transformation -
examples

2 rockets approach earth from opposite
directions along one axis with

u,= 0.8¢ and u,= -0.8¢ from earth frame

L ]

In rocket 1 frame u,'=(u,-u,)/(1+[{-u,Ju,/c?)
=-1.6¢/(1+.8%)=-0.98¢

Relative speed can never exceed lc

102006 Phgsics 6 - G.E Goldstein - Spr.03Physics 6

12

- Spring 06 - G Geldstemn (c) 2008, Gary B. Goldstein, Ph.D.

OCW: Physics for Humanists (G. Goldstein)

Page - 6



Tufts OpenCourseWare © 2007 Tufts University

Lecture 6: Space-time, Velocity, Twins

13. Twin Paradox (S)

Twin Paradox (S)

o A\
o® M v
----------------
B Q—?I """"""""

Ly=12 1t yr =12 (years) x c

(=12 =[3.1x1 07sec] =[3.0x10Pm/s]= 1.1x10V"m)
V=06¢c
s0 At=20 yr one way (12yr x ¢ / 0.6¢c = 12/0.6 yr =20yr)
and 20 yr retum (quick tum around). Casper ages 40 yr.

51072006 Physics 6 - G.R Goldetein - Spr.03Physics 6 13
- Spritg 06 - GR. Geldstein (c) 2008, Gary B. Goldstein, Ph.D.

14. Twin Paradox (S' and S")

Twin Paradox (S" and S™)
® e

ShAY=At/y=20%45=16 yr v=1(1-0.62)
=1/\.64=1/.8=5/4

Same for 3" so Amelia ages only 32 yr.

Note that L'=Ly/ y = 12#4/5=09.6 It yr as Star approaches rocket

at V=0.6c.

WHY doesn’t Caspar age less as determined from Amelia’s

frame? Caspar stays in a single inertial frame, Amelia does rot.

They are not reciprocal.

Actual experiment sending atomic clock around the world!
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