K{la{ﬂ/is{ ¢ Mmecharicy

GAQibm J(musf “QJL‘/ L,o\-w'z tranf.
NN‘nm)\.. i chanics > \‘z\,-\\\;\.ﬂ':‘ me ch onies (What s 4'\, '2)

A e osixven =D Velecily | acceleandnw  —— Same Aef. ((usimg appoprabe
P / AL

v frowe )

Law ;A -Fu'[uz l_e\’b* ,I‘ MOM“VH
((»ﬁb?(?

Vhat albont "'7""3 LV\- mMass '7 M“"‘C“*‘“"’“{ ene\,«37 B

R vdid in a0 inentiad  Feaves ( iAotk wnder Lotz 'bfm«-rf'.)
L .
' RInws O von-relat U3tc e  fo \/‘/C << |‘

.é' asw W, -2-)‘\)'91\-:*4,“‘-

> = Y = F N V < ﬁcl‘& u.l
M&\SS o (‘b) = SWQ & clq:;.c«,Q M /0\ u:Oal £ A ¢ I. (:;b}mﬂ ifo/x..t

'@ ;mrj,\% we SLOD\I.‘ S’\h/\/l' *Fh')lm v=ov '{'D mrbi!/ W\;.,:/

. - 4 ~

(2. LY"\‘; oe o rest befine mengurieg st
(thes teptits () w3 Lld )

C""S"' Mass Prope. Wasy)

b0 i enturm R
— ke
PR
”-t,vJ\-%n T F = m ;? — ;_& )C\A.T s 0“{" o.\“-k\A S c.L o
o) >
F Jd_.c,\,\;—\:oh o ser Vatdw \(' ( :n-ow\eh'\-mm Mc.‘?l V\a\' f@\,(' %__,: 4)1'..
* . . = comsl ?
(-a,bz (-Ow'b)
@) @ - ;
) \'.’2,‘ Y 2 K . .
\\\ L/p \-_2\\ [ //© _Z Md‘ V\: (/’“'\S'Cr\re‘l WA ‘g{'&f"" S ) L“'I‘ ND ) A S\/
s “SEFT
él L j‘; L'aﬂ'?C\' see ?Vbb. 2 __S—
1) L;}J """j
N )
(0\'5) @ (a/—\_; ) ®) k\,.-\-‘\'.?ﬁc prope~ t




’ " Classical :FW G OL‘;ec‘f with h ok o V"‘“S‘, 1"(5 Mom&n)\w* \N-"'LL
R A need T ke very QM?! wRin -k\.\ve\"g clag o sra»’ of 07“--,
RV = Relativistic
v ~)
" g m;:,‘tm For classed fne f:mi = ‘3:—_5 TF Aurns ot
&% 5 | .
[ynoﬁe < w ? '\\— = _ J\? . . e ‘]n.rkbn n \ﬁ'l_‘\"k .)
SN I b = TE A the rveet ¢ f & /
j fF‘ we  uSe -"\":S JQ{A\\‘"\ AR 0{' 'F'\r‘-(& w9 (on ;:JJ/L 'el'\.ﬂ/_%)/ ‘I\CLQQAQ__‘
= Y B % S o 2 3
Y S %c 37 2 @2 d(mrwu ) -k

LQ+ ',A'}'Qonfh a\c“\tj N y‘\-qfxa,“' BN\Q —3'/ ‘;

J)‘E :/go\(MY(u)‘O e - MmY(u)u u —‘gr"‘”“)"‘ o w

- Ra'al “
by w

%1
E~E° = Mh'z Vl“%z.

y
N ‘“\S%JM‘“

[ 2 —_—

gy

C‘L

W
i Jw

V- e

/C'L
1 o(\( _ | ~ 2
> - -4 P ¢
- Mu\l (8 T cr
‘m“’hc/\*:—z_ — mc

'E_'l.

g2
y\’{-\-C"/“(i et = E(\A)—Eh): mc®

=M —

_ x
S VST

c* cz
g3
We }Ath£:F)/ E(u) = _W\_C_ —- 7MCL = Ai— N kA
VG 'AC_",_ PN

[;,\\?ﬁ,\azw) Tt TS proved that swch erergy expression gives
co~Serval A 0{: Qhﬂr\ax/ A avo‘( \'N/V":a,o 'eravw% 3

\)\H\e\,\ \A::\o, E:W‘CL (\*QS% Qw)

T \ 6
exoyle 2.7 paz \kg. -E:mch.wj-(}m»"g) S gxio joults

. -
N prackan W Ciw oh!, (“’“M\' A Smkw '{'\chi;\h‘ ” e'\'\r,\\mao{lu ‘]YLMV:“T\’ Pﬂa



Do wWe R toven Q,\MJ),.Q.Q Qowit (’ P o< “

z
r~ ) . .
E(w) & ™t (I*g %z) > w4 é\vw»z yes o (w4 g
U N A Lonstawi—
\< + ANY K ): L clusf“w[ k.\.e"-.‘c -ew,\,?\ )
et oY = k- e

:(Y"’>*mc7— /

Exemge 23 (allishn

Be foc @ Q’“\ %‘m;\) A e 2
\ 1 PN
9_9 @ O__") O u
U\ u{;o uJ q’

A%qme ConsenVallon o‘ Mvv\ﬂm“fv\w\ v J,V\J/\g_y C @lksfff t,o“;ﬁon)

Clqgg?uy\ (_/\)zv-l"bn;}v\ \)L\/s\cs) N

-~ M\ T M Zm
Uy 2 W . —L
b PR, ' Mq' (4|

w yTW o
Belativiztee - ,

Yno‘nen‘\'\l.vh * 'Yl(ul) "’"“l fl" (<) - YE(UB) W, \43 <+ YL‘,(UQ,) MLM(,L
JE_W, ')’l(u)%, C_l -+ mlCL

= M) my et o4 YelUs) m,ct

Ag‘%\”}, ;A %;.11 (me.Sf\/ ond ’w'e o\a'\AM
T

“

—

lwo  wge Rl ) dhons

- ~ .
p= p= e
vi- %" \- “} 1 (‘a,h-l'on) [ ey, hus moss!)
D v 2 - =
O ¥ vdid even il wnggles paticle T M7
c c* < (S T !
E=Y¥
o

C

L ”th(\'* “/E‘) ~ 2 "‘Q-\ c'jfsl:c
A R N P S U o
> .

= [’"G\Ssk:.s fow": ‘I%
4 Re
-

= wmEo o ucc ! ot 2 spud f 1“8““

=




P\I/ﬁ,bn: (S\f-\', H":S b Nfs“' ?65}& ‘\% 7°V‘ Jo“')‘ 7\2-20) -\-Q Ser J%\hh.} :MS')
£ e dlisom prebowm:
N T T [ RN

3t=~\-.v- ‘é’
d E Y dm = e 6o o Y
- 1
QT -y =™ “3 ) & \ = V’\Z (Khlyl'\')ml,’w\{J)l—l)
MZ—
= <h\|Yl '\'MI_W,‘Y—-} )’LF yn;

Wy 4 m:(rail)

— Y 13

7/': — 71-: ( -> ).E.l A'L
- p\. \ - /}l ——T -

ﬁ(i»\&ck\ - L(x\‘_.\‘\l\g{\ /\ 3\ *‘7/ *‘2\(]\7433“‘ "7/L
\QU\Y,‘Q\"
11 F Iv\‘_/\ﬁ =1 Y‘Y\’.HA}%\ y)

i) - R =) (Y

S SO QLG
£z @v‘-pg)l_%‘.,nrf S 1O4R) () Vs + Q+sf.)“4(-»f,1.1) =

§ Z.YI? ’\'?z'\-\ YL_ Y. 4 * v
)% 2 )(MT M SY XYY &Y, <o



e

T\Na 501-""\}““;-' 5 N .
#( Loy Y\)K}\"' 5 ) = ({\’P(\ ) O\'H’) - ( 4 +-?_,3f \)(iji\'HPY).‘.Y‘)
Y-

—

T e—— et

# (7‘Y\f x9 4 \)

Qewcn Faovit oW ) (W Hp vty >
. [eparen ) O™y (2 Y=+ bsnef )(0-n)
~ (o grp e 1) (B0 M o) ) Q[/m?" W - ’%'fL DISORY
+

= s

-

(1 gyt 3

27 + g7

(™
g x) <2
S?V"lo -\/3: Y\ Tall Y}ﬁ 1?’(\*%1-'\ \)

\|Q_ =\
‘ §“3 ‘ = . (2pries1 )™
uq_r.c (&3—; |_ —
ko8 Seotyp )
BUE (Y’(F“ '
L
1 vV
: o) [51)
‘: /
T
GGIEES.
. ol be
e S:fh §LM1 M,,L
e
< i A
w’-'- \}’E-T'— (P /|2 o ,'f M'?ML
7 v, (p) 4 Lp nr
( M‘CML
1 v TER
(\17./ (-1, ) Y, = - " ke ik
]
& W) g V-1 e
o
- {')‘(w,-w.,‘) U, = M\L— ’“),L
(&3 A flove M3 = 1 /= 4
Y
N T s e i




Bramgle - % ¢ 2,8 Uy N 3 MV 4 enan 1 unik

Ehugy wt oV . Le addition o 5«:\4\{ = MT- Meker = kg-"‘l
82

We canm olsy use  ele ctrow volt eV = (l\(aw;l?cod“b)x velt
. ~ |‘Lxl\'-;l1 30“\9-'

Ma\/:\oc eV = ). LY)-B 3

ken n
q N S 1 AT Con by measured
Gev = 1o eV = 1b¥1s'" ] . Eoof Y, AL
WV wn < - 19 J- ~3b
2
4 oy :lﬂlhlo
E"mn}\v- 2.4 : . Q ) k
3) G. 1ot X 1o +
~ . J 1S
e[@c'\(br\ ™ a5 Me - q‘\o‘ix,a k; = 5\_/ = g‘uxlorﬂ/
(tQSi’qus) (735 x,o 3t < C
- h : V
\”‘7’“"'515 of tam \I)ms\- Son SstiHe /CL

/ ""*"‘*’"’“'S mals S o &l MeV

(wi'(L \/C ) fr“h}f‘ ot )

n

Tr Has wnt Prohe  Mmass 138,23 he\//m

1

heubon mnss

G34. SV MeV/c 2

EYQMY\{ 2y
Mass wne b ne\/c'?- +’L{V\ me ""Cn"'v\r“ V\u.‘\" cs Meyc—

T_|'- eIQc-lvw s MW“C with '\'H-J ekuz)/ E=I3He\/
Mow\e'\'{'lﬂwx P:" oand ,P&J U.C’Z

- eV
— = 2. .49 2 - 2 2\ % |\1 -L“ z
E=(mdc 9 ™ F‘\[*("’J) % :L )= s) = (2 Mev
C v
u - [ [\Z
?:!@ EE = |_=0.‘7['L */ZX\"Cx\é\(, "5
- \ \_\
8
- ‘= ene 3xX 1o "33
éyluu‘l‘:j

J"



M"\SS :_’? Eh?/\sy
e \)N(t{_s \I‘IBQ‘\tQ} c\k‘ﬁ"‘& mgﬁ“‘vk‘h °¥' M“SJ
Lot X°\6)1¢,\U>/ hQ‘eSSary in VQLJ'N:\—Y.

(A-*l-x Rﬂ\re YC.‘;\J;V*Q VL ml“’fac*-\r&

v 6 L\-:} ‘\',:én.‘(‘-\e\— Wy B =2

Joul s Fon oo l‘_@ wl~ Clogq
e'3~ mpuk-\'* Tnwd o Pwl- N -ew»a\/ (er uJa(L) +o Sfabloe L.\Lbl-(
“nAl +
=» Pe"{»"’x\ﬂ emv?/ shored  on ‘tL{ bov.\d ;-\/s]-q,_,\
b st Mass M T A8 lnCRate °‘F rest- mags © M >t m,
(‘r\.(&c'\'w Lose 'riuo\ o +h\nQ \ka owk u* :E)
L3 M Cmptm,

> ‘l‘a"'*‘ QerI = Mcl

—

= 1 1
Kl+mlc A \<L+ ™M, C 4 (M\TML)CL

H?_‘eo.s 'y -
SO

h,

k) +k1 = YM"("‘"\'\'"‘\.)] CL envlyy \'GIUSL
_
aM = M- (Mr"“\_)
Womass oM D ewants P L'\N*ic enavy y Kl'”(;_

[’Y‘qul{’\ft (Ore) él'\cl = worke dome +° rv\SL l,oJ-:M '\"'QQ—TLJ/»

T
y\'(m‘-ml)
Ca“md\\rt (,OJQ) AR{\N& AMA = h,-\.ﬂl -M Do

QMA (‘_-L = Llh)l‘:} QV\ﬂ.\by B = \HOV‘C 'I‘O P\n IOBJ}-% APGAAL

= eway re\eoq‘ed o L’OJI..'Q) oo & F(/‘-"’\
bownod Sab

Xomploo 2. - 2.8

20w kassjess pownticles



Example 2.6

The nuclei of certain atoms are naturally unstable, or radioactive, and spon-
taneously fly apart, tearing the whole atom into two pieces. For example, the
atom called thorium 232 splits spontaneously into two “offspring” atoms,
radium 228 and helium 4,

'T\.:g (K3 '“ne_ l ,e,\mls.w N cand

AM: M - (wmey = \c‘ﬂc = GMeV

B2Th — 228Ra + “‘He (2.32) =
The combined kinetic energy of the two offspring is 4 MeV. By how much c~
should the rest mass of the “parent” >*?Th differ from the combined rest mass 4 ® l\?a’k X /; 3o x ,
of its offspring? Compare this with the difference in the measured masses = (,
listed in Appendix D.
~30
Atom Mass (in u) = 4"4\77 s L/l A ~3
w
20T 232.038 Initial \ 23 ~ dalapy
228 LOx /35
Ra 228.031 .
4 232.034 Final Total
He +4.003 : b———m—
0.004 Difference Ji—e_w w it a\c‘\'“'-! Wa g5 a(H’_M%
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Example 2.7

It is known that two oxygen atoms attract one another and can unite to form

“6\'H'ro~of e " Case

- 3
B= sMac =Q"‘,\-w\,~—]\'\)cl % SeV

an O, molecule, with the release of energy E,, =~ 5 eV (in the form of light m = _ =20
if the reaction takes place in isolation). By how much is the O, molecule o5 18494 w = 2.68% 10 l-')
lighter than two O atoms? If one formed 1 gram of O, in this way, what
would be the total loss of rest mass and what is the total energy released? = B -6
(The O, molecule has a mass of about 5.3 x 107 kg.) s [V‘A- ?2 = S_eV =5 xl3r¥Xe l’l
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Example 2.8

The A particle is a subatomic particle that (as mentioned in Example 1.2) can T ~
decay spontaneously into a proton and a negatively charged pion. Ao _ >
A—=p+a yrowen Tt m

(This immediately tells us that the rest mass of the A is greater than the total PI\ = Ff t ?11' = seltex(
rest mass of the proton and pion.) In a certain experiment the outgoing pro- = B0 ey
ton and pion were observed, both traveling in the same direction along the €n%‘yy/

positive x axis with momenta T \Fq—z\
4 3 = T
_ _ E: '“,3-(‘_ +PAC1 - vv‘\>C -+ P',C
pp = 581 MeV/c and p, = 256 MeV/c
Gi . + T 'Y
iven that their rest masses are known to be \/ L T A A

m, = 938 MeV/c* and m, = 140 Me f_l_‘
et 4 $37" sy 4ot T + /930 4 luo? 7.1315\/

find the rest mass m, of the A.

= NG Mev =

As we will discuss in Chapters 17 and 18, there is a subatomic particle called
the positron, or anfielectron, with exactly the same mass as the electron
(0.511 MeV/c?) but the opposite charge. The most remarkable property of
the positron is that when it collides with an electron, the two particles can an-
nihilate one another, converting themselves into two or more photons. Con-
sider the case that the electron and positron are both at rest and that just two
photons are produced, with energies E; and E; and momenta p; and p,
(Fig. 2.6). Use conservation of energy and momentum to find the energies £,
and E, of the two photons.

Before:

After: M W‘-\f\_‘_
Ep £y p2
I 0 0un
Pitpy,=o =2 ?“——F_L

Pl < lpa] = MeC = 0,50 Mev,
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TABLE 2.4

The relativistic and nonrelativistic kinetic energy of a mass m at various speeds u, in

units of mec?.
u: 0.01¢ 0.1c¢ 0.5¢
K = (y — Dmc*: 5.0004 x 107 5.038 x 1073 0.155
Kyg = ymu: 5.0000 x 107 5.000 x 1073 0.125
% difference: 0.01% 1% 20%
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GP-B was
designed to
measure two key
predictions of
Einstein's general
theory of

.%., reIat_ivitY by

L | monitoring the
orientations of ultra-sensitive
gyroscopes relative to a distant guide

star. Learn more about the mission.
https://einstein.stanford.edu/
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