Bai tap Co hoc twong doi tinh
Lé Pai Nam

Bai 1. St dung phép bién déi Lorentz, chung minh rang: dai lugng As = JAX? +Ay? + Az2 —c?At? 1a mot
bat bién.
Bai 2. Thanh 1ap cong thic bién doi Lorentz theo mot phuong bat ky ( vi tri cia chat diém cho boi
vector r va van tdc giira hai hé quy chiéu 1a v tay y).
Bai 3. C6 hai quan sat vién K va K’. K’ dtng yén ¢ ngay giira mot con tau dai | dang chuyén dong véi
van toc v so vai mat dat con K ding yén ¢ bén duong. C6 hai sét danh ¢ dau tau A va cudi tau B. Chon t
=0 luc K’ di ngang qua K.

a) Néu hai sét déu danh vao thoi diém t* = 0 ( ddi véi K”) thi K thay 2 sét ay nhu thé nao?

b) Néu hai sét déu danh vao thoi diém t = 0 ( d6i véi K) thi K’ thay 2 sét 4y nhu thé nao?
Bai 4. Mot con tau c6 may phat tin hidu va mot may thu tin hiéu. Con tau, roi khoi trai dat véi van téc
khong doi, guri tr lai trai dat mot xung tin hiéu va né bi phan xa tir trai dat. Bon mudi gidy sau trén dong
hé con tau, con tau nhan dugc tin hiéu va tan s tin hiéu nhan duoc bang mot nira tan sé phat ra.

a) Tai thoi diém khi xung ra da bi phan xa khoi trai dét, trai dat & vi tri nao trong hé quy chiéu con

tau.

b) Van téc cua con tau bang bao nhiéu so véi trai dat.

¢) Tai thoi diém khi con tau nhan lai xung ra da thi con tau & ddu trong hé quy chiéu trai dat.
Bai 5. Mot chat diém chuyén dong trong hé quy chiéu K véi van téc u, trong hé quy chiéu K’ véi van
téc u’. Hé quy chiéu K’ chuyén dong thang déu véi van téc v so véi hé quy chiéu K. Tim:

a) Do 16n cua van téc u theo cac vector u' va v

b) Gia st truc Ox va O’x’ cua hai hé quy chiéu tring nhau, v song song véi truc Ox. Goi 6 la goc
hop bai u va truc Ox, 6' 12 géc hop bai u' va truc O’x’. Xac dinh g6c 6 theo 6u’;v.

¢) Ap dung két qua cua hai cau a, b cho truong hop cua anh sang. Vi v<c, hdy ching minh cong

thirc quang sai AO=60'-0 ~Ysine’
C

Bai 6. Céc thi nghiém tuéng twong cua Einstein: cogee X
Trong c4c thi nghiém tudng twong caa minh, Einstein thiét ké mot chiéc dong ho li
tuong nhu sau: mot s6ng anh sang ( hoic mot hat mang khéi lugng ) phan xa qua lai
giita 2 guong A va B cach nhau mot khoang L,. Bong ho s& kéu mot tiéng “tich” khi = g~
song anh sang di dugc mot vong tir guwong A dén guong B roi quay tro lai gwong A.

a) Su gian no thoi gian: —x

Gia str ta cO mot cai dong ho 1i twong nhu vay dat tai gdc O' cia hé quy chiéu K' sao
cho hai guong A va B nam song song végi truc O'x' nhu hinh v&.

A

e ard

Hay xac dinh thoi gian gitra hai tiéng “tich” trong cac hé quy chiéu K’ va K. (HQC K
dung yén, HQC K’ chuyén dong véi van téc v theo tryc OXx).



b) Su co ngin chiéu dai:

Ciing v6i chiéc dong hd trén, nhung gia sir ta dat 2 guong A va B dit vudng goc Véi truc O'x’ nhu hinh
VE.
Hay xé4c dinh khoang cach gitra hai guong trong cac hé quy chiéu K’ va K.

¢) Céng thirc cong van téc:

Ta dung dong ho nhu thi nghiém a). Van tdc cua hat trong dong hd 1a u'=(0,u",,0) trong hé quy chicu
K. Trong hé quy chicu K, van toc cua hat d6 1a u=(v,u,,0).
c1) Tim moi quan h¢ giita u’, va u, . Tir d6 tim ra méi quan hé giira hai van toc toan phan u’ va u.

c2) Tir két qua cua cau C1, hdy so sanh véi két qua cé duogc tir cong thirc cong van téc tong quat
da dugc hoc. ( hat trong he K* co vantoc la u'=(u',,u',,0).

Bai 7. Vao nim 1851, Fizeau thyuc hién thi nghiém néi tiéng dé do van tdc anh sang trong maot chat long
chuyén dong. Gia str chat long chiét suat n dung trong mét binh chuyén dong véi van téc v so véi phong
thi nghiém (PTN). Ong chiéu tia sang vao binh, chiéu truyén anh sang ciing véi chiéu chuyén dong caa

binh thi két qua Ia van téc anh sang trong chét 1ong: u =S +kv, trong d6 k 1a hé sb kéo theo. Fizeau xac
n

dinh duoc hé s6 kéo theo ddi voi nudc n=4/3 1a k=0.44.
a) Hay str dung phép bién d6i Lorentz dé tim lai cac két qua thuc nghiém cua Fizeau.

b) Néu chiét suat anh sang phu thudc vao budc séng theo cong thirc Cauchy: n = a+% thi hé sé k

bang bao nhiéu? (Dé thi nam 2010)
Bai 8. Xuét phat tir Trai Dat, mot tén lira vii tru chuyén dong véi gia téc a'=10g; gia téc nay 1a nhu
nhau trong moi hé quy chiéu quan tinh tic théi gan véi tén lira. Qua trinh ting tdc duoc kéo dai trong
thoi gian 7 =1,0 nam theo thoi gian trén Trai Dat.

a) Hay tim phép bién d6i Lorentz giita 2 HQC quén tinh K va K’ (K’ chuyén dong véi van téc v doc
truc Ox) cua cac thanh phan gia téc cia mot chat diém nao do.

b) Hay xac dinh van toc cta tén hra & cudi qua trinh ting toc, van téc nay sai khac van toc anh sang
bao nhiéu phan tram.

¢) Sir dung bién d6i Lorentz, xac dinh méi quan hé gitra khoang thoi gian dt'< trén tén lia so Voi
khoang thoi gian dt < trén Trai Dat. Tir d6, tim ra thoi gian ting técz' trong hé quy chiéu gin véi tén
ltra.
Bai 9. Ching ta xét mot thi nghiém don gian nhu sau: Gia sir mot quan sat vién A dung yén & O trong
hé quy chiéu K. Quan sat vién nay bin mot vién dan vao mét chiéc bao thir dan treo & mot diém trén
truc Oy. Mot quan sat vién B ditng & gbc O' quan sat qua trinh. Ta biét rang bién doi Lorentz khdng anh
huong dén cac dai luong dong hoc (trir van tc) trén truc Oy . Do do, quan sat vién A va B déu thay tac
dung cia vién dan 1a nhu nhau (vét ghim cua dan) .Ta biét tic dung cua vién dan dic trung boi dong



luong cua vién dan d6.Goi van tc cia vién dan trén phuong y 1a u, trong hé quy chiéu K va u’, trong
hé quy chiéu K'. Khéi lugng vién dan 1a m, .

a) Ap dung dinh nghia 6 dién cua dong lugng, hdy so sanh p, =myu, va p', =myu’,, hdy chung to
rang &p dung cac dinh nghia nay thi tién dé cua Einstein bj vi pham.

b) Giai quyét van dé dong lugng ctia mot chat diém, co hoc tuong dbi tinh dua ra lai khai niém dong
luong nhu sau:dong luong cia mot chat diém khéi luong m,, van tbc u 1a vector p= moﬁ/ 1—22 . Lam
tuong tu Cau a, hdy chang té rang véi dinh nghia méi vé dong lugng, tién dé cua Einstein khong bi vi
pham.

Bai 10. Mot qua cau chuyén dong véi van tde twong ddi v trong mot chat khi, co chira n hat chuyén
dong cham trong mot don vi thé tich, mdi hat c6 khdi lwgng m. Tim &p suat p caa chat khi dat 1én mot
phan tir b& mat qua cau, vudng goc vai van tdc cua nd, néu céc hat va cham hoan toan dan hdi véi nhau.
Chang minh rang ap suat nay nhu nhau trong hé quy chiéu gan vai qua cdu va gan véi chat khi.

Bai 11. Mot chat diém co khédi luong my, chuyén dong doc theo truc x cua hé quy chiéu K.

a) Néu tait =0, x = 0 ta bat dau tac dung lrc F khong d6i doc theo truc x, tim su phu thudc cua toa
d6 theo thoi gian cua chét diém trén.

b) Néu chat diém chuyén dong theo phuong trinh x =+/a2+c??, tim luc tic dung Ién hat trong hé
quy chiéu nay.

Bai 12. Xuét phat tir phuong trinh dong luc hoc twong ddi tinh, hdy tim:

a) Céc truong hop nhu thé ndo thi lyc tic dung F cung phuong véi gia téc a

b) Trong cac trudng hop d6, tim mdi quan hé giita F va a
Bai 13. Mot proton twong dbi tinh, tai thoi diém t = 0 bay vao véi van téc v, trong mién c6 dién truong
déu E. Khao st chuyén dong cua proton trong hai truong hop sau:

a) Vo//E, tim biéu thic xac dinh vén téc v caa proton theo thai gian.

b) vo L E, x4c dinh: géc e:((/;v_o’) gitra hai vector v va v, theo thoi gian; hinh chiéu v, caa v 1én
phuong \70

¢) Ciing proton nay, nhung tai thoi diém t = 0 bay vao mot mién tir truong B nao d6. Biét proton

nay chuyén dong tron, xac dinh ban kinh quy dao cua proton nay va gia téc cia proton nay.
Bai 14. Mot hat tuong d6i tinh c6 dong luong p va nang luong toan phan E, chuyén dong doc theo truc
x cia hé quy chiéu K. Trong hé quy chiéu K’, chuyén dong véi van téc khong doi V- ddi véi hé quy
chiéu K theo chiéu duong cia truc X, hat nay c6 dong luong va ning luong toan phan twong ung la p* va
E' \ o , o

a) Chung minh rang, ta s€ cO biéu thuac bién doi Lorentz cho dong luwgng va nang luong nhu sau:

P, =7(P—EV/c?):p, =p,ip, = PiE'=y(E-pV) V6i y=1/1-V?/c? .



b) Tur biéu thic nay, chung to rang doi vi mot hat, dai lwong E2— pc? la bat bién, n6 bang bao
nhiéu?
¢) Ap dung két qua cau a cho mot hé cac hat, hdy chang to rang, ddi vi mot hé hat thi dai luong

n 2 n 2 , y L.
(Z Ei] —(z pij ¢’ cling 1a mot bat bién twong doi tinh.
i=1 i=1
d) Ta thira nhan rang: trong hé quy chiéu quan tinh gin véi khéi tam cia mot hé (( gdm céc chat diém

chuyén dong thang déu ), tong dong lugng bang 0. Hay tim van tdc caa khbi thm hé so véi hé quy chiéu
K. Tir d6, tim mdi quan hé gitta nang lwong toan phan trong hé quy chiéu K va hé quy chiéu khéi tam.

2 2
e) Pbat (Zn: Eij —(ZH:EJ c? =(ch2)2, ching to rang m, zzn:mm Vo Zn:mm
i=1 i=1 i=1 i=1

Bai 15. Xét va cham cua n vat thé trong hé quy chiéu quéan tinh K. Cac vat thé nay c6 thé xem la chat
diém c6 khéi lwong nghi va van toc lan luot 1a m, va u, . Sau va cham, khdi lwgng nghi va van toc tuong
tnglam' vau',
D6i voi m, va u, nao do, goi mot va cham la khong dan hdi cwe dai trong hé K néu sau va cham, tong
dong ning cua ca hé c6 gia tri nho nhat, phi hop vai dinh luat bao toan ning lwong va dong luong.

a) Tim m', va u', trong pham vi ma chiing xac dinh — ddi véi mot va cham khong dan hoi toi da.

b) Khai niém va cham khong dan hoi téi da co bat bién véi phép bién doi Lorentz hay khong? Giai

thich?

Bai 16. Mot hat twong d6i tinh c6 khéi lwong nghi m do va cham véi mét hat ding nghi c6 khéi luong
M gay ra phan @ng sinh cac hat moi: m+M —m, +m, +...+m_, trong d6 vé bén phai dé chi khéi luong
nghi cua céc hat sinh ra. Dung tinh bat bién cua dai lugng E?— p%c? cua hé hat, chung minh rang dong
ning ngudng cua hat m dé sinh ra phan tng nay la:

(Zm j m+ M
K=
2M
Bai 17. Xét sy va cham cua hat pionz~ (7 -meson)véi proton p dung yén trong hé quy chiéu phong thi
nghiém sinh ra hai hat K°(K-meson) va A°(lambda). Phan tng duoc viét dudi dang: 7~ + p— K°® +A°
Cho biét m_ =140 MeV/c® , m,=938 MeV/c* , m_, =498 MeV/c*, m , =1116 MeV/c? .

a) Tinh dong niang ngudng cua pion dé phan &ng trén xay ra.

b) Trong mét thi nghiém, cac pion c6 dong luong 2,50.10° MeV/c. Ngudi ta quan sat thiy cac hat A°
c6 dong lugng 0,60.10° MeV/c va huéng chuyén dong caa ching lap goc 45° so véi huéng
chuyén dong cuia cac pion.
b1) Hay tinh toc d6 cua hé quy chiéu khdi tim ddi vai hé quy chiéu phong thi nghiem.
b2) Hay tinh dong luong cua cac hat K° trong hé quy chiéu phong thi nghiém va hé quy chiéu
khoi tam.

CZ




Bai 18. Sy sinh huy cap:
a) Chiing to raing mot photon khong thé tu do sinh ra mot cap electron - positron(e‘ +e+).

b) Nam 1928, Dirac da du kién su phat sinh cip electron - positron(e‘ +e+)t1‘1 mot photon ning luong
cao. Hay ching to rang, su sinh cap nay la kha di ( dudi diéu kién cia mot truong ngoai nao do ).
c) Mot cap electron — positron dugc sinh ra dudi dién truong cua mot electron ding yén. Xac dinh nang
lwong cuc tiéu cua photon dé sinh cip nay.
d) Mét cap electron — positron dugc sinh ra boi twong tc gitta photon va electron tuwong ddi tinh chuyén
dong nguoc chiéu nhau, tinh nang lwong caa electron ndy néu ban dau photon c6 niang luong E, =10eV .
e) Mot positron c6 dong nang T = 750 keV bay téi mot electron ding yén. Do sy hay cap, hai photon
cung nang lwong xuat hién. Hay xac dinh gdc giita phuong bay cua hai photon trén.
f) Xét sy hay cap caa positron va electron trong cdu e, hiy xac dinh budc s6ng 16n nhat va bé nhat (co
thé )ctia cac photon sinh ra tir su hay cap nay.
Bai 19. Hiéu tng Doppler twong ddi tinh:
Nam 1842, nha vat Iy nguoi Ao Christian Doppler phat hién ra mot hién tugng mang tén dng — hiéu tng
Doppler. Hiéu tmg Doppler tuong ddi tinh 12 hiéu tmg Doppler trong co hoc twong ddi tinh.
Dé khao sét hiéu tng Doppler twong dbi tinh, ta xem photon 1a mét hat c6 dong lwong p va ning lugng
¢ . Hé quy chiéu K gin véi ngudn, hé quy chiéu K’ gian véi may thu.

a) Str dung phép bién d6i Lorentz giita dong lugng va ning luong, gia st ngudn ding yén, may thu

chuyén dong dé chung to hé thire sau:

v
1-—cosé,
C

b) Tuong tu cAu a, gia sir ngudn chuyén dong con may thu ding yén, hdy ching té hé thic sau:

v
1-—cos 6
C

¢) Sur dung bién doi Lorentz vé phuong truyén anh sang, chiang to cac hé thic ¢ a va b 1a tuong
duong nhau.

2 2
B fM Jl V'\g fS\/ _V%
d) Tu céc két qua 3avab, hdy changto: ——& -V €
VS CS
1-'s>s
CZ
Bai 20. Mot ngudn diém S cua anh sang don sac phat bac xa o tan s6 f. Mot ngudi quan sat A chuyén
dong voéi toc do khong doi v doc theo mot dudng thang cach nguon S mot khoang d.
a) Hay xac dinh biéu thirc cho tan sé quan sat duoc nhu mot ham cua khoang céch x tir goc O gan S

nhit.




b) Hay vé do thi gan dung cho truong hop v = 0,80 c.

Bai 21. Trong vat ly hién dai, mot trang thai c6 thé biéu dién theo nhiéu dang bién s, mdi dang tng voi
mét khdng gian biéu dién riéng. Ching ta dé cap dén mot dang goi la khdng gian pha: trang thai biéu
dién nhu ham cva (X y;z; p,; p,; p, ) . Hay chang minh rang: phan tir thé tich d*xd®p = dxdydzdp,dp,dp, 1
mot bat bién vai phép bién ddi Lorentz.

Bai 22. Hiéu ing Compton:

Mo hinh song anh sang tién doan rang khi mot buc xa dién tir bi tan xa trén mot hat dién tich thi bac xa
tan xa vé khap moi phuong phai c6 tin sé nhu buc Xa téi.Nam 1922, Arthur H.Compton di ching minh
rang buc xa tan xa c6 tan sb phu thuoc vao goc nhidu xa. Cu thé budc séng bién dbi mot luong

AL = zlsin2 0 khi bi tdn xa boi electron. Hiéu ung trén dugc goi la hiéu ang Compton.
m.C

a) Xem tuong tac giira electron va photon luc ndy nhu va cham giita hai hat teong déi tinh, chang to
h¢ thiec Compton.
b) Xay dung biéu thic lién hé giita goc tan xa @ cua electron bay sau khi “va cham” véi photon va
goc tan xa 6 cua photon.
¢) Xay dung biéu thirc lién hé gitta dong ning cua electron va goc tan xa ¢ cua no.
Bai 23.
a)Vé& do thi dong ning cua electron tan xa va photon tan xa theo gdc tan xa 0 ctiia photon tan xa trong
truong hop photon t6i ¢6 ning lugng bang 2 lan ning lugng nghi cua electron.
b) Tir do thi da v&, x4c dinh dong ning cua electron tan xa va photon tan xa khi ching vuéng goc.
c) Tir dd thi, xac dinh géc tan xa cuc dai ciia photon tan xa dé né sinh cap electron — positron.
d) Chung to rang: goc tan xa cuc dai ctia photon tan xa dé n6 sinh cap electron — positron luén bé hon
60°.



Dap an

StraBail As= \[sz +AY? + AZ? —C°AL? .

Ap dung bién déi Lorentz giira hé quy chiéu K va K’ ddi véi hai bién ¢ 1 va 2:

X =y(x-Vt) X, =y (% —Vt,) AX' = 7 (AX—VAL)
Yi=Y, Y=Y, Ay'= Ay

=1 Va <z, =1, . Tu do suy ra: < Az' = Az (1).
4 v ' \ I} Vv

tlzy( —C—lej tzzy(tz—c—zxzj At :]/(AI—C—ZAXJ

(2).

| AS? = AX + Ay® + Az° —CPAL?
Ta co:
AS'? = AX? + AY'? + A7"? —c?At'?
Thay (2) vao (1), ta tinh:

2
AS” —AS? =y {(Ax—vAt)z —[CAt—%ij }[sz — At ]

:(;/2 [1—2-2)—1}(&2 —c*At?) =0

Do d6, As>=As® hay As'=As. Dai luong As=\/Ax2+Ay2+Azz—c2At2 bt bién véi phép bién doi
Lorentz.

Sira Bai 2 Ta chon hé truc toa d6 Oxyz sao cho: Ox song song v&i v, mit phang Oxy chiar va v.

< |

i = () v o2

X=Ti .
Khi do, tacod: {y= ‘[qu‘/v. Va cac vector don vi: { j = [Rxf . Do do: r: =y.j= [[Vx?]x\?}/vz Q)

z=0 R:[\:/xf} EZZ.RZG
[vr]
7o)
Ta sir dung bién doi Lorentz cho hai hé quy chiéu K vaK’: <r/ =r, (2)




Py | P|((vr)-vit)ve [[uxr v ]
Tu (1) va (2) ta co: VI = . v
"=y t—— v.r
[ c? ] t'zﬂ’(t—c_zj

Stra Bai 3 a) Trong hé quy chiéu K’, bién c6 hai tiéng sét danh 1a A'(1/2;0;0;0) va B(-1/2;0;0;0).

Trong h¢ quy chiéu K, bién sé hai tiéng sét danh 1a A(x,,0,0,t,) va B(xg,0,0,t,). Dung phép bién doi
Vo v I v
tA :}/(tA'FC—ZXAj:]/(O'l‘?Ej:}/C—ZE

, Vo, v | vl
tB=7(tB+C_2XBj=7/(O_C_2§j=_7/C_ZE

vl
c?’

Lorentz tir hé quy chiéu K’ sang hé quy chiéu K cho thoi gian:

Vay trong hé K, ngudi quan sat thay tiéng sét tai B sém hon tai A khoang At =y
b) Trong hé quy chiéu K’, bién c hai tiéng sét danh 1a A'(1/2;0;0;t,) va B(-1/2;0,0;t;).

Trong h¢ quy chiéu K, bién sé hai tiéng sét danh 1a A(x,,0,0,0) va B(xg,0,0,0). DUng phép bién doi

A A
tA:}/(tA'FC—ZXAj:]/(tA'FC—ZEj:O
Lorentz tir hé quy chi¢u K’ sang hé quy chiéu K cho thoi gian: | :
! V ’ ! V
tB =7(tB+C—2XBj=y(tB—C—2§j:0
, v |
"
Tu do, suy ra: vl
k2

Viy trong hé K’, ngudi quan st thiy tiéng sét tai A som hon tai B khoang At="1 .
C

Sira Bai 4 a)Trong hé quy chiéu gan vai con tau K: khi tin hiéu bi phan xa ngay tai mat dat thi trai dat
cach con tau mét khoang cach x;. Tin hiéu di va vé mat quang duong 2x,;, tng véi khoang thoi gian At
= 40 gidy. Do d6 ta co: 2x, =cAt, = x =0,5cAt, =6.10°m.

b) Tin hiéu phat ra tai tau 1a fo, toi phan xa tai trai dat voi tan s6 f, va thu lai ¢ tau 1a f,. Do hiéu @ng
Doppler, goi van téc cua tau dbi vai trai dat 1a v, ta co:

f,=1, ,E% va f, = fl,/% suy ra: f, = fogzo,Sf0 :v:%:log m/s. Py ciling 1a van toc cua tréi

dat so véi con tau.

c) Xét trong hé quy chiéu con tau K, thai diém trai dat phan xa tin higu 3 t, = 2 = CZAtO :
Vv \Y




Thoi diém con tau nhan dugc tin higu trong hé quy chiéu K 1a t, =t, +% :(9 +1j%, con tau luc nay ¢
Vv

vitri x,=0.

Trong hé quy chiéu K’, lGc nhan tin hiéu, con tau ¢:

v(c CAt 40
X =y(x, —vt,)=y—| =+1|.—2=—-.3.10°=8,5.10°m.
2 7( 2 2) 7C[V j 5 \/E

_ u, +v
e ) , , | Lvu/c? \/(u’z +2uv+V ) =uiv? /e
Swra Bai 5 a) Ap dung phép cong van toc, ta co: U= ——
u)y1-v?/c? 1+ulv/c
uy = i 2
1+ulv/c

- 2 ) .
Ta dua dang vector vao nhu sau: u’? +2u/v+v? =u"? +2u’v+V? :(u’+v) , uve/c? Z‘[VXU’:” /c2 va

2/ 2
fe

1+ulv/c? =1+u'v/c?.

\/(mv)z _

x|

Suyra: u=

1+u'v/c?
u, +Vv u'cosé’' +v
U =—"-7"—"3 ucos@ = ' y
. 1+ulv/c 1+u'vcosd'/c u'sin @'\1-v?/c?
b) Ta co: ' —— = o — = tand= o5 :
u - TN Y /;: using 2 3|n¢,§h/1—\f /S u'cos@ +v
1+ulv/c 1+u'vcosé'/c

c) Tur két qua cAu a, tathay u'=c ta dugc u=c. Tir két qua clu b ta co:

X ’ ’ 2 2
_ singi_vi/cz _ sin@ (1+vcos¢9 c—y1-V?/c ) _ 2
sinf = / =sing' —sinf = zxsme'm—wwzxsme’cose’.
1+vcosé'/c 1+vcosé'/c c 1+vcosé'/c ¢

Lai cO: sin@ —sin@ = Zsin%ecos[e’—%eJ ~A@cosd' .

Tir do ta duoc: AG=Lsing'
C

Sira Bai 6  a) Trong hé quy chiéu K', khoang thoi gian giira hai tiéng “tich” 1a At, = % N




Trong hé quy chiéu K, tir hinh V&, ta thiy khoang thoi gian gitra hai tiéng “tich” 1a: At.
B B B

2
Ta lai co: (V—gtJ +12

\ r At A z A =X s ’9 A = A \ A A A A
Tur do, suy ra: At =—=2 = . NOi cach khac, mat tieng “tich” trong h¢ quy chiéu ma dong ho chuyén dong
v
e
gidn nd so vai mot tiéng “tich” trong hé quy chiéu ma dong ho dung yén.

b) Trong hé quy chiéu gan K, khoang thoi gian giira 2 tiéng “tich” 1a: At, = 2b
C

Trong hé quy chiéu gian véi K, khoang thoi gian gitia 2 tiéng “tich” 1a At. Tur tién dé 1, cac hién
tuong trong hé quy chiéu K dién ra nhu nhau trong hé quy chiéu K'. Do d6, su gidn né thoi gian ciing 1a
nhu nhau.

At
VZ
C2

Do do6: At =

. Ma2L =(c-v)At, trong d6 L la khoang cach giita hai guong trong h¢ quy chiéu K
1—

. W
1

>
3
p S
(wu)
e rrr>)
(ws)




2
Tacod At = L + L _ 2 suy ra 2t _ L = L= 1—V—2.Tathuduqckétquécﬁa3u
C

C—V c+v c*-V? c?—v? V2
Cyl-—
c

co ngan chiéu dai theo phuong chuyén dong caa ddng ho.

c) Trong hé quy chiéu K, thoi gian giira 2 tiéng “tich” 1a At,. Ta cO: At, = % .
u
y

Trong hé quy chiéu K, thoi gian gitra 2 tiéng “tich” 1a At. Ta c6: At = L,

Uy
SA . , sk ) A re A A , Ato
Hiéu tng gian n¢d thoi gian xay ra nhu nhau doi vai cac dong ho. Do do, At = =
v
e

2
Van toc cua hat trong hé quy chiéu K la u= \/vz +(1—Z—2Ju ¥ . Ket qua nay tuong ty nhu ket qua rit ra tir

phép cong van toc twong ddi tinh trong trudng hop u’ =0.

Sira Bai 7 a) Ap dung phép cong van téc tuong dbi tinh, ta co:

’ _ 2
o _teme sfy mtt] e (1), (o 1)

:1+u’v/cz _Hl+v/nc_n c 1+v/nc| n n n

b) Do hiéu tmg Doppler nén budc song cua anh sang trong nudc la A thi bude song anh sang ngudi quan

sat do duocla A'=A+AA —2+M 2 va van tdc anh sang trong nuéc 1a ¢ :%.
c n n

i o dn(4

Nguol quan sat col: u' = C __° LeA 1 :E_% ()A/I.
n(A’) n(4) n(1)) n n* di

., dn(1) - .

Ta co: ( ):isb va Aﬁ:mﬂ,thayvéotaduqc: u’:3+2—b\2/.
di A c n ni

Ap dung phép cong van téc twong dbi tinh, ta co:

1+ 2—b+n v

u+v ¢ A? c ¢ v (2b v| ¢ 1 2b 1 2b

= —— = = |l-—+| S +n|=|[==+|1-— s V=>k=1-—+
1+uv/c® n v, 2v " nc (4 c| n n® ni

1+
nc nA2c?

!

2 . du!
Stra Bai 8 a) Ta co: trong hé quy chicu K’ thi a/ = Zux va a; =—ty. (1)

t’

du, _du, dt’ . _du, du, dt

Trong hé quy chiéu K thi a, = — da=—"Y=—""" (2

g he gy enie % dt dt’ dt Yoodt  dt’ dt )
., dt 1 1

laicd: —=—=——~ (3

' dt At y(1+uv/c?) )

dt’



, ) Y L+u/c?
Tir phép cong van toc, ta co: — (4.
uj\1-v?/c
Uy = 1 ' 2
+ulv/c
1 '
a, = =,
, 7 (1+upv/c?)
Tu (1), (2), (3), (4), thay vao ta c6 két qua sau: uv /e
= . 2 'a; - > 3 Ay
7 (L+ugv/c?) 7 (L+ugv/c?)

b) Trong HQC K’ quan tinh gan tic thoi vao tén lia & thoi diém t thi van toc tén lra 1a u’ =0. Do do,
trong HQC trai dat K, van toc cua tén lira 1a u va van téc cia HQC K’ 1a v=u.

Gia téc cuia tau trong hé quy chiéu Trai datla; a=—— 2= a’(1-v?/c? )% .
7 (1+uv/c?)
. dv dv v a't/c
Tach: a=—=————=adt=>———=at=>V=C——ono——
(1-v?/c? )% 1-v?/c? Jl+a?t?/c?
a'z/c

Sau khoang thoi gian tang toc, van toc cua con tau 1a: V =c.

J+a’?jct

¢) Trong hé quy chiéu K, trong khoang thoi gian dt ¢ thoi diém t, tau ¢6 van toc v=c. atjc

frai)c

Do tau dung yén trong K’ trong khoang thoi gian trén nén dt’ chinh la khoang thoi gian riéng.

Xem

nhu khong ddi. Khi d6, trong hé quy chiéu K’, khoang thoi gian tuong ung 1 dt’.

Do hiéu tng gian n¢g thoi gian nén:

ydt' =dt = dt' = dt.«fl—vz/cz ___ Mt

1+a"t?/c?

i dt c Yy
:> T’:J-—:_Vln( l+a’22'2/C2 +a’T/C)

o yl+a’t?/c? a
Stra Bai 9  a) B4i v6i quan sét vién ¢ B, quan sat vién nay thay van toc cua vién dan trén phuong y la:
U VP c? . ,
/ :W: u,\/L-Vv?/c? . Do d6: p, =myu, =myu, \1-v?/c? = p,\1-v?/c? .
Hai quan sat vién thay tac dung cua vién dan nay khac nhau, do dong luong trén phuong y do hai quan
sat vién ndy quan sat 1a khac nhau. Diéu ndy mau thuin véi tién dé 1 cua Einstein.

c

b) Quan sét vién A thiy vién dan bay vai van toc (0;u, ) con quan sat vién B thay vién dan bay voi van

tc (—v;uyafl—vz/cz).



4 _ A r_ 2 12 12,2 2
Do do, u, =u, va uj —\/v +u? —uriv fe?

A \ J [N J Y mOuy
DBong luong theo phuong y ma quan sat vién A quan sat duoc la: p, = —2/2 .
1-u;/c
y

bong lugng theo phwong y ma quan sat vién B quan sat duoc la:
! mu, IV
\/1 u’z/c \/(1—v2/c2)(1 uy?/c?)
Vay voi dinh nghia‘mc’ri vé dong lugng, hai quan sat vién quan sat dugc tac dung cua vién dan la nhu
nhau. Do d6, tién dé 1 caa Einstein khong bi vi pham.

py'

Sira Bai 10 Xét trong hé quy chiéu gan vai qua cau, chat khi chuyén dong véi véan téc v va cham vao
qua cau. Xét phan tir khi th i nao d6 va cham vao qua cau tai diém (¢,6). Do dinh luat bao toan co
ning nén do 16n van téc cua phan tir khi ndy sau va cham 1a v. Do bién thién dong luong caa phan tir khi
nay la:
m
Ap,, = —=———=—=2VC0S¢.
o mvie?

_ S A A X A
Trong khoang thoi gian 6t, luc ma phan tu khi nay gay ra la: f, _ 2P =iﬂc03gp.

ot ot ll_vz/cz

Ca khdi khi gay ra mot lc Ia:

dF,, = v ——2M_ cos? @ cos 6.dS
J1-v?/c?
. . . \ Y . dF 2
Ap suat tac dung Ién mat cau tai diém (¢,6) 1a p,, =—2" = 2nmv cos® ¢ cos @ .
s J1-v?/c?
2nmv®

Ap suét tai mat vudng goc véi van toc clia qua cau 1 py, = ———.
J1-v?/c?

Trong hé quy chiéu gan véi chat khi, qua cau chuyén dong vai van toc v va cham vao cac phan tir khi
dung yén. Bé don gian, ta xét phan tir khi va cham truc dién véi qua cau. Ap dung dinh luat bao toan

Mv ~ mu N MV’
y Ny a1 L e s , \/1 v?/ \fl—uz c? J1-v?/c?
nang luong va dong luong, véi M la khoi luwgng qua cau, ta co: M
=+ M= =+
4/ \/1 u?/c?  1-v?/c?
Gia hé phuong trinh, véiluuy M >m va v=c, ta dugc: vV'=v va u 212%_
+Vv?/c

2mv

mu _ 1
JL1-u?/c? 1-v?/e? \1-v?/c?

Do bién thién dong lugng cua phan tir khi 1a: Ap;, =



Tuong tu, ta suy ra duoc ap suat 1 (luu y hiéu tng co ngan Lorentz — Fitzgerald nén mat do n bién doi

2
twong ddi tinh) p;, = MV Tc 1 ap suat nay bat bién trong hai hé quy chiéu.

B J-vi/e

Sira Bai 11 a) Do ban dau hat khong c6 van toc nén khi tac dung luc theo phuong x, hat s& chuyén

dong theo phuong x. That vy, bai vi ta c6: F = % = p-0= Ith = p=Ft= m—u/ =Ft.
1-u
t
Tir day, ta tim dwoc van téc cua hat 12 u = Fy/m, = X=X, +'f F/m, dt = \jmjc“ JF?+ct?
J1+F 22 /méc? 1+ F?t?/mZc?
dx c’t _mc’t dp m,c?

b) x=va*+ct’ s U=—=—F—+—+~—= SF="T=_0

) Ja? +cit? «}1 u?/ a d  a

Stra Bai 12 a)Tacé:E=d—p=£(J Mol ]z My
1

T N B e
my(0a)/c®

o ia)/c? - | - ULF, — - , . .

pé F//a thi | MU/ Ll («/ *2/c ) =177 " (do F//a). Vay dé lyc thc dung cing
(a-d?/c?) v WG

ul/la

phuong véi gia toc cua luc tac dung phai cing phwong véi van toc hoic vudng goc vai van téc.

o =N 2
b) Khi u//F thi F=—2__g M)t pom
yi-0%/c (a/l—Uz/cz) («fl—ﬁz/cz)
T, m, - m(ud)/c’ - m, -
Khi u LF thi F= - - u= ._a
J1-62/c? ( i/ )3 J-a?/c?
Sira Bai 13 a) Ta co: F—d—p—qE: mOV MoV | qEt. Do vo//E=V//E
dt J1-v?/ \/1 V2 /c?
T do, ta suy ra duogc: v = Yo + qEt =V=
JL-VA/e? (1-vZ /et m
mVv  my,

b) Twong tw Ccau a, ta ¢ : +qEt . Lan luot nhan hitu hudng va vo hudng vao biéu

J1-v2/c B JL-V/c?
thirc trén cho v, ta duoc:

o 2 2
m, Vv, —— m.v,
Evt= 00

— mOVO +q
JL1-v?/c? \/1—v§/c2 BN IRV H:VXV ]‘

. =tand =
m,[Vxv, | mo[voxvo]w[ﬁxmt:q[EXV_OJt

JLI-V3/e? 1-v2/c?

a/l v2/c? (do ve LE ).

A




d

c) E:—f:q[QxE],tathéy ring F Lv nén tir két qua cau 12, ta co: F =

d

phuong trinh sau: F =

mO
J1-V?/c?

m,

a.Do luyc F Lv, tic luc Lorentz khdng sinh cong, nén van téc caa

2

LA L4 A A= s LA ’ U TP P4 r A \'
proton c6 d6 lon khong doi. Gia toc a ldc nay la gia toc hudng tdm: a= "

2
Tu day ta suy ra: qvB M Y _p- myv/qB
J1-vi/c? R

m,u’
0 _ 1ot
- m'u,

D= J1-u?/c? B

!
myu;,

pi — — m!uf
y ll_uIZ/CZ y ‘
' (1) va

mouz _ m!ul

L
1_u!2/c2
2
Er: mOC — erZ
fl_UIZ/CZ

U = Y -V
T 1-uV/c?
,u,1-v?/e?

Lai c6, phép cong van toc: Ju! = T
-uV/c

y = u,\1-V?/c?

o 1-uV/c?
Tir day ta tim mdi quan hé gita m’ va m:
m m,

Stra Bai 14 a)Ta co:

(3).

L va ale,\/l—vz/c2 :
J1-v?/c? b
oy =mu,
Mt =mu,
~u
().

q
m
p =T
BN TORS

Py =——

J1-u?/c?

myu,

P, =—F7——==My,
J1-u?/e?

2

E = L = mC2
J1-u?/c?

My

(u, —v) +(u +u?)(1-v?/c?)

m' = 0 = =
J1-u?/c? \/1_ u? +u’ +uy’ \/

c? 1-

_ mO (1_UXV/C2) _ 1—UXV/C2

J-u3e 1-v?i/e?  [J1-v?/c?

T (4) va (3) thay vao (1), ta duoC:

m=y(1-uV/c’)m

c? (1—uxv/c2)2

(4)

a.Tudésuyra
1_V2/ 2

p, =m'u; =ym(u,—V)
(A A
p, =m'u; =mu,
p, =m'u; =mu,
E'=m'c® = y(1-uV /c?)mc?

p, =7(p,—EV/c?)
py =P, A e s £ E
= . Tir hé thac nay, ta thay px,py,pz,c—2 (X y.z,t).
.= P,
E'=y(E-pV)




b) Lam twong tu bai 1, véi quan hé twong tng (px, P, pZ,EZJ < (x,y,2,t), ta co dugc két qua:
C

E? — p?c? bét bién va d6i voi 1 hat, E? — p2c? =mic* = E2.

¢) Di véi mot hé hat, do cac dai luong (px, P, P, E) déu c6 tinh cong dugc nén ta ciing c6 phép bién

>, =7(Xp-(XEN /)
2.0 =2.p,

D P =P,
YE=7(XE-(XpV)

. 2 —\2 r e ’. . , L 5.
Tuong tu cau b, ta cling ching minh duoc (Z E) —(Z p) c¢? bat bién doi vai phép bién doi Lorentz.

ddi Lorentz cho hé:

d) Gia st ta chon hé K 13 hé quy chiéu ta dang khao sat, K’ 1a hé quy chiéu gan véi khdi tam cua hé. Khi
d6 van tdc tuong dbi gitra hai hé quy chiéu V ciing chinh 1a van téc khdi tam cua hé. Ta c6: phép bién
d6i Lorentz tir hé K’ sang hé K Ia:

20 =r(XmH(ZEWV [ef)=(XE) /e
2Py =2 p,=0

>p,=>.p,=0

YE=r(ZEHZ pV)=r2FE

Tur day, ta tim dwoc van téc caa khéi tam la: v, =

=Y p=(DE) /e =(3EN/c.

Ehe/c2

e) Do dai lugng EZ — p2c? bt bién, nén ta xét giira hé K va hé quy chiéu khdi tam thi co:

(msc? )2 =E}, — PrC’ = E%c — PreC’ - Ma nhu ta da dé cap, tong dong luong trong hé quy chiéu khéi tam
bang 0, do d6:

(ch2 )2 =Epg =>MeC* =E o = Z:(mOiC2 + Ki) , Ki 1a dong ning cua hat thir i. Do dong ning cua mdi hat
luon 16n hon hodc bang 0 nén: me® =" (M, c* +K; )= > muc® =>mg 2> my, .

Dau = xay ra khi cac hat trong hé diing yén trong hé quy chiéu khéi tam, tic 1a cac chuyén dong véi
cling mot van téc V, trong hé quy chiéu K.

Sira Bai 15 a) Dong nang cua hé hat sau va cham la: K'=>(y, -1)m.c* (1)

Ap dung dinh luat bao toan ning lugng cho hé trudc va sau va cham:

2. 7.me = y.m.c (2)

Ap dung dinh luat bao toan dong luong cho hé trudc va sau va cham:

> rmu, =2 r.m,u; (3)

Tu (1) va (2), tasuy ra: E2 — pac” =E/? —plic’.

Tur két qua bai 14, ta co:



£ - PLC” = 2 - pct = (T me?)
=y mc?< \/(Z?’amacz)z —(Zi/amag)z ¢ (4)

Tur (1) va (4) ta suy ra duoc: K'=> (7, -1)m,c* 2> y,m,c? —\/(Z y,m c? )2 —(Z yama@)z :

. o ) - mu_
Dau = xay ra, tic 1a dong nang hé dat cuc tieu khi va chi khi: u’ =u= m

" drm,
Va > m, = \/(ana )2 —(Z;/ama)2 u?/c? =\1-u?/c*> y.m,.
b) Khai niém va cham khong dan hoi 1a mot bat bién Lorentz boi vi: va cham khong dan héi tic 12 sau va
cham céc hat sinh ra c6 cuing van téc, diéu nay tuong duong véi cac hat sinh ra ding yén trong hé quy
chiéu khdi tam (HQC khdi tam Ic nay 1a ¢b dinh trudc va sau va cham).
Stra Bai 16 Ap dung dinh luat bao toan nang lugng, ta co: sau va cham, ning luong va dong lugng cua
hé la E va p xac dinh nhu sau:

E=Mc’+mc® +K va p°c® = pic’ =(mc? + K)2 —m%*

Tir d6 thay vo, ta dugc: E* - p*c® =(Mc® +mc® + K)2 —(me? + K)2 +m?c* = 2KMc? +(m+M)’c* (1)
Do dai lugng E2 - p*c? bat bién, nén ta c6: E*— p’c® =E2>(m +m, +..+m )’ c* (2)

Tur (1) va (2) ta suy ra:

2KMc? +(m+M) c* >(m +m,+..+m )¢

2

(m,+m, +...+mn)2—(m+M )2 o
2M
StaBai17 7 +p—>K°+A°

=K2

(mKo +m, )2 —(m,r erp)2

2mp

a) Tuong tu cau 16, ta c6: = K > c? = 769MeV

b) b1)Téc do cua hé quy chiéu khdi tam 1a: V = ~0,73¢

b2)Trong hé quy chiéu PTN:

Pr=PyotPo=Po=P,— Py
Pyo, = P, = P,o COSO =2,076.10° MeV /c
Pys, == P, Sin 0 =-0,424.10° MeV /c

2

pK° = pK°x +

2

Picy p.. =2,12.10° MeV /c
—
p=-11"33

= P,
tanp = —~

K%

Trong hé quy chiéu khéi tam:



Dung phép bién d6i Lorentz gitta hé quy chiéu PTN va hé quy chiéu khdi tam:
o, =r(p,—EV/C*);p, = p,ip; = p;iE'=y(E-pV)

Pre, =0,0715.10° MeV /c {p;o =0,83.10° MeV/c
=

Thay sb, ta duoc 5
Ple, =—0,424.10° MeV/c | ¢ =-30°13

Stra Bai 18 a) Céach 1: Gia sir photon tu do c6 thé tu sinh ra cip (e +e")thi sau khi sinh ra, cip

(e*+e7) hat nhau béi lyc hit tinh dién, dan dén su huy cap, tao thanh photon tré lai. Muon sinh cap, sau

khi cap (e+ +e‘) sinh ra, phai dugc tach boi dién truong ngoai caa mét hat nao do.

Céch 2: gia sir photon tu do ¢6 thé sinh cap véi diéu kién 4 < A, nao do6 (boi vi photon phai cé ning

luong toi thiéu bang nang lwong nghi cua c4c hat sinh ra ). Khi d6, mot quan sét vién K trong phong thi

nghiém théy duoc hién tuong sinh cap. Trong khi do, ton tai mot quan sat vién K’ nhin théy budc song

ctia photon ty do dai hon bai hiéu tng Doppler va dai dén mac A’ > Ay, tirc 1a quan sat vién K’ nay khong

thy hién tugng sinh cip gy ra. Ma theo tién dé 1 caa Einstein, hai quan sét vién nay phai cing thay

hodc cung khong thiy hién twong sinh cap dién ra. Do d6, gia thiét quan sét vién K thiy hién tuong sinh

cap 1a vo ly. Vay hién tuong sinh cap caa photon ty do khdng xay ra. (Cha y: néu c6 thém mat hat tuong

t4c voi photon thi ning lwong can thiét do su sinh cap nay sé& thay doi, va tly thudc vao hat bén ngoai

nay).

. - e=E+E e*=E*+E’+2EE

Cach 3: Gia sir photon tu do c6 thé sinh cap, khi d6 ta co: {_ - :>{ ) E12 i Ei.
P=p+DP p :p1+p2+2p1-p2

= &% — p’c® = E2 + E? + 2E;E, — p’c® — p2c® —2p, p,c°

= 0=2E2+2EE, - 2p, p,c* (1)

_ Ef—pfc2=E§>O:>‘Ec‘<El o o o L
Ma ta lai co: . va —2‘ pch pzc‘ <-2p, p,c* < 2‘ pch pzc‘ nén —2p, p,c> <2EE,.
EZ - pic’=E; >O:>‘pzc‘< E,
Do d6, vé phai ctiia phuong trinh (1) lu6n 16n hon khéng. Hiéu (ng sinh cip cua photon tu do khdng thé
Xay ra.

;. . e=E,
Céach 4: Gia st photon tu do cd thé sinh cap, khi do: {ﬁ = g — pPc? =E% - pic?.
p = phe

Ap dung két qua cau 14: EZ - pic® > (D E, )2 = (D E, )2 <0= E,, =0. C4c hat sinh ra phai c6 khoi

luong nghi bang 0. Do vay, khong thé c6 su sinh cap cua photon tu do.

b) Néu c6 tac dung ciia mot trudng ngoai do mot hat nao do dung yén, ap dung két qua bai 16, su sinh
2_pp2
cap xay ra khi va chi khi: hat photon thoa ¢ > %cz , tire 1a cac photon nang lugng cao ¢ kha nang

sinh cap.



¢) Néu photon bay gan mét hat electron dtng yén, thi sau khi sinh cip ta duoc 2 hat electron va 1 hat
positron chuyén dong. Ap dung dinh luat bao toan ning luong va dong luong do hé, ta co:
{iJr Ei:EJF Ii+ = = (E,+E,+E,)’ —(E+E+E)2c2 >9E;
P=P+P,+Ps
= (e+E,) - p’c® > 9E = 2¢E, >8E2 = & > 4E, = 2MeV
DAau = xay ra, tic nang luong cia photon dat cyc tiéu, khi do, cac hat sinh ra ¢ ciing mot van téc.
d) Ap dung dinh luat bao toan ning lugng va dong luong, ta co:
{g +E=E +E,+E,

P+ Py = Py+ P+ Py
= (s+E) —(p-p,) ¢ 2 9E2 = 25E + 2pp,c? > 8E?
= &(E+p,C)24E; = E+ p,c=4El /e

2

= (E+E,+E) ~(p+p,+ p,) ¢ 292

Lai co: E-p,c= =¢g/4, tir d6 suy ra: E =2E?/&+£/8~50000MeV > E, =0,5MeV

+ P,C
2E,+T = €1+6‘2

p= p1 + pz
Do hai photon sinh ra giéng nhau nén ning lugng ciia ching la: ¢, =&, =E,+T/2=>p,=p, =E,/c+T/2c.

e) Ap dung dinh luat bao toan ning luong va dong luong, ta co: {

Goi 6 1a goc hop bai hai photon, ta cd: p=p, + p, = p? = 2p? (L+cosd) = p’c? = 2pZc? (1+cosh).
2(2E,+T)T -
2(2&+T)T )2 — cosf =1 250

(2E,+T) 2B, +T
f) Tir dinh luat bao toan ning luong, ta thdy, néu photon 1 c6 budc song nho nhat (ning lwong 16n nhat)
thi photon 2 c6 buéc s6ng dai nhét (ning luong bé nhat).
{ZE0 +T =g +¢, {ZEO +T =¢ +¢,

=

P=p.+p, p,+ P, > P> p, - p, >0(bdt tam gidc)

Ma p?c®=(2E,+T)T nénsuy ra: (1+cosé)=
0

2B, +T + (2E +T)T

<
2E, +T=¢, +¢ e +e =2E +T & =
{ 0 1 2 {1 2 0

PC = P,C— P, < pc 2B, +T - (2E +T)T
£, 2
2
- 2hc <i< 2hc
2E, +T+,[(2E,+T)T 2B, +T - J(2E,+T)T

Sira Bai 19 Ap dung bién doi Lorentz p', = y(p,—EV/c*); p', = p,; p', = p,;E'=y(E—p,V) cho truong

hop cua photon.
a) Ngudn ding yén, may thu chuyén dong véi van toc v:



£ —Vp 1—!(3056M l—!COSHM
hfy =&y =——2=—2= hfy = f, =—S—— 1

v? v? v?
v 7 1-=
c c c

b) Ngudn chuyén dong vai van toc v, may thu dang yén:

1—!0050S 1—!cos(9$

hfo=g = Pw € “ppof - C g

S M S
V2 v? V2
~ 7 7 -
c c c

¢) Gia str ngudn ding yén, may thu chuyén dong véi van téc v. Diéu nay ciing gidng nhu ngudn chuyén
dong véi van téc (-v) va may thu dang yén. Ap dung két qua cau 5b cho anh séng, ta co:

ccosb, _ CCOSOHV gy hop véi két qua cau a, ta co:
1+vcosé;/c
vcoséd, /c+Vv?/c? V2
1——c030 1- L[C+V 1-—
1+vcosé;/c ¢ ¢’
NE ® 1+vcosd,/c °
-7
c
1+vcos€s/c
fs —sz
-

Vay két qua cau a va cau b 12 phu hop véi nhau.
d) Gia sir ta O mot may “thu — phat” dang yén trong hé quy chiéu K. Khi d6, ngudn phat ra f, va may
thu nhan f,, . May “thu — phat” ding yén nay nhan tin hiéu tir nguon véi tan so ' va phat ra tan s6 d6

cho may thu.
Tir két qua cAu a va cau b, ta co:
2 Vv 2
1-—cosé 1—— 1——cos¢9M 1-—
fo=—C fr=f’ fo va f,, ¢ fr= f'= € f,
1-— 1--cosb, 1-Y 1--cosé,
c c
v v
- c o e e
Tur d6 suy ra bieu thuc caa hi¢u tng Doppler tong quat la: fy = y fs
1-—-cos6, 1-—-coso;
c c

Stra Bai 20 Trong hé quy chiéu K d*xd®p = dxdydzdp,dp,dp, .
Trong hé quy chiéu K’: d*x'd*p’ = dx'dy’dz'dp,dp,dp; .

Ap dung phép bién doi Lorentz cho xung lugng va toa do o thoi diém t va ning luong E xé4c dinh, ta co:



dx’ = ¥ (dx — Bcdt ,

7 (dx— fedt) dpxzy(dpx—
dy’=dy
dz' =dz va dp;/ = dpy

dx dp; =dp,
dt' = | dt— =
7/( d c ] de'=y(de—cpdp,)

Ta chon hé quy chiéu K’ gin véi chuyén dong cua phan tir thé tich nao d6. Tuc la: y =y(p). Khi do,

ﬂdsj

c

phan tir thé tich nay dung yén trong hé K, va ta ¢6: dt=0=>dx'=y(p)dx

By jzﬁ
¢’ 7(p)

va de'=y(p)(de—cpdp,)=0=de=cBdp, = dp, = »( p)(dpX -
Tir day suy ra: dxdydzdp,dp,dp, = dx'dy’dz'dp;dp; dp, = d*xd*p =d*x'd*p’

Stra Bai 21

a) Hiéu tng Comptoncha yéu chi xay ra véi cac buéc sdng cuc ngin, ¢ tia X. L,
Do khi d6, electron trong mang tinh thé c6 cong thoat khong dang ké so Vi
nang lugng caa photon. T dinh luat bao toan dong lugng va nang lugng, ta co:

{€1+Ee=52+E {81—82+Ee=E {EZ—EEZ:812+6‘22—28182+2Ee(81—82)
<~ <~

P=p,+P P=p—p, p’c’ = pic® + pic’ —2pcp,c
= ¢, (1-cosd)=E, (& -¢,)= he _he _ E(1—c059) —ai=2-"sin?0
e & E m,C

b)Ap dung dinh Iy ham sin, ta c6: sin(pz%sin 0(1)

2 2 2
Ap dung dinh Iy ham cos, ta cé: cosp= P+ P ~P2 _ L= PCOSE 5,

2pp, P

sin@

e

(1+ /{](1—00349) P
Tir (1) va (2), ta c6: cotp = :(1+ %jtanz

c) Ap dung dinh ludt bdo toan nang lugng, ta c: & =¢, +K, = & 25K, + K2 =& (3)

Ap dung dinh luat bio toan dong luong, ta co: p, = p, + p=> pic’ —2p,pc? cos g+ pc? = pZc? (4)
Ta co hé thic lién hé: p’c® =K? + 2K, E, (5)

Tu (3), (4), (5) suy ra:

2
E E E [“Eej 2E
COSp [l42—2 =1+t 1422 = 1/ K = =
K, & K, cos‘p E
(1+1tan®p)-1




a) Ta c6: &p dung két qua cua bai 22:

2¢ sinzg 8E sinzg
1 e & 2E
K — 2 — 2 & = 1 — e
e 2
25in2Q+E 4sinzg+l Zﬁsinzgﬂ 4sin2g+1
2" ¢ 2 con E- 2 2

I
|
|
|
I
I
|
|
|
_r
|
|
I
|
|
|
g

[}

Day la dang d6 thi ciia dong ning electron tan xa va ning luong cta photon tan Xa.
b) Khi vudng goéc thi cotp=tang = 3tan§ < 60=60°

Ta thay ti s6 dong nang electron tan xa va nang lugng photon tan xa 1 4sin? gdo do, thay vao ta dugc

dong ning electron tan xa bing ning luwgng cia photon tan xa. Ta c6 dd thi sau:

\ | |
N
| | |
| | |
| | |
\ q| |

Thuc ra trong truong hop nay nhan ca 2 géc la 60° va 300°.
c) Photon tan xa sinh cap dugc khi va chi khi &, >2E,do d6 photon tan xa khong thé sinh cap trong
truong hop nay. Diéu nay 1a hop i boi photon téi thoa diéu kién sinh cap nén photon tan xa khong thé
sinh cap (do photon tan xa c6 nang lugng bé hon photon téi).
d) Ta c6, dé sinh cap electron — positron thi
g =ﬁ22Ee @321[ —ijminzgzesm"

2E18in2§+1 4 4 2E, 2

(]



