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Léi néi dau

Tuyén tdp cdc bai tap Vat li If thuyét nhdm phuc vu cho viéc
gidng day va hoc tap bé mén Vdt i Ii thuyétr 0 cdc truong Pai hoc Suw
pham. Khdc voi cdc tuyén tdp cde bai idp vdt Ii li thuyét da xudt bdn,
tuyén tdp nay cd loi gidi sdn tir dé dén khé nhdm mét mdt gitip sinh
vién lam quen véi cdc phuong phdp gidi bai tdp vat If li thuyét dé tu
minh c6 thé gidi dugce nhitng bai tap vdt Ii li thuyét phitc tap hon, mdt
khdc giup sinh vién te hoc tdp nghién citu d€ hiéu sdu nhiing vdn dé
co bdn duwcoc trinh bay trong cdc gido trinh vat 1i li thuyét dd dwoc Bo
Gido duc va Pao tao cho xudt bdn.

Tuyén tdp cdc bai tdp Vat If li thuyét dwgc bién soan phi hop -
vai chuong trink vt li cia Bo Gido duc va Pdo tao, chia iadm hai
tdp. Tdap 1 gom phdn 1 - Co hoc Ii thuyét, phdn Il : Bién déng luc hoc
va Thuyér twong d6i. Tdp H gém phdn HI : Co hoc lugng tit va phdn.
IV : Vdt li thong ké. Mdi phdn déu c6 dé bai va 101 gidi, phdn cong
bién soan nhu sau :

Phin I : Ta Duy Lo,

Phdn 1l - Lé Trong Tuong,

Phdn Il : Nguyén Hitu Minh,

Phdn IV : D6 Dinh Thanh.

Khi bién soan sdch Bai tap Vdt i li thuyét nay ching t6i dd dua
vao cdc bai 1dp dd dugc chon loc dé gia’}zg trong nhitng ndm gdn ddy
va da sit dung nhiéu bai tdp trong Tuyén tap bai tdap Vat Ii If thuyét
dd xudt bdn nam 1983 cua NXBGD, chon nhiéu bai tdp trong cdc

sdch bai tdp va sdch li thuyét ciia cdc tde gid trong va ngodi nuoc.



Sdch Bai tdp Var Ii Ii thuyét nay chi yéu ding cho sinh vién khoa
vdt Ii cac truong Dai hoc Su pham nhung c6 thé ding lam tai lidu
tham khdo cho sinh vién cdc trudng dai hoc khdc 6 hoc bo mon Vit
Ii 1i thuyét.

Vi kinh nghiém cua chiing 16i con ir nén chdc chdn tuyén tip cdc
bai tap Vdt Ii Ii thuyét nay con nhiéu thiéu sét, ching 16i mong cdc
ban dong nghiép, cdc anh, chi sinh vién gop ¥ xdy dung. -

Tap thé tac gia



Phan I

CO HOC LI THUYET

A. DE BAI

§ 1. CHUYEN PONG CUA CHAT DIEM

I. Pong hoc chit diém
1. Xdc dinh quy dao cha chit diém, biét pﬁuang trinh chuyén
dong cua chiing ¢6 cac dang sau day : '

. wt mt
a}x=251n%, y = 3cos —

b} x = a(sinkt + coskt}, y = b(sinkt — coskt)
c)x = \/; y= e !
d) F=Gt+2)i + (1-2t)] + (2 + 0k

vdi T 14 ban kinh vecto xdc dinh vi tri chit diém; i, j.k 1a cédc vecto

don vi.

eyT = 6c032t.]’+l.fc



2. Xac dinh phuong trinh chuyén dong theo quy dao s = s(t) va
ban kinh cong cua quy dao, bi€t phuong trinh chuyén dong cia chat
diém c6 cde dang sau :

a)x = acos3t, y= asin’t
: at?
b) x = Rcoswt, y = Rsinaot, z=ul+ >
(R, w, a, u 14 cdc hing s6)

. .t
¢) X=t — sint, y = 1 — cost, zZ= 4sm§

1 - 1
d) x = e cost, y= etsmt, _ z=e.

3. X4c dinh van 8¢ va gia td¢ cha chdt diém taj vi trf bat ki cha
quy dao, biét phuong trinh chuyén dong cha ching ¢6 dang :

2 l 3
ax =1t = —t
. y 3

b) x = a(sinkt + coskt), y = a(sinkt — coskt)

¢) X = acoswt + bsin%[ . y = asinwt - bccos-c—;1

d) x = Rcosot + wRtsinot, y = Rsinwt - eRtcosmt
'e.)x=6+4l2,.' y=3t2—l

gyr=a(l +1%), @ = arctgt

h)r=et,(p=2t, D=1t

véia, , k, R, b 12 cdc hing so.
4. Xac dinh phuong trinh chuyén dong theo quy dao S = S(1),
bi€t phuong trinh chuyén dong céia chit diém c6 dang

a)x=3l2+5, y=4t2+3



Myx=1-t, y=t-1

¢) x = 2sin2t, y = 2cos2t
d) x = a + Recoswlt , y = Rsinomt
g) x = 3cost’, y= 3sint’
2 .2
.g) x = 4acos ot , y = 3asin”©t
hx= acos3l R . ¥y= asin3t
i} x = a(l - sint) , y = a(l — cost)
k) x = acost , y = asint, z="bt

D) x = a(2cost + cos2t), vy = a(Zsint - sin2t)

véi a, b, o, R 12 cdc hang s6.

5. Thanh AB ¢6 kh&i luong khong ddng k€, do dai /, dao dong
quanh diém B trong mat phing thang ding véi goc lech ¢ = ot ; diém
B trong khi d6 dao ddng trén mat phang ndm ngang theo phuong trinh
x = a + bsinwt. Xdc dinh van t6c, gia 8¢ ti€p tuyén va gia tdc toan
phan cla diém A.

6. Hai tau bién A, B cung xudt phat tir cic vi tri A va By vdi vén
t6c khong ddi v,, vy theo hai phuong vudng géc véi nhau vé phia cit
nhau clta hai phuong d6. Xdc dinh thdi diém khi khoang cdch gilta A
vl B nhd nhit.

7. Mot ngudi mudn i vi tri A trén bd bién dén ddo B trén bién
cdch bd 18km. Khoang cich AB = 80km. O vi tri nao trén b¥ bién
ngudi d6 phai di bing xudng mdy, néu toc do cia nd ta 36km/h va toc
d6 6 16 doc theo doan thing trén by bién 12 72km/h, dé c6 thé dén
dao B nhanh nhat?



8. Tai di¢m giGa C cta thanh AB ta ndi doan thing CD vuong
g6c vGi AB. Khi cdc diém A va B trugt trén hai phuong vuong géc Ox

. - l
va Oy, hdy tim qu¥ dao diém D néu CD = %AB vaCD = 3 AB.

9. Banh xe tam A, bin kinh R, 1an khong trirgt trén vanh banh xe
¢6 dinh tam O bén kinh R nh¥ tay quay OA quay déu quanh O vdi
van t6c géc khong déi o trong mat phing thing ding nguoc chiéu
kim déng hé. Xdc dinh phuong trinh chuyén dong cla diém M trén
vanh banh xe tam A, bi€t ring & diém ddu cla chuyén dong, M tring
vOi ti€p diém cha hai banh xe va nim trén phuong ngang Ox.

10. Tau bién di theo phuong hop v6i kinh tuyén géc « khong déi
véi van t8c déu v. X4c dinh gia téc cia tiu.

11. Mot chat diém chuyén dong nhanh dén déu theo dudng tron
tir trang thai ding yén. X4c dinh ti 6 gidia gia t6¢ toan phédn cia diém
d6 sau n vong va sau mot vong. '

12. Chét diém chuyén déng v6i van t6c ddu v, theo dudng tron
ban kinh R. Gia tGc ti€p tuyén ti 1 v6i can bac hai cha gia t6c phip
tuyén. Xdc dinh van tdc va phuong trinh chuyén dong s = s(1) cia
chét diém.

13. Chat diém bdt ddu chuyén dong tir A theo doan thing AB
vGi van t6c bat ki. Liy mot di€m O ngoai AB lam cuc va OA fam
truc cue. Tim phuong trinh chuyén dong cha chat diém dusi dang
toa dé cuc.

14, Chat diém chuyén dong theo duding parabol y = kx” sao cho
gia t6c cla n6 song song véi truc Oy va bang a (a va k 1a hing s6).
Xdc dinh gia téc phdp tuy€n va gia t6¢ tiép tuyén cia chat diém.

15. Chét diém chuyén déng trong mot mat phing. Gia t6c tiép
tuyén va gia téc phdp tuyén cha né ldn lugt bing cdc hing s6 a va b.
Hay tim qu¥ dao cia chat diém trong céc toa do cuc.



16. Chat diém chuyén déng theo quy dao phang véi van toc dién
tich o, khong déi, con gid tri van tdc dai cia chdt diém o 1& nghich
véi khodng cich p tir géc toa do t6i chat diém (hé s6 i 1¢ ). Tim -
phuong trinh chuyén dong, phuong trinh quy dao va gia 16c cua chit
diém nhu cdc ham cia p, bi€t rang khit =0, T, =1, V() = ¥,

I1. Pong lirc hoc chat diém

"17. Khau sing duge dat trén mo dat ¢6 do cao h so v6i phuong
ndm ngang trén mat dat Ox. Van tdc ban ddu ¥, cua vién dan hgp
vdi phuong Ox géc o. Bo qua sic can cia khong khi, xdc dinh xem
vGi gid tri no cha o tAm xa cua vién dan trén Ox la cuc dai.

18. Khiu sing dat tai diém O trén phuong nim ngang Ox va béan
mot vién dan v&i van 16¢ ban ddu v, hgp v6i Ox gbéc o trong mat
phang thing ding. Péng thoi mét khau sing khéc dae tai diém A trén
Ox va cach O mot doan bang /, ban dan thing ding 1én trén trong mat
phing chia v, va Ox. Van tfc ban ddu v, cla vién dan ban-&¢ A
phdi bing bao nhiéu dé né cham véi vién dan ban & O. B6 qua sic
can cta khong khi,

19, Chitng minh ring néu quy dao ciia chat diém 12 dudng tron va
van t8c gbéc quay cha ban.kinh vecto T clia chat diém khong déi thi luc
gay ra chuyén dong chia chét diém hudng vé tam cla dudmg tron.

- 20. X4c dinh lyc tong hop tic dung Ién chit di€ém va gay ra
chuyén dong cha né v6i cac phuong trinh chuyén dong c6 dang :

o .
ajr=r,e ., =l
at2
b} x = Rcosot , y=Rsinot, z=vt+ >
c}x = 'e‘sint, y = elcost. z=¢'

R, w, a, 1y, v 12 cdc hing so.



21. Diém M trong luong P nim yén trén mat phing nghiéng AB
hgp v6i phuong ngang géc «. Néu AB chuyén dong song song véi
chinh né theo phuong ngang vé phia ngugc vdi Bx (X huéng theo
phwong nadm ngang) véi gia 16c 1a W 45 thi M c6 thé chuyén dong 1én
theo BA. Vi gia tri no ctia W thi M bt ddu chuyén dong lén theo
BA ? Hé s6 ma sdt gifta M va mat phang nghiéng 14 f.

22. V¢ tinh dja {inh 1& vé tinh ding yén so vdi ngudi quan sdt
trén mat Trai Pat. Xdc dinh ma&i lién hé giita van t6c v clia vé tinh va
khoang cdch h tir vé tinh t6¢i mat d4t néu quy dao vé tinh 13 dudng
trdn thuge mét phing chita dudng xich dao.

23. Trong mat phing thing ding S -
(h.1.1) soi day khong gidn, khong khai @
lugng CBM, dugc cudn vio banh xe C
c6 tAm ¢6 dinh, bdn kinh r, sau dé vit
qua rong roc ¢d dinh B réi budc vao
vat M khoi lugng m. Khi banh xe C
quay, né kéo vat M 1én theo thanh OE ¢ @
tring v&i phuong thing ding (E & cung e
do6 cao v6i B), BE = 1, O 1a vi tri ddu Hinh 1.1

cita M. Bd qua cdc lyc ma sdt, xdc dinh

sic cing cla sgi ddy dudi dang ham clia x = EM trong hai trudng
hop:

a) @ = const, (® 12 van tdc goéc cha banh xe C).

b) @ = const.

24. Xe chay trén doan dudng cong c6 ban kinh cong 1a R v& mat
dudng nghiéng géc a so véi mat phing ngang. X4c dinh khodng van
t6c cho phép dé xe khong bi dé néu he s6 ma sat gifta 16p xe vi mat
duong laf.
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25. Qua cdun khdi lugng m ducge bude
vao ddu A cia thanh AB d¢ dai /, khoi lugng
khong dang ké, bing sgi day khong khoi
lugng, nhung c6 thé dan héi, he s6 dan héi 12
k. Soi day duwoc luén qua ong thing ding CE
i bude ¢6 dinh ddu day & E (h.1.2), & thai
diém dau t = 0, A trung v&i C. Khi AB quay
quanh phuong CE, v6i B 1a c6 dinh, da kéo
soi day cang thém doan CA va géc ABC
bing a. X4c dinh 4p lyc ciia qua cdu lén AB

Hink 1.2

va van t6c goéc clia A dudi dang ham cia géc o.

26. Chat diém khdéi lugng m chuyén déng bat ddu tir diém M vdi
van téc v, hudng theo phuong nam ngang. Xdc dinh phuong trinh
chuyén dong ciia chét diémi trong cdc trudmg hop bd qua luc cin cla
méi trudng va khi lyc can d6 ti 1€ v&i van toc.

27. Tén lira bay lén theo phuong thidng dimg véi van tSc ddu
vo = (2gR)'7Z (t8c do vii try cAp hai), v6i R 13 ban kinh Trai D4t Viet
phuong trinh chuyén dong cha tén lira, bé qua sitc can cia khong khi.

28. Vat kh6i lugng m roi trong chdt 1ong ma lyc can ti 1€ v6i
binh phwong van tdc roi cha vat. Xdc dinh van t6c va quang dudng
cia vat, khit=0, v, =0.

29, vat khdi lugng m chuyén dong tir dudi lén theo phuwong
thing dimg Ox vdi van t6¢ ddu v,. Luc can cia khéng khi ti 1¢ vdi

binh phurong van t6¢c. Xdc dinh do cao cuc dai ma vat 1én dugc va thii
gian vit lén dén do cao d6.

30. Mot hat khoi lugng m, dién tich q bay vao trong hai dién
truong déng nhit vudng goc vot nhau cé cac cudng do thay déi

Eicoswt va Eacosot . Hay xdc dinh xem véi cdc diéu kién ban ddu

It



va cde gid tri bién do E,, E, nhu th€ nao thi quy dao cia hat 13 duwdng
xicloit (E, E,, © 12 c4c hiing s6).
31. Mot hat véi khdi lugng m, dién tich q chuyén dc:}ng trong

dien trudng c6 cudng do E = EsinZ] (E,, a 12 cdc hing s6, 1 1
a

vecto don vi trén tryc Ox). Tim phuong trinh chuyén dong cha hat

biét ring tai thi di€m ddu cia chuyén dong Ioy = O Vioy = v, k.,

k 12 vecto dom vi trén truc Oz.

32. Cic chét diém, khong phu thugc khéi lugng clia ching, ciing
dugc ném 1én tir mot di€m véi cing van dc dédu v, theo t4t ci cic
phuong trong mat phang thing dimg. Tim quy tich céc vi tf chia cdc
chat diém tai thoi di€m bat ki trong hai trudng hop : bd qua sic can
cua khong khi va cho réng sdc cin cha khong khi ti 18 véi van tdc.

33. Electron khoi lugng m, dién tich e v6i van t6c ddu v, bay vio
khoang khong gian gifta hai ban cyc cia mot ty dién phing, theo
phuong vudng goc véi mat cdc ban cuc. Cudng do dién trudmg giira
hai ban cyc cla t dién E = E_sinwt ; (E,, © 1A c4c hing s6). Xic
dinh d¢ 16n cia E d€ sao cho sau khodng thdi gian t = m/w, electron
lai tré vé t6i vi tri ddu cha chuyén dong. Khodng cich t6i da giita hai
bin cuc phai bing bao nhiéu dé électron dén duge bin cuc thit hai ?
Bo qua trong lugng clia électron.

34. Hat ¢6 khoi lugng m, dién tich q chuyén dong trong dién
trudmg (it dén ¢6 cudng do E=Eqe * sinot (k, o 1 cdc hang sd;. Bo
qua trong lugng cia hat, viét phuong trinh chuyén déng: cla hat néu
né bit ddu chuyén dong ur trang thai ding yén.
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35, Vat khéi lugng m chuyén dong dudi tdc dung clha luc
F = E (1 - v/v,), (F,, v, 12 cdc hang s8, v 1a van tSc cua hat). Luc can
ctia moi truong ti 1& véi binh phuong van toc. Xdc dinh van tde cua
vat tai thai diém t bat ki, biét van t8c ddu cia vat 1a v,

36. Vat khai lugng m trugt trén mit phing ngang theo dudng
thing Ox duéi tac dung cha lyc F, = K’mx va luc ma st (hé s§ ma
sit 1a f, k 12 hiing s6 ti 1¢). O thi diém ban ddu t = 0, v, = 0 va
X, = a. Tim phuong trinh chuyén dong cia vat.

37. Buoc vat khéi lugng m vao ddu mot 10 xo, ddu cdn lai cua o
xo0 chét ¢d dinh. - Khi trayén cho vt vin t6c diu v, hudng theo
phwong ngang Ox (vat ndm trén mat phang ngang), vat s& dao dong
dudi tic dung céa lyc dan hdi cha 1o xo F, = -ax — Px° ;
(o, P = const ; x 1a do gidn cha 10 x0). X4c dinh d¢ dich chuyén cuc
dai cita vat n€u n6é chuyén dong tir trang thai khong gidn cua 10 xo.
B0 qua ma sat.

38. Chit diém khéi lugng m chuyén dong véi van i6¢c ddu v, theo
dudmg thang nim ngang Ox dudi tic dung cia luc F, = —ax —~ |3x3,
(o, B = const). Sau kboang thdi gian bang bao nhiéu van téc clia chat
diém giam di n 14n. Tim quing dudng di dugc trong khoang thdi gian
do.

39. Gia sit xuéng may chuyén d@ng. dugi tdc dung cha luc kéo

F=const va lyc ma sat trugt trén mat nudc véi hé s6 ma sat frugt

f=a - bv; (vIavan tdc cla xuéng ; a, b 12 cdc hing s8). Xdc dinh
khoang thdi gian cdn thi€t dé xudng mdy tang dugc t6c do tir O dén

gid tri v| va quang dudng xudng di dugc trong khoang thoi gian dé.
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40. Chat diém M chuyén dong trong mat phing thang diing tir
diém A duéi tdc dung cla trong luc va luc F=-kOM; (k 12 hé s6 ti
l& ; O 1a mot diém trong mat phing thing ditng qua diém A). O thai
diém ddu t =0, X0y = 0, ¥5y = b vd ¥, hop véi phuong ngang goc a.
Xéc dinh phuong trinh chuyén dong clia chat diém.

41. Chat diém chuyén déng khong ma sdt theo dudng cong

y = f(x) trong mat phang thdng dimg. Lap phuong trinh vi phan mo ta
chuyén dong ctia chat diém,

42. Electron chuyén dong trong dién truong c6 cuong do

E = const v§i vin t6c dau ¥, vudng gbée voi E. Moi tru‘Emg tic dung

1én électron luc can F=-kv : (k 1a hé s6 ti 18). Xdc dinh phuong
trinh chuyén dong cia électron. Néu cé thé bo qua F khi n6 nhé thi
dang cia phuong trinh chuyén déng thay déi thé niao ? Bo qua trong
lrgng cla électron.

43, Chat di€ém M c¢6 khoi lugng m, chuyén dong vdi van téc ddu
v, tir di€ém A theo phuong vudng gé¢ v6i OA =T, (O 1a diém c6 dinh
chon lam g6c toa d9) dudi tic dung cha hai luc ﬁl-z—mclf va
F2 =mC,i, (C;, C, la cdc hing s6 ; £=0OM ). Tim phuong trinh
chuyén dong va quy dao cia chit diém. Ti s6 .C,/C;z bing bao nhiéu
dé€ chat diém M di qua O.

44, Chat di€m M c6 khéi lugng m, chuyén dong véi van téc ddu
v, tir diém O theo phuong vuéng géc v6i dudng thang OO, dudi téc
dung cla hai lyc Fj =-COM va F2 =-C.O,M ; (0, O, O, 1a ba
diém c6 dinh trén dudng thing nidm ngang,00, =a, 0,0, =2a;C, a

1a cdc hing s8). Xdc dinh phuong trinh chuyén dong ciia chat diém M
va thisi gian M thue hién mot chu ki cta chuyén dong.
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45. Vat c6 khai lugng m trugt xuéng theo mat phang nghiéng
géc o, so voi mat phing ngang, sau dé lai trugt lén theo mat phing
nghiéng g6¢ o,. Tinh thdi gian vt trugt 1én cho 16i khi dimg hin.
Van t6c ban ddu cla vat bing khong, thii gian trugt xubng 12 t;, hé
s@ ma sdl truot bing f.

46. Tim sy thay déi xung lugng cha chét diém M, khdi lugng
m, chuyén dong déu theo dudng tron trén quing dudng bing 1/4
dudng tron.

47. Chit diém c6 khéi lugng m chuyén dong dudi tic dung cia
luc xuyén tam theo dudng cong r = a/yp, a = const. Khi r = a, vén toc
cta chdt diém la v,. X4c dinh van t6c va lyc gay ra choyén dong cia
chat diém dué6i dang ham char.

48. Ch4t diém c6 khéi lugng m chuyén dong theo elip ¢6 céc ban
truc 12 a vi b dudi féc dung cia luc F luon hudng vé tam elip. Khi
chit diém xa tam elip nhét, van toc cha chédt diém 1a v,. Xdc dinh luc
F khiy=0,x=a.

49, Chat diém c6 khsi lugng m chuyén dong theo cong
= acos2g dudi tic dung cia luc hiit xuyén tam F.Khit=0,r= T,

V(o) = Vo V& 86C (¥4, T, ) = a. Xde dinh lyc F noéi trén.

50. Chat diém c6 khéi lugng m chuyén dong véi van 16c ddu v,
hudng theo phuong thiang ding dudi tic dung cia trong luc va luc hit
Xxuyén tam F = k’mT , (k 12 hé s& t1 1&, T la vecto tir tdm luc t6i
chat diém). Tim phuong trinh chuyén déng cha chat diém, biét ring
khit =0, X(g) = 8, (o) = ~8K".

51, Xd4c dinh d6 cao cuc dai ma qui dan dai bac c6 thé 1én dugc
néu né dugc ban ten tir mat dat v§i van t6¢ v, hop véi phuong ngang
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géc o. Qua dan chuyén dong dudi téc dung cha lyc hdp din, Bd qua
lye can cta khong khi.

52. Xdc dinh quy dao cua hat khéi lugng m, chuyén déng trong

trudng thé véi the nang U = - biét rang vecto [7T]-2F=2 1
r T

vecto hing s6 ; v 14 van t6c, ¥ 12 ban kinh vecto ; L 12 momen xung
luong clia hat ( A 12 tich phan chuyén dong).

53. Xéc dinh quy dao cl@a hat c¢é kh6i lugng m, chuyén dong
tfong trudng thé v6i thé nang U = (a/r) + (B}rz) ; {a, B 12 céc hang
$6). O thoi diém t = 0, Ty =T, va 15, =7,.

54. Xdc dinh quy dao cua hat ¢6 khoi lugng m, chuyén déng
trong trudng thé véi theé nang U = —(afr) + {B{rz} véi vi tri va van toc
ban ddu 1a T, va v,.

55. Tim quy dao chuyén dong ciia hat c¢6 khéi lugng m, nang
luong E (co nang) trong trudng thé U = (w’rz), o> 0.

56. Chat di€ém c¢6 kh6i lugng m chuyén dong trong trudng luc the
Ui = (.?\.,4'3).r3 (% 12 hang s6) tir diém A céch tam O cua trudng luc
U(r) mot khoang OA =1, v6i van téc ddu v, vuong géc véi OA .
Vi gid tri ndo cua v, thi quy dao sé& 12 duong tron ?

§7. Chat diém kh6i lugng m, ¢ co nang bing E chuyén dong

trong trudmg ¢6 thé nang U = U(x). X4c dinh chu ki chuyén dong cia
chat diém.

58. Chat diém c6 khéi lugng m, co nang E chuyén dong trong

trudng thé nang U = U(x) + dU(x) ; (dU(x) << U(x)). Xdc _dinh phuong
trinh chuyén dong cla cht diém.

16



59. Xdc dinh phuong trinh chuyén déng cuia dao dong tlr mot
chiéu véi thé nang U = (1/2)mo’x® + (1/3)ma.x’, véi (1/3)ma.x’ <<
(1/2)me’x’ ; o ia hang $8, w la tdn s chia dao dong (.

60. Xac dinh chu ki chuyén déng mot chiéu cua chit diém c6
khot luong m, co nang E trong trutng thé U(x) = Uolgzax (U,vaala
cac hang s0).

61. Hai 10 x0 ¢6 hé s3 cing ta C; va C,, 10 xo thir nhit duge treo
theo phuong thing ditng, mot dau chot ¢6 dinh, ddu con lai budc vat
A trong lugng P. Trén dudng 1oi clia vat A ta dat 1o xo ¢d hé s6 ciing
C, voi mot dau duge chdt ¢d dinh. Khoang cédch gifra cac ddu e do
cua cdc 1o xo khi ching khong gidn 1a h, khéi lugng ciia chdng khong
dang ké. Xac dinh do nén t6i da cha 1> xo thit hai néu ta cho vat A roi
khong ¢ van téc ban dau tir vi tri khong gidn cha 10 xo thit nhit.

62. Chat diém A c6 kh&i lugng m chuyén dong véi van 8¢ ddu
v, tir diém M theo doan thang MO (O 12 diém ¢6 dinh) dudi tic dung
cua luc F = (k{rd)f (F = OA ; Ty =OM). Xac dinh khoang cich
ngan nhit giffa diém A va tam O cla truimg.

63. Chat diém c6 khéi lwong m chuyén dong trong mat phing xy
theo cac dinh luat x = a.ch(kt), y = b.sh(kt), (a, b, k 12 c4c hing s5).
Xdac dinh lyc tdc dung lén chit diém nhu ham cda vi tri ; ddng thii
ching t6 rang mémen xung luong va nang lugng cha chat diém la
nhitng dai lugng bao toan.

64. Chit diém M c¢6 khai luong m chuyén dong theo dudng tron
ban kinh a dudi tdc dung cha lyc F hudng vé diém c6 dinh A. Chat
diém bat ddu chuyén déng tir vi tri B cdch A mot khodng AB = 2a vdi
van t6c ddu v, vudng géc vdi AB. Xdc dinh van té¢ va luc F nhu

ham cia béan kinh vécio T cia chit diém,
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65. Xdc dinh quy luat v chu ki dao dong cia con lac todn hoc
c6 do dai /, biet rang tai thdi diem ddu t = 0, = 0 VA P,y =P, (@
1a géc léch khoi phuong thing diing).

66. Mot hat cé dién tich e chuyén dong trong tir trudng véi cam

ing tr B = (k,fr3) 7, (k 1a h¢ 56 ti 1&). Tim tich phan chuyén dong

cua hat.

67. Chit diém chuyén dong trong trudng d6i xitng xuyén tam va
ngodi ra cdn chiu tic dung cla luc ma sdt F=-kv, (k la hang sg, v
la van t6c). Chat diém c6 chuyén dong trong mat phang di qua tam
luc hay khong ?

68. Xe godng b khéi
lwong m lin theo dudng ray
AB, sau dé 16n lai theo vong
tron BC ban kinh a (hinh 1.3).
D6 cao h bing bao nhiéu dé xe
goong di duge hét vong tron
ma khong tich khoi né néu van
toc cua xe & A bang khong ?

B6 qua ma sét, xdc dinh dp luc
cua xe 1én duong ray ¢ diédm M -

Hinh 13

v6i géc MOB = ¢. )

69. Gia sit cung MCN trén dudng trdn néu trong bai 68 bi cét
bo di, géc NOC = COM = «. X4c dinh do cao h ma tr d6 xe chuyén
dong khong ¢6 van toc ban dau c6 thé di hét dudng tron mi khong
tdch khoi né. Géc o bing bao nhiéu dé h nhé nhidt. Bo qua cédc luc
ma sit.

70. Con lac todn hoc duge budc ¢ dinh mot ddu day &
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diém O, 1ay O l1am goc toa do, truc Oz hudng theo phucn:g thang
ditng xudng phia dudi, cdc truc Ox, Oy nam trong mat phing ngang.
Con lac bat ddu chuyén dong tir diém A(x,, 0, z,) v6i van e ddu
%oy = 0, Y0y = Vor 2(q) = 0. Tim diéu kién dé con lic chuyén dong
duoc hét dudng tron trong mit phang ngang. Tim chu ki chuyén dong
ciia con lic,

71. Chét diém c6 khéi lugng m chuyén dong khong ma sat trén
nira mit ciu ban kinh a v6i van t6c ddu v, tir diém A cdch dﬁy mit
doan bang h, (ddy ndm trong mit phang nam ngang). X4c dinh 4p huc
ctta chat diém 1én mat cdu khi c6 cdch ddy mot doan bing h.

72. Vat A trong lugng P dugc treo tai diém c6 dinh O bang soi
day manh khong giin OA c¢6 d¢ dai /. Vat A chuyén déng khong van
toc ban dau tit vi tri OA hop v6i phuong thing ding géc a. Trong khi
chuyén dong ti€p theo, day OA gip phai chiéc dinh manh trong mit
phéng chuyén dong cia né (mat phing thing ditmg) tai O,. Géc giira
00, va phuong thing ding 13 B; 00, = h. X4c dinh gid tri nhd nhit
ctia o d€ saun khi gap dinh, OA cuén vao né; déng thdi tim sy thay d8i
cha sic cang s¢i day khi n6 gap dinh. Bd qua dé day cla dinh va khoi
lugng day budce vat,

73. Chit diém khéi lvgng m duge busc & ddu soi day do dai /,
déu con lai cla day buodc ¢ dinh & O. Chét diém chuyén dong tr A
vOi van tdc dau bang v, vuong géc voi OA; OA hop v6i phuong
thang ditng géc 60°,

Xdc dinh vi trf tai d6 séc cang sgi day bing khong va van 6¢ fai
vi tri d6. Tim quy dao cia chdt diém trong chuyén déng ti€p theo va
thoi gian t;huyén dong cla nd trong sudt qui trinh sic cang sgi day
bang khong.



III. Chuyén dong tuong d6i cua chit diém

74. Banh xe bdn kinh R lan khong truot trén mat phang ngang
theo dudng thing Ox. Van t6¢ cia tam bénh xe khong di. Xdc dinh
vén téc¢ va phuong trinh chuyén dong ctia diém M bat ki trén vanh banh
xe. Cho biét khi t = 0, M 12 ti€p diém cla bdnh xe v&i mat ngang.

75. Xdc dinh sy phu thudc cha gia téc roi tr do vio vi do trén
mat dat (sy phu thudc nay xudt hién do Trdi Dat quay quanh truc
cha né). '

76. Dong séng c6 chiéu rong ! chay theo kinh tuyén tir bic
xudng nam véi van tée v. Xde¢ dinh do [éch clia mitic nudc giira hai b
& vi do @ do su quay quanh truc ciia Trdi Pat giy nén.

77. Ch4t diém M chuyén dong theo diy cung ctia mot dia tron
v&i van toc tuong doi v = const. Dia tron quay quanh tam véi gia tdc
khéng d6i £. X4c dinh van t6c va gia toc tuyét d6i clia chat diém M
‘khi no & giita day cung,

78. Chit diém M chuyén dong trong mat phing thing dimg Q
theo dudng cong y = f(x) v&i van tdc v,. Xdc dinh van t8c va gia toc
tuyét d6i cua chat diém M du6i dang ham ciia v, va OM néu mat
phing Q quay quanh truc qua O va vuéng goc vai Q vdi van tdc goc
khéng déi .

79. Chit di€ém M chuyén dong theo dudng trdn ban kinh R véi
van téc twong d6i v,. Tam dudng trdn chuyén dong theo dudng thang
nim trong mat phang co dinh chita dudmg trén véi gia t6c khong déi
W. Xdc dinh gia toc tuyét d6i cha chdt diém M.

80. Hon bi c6 trong luwgng P ¢6 thé rugt khéng ma sit theo 6ng
thing va nhd AB hop véi phuong thing ding géc o. Khi AB quay déu
quanh dudng thing dimg qua diém c6 dinh A vé6i van tdc géc ©, hay
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tim phuong trinh chuyén dong clia hon bi biét ring né chuyén dong
véi van t6c dau bang khong tir vi tri cdch A mot doan bing a.

81. Hon bi ¢6 trong lugng P duge gin vao déu 15 xo AB tai diém
B; ddu A cda 15 xo budc ¢6 dinh. Ld xo va hon bi duge dat trong ong
nhé nidm trén mat phing ngang. Khi éng quay déu quanh diém cé
dinh A v6i van t6c géc o trong mat phing ngang, Xdc dinh phuong
trinh chuyén dong ctia hon bi theo dng nhd, biét rang do dai khong
gidn clia 16 xo 12 1, hé sa cimg C. Hon bi chuyén dong véi van t6c dau
bing khong tir diém M trong 6ng cdch B mot doan BM = a.

82. 6ng nhd CD quay déu trong mat phing ngang quanh diém cd
dinh C v6i van t6c géc o. Xdc dinh vén tdc cua hon bi lic né ra khoi
dng CD. Biét ring hon bi chuyén dong khong ¢é van t6c ddu tir diém
M, cach C mét khodng bang X,

83. Tau san bay chuyén dong trén dai duong vé huéng dong véi
van tdc ¥,. Gid théi vé hudng bac véi van t6c v,. Khi ha canh, mdy
bay ti€n ddn dén con thu véi van tc 5 theo phuong théng dimg. Xdc
dinh gid tri van t6¢ cia may bay déi v6i khong khi.

84. Tim phuong trinh chuyén dong cia con lic todn hoc c6 do
dai / n€u diém budc nd chuyén dong theo phuong ngang vdi gia toc
khong ddi 4 (anam trong mat phiang dao dong cia con lic).

§ 2. CHUYEN PONG CUA HE CHAT PIEM

85. Hay ching minh ring d6i véi nhitng vat c6 tam ddi xing,
mat déi xung hodc truc dot xitng, khdi tam coa vat tring véi tam
nim trén mat hoic truc déi ximg dd.

86. Hon bi ¢6 trong lugng P duge dat trong mot hinh tru réng ¢
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ban kinh R, kh6i lugng M. Hinh tru c¢6 thé lan khéng trugt theo mat
phing ngang, nhan. BO qua kich thudc cua hon bi, xdc dinh phuong
trinh chuyén dong céia tam hinh tru, biét ring & thoi diém dau hinh
tru ding yén va van tdc cha hon bi la v,

87. Cdc lang tru déng chit A, B ¢6
ti€t dién ngang la cdc tam gidc vudng
dugc dat 1én nhau nhu trén hinh 1.4. Do b
dai cdc canh lang tru la a va b. Khai -
lugng lang tru A gidp n ¥an khé6i luong '
lang try B. Gia sir mat phing ngang va cdc A
lang tru nhén tuyét dot, xdc dinh do dich

chuyén cila lang try A trén mat ngang khi
B trugt trén A téi mat ngang. Hinh 1.4

a

88. Con lic todn hoc ¢6 khéi lugng m, do dai / duge treo & tam
ciia vat A khéi luong M ndm trén mat phing ngang, nhin. Khi con
lac dao dong n6 kéo A chuyén dong quanh vi tri cin bing trén mat
phang ngang. Xac dinh phuong trinh chuyén dong clha var A néu
phuong trinh dao déng cta con lic 14 ¢ = @ cosemt.

89. Thuyéen c6 khdi lugng M dang chay trén song v6i van téc v,
thi mot ngudi & trén thuyén cé khéi lugng m di nguge véi chidu
chuyén dong clia thuyén vdi van t6c U d6i v6i thuyén, Bd qua van
t6c dong nudc, xic dinh do dich chuyén thém cia thuyén sau khoang
thoi gian t,

90. Sgi day khong gidn vdi khoi lugng khong déing ké duoc vit
qua rong roc ¢d dinh 2 va rong roc dong 1. Mot ddu cla day budce vao
tdm rong roc 2, dau con lai bude vao trong vat B ¢6 trong lvgng P,.
Trong vat A ¢6 trong lugng P, duge treo vio tam rong roc dong 1.
Xac dinh phén luc cha truc rong roc 2 khi vat B chuyén dong xuéng
véi gia toc khong déi W. Bd qua khéi hrgng cia céc rong roc.
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91, Hai vat A, B ¢6 khéi lugng m|, m, dugc budc d hai dau sgi
day khong gidn vat qua rong roc C duge gén lién véi dinh chiéc ném
(vudng géc & dinh C) c6 khéi lugng m va ¢6 the trugt khong ma sit
trén mat phang ngang. Tim d6 dich chuyén cia chiéc ném trén mit
phang ngang khi vat A trugt trén canh cta ném nghiéng géc o so véi
phuong ngang xudng dudgce do cao bang h. G thoi diém déu, hé cdc vat
ding yén. Bo qua cic luc ma sat.

92. Chitng minh ring momen xung lugng va momen ke cia he n
hat khong phu thudc vio vi tri diém chon 1am géc d¢é tinh ching néu
vecto xung huong hodc vecty téng cdc lue tic dung lén h¢ ‘bang
khong.

93, Soi day khong giin vt qua rong roc cé dinh c6 khér luong
khong dang ké. Mot ddu day treo vat nang, ddu con lai 6 mot ngudi
. bam vao va leo 1én theo day véi van tdc twong doi 461 voi day 1a a.
Khoi lugng cia ngudi va vat biang nhau. Vat s& chuyén dong nhu thé
nao? O thoi diém ddu t =0 ca he ding yén.

94. Ngudi ta bugc hai trong vat ¢6 trong lugng 1a P va P, vao.
ddu mot soi day khong gidn réi vat qua rong roc ¢6 dinh B; ddu cdn
1ai cia day budc vat A nam trén mat phang ngang. A v B nam trén
ciing mat phing. Khi céc vat chuyén dong vé6i van tSc ban diu bing
khong theo phuong thing ding qua doan dudng bang S, thi t6i chiéc
vong C. Tai C trong vat P bi giit 1ai, con trong vat P ti€p tuc chuyén
dong thém mot doan bang S, thi ding han. Xéc dinh hé s6 ma sét
truot gilta vat A vd mat phang ngang. Bé qua khoi lugng rong roc va
soi day.

95, Hai vat ¢6 trong lugng P, vi P, dugc budc & hai ddu mot soi

day khong gidn vét qua rdng roc ¢8 dinh A. Khi trong vat P, truot
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khéng ma sit theo mot ranh nhd CD tir diém C & ciung do cao vai A
theo phuong thing ding da kéo trong vat P, chuyén dang lén. Tim
van t6c cla trong vat P, khi né xuéng duwoc do cao h. Vian tfc cia cdc

trong vat khi t = 0 déu bang khong; CA = a; bd qua khéi lwong, kich
thudc clia rong roc va soi day.

96. Nhing thanh phin nac chia xung luong vd moémen xung
lugng ciia hé bio toan khi hé chuyén dong trong céc truding thé sau :

a) Trudmg c6 dang mat phing vo tan.

b) Trudng cé dang nira mat phing gidi han béi dudng thing Oy.

¢) Truding c6 dang hinh try déng chét dai tdi vo cuc.

d) Trudng tuong tic gilra hai hat.

97. Hai hat c6 khsi lugng m|, m,, dién tich q;, g, chuyén dong

trong dién trudng cé cudng do khong déi E. Tim phuong trinh chuyen
dong cta khéi tam cGa hé va clia céc hat,

98. X4c dinh phuong trinh chuyén dong ciia hai hat c6 khéi
lugng m;, m, khi th€ nrong tic gita chiing 12 U() = o > 0,
(r 12 khodng céch gifta cac hat).

99. Xdc dinh ti€t dién tén xa hiéu dyng clia chim hat trén mit
qua cdu cing tuyét d6i c6 bdn kinh R. Quy lu4t trong tdc : U = oo khi
r < R; U=0khir>R (r1a khodng céch tir hat téi tam cau).

100. Xdc dinh tiét dién hiéu dung cia Sl._l; roi cdc hat vio tam
trudng luc U = —a/t”, (n - nguyén, duong).

101. Xdc dinh tiét dién hiéu dung cda sy roi clha hat c6 kh6i
luong m, lén mat cha qua cdu khoi luong m,, ban kinh R ma chiing
bi hit t6i theo dinh luat van vat hdp dan clia Niuton,

102. X4ac dinh géc tdn xa va ti€t dién tin xa hitu dung cna hat ¢6
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nang lugng E trong trudng thé U = alrz, (o > 0), biét khodng cdch tan
xalap.

103. Mot électron cb khoi lugng m, vén téc & vo ciing la v bay vé
phia mot électron khac dang nim yén tai géc toa do, khodng cdch va
cham la p. Xac dinh vin t6c ¢dc électron sau va cham.

104. Xdc dinh khoang cdch gan nh4t ma hat c6 khéi lugng m, van
tc & vO cuc 1a v c6 thé dén duoc cédch vi tri cia hat ¢6 khéi lugng m,,
dimg yén tai gdc toa do. Bit rang the tuong tic cha cdc hat U = —a/r,
a > 0, r 1a khodng cédch giita cdc hat, p 1a khoang cdch va cham.

10S. Hat ¢6 khéi lugng my chuyén dong tir vO cling v6i van téc
vy (01 hat khéi lugng m,, diing yén tai géc toa d¢. Khodng cédch va
cham p = 0, thé tuwong tdc cha cdc hat U = a/fr', (o > 0). Xdc dinh vi
trf gan nhat giita hai hat.

106. Hat c6 khéi luong m bay vé6i van tdc v\, t6i hat ding yén
¢6 khéi lugng m, = 3m,. Sau khi va cham dan héi, hat thit hai bay di
vGi van tdc v, theo phuong hop véi vecta V5 mot goc 45°. Xéc dinh
gbc giita cdc phuong chuyén dong trude va sau va cham ctia hat thit
nhit.

107. May bay chuyén dong theo dudng thing nim ngang Ox véi
van téc khong doi v. Tir diém A cdch Ox mot doan bang h dén chiéu
phéi quay vdi van t6c géc bing bao nhiéu d¢ chim séng cla dén tuén
chiéu 16 may bay?

108. Thanh OA c¢6 d¢ dai r dugc néi v6i thanh AB bing 6 hi & A,
do dai AB =1{. Khi OA quay quanh truc ¢6 dinh qua O v vudéng goc
vGi mat phing thang ding ¢6 dinh chita O va AB d4 kéo AB chuyén
dong sao cho B chuyén dong theo rdnh nhé Ox hudng theo phuong
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thing ding. Lap cong thic lién hé gifra géc quay cia OA va do dich
chuyén cha B va cdc van t6¢ cha ching. Xét trudng hop riéng r << /.

109. Thanh AB cé d¢ dai ! roi khang van tSc ban diu wr vi tri
nim ngang cidch mat dat mot khodng bing h. Khi roi AB quay déu
quanh di€ém giifta ctia né véi van t6c géc khong déi o. Xdc dinh
phuong trinh chuyén dong cia AB néu CE = //8; C la diém giita
cia AB. '

110. Bdnh xe tam O, ban kinh r 1dn khong truot trong vanh banh
xe tam ¢& dinh O, bin kinh R nhd tay quay OO, quay déu trong mat
phéng thing dung véi van tdc géc @ (hai binh xe nim trong ciing
mot mat phang thing ding, 6 dinh). Khi t = 0, OO, huéng theo
phuong ngang Ox. Xdc dinh phuong trinh chuyén dong ciia banh xe
tam O,.

111. Bénh xe tdm O c6 bdn kinh R duge ndi véi thanh OA béng
6 bi & O. Khi thanh QA thyc hién cdc dac dong nhd quanh tam O
' trong mat phing cla banh xe (thugc mit phang thing dimg) theo
phuong trinh ¢ = @(t) thi banh xe lan khong trugt quanh vi tri can
bing vdi van t6c cha tam O bing v. Tim phuong trinh chuyén déng
cla hé vat; van t6c clia cdc diém A va B (B 12 diém cao nhat trén vanh
bdnh xe).

112, Hai - banh xe rang cva hinh elip ¢6 cic bin truc Ién va nhd
bang nhau va bing a, b dugc méc tiép xic véi nhan. Cic tieu diém O,
va O, clia cdc banh xe chét ¢d dinh. Khi bdnh xe thit nhit quay déu
quanh O; v6i van t6c géc @) thi né kéo banh xe thi hai quay quanh
O, v6i van t6¢ géc w,. Gia sir do dai 0,0, = 2a. Tim su lién hé gilia
@) va ©,. BO qua cédc luc ma sét.

113. Hai banh xe bang nhau ¢ ban kinh r cing nidm trong mot
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mat phéng thang dimg va dugc ndi véi nhau bang 6 bi & diém A trén
vanh cac banh xe. Banh xe tdm c& dinh O quay quanh O theo phuong
trinh @ = @(t), banh xe thit hai tam O; quay quanh A theo phuong
trinh ¥ = W(t). Céc truc quay qua O va A vudng goéc vdi mat phang
céc banh xe, cdc gée @ va W tinh tir dudng thang ding. Xdc dinh van
t6¢ diém O, va diém B trén vanh banh xe tam O,. Géc AO,B = 90°.
X4c dinh phuong trinh chuyén dong clia banh xe tam O,.

114. Thanh AB c6 do dai ! truot hai dau trén cac canh cia goc
vuong xQy trong mat phang thing ding theo phuong trinh x, =
asinot, (a, © 12 bing s6, a < ). X4c dinh van t6¢ diém C trén AB biét
ring CA ={|.

115. Chuyén dong quay cha vat rin quanh mot diém cd dinh dugc
md ta bdi cdc phuong trinh '

4" 2 47 3

Tim vin 16¢ cha diém M bat ki .lhu(jc vat ran & thod diém t néu &
thoi diém d6 toa do chia M trong hé toa dé ¢6 dinh 1a (0, 0, 32cm).

116. Hai hinh n6n I va 1T bing nhau ¢6 ban kinh ddy Ia r, g6c m&
& dinh bang 90°. Hinh nén I lan khong truot theo mat bén cha hinh
nén II c§ dinh. Tim gia t6c diém C (diém cao nhat trén vanh nén I)
néu van tdc tam A ctia ddy hinh nén I blng v, (v, = const).

117. Tim momen qudn tinh cia cdc vat sau: _

a) Nira dia tron déng chét ban kinh R, khéi lugng m déi vdi truc
tring v6i dudng kinh gidi han nira dia tron do va ddi vdi truc di qua
khdi tam, vudng goc vdi dia.

b) Bia tron dong chét ¢6 bian kinh R véi kh6i lugng m bi khoét
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mot 16 tron déng tam, bdn kinh r d6i vdi truc qua tam O va vuong g¢
véi dia.

118. Tim moémen qudn tinh cha céc vat sau:

a) Dia tron dong chat ban kinh R, khéi lugng m d6i vdi truc qu
tam O, vuong géc vdi dia va d6i vai truc qua diém A trén vanh di
vudng gde vdi dia.

b) Thanh AB déng chat ¢6 d¢ dai /, khdi lugng m doi véi c4
tryc di qua diém A va diém giita cia AB. Ca hai truc déu vuong g6
v&i AB.

119. Tim mdémen quan tinh cla :

a) Hinh phing déng chat khdi lugng m, gidi han bdi dudng elip

SEON

déi véi cac true Ox, Oy, Oz.

b) Hinh try déng chét c6 khéi lugng m, bdn kinh R chiéu cao
doi véi cdc truc qudn tinh chinh cha tru va d6i véi truc tring v¢
dutmg kinh ddy cta try.

¢) Qua cau dac dong chat c¢6 bdn kinh R d&i véi cic truc qud
tinh cha ciu.

120. Tim moémen quin tinh cla :

a) Nira qua cdu déng chét c¢6 khdi lwong m, ban kinh R d6i v¢
truc qua tam, vudng géc vol mit day va doi véi truc tring véi dudn
kinh cua mat ddy.

b} Elipxoit tron xoay, dong chat cé khdi lugng m duge cho be

phuong trinh:
)2 2 22
DRORGE:
a b c
do6i v&i cdc truc qudn tinh chinh.
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121. Ba thanh AB, BC va CD ndi véi nhau biang 6 bi & B va C.
Céc diem A va D chét ¢6 dinh sao cho AB va CD ¢6 thé quay quanh
A va D. Cic thanh nay 12 dong chit ¢6 do dai AB=CD =/; BC= AD
= 2/. Khi AB quay déu quanh A véi van t6c géc w kéo BC va CD
cung chuyén dong theo vdi AB trong mit phang thang ding. Tim toa
da khéi tdm cua hé ba thanh va quy dao ciia khéi tam.

122. Banh xe tam O c¢6 bdn kinh r, khéi lugng m lan khong trugt
trén vanh binh xe c6 dinh tdm O' ¢ bdn kinh R nhd tay quay O'0O véi
khai fugng M, néi hai tdm cic banh xe va quay déu quanh O' véi van
toc géc ©. Cdc bdnh xe ndm trong cing mot mait phing thing ding
cd dinh. Tim momen xung lugng cliia hé vat,

123. Dia trdon déng chat, khéi lwong m, bén kinh R duge treo &
diém ¢§ dinh O céch tam O cda dia mot doan OO, = 8. Khit = 0,
00, hop véi phuong thing ding géc ¢, va dia chuyén dong khong
van t6¢ ban ddu.

a) Tim phuong trinh dao dong nhé cua dia quanh truc qua O,
vudng goc voi mit dia.

b) Xdc dinh phan luc N cia diém O, lén dia.

124. Vat rdn ¢6 mOmen qudn tinh 12 J d6i véi truc z di qua diém
O thudc vat. Dudi tic dung cia momen ngoai lyc M, khong déi va
momen can M3, xdc dinh van téc géc quay cla vat néu M, = ka, va
M = ke (k 1a he 56 ti &) khit = 0, © = 0.

125. Banh xe dong chét 6 khdi lugng m, ban kinh r lan khong
trugt 1én theo mit phing nghiéng géc o so v6i phuong ngang dudi tic
dung ciia momen lygc quay khong déi M va lyc chil dong F dat vao
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tam banh xe. Tim phudng trinh chuyén dong cia tam banh xe va bién
luén cdc két qua. Van toc dau cita tam banh xe bang khong.

126. C6 thé kéo nudc tir giéng 1én nhd khic gé hinh tru ¢é khéi
lugng m, ban kinh R v&i tay quay do dai / (khoang cich nir tay nam
ti truc try) bing cdch cudn day gdu nudc vio khic gb. Thiét 1ap su
phu thu¢c gifra luc quay khiic gb va van t6c gdu nuée, bd qua trong
lugng day, gdu va cdc luc ma sdt.

127. Thanh AB ¢é d¢ dai [, trong lugng P trugt trén hai canh cua
- g6c vudng xQy (dau A trén Oy, dau B trén Ox). Xdc dinh cdc phan
lyc cua Oy va Ox lén thanh AB va vi tri ma tai d6 AB tich ddu A ra
khéi Oy. Khi t = 0, AB hap véi Oy géc ¢, v,4(0) = vy(0) = 0. BS qua
cic hic ma sat.

128. Hinh tru déng chit ¢ khdi lugng M, bin kinh R quay
quanh truc ¢& dinh ndm ngang cha né dudi tic dung cha vat A, khaoi
lugng m budc vao dau sgi day khong gidn, dau con lai clia day cudn
vao tru. Ngoai ra tru con chiu tic dung cia momen can sinh ra do ma
sdt & truc quay chia truc M = ko, (k 12 he s6 i 1&, o 13 van t6c goc
quay cua tru). Hé vat chuyén dong tir trang thdi déng yen, bé qua
khoi lrong ciia day, tim quing dudmg di cha vat A,

129. Mudu tim momen qudn tinh cia vat ran J d6i v6i mot
truc qua diém E nao d6 thugc vat va cdch khéi tam C clia vat mot
doan EC =/, d€ trdnh cdc tinh todn phiic tap ngudi ta 1am mot thi
nghiém nhu sau : : .

Gin ¢d dinh vdi vat ran thanh AB va ch6t biang 6 bi 6 A va B dé
cho AB c¢6 thé quay quanh chinh né. Gin vic diém O clia AB dia
trdon déng chdt c6 khoi lugng m, ban kinh r sao cho dia khong thé
quay khi AB khong quay (AB qua tam dia va vudng goc véi dia). Vit
trén vanh dia sgi day manh, khong gian, & hai ddu day budc cic vat
trong luong P, P, (P, > P,).
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Lap cac cong thitc ma dua vio dé va bing cdc s6 ligu do c6 thé
tim duge J. Xét bai wén trong cic trudng hgp cé ma sit va khong cé
ma sdt.

130. Bia trdon déng chat ¢6 khéi lugng m, ban kinh R quay déu
quanh truc thang ding qua tam va vuong gdc vdi mat dia vdi van toc
géc w,. Diém M ¢6 khoi lugng my chuyén dong tir tam theo bdn kinh
ctia dia v6i van t6c tuong d6i v = const. Chuyén dong ctia diém M di
1am thay déi van tdc géc quay cha dia. Tim cdc van 16¢ @, va Oy
t, 12 thoi didm hic M t6i vanh dia.

131. Hinh tru déng chat ¢6 khai lugng m, ban kinh r ian khong
truot trén mat hinh tru ¢§ dinh ¢6 ban kinh R, ndm trén mat phang
ngang, tir vi tri cao nhit v&i van t6c ddu bing khong, truc clha cic
hinh try ludén ludn song song véi nhau; R > r.

Xdc dinh van t8c tam hinh tryu nhd nhu ham cia géc ¢ (la gée
gilta dudng ndi tam hai tru vi phuong thing ditng). Xdc dinh vi tri
hinh tru nho, hinh tru l6n. Bo qua ma sat lan.

132. Hai hinh tru dong chat ¢é cic khéi lugng m;, m, duge cudn
vao hai ddu mot soi day khong gidn, khong khéi luong, vit qua diém
cat A clia hai mat phang nghiéng nhin AB va AC hop v6i mat phang
ngang BC cic géc o va B. Khi tha cho lan theo mat nghiéng, cic hinh
tru chuyén dong xudng. Xdc dinh siic cang sgi day va gia t6c cha day
ddi véi mat nghiéng.

133. Tim dong ning cla cac hé vat sau:

a) Hai thanh OA vi AB c6 ciing d6 dai va khoi luong Ia / va m.
OA néi vdi AB bing 6 bi & A, ddu O chot ¢6 dinh, ddu B trugt tr do
tréen mat phing ngang, nhan. Khi OA quay déu quanh O trong mat
phang thang dimg vdi van (6¢ géc o thi kéo AB chuyén dong theo.
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b) H¢ gom hai vat A va B véi khéi lugng m,, mg. Vat A duge
budc vao t&m rong roc dong ¢ khéi lugng m, bdn kinh r| con vat B
budc vao sgi day khong gian, khong khéi lugng vit qua rong roc ¢d
dinh ¢6 khdi luong ms, ban kinh ry va cudn véo vanh rong rgc dong
réi bude ddu com lai c6 dinh dé ¢é thé treo rang roc dong | va céc vat
AvaB. Giatécchavat Bl1aw.

134. Thanh ddng chat AB cé do dai 2a dang dimg yén, tra ddu A
trén mat phang ngang nhin Ox thi bi dd, dau A trugt theo Ox. Xic
'dinh van tdc diém gitta AB nhu 12 ham cda do cao h cla né trén mat
ngang.

135. Mot qua cdu va mot hinh tru déu duge tha cho lan khong
trugt khong van téc ddu theo mat phiang nghiéng tir ciing 46 cao nhu
nhau (truc cua hinh tru ludn hudng theo phuong ngang ; tim ctia qua
cdu chuyén dong theo dudng thing). So sinh quing dutng ma hinh
tru va qua cdu di duge sau khoang th&i gian t.

136. Vit A c6 khdi lugng m|, ndm trén mat phing nghiéng OC,
duge buge vao ddu sgi day khoéng gidn, ddu con lai cia day cudn vao
rong roc ¢b dinh ¢6 khéi lugng m,, bén kinh r dat & diém C, CO hgp
vGi phuong ngang (jx goc o, Khi tac dung vao rdng roc mot momen
quay M khong ddi rong roc quay va kéo vat A trugt 1én theo miit
phing nghiéng, hé s6 ma sat trugt 13 . VAan t6c ddu cha vat A va rong
roc C bang khong. o

a) Xac dinh vin téc géc quay o cha rong roc dudi dang ham cia
S 1a quang dudmng di cta vat A. Bo qua khéi lugng day.

b) Ciing hoi nhu cau a) néu biét khdi lwong mot don vi do dai
cla sgi day 13 p. Do dai ban ddu cha day 1a /. B qua sy thay ddi the

nang cla phin day cudn vio rong roc.
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137. Hinh tru déng chat ¢6 ban kinh r, khéi lugng m lan khong
trirgt theo mat trong cia hinh try réng ¢4 dinh. Bdn kinh mat trong
cta hinh tru réng 1a R, R > r. Truc cua cdc hinh tru ludn vudng géc
v4i mat phang thing ddng, c6 dinh. B6 qua ma sét lan, xdc dinh van
toc géc o cua tam C tru nho va 4p luc N clia né 1én mat tru 16n nhy la
ham cia géc @, géc gilta phuong thang ding va dudng néi tam cdc
hinh try. Khit =0, @) = @, va 0,y = .

138. Mot soi day manh khong gidn, khong khéi Jugng cutn mot
dau vao qua ciu déng chat ¢ khdi lugng m, bdn kinh r| theo dudng
tron 16n cha né ; ddu codn lai cda day cudn vao rong roc cd dinh ¢
khéi lugng m,, ban kinh r,. Tha cho qua c4u roi khong ¢6 van 15¢ ban
dau. Bo qua ma sit, xac dinh vin t6c géc cha qua cdu va rdng roc,
stic cang soi day va quang dudng di cita tim qua céu,

139, Vat A ¢6 khéi lugng M treo vao ddu sgi day khong gidn,
dau con lai cha day cudn vao rong roc ¢& dinh ¢é khéi lugng m, bén
kinh r. Trong lugng mot don vido daichaday lap. Khit=0,v, =0
va do dai sgi day tit ti€p diém voi rong roc téi vat A 1a [ . Bo qua su
thay d6i thé nang cla phdn day cudn vao rong roc va ma sit. Tim van
t6c v, cua vat A nhu ham cia x - quing dudng di coa A.

140, Soi day khong gidn budc & ddu vat D ¢é trong lugng P, r6i
vat qua rong roc ¢6 dinh C, ddu con lai budc vao diém c8 dinh A, (A,
C & cung d6 cao). O diém B cha day (nim giita A va C) bugc vat c6
trong lugng P,. Cic doan day AB va BC hgp v6i phuong thang dimg
cic géc a va B. He vat ding yén, bd qua ma sat va khoi lugng soi

day, xdc dinh stc cang sgi day ¢ doan AB nhu ham cia P, va o, 3.
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141. Chét diém c6 trong lugng P dugc gitr dimg yén trén dutmg
cong y = f(x) trong mat phing thing ding boi Iwc Q hudng theo
phuong ti€p tuyén voi dudng cong. Tim d6 1én cha Q. Heé s6 ma sit
vdi dudng cong 1a k.

142. Thanh- déng chat AB c6 trong lugng P, d6 dai ! diéng yeén
tya ddu B trén mit phing ngang khong nhdn va tya didm C vao ddu
birc tuémg cut ¢6 d6 cao bing h. Géc gita AB va bic tudng thing
ding 1a &. X4c dinh phan luc cua bic tudng vi mat ngang 1én AB.

143. Hai thanh AB va BC ¢6 trong lugng P, P,, d¢ dai bing
nhau va bang /, diing yén, n6i v6i nhau bing 6 bi & B va tua cdc ddu
A, C lén mat phang ngang khong nhin. AB va BC thudc mat phang
thing dig. Xdc dinh cdc phan lyc cia mat ngang lén thanh AB vi
cha AB tic dung lén BC ¢ C, goc giita AB va mat phé’mg ngang [a .

144. Thanh AB c6 trong lugng P, tia hai ddu A vi B trén cic mat
phéng nhdn thing ding va nim ngang . duge git & vi tri 46 bdi hai
s¢i chi ndm ngang AD v3 BC. Soi chi BC nim trong cling mot mat
phing thing ding v6i AB. X4c dinh cdc phan luc len AB & A, Bva
sifc cang cdc sgi day biét ring sgi chi CB hgp v6i AB géc a va vé6i
dudng cét clia hai mat phing nim ngang va thing ding gée B.

145. Qué cdu trong lwong P duge giit nim yén trén mit phing -
nghiéng géc f§ so vdi mat phing ngang bing s¢i day budc & mot diém
c6 dinh trén bifc wdng thing dimg. Tim 4p hre cia qua cdu lén mat
phang nghiéng va stc cang sgi day (soi day hop v6i phuong bikc
wdng goc a).
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§ 3. CO HOC GIAI TICH

146. X4c dinh s8 bac wr do clia mot chat diém :

a) Chuyén dong theo mot dudng thing.

b) Chuyén dong theo mot dudng cong phéng.

¢) Chuyén dong trén mat cdu.

d)Chuyén dong theo mot dudng cong trong khéng gian.

e) Chuyén dong theo dudng trdn va dudng trdn d6 quay quanh
dudmg kinh clia né véi van t6c géc tuy 9.

147. Ba banh xe A, B, C,
ti€p xiic véi nhau trong mét
phéng thing dimg nhv trong
hinh 1.5. Banh xe A quay
quanh tim cla né dudi tic

dung cia mémen quay M, va

. kéo cdc banh xe B, C chuyén
dong theo. Cic mémen can tic dung lén

cac banh xe B va C 1a My va M. Céc banh
xe ¢6 dang dia tron dong cht, khéi lugng

12 my, mp, mc va bin kinh 1y, rg, 1o Tim

n

ham Lagranggio clia h¢ va gia t6c quay chia
banh xe A.

148. Hai trong vat c6 trong luong P,,

P, dugc treo bing soi day manh khong gian o %
vd cudn vao hai rdng roc déng tam, gin bR
lién nhaw c¢6é bdn kinh r|, r, (hinh 1.6), cdc
vat chuyén dong dudi tic dung cha trong
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lyc ciia ching. X4c dinh ham Lagranggio va gia t6¢ cac rong roc. Bo
qua khéi lugng ctia céc rong roc va day budc.

149. Hai vat A, B ¢6 khéi lugng m,, my

>

chuyén dong lén xudng theo phuong thing
ding nhu trén hinh 1.7. Sogi day bugc cdc vat

: . . N %
dugc vat qua cac rong roc bang nhau. Mébi A B 78
rong roc ¢6 khdi lugng m, ban kinh r. Rong M
roc C chuyén dong quanh truc c6 dinh qua Ca
tam cia né dudi tic dung cda moémen quay
M. Bé qua khoi luong day kéo, xdc dinh gia « Hink 1.7

toc trong vat A,

150. Mot ngudi kéo chi€c xe véi luc F hudng theo phwong
ngang. Khéi lugng thiing xe 14 m;. Cic bdnh xe bing nhau, c6 dang
dia trdn déng chdt, c6 khdi lwgng m,, ban kinh r, lan khong trugt trén
mit phdng ngang v6i hé s6 ma sét 1an 12 f. Tim ham Lagranggic cla
hé va gia to¢c thiing xe.

151. Tim ham Lagranggio cla cac hé :

a) He hai hat c6 dién tich q,, q;. trong tic theo dinh lust Culéng.
Biéu thi k&t qua qua bdn kinh vecto khéi tam cila he va khoing cich
giita cdc hat. ‘

b) Nguyén tir gbm hat nhan va z électron.

152. Hinh tru déng chit khoi lwgng m, ban kinh r lan khoéng
trugt trén mat phing nghiéng AC cua chi¢c ném ABC (truc cia hinh
tru luén huéng theo phuong ng.ang) ¢é hinh tam gidc vubug, khoi
lugng M va di 1am chi&c ném trugt trén mat phing ngang. He s6 ma
sdt trugt 1a f, géc ACB = a.. Bd qua ma sit lan trén AC, x4c dinh ham
Lagfanggio clia hé va gia t6c clia ném.
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153. vat E ¢6 khoi lugng m| néi véi rdong roc B c6 khoi luong
m,. bdn kinh r bang soi day khéng gidn, khong khdi luong ; mot ddu
day buoc vat E, ddu cdn lai cuén vio rong roc B va vit qua rong roc
¢6 dinh Q gin trén géc A cua chiéc ném AOC nim trén mit phing
ngang. Khi vat E chuyén dong kéo rong roc B lan trén mat nghiéng
AC cua chiéc ném (hinh 1.8). Khéi lugng cua ném la m;, clha rong
roc Q khong ding ké, géc ACO = o. Hiy tim ham Lagranggio ciia hé
vat va quing dudng di cua vat E trong hai trudng hop chiéc ném ding
© yén va trugt khong ma sdt trén mat phing ngang.

Q

. Hinh 1.8 Hinh 1.9

154. Soi day khong gidn, mot ddu budc vat A cé trong lugng P,
sau do6 vat qua rong roc ¢f dinh B, réi cudn vao rong roc dong C va
vt qua rong roc ¢é dinh D, ddu cdn lai cha day buoc vao vat E c6
trong lugng P. Vat K véi trong lugng Q duge bude vao tam rdng roc
C (hinh 1.9). Hé s6 ma s4t truot cla vat E trén mit phing ngang 1a f.
Tim ham Lagranggio clia heé vat v gia toc cha vat K, bd qua kh6i
lugng cde rong roc va sgi day. Hé vat chuyén dong trong mat phéng
thang dimg.
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155. Céc var A, B, C va rdong roc dong E,
rbng roc ¢§ dinh F lién két v6i nhau béng céc
soi day khong gifin khong khoi lugng nhu trén
hinh 1.10. Khoi lugng cdc vat 1a my,, mg, me
(m, < mp + mg). Van t6¢ ddu cla céc vat
bang khong. Tim ham Lagranggio cia h¢ va
diéu kién dé vat A chuyén dong xudng phia .
dudi. Bé qua khéi lugng céc rong roc.

Hinh 1.10

156. Con lic gébm mot chat diém khéi lugng m duoc treo trén
d4u soi day c6 do dai thay ddi theo thoi gian theo dinh luat I = [(1).
X4c dinh ham Lagranggio vi phuong trinh vi phan dién ta chuyén
dong cha con lac.

157. Hai vat A, B c6 kh6i huong m, my
dugc n6i voi nhau bang sgi day khéng gidn, E
" khéng khéi lugng va vét qua rdng roc E, khdi
luong m, bdn kinh r. Hé cdc vat A, B, E dugc
budc vao ddu mot 10 xo c6 hé s6 cing 1a C, ddu B
con lai clia 10 xo budc ¢6 dinh, (hinh 1.11). Gid A
st mp > my va & thoi diém ddu he ding yén &
trang thdi khOng gidn cia 1o xo. Hinh 1.11
X4c dinh hAm Lagranggio cua hé va gia toc clia cdc vat A, B.

158. Tim ham Lagringgio va phuong trinh vi phan moé ta chuyén
d6ng cia con léc todn hoc c6 khoi lugng m, do dai day [, n€u diém
buoc cha day chuyén dong véi van toc géc khong dbi o theo dudng
elip ¢6 cic ban truc la a va b trong mét phéang thing du‘ng {con lic
dao dong trong mat phing elip).

159. Hinh tru déng chét c6 trong lugng P, bén kinh R ¢6 thé lan
'khong trugt trén mit phing ngang Ox. Thanh AB c6 do dai /, trong
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lugng p dugc néi véi tam tru bang
6 bi (hinh 1.12). Khi AB dao dong
quanh tam A cua hinh tru véi cic
géc nhd ¢ trong mat phang thang '
ditng, ¢6 dinh xOy, lam cho hinh
tru 1an quanh vi tri can bang Q. Bd
qua cic lgc ma sdt, tim ham
Lagranggio clia hé va cac toa d9
@(t) va x(r). _ Hinh 1.12

160. Mot hinh try khdi lugng m, ban-kinh r 1an khéng trugt theo
mat trong hinh tru réng kh6i lugng M, bdn kinh khai réng 12 R va
citng c¢é dang hinh tru. Hinh lr@ réhg nay ¢6 thé quay quanh truc ¢6
dinh ctia né nam theo phuong ngang. Cic truc cla hai hinh tru song |
song vGi nhau. Momen qudn tinh cia cdc hinb true d8i véi truc cha

ching la MR? va %mrz. BO qua ma sit, hdy 1ap ham Lagranggio

cua he.

161. Chat diém M c6 khéi lugng m chuyén déng theo vong
khuyén trdn ban kinh r trong khi vbng khuyén tron quay déu quanh
dudng kinh thing ditng AB clia né v6i van t6c géc . Tim ham
Lagranggio va phuong trinh vi phan mo ta chuyén dong clia diém M.
Tim mo6men luc cdn thiét giit cho van 16¢c géc khong doi.

162. Var A c6 khéi lugng m; c6 thé gt trén mat phing ngang,

hé s6 ma sdt truot 1a f. Chédt didm B khdi lugng m, duge ndi v6i tam
vat A bang thanh AB khong c6 khdi lugng. AB c6 thé dao dong tu do
quanh A trong mat phing thing ding. Khi B dao dong da lam cho A
trugt trén mat phing ngang. Tim ham Lagranggio va phuong trinh vi
phan mo ta chuyén dong cla he. Do dai cia ABla

163. Vat ran ¢6 khéi luong M ¢6 thé quay quanh truc c6 dinh
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nim ngang di qua diém O thudc vat; moémen quén tinh ciia vat d6i
vdi truc quay d6 bang J. O diém A cdch O mot doan bing a ta ndi véi
vat di€ém B ¢6 khGi lugng m bing thanh AB khong khéi lugng, c6 do
dai / va quay tu do quanh A trong mat phing quay ctia vat ran. Tim
ham Lagranggio vi phuong trinh vi phan mé td chuyén dong ciia he.

164. Mach dién gom : Cudn cam vdi hée
s6 tu cam B, tu dién v6i dién dung C v dign
trd R méc nhu trén hinh 1.13. Khi khod K
dong, trong mach cé dong dién. Xem gid tri
dién tich q chay qua tiét dién day din nhu
mot toa do suy rong, hiy lap phwong trinh
vi phan mé ta sy bi€n thién cia q va nr
phuong trinh d6 dodn nhan ham Lagranggio
ciia hé.

Hinh 1.13
165. a) C6 thé xem ham Lagranggio cta hé bing téng cdc ham
Lagranggio cua cdc thanh phin cla hé dugc khong?

b) Tim ham Lagranggio cha cdc hé trén hinh 1.14, 1.15.

B U C IC-BI :I:Cﬁz:l—c2
%i I T T 71

Hinh 1.14 Hinh 115

166. Ching minh ring dang phuong trinh Lagranggio khong
thay déi néu ta thay ddi bi€n s6 q; (c4c toa do suy rong cia he) :

ql = q[ {QIY == Q39 t) ; l= l, revy S.
167. Xéc dinh biéu thitc cia tdc dung cta hat ¢6 khéi lugng m,
chuyén dong tv do.
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168. Xdc dinh biéu thic cha tdc dung cha dao dong tir diéu hoi
mot chiéu ¢6 khéi lugng m.

169. Trong chuyén dong mot chiéu cla hat tw do, xung lugng

p=Z chimg minh ring & diém bat ki x| trén quy dao, xung lugng

cédangp= {ﬁ]
- aXI .

170. Biéu thic nang hrong cla chét diém cé dang

E=L+ xp.
" Chitng minh ring & diém bt ki x, trén quy dao, nang lugng c6

dang E = [?—J ; 1 12 thoi diém ng véi toa do x,.
2

171. Mang tinh thé mot chidu 12 mang tao bdi cic nguyén
duge xEp cdch déu nhau theo mot duding thing, coi luc tuong tic giita
cdc nguyén tir ian can 13 luc dan héi, bd qua tuong téc giita cac
nguyen tir khong lan can. X4c dinh ham Lagranggic va phuong trinh
vi phan mo ta dao dong mang tinh thé mot chiéu dé.

172. Lap ham ‘Haminton cla hé hat mang dién twong tic theo
dinh luat Culdéng va & trong dién tir truOng.

173. Dya vao k&t quéa bai 26 va nguyén li tic dung t8i thidu, hay
tim phuong trinh vi phan mo 14 dao dong cia sgi day dan héi (sgi day
dan) c6 khoi lugng riéng 12 p va sic cang soi day 12 T n€u hai ddu
day buéc cd dinh.
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§ 4. DAO PONG NHO

174. Vat A c6 trong luong P duge gilr bing mot 16 xo ¢6 hé s6
cing la C trén mat phing nghieng nhin hop véi phirong ngang géc
a, ddu con lai cta 10 xo budc c¢d dinh trén mat nghiéng néi trén. Vit
A bat ddu chuyén dong 1 vi tri khong gidn ciia 16 xo véi van tdc
dau la v,

a) Tim phuong trinh va chu ki dao dong cia vat A.

b) Gia sit h¢'s6 ma sit gilta vat A vd mat phing nghiéng la f ;
néu anh hudng cia ma st 16i dic tinh chuyén déng ciia vat A.

175. Xac dinh chu ki dao dong ciia vat A ¢6 khoi lugng m trén
mat phing ngang nhan (khong ma sit) dudi tic dung cia 10 xo budc
mot ddu vao A va ddu con lai & di€m c6 dinh O (O nidm cdch Ax -
dudmg dao dong cia A - mot doan Ia /). Khi A qua Oy (00, = /), huc
kéo cla 10 xo 1én A 1a F, (OO, 16n hon do dai khéng gidn clia 1o xo0).

176. Vat A c6 khai lugng m duge budc gidta hai 16 xo véi hé s6
cing la C; va C,. Céc ddu con lai cha cdce 1d xo chét ¢8 dinh, céc 16
x0 nam theo phuong thing diing. Xdc dinh chu ki va phuong trinh
chuyén dong ciavat A, biét ring né bit ddu chuyén dong tit vi tri can
bing véi van tdc v,

177. Hai 1o x0 v6i h¢ s6 cing 12 C| va C, duge n6i véi nhau, sau
dé budc vat A vao mot ddu tur do, ddu con lai treo ¢6 dinh sao cho vat

A ¢6 thé dao dong ty do theo phuong thing dimg du6i tic dung cla
16 x0. :

a) Xac dinh hé s6 cing cta 1o xo thif ba twong dweong hai 16 xo
da cho.

b) Gia slr vat A bat ddu chuyén dong tir vi tri cich diém can bang
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(irén ciing phuong thang ding) mdt doan bang x, v6i van t6¢ v,
hudng 1&n phia trén, Xdc dinh phuong trinh dao dong cua vat.

¢) Néu ndi n 16 xo ¢6 hé s6 cing C,, ..., C, nhu trén, fim hé s6
cing cua mot 16 xo twong duong véi n 10 xo nbi trén.

178. Gia si ta ¢6 mot rinh nhé xuyén qua Trdi Dat theo dudng
kinh céia né. Tha mot vat khai lirong m vdo rinh d6 va cho rang luc
hit cta Trai D4t gay ra chuyén dong cha vat ti 1¢ thuan véi khoang
céch tir vat 16i tam Trai Pat. Tim phuong trinh chuyén dong va thai
gian ma vat di hét dudng kinh Trdi D4t n€u né duge tha khong van
t6c dau tir mat dat.

179. Vat rin ¢6 khéi lugng m, momen quén tinh J d6i voi truc
00’ di qua khéi tam O cua vat va hudng theo phuong ngang. Néu
cho vat dao dong xung quanh tryc di qua diém A cla vat va song
song v6i truc OO, OA = ta duge hé goi la con lac vat If (bd qua
cac lue ma sat).

a) Tim phuong trinh dao dong cla vat.

b) Ching minh ring, d6i v&i mot gid tri cla tdn s6 dao dong s&
c6 hai vi tri A vd A' (OA = OA’). Tim sy phu thugc cda tén s6 dao
dong vao khoang cidch OA va vi tri ting vdi tin 56 nho nhit.

180. Mot nira qua cdu ¢6 khoi lugng 12 m, bén kinh r ¢6 thé lan
khong trugt trén mat phing ngang. Tha cho né dao dong vdi cac goc
léch nho. Bo qua ma sat.

a) Tim chu ki cua dao dong.

b) Tim phuong trinh dao dong clia nita qua ciu do.

181. Tim phuong trinh dao dong nho quanh vi trf can bang cia
chdt diém cé kh6i lwgng m dudi tic dung ciia luc c6 dang :

a) F = a = const. b) F=at; a=const

—oit
c)F=ae ; a, ot = const.
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182, Tim phuong trinh va bién d¢ dao dong cha chat diém dudi
tic dung cia luc cudng bifc :

a) F=0khit<0: F=atkhi0<t<T}
F=a=constkhit>T.
b)F=0khit<0: F=zakhi0<t<TvaF=0khit>T.

Khi t = 0, chdt diém dung yén tai vi trf can bing.

183. Tim phuong. trinh dao dong nhé cia con lic todn hoc ¢6
kh6i lugng m d6 dai / néu diém buge clia né chuyén dong :

a) Theo phuong ngang x = asinkt ; a, k = const.

b} Theo dudmg irdn trong mat phéng thing ding véi van t6c

Vv, = const.

184. Vat A c6 khéi luong m, duge treo vao ddu 10 xo ¢ hé s6
cing |a C theo phuong thing ding (ddu cdn lai cha 10 xo buoc 6
dinh). Khi vat A dang ding yén tai vi i can bing thi vat B khéi
lwgng m, duge thd roi khong van t6c ddu tir diém cich vat A mot
khoang 1a h. Khi roi t6i vat A thi hai vat gin vio nhau va thuc hién
cdc dao dong nhd quanh vi trf can bing. Tim phuong trinh dao déng
ctia hé hai vat néu bd qua lyc can clia khong khi va tinh dén lyc can
nay v6i gid thi€t rang luc can ti 1& v6i van t6c clha céc vat.

185. n 16 xo c6 4o dai méi cai khi khong gidn bing nhau va bing
a. He s6 cimg clacéc ld xo 12 C,, ..., C,. Cic 1d );0 nay mot ddu duoc
nGi voi chat diém c6 khéi lugng m ; ddu con lai cia chiing ndi vdi cdc
dinh clia da gidc déu n canh nim trong mat phing ngang ma dudng
tron ngoai tiép né ¢6 bdn kinh r.

a) Tim ham Lagranggio cta chat diém néu 16 chi thuc hién céc
dao dong ngang.
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b) Gidsit C, = C, = ... = C, = C; bd qua cdc lyc cin, tim tan ¢
dao dong ngang ciia chat diém.

186. Phan ut gédm hai nguyén tif ¢6 moémen xung lugng L khac
khong vi momen niy di gay ra su thay d6i mot phén tdn s6 dao dong

ctia phan tir. Tim sy thay d6i do.
' 187. Chat diém M chuyén dong theo dudng cong y = f(x). Gia sir
O 14 vi tri can bang cia chit diém. Lap phuong trinh vi phan mo ta
dao dong cla chdt diém M quanh vi trf can bing O va tim chu Ki cha
dao dong ; xét trudng hgpy = ax’+b;a, b=const,

188. Mot cudn cdm ¢ hé s& ty cdm L va tu dign ¢6 dién dung C
dugc mic néi ti€p nhau trong mdt mach dién kin véi thé cﬁa ngudén
dieén U = U cosat ; U, o 1a cac hing s§. Tim dao dong clia thé gila
hai ban cua tu dién va dong trong mach dién dé.

189. Ciing hoi nhy bai 188 né€u trong mach ¢ mic néi tiép vdi ty
dién thém mot dién o R,

190. Tim phuong trinh dao dong theo phuong thing ding cta
chét diém néu trong bai 185 trong hai trucng hop:

a) Bo qua stic can cua khong khi.

b) Stic can cua khong khi ti 1€ v&i van toc.

191. Hon bi khéi lugng m chuyén déng bét ddu ti vi tri can béng
cua né v4i van téc ddu v, huéng theo phuong ngang trong mot ong
nho hinh trdn ban kinh r nim trong mat phang thang ding ; hon bi
chiu tdc dung cta lyc can ti 18 véi van t6éc. Tim phuong trinh dao
dong nho cua hon bi.

192. Dao dong tir mot chiéu chiu tdc dung cta luc F(1) véi
F=—wy =0 ; Fmyooy = F, = const. 3 thdi diém t = —o van tdc cla dao
dong tir bang khong. Xdc dinh nang lugng riéng cia dao dong tir khi
1 = +00.
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193. Hai vat c6 kh6i lugng m| vd m, dugc bude vao hai ddu cda
mat 10 xo ¢6 hé s8 cing 1a C, r6i budc vat cé khéi lugng m; vao ddu
15 xo thit hai ¢6 h¢ s6 cimg C, ; ddu cdn lai cta 10 xo nay budc ¢o
dinh, treo cdc vat 1én theo phwong thang dimg. Tim ham Lagranggio
va phuong trinh dao dong cia cdc vat.

194. Ba 10 x0 ¢6 h¢ s6 ciing C;, C;, C; ndi ti€p v6i nhau va vdi
cdc vt khoi luong my, m; ; hai ddu con lai cia 10 xo cé hé s6 cing
C, va C5 budce vao céc diém c6 dinh A, B. Hé vat va ba 10 xo ciing
nam trén phuong ngang AB. Tim ham Lagringgid vd phuong trinh
dao dong clia hé.

195. Hé ba vat c¢6 khéi lugng my, m,, m;, A
ndi vai nhau bang bén 16 xo trong mat phing ¢ Ca
thdng ding nhu trén hinh 1.16. Céc 15 xo 1
va 4 chdt m6t ddu ¢ dinh tai A. Ki hiéu d6
dich chuyén cha cic v4t trong mat phing Cy C;
thang ding khoi vi trf can bang 12 x,, X5, X;. m3

a) Tim ham Lagranggio va phuong trinh Hink 1.16
vi phin mo ta dao dong cua hé ba vat.

b) Xac dinh phuong trinh dao dong tv do v dao dong chudn clia
céc Vat néu Cl = C2 = C3 = C4 =C.

196. Cho macl'i di¢n nhu trong bai 165, khi déng mach, cdc tu
dién C, va C, phong dién, con ty C thi chua dwge nap nén lic nay bét
dau nap dién. Gid sir q va qp 1a cdc gid tri tai thoi diém t ong cic
doan mach c¢é cdc cufn cdm B, va B,. Tim ham Lagranggio cia hé va

q; = q,{1), g3 = q,(1).
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197. Tim ham Lagranggic va phuong trinh dao dong cia con lac
toan hoc kép c¢6 khai lugng m,, m,, d6 dai {, [, ; dao dong trong mat
phéng thang dimg. _

198. Vat A ¢6 khéi lvgng M ndi v6i var B khéi lugng m bang
thanh AB c6 khéi lugng khong ddng ké. Vit A nim trén mat phing
ngang nhin va budc véi dau mot 1d xo cé hé s cing 1a C, ddu con lai
cua 1o xo chét ¢6 dinh & diém O trén mat ngang. Khi vat B dao dong
trong mat phang thing dimg da kéo vat A dao dong theo dudng thing
ndm ngang Ox. Tim him Lagringgicd cia hé va cdc phuong trinh dao
dong clia cdc vat A va B. Khi t = 0, vat B & vi trf 18ch géc o, so véi

truc Oy va vg(0) = v, ; v, hudng vudng goéc vdi AB.

'B. BAI GIAI

1. Khir t trong cdc phuong trinh, ta ¢d :

2 2
x° y . .
a) — +—=1 : duong elip.
) ) ) gelp
2 2
b) = +-— =1: dudng elip.
2a 2b
2
Ay=¢e "

d)—};(x—Z):—%(l—y)=z—2

e) y = bcos2z.
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2.a)s= j(xz +5/2)”2dt=%asin2t+so;

p=32—a|sin2t|

b) Bén kinh cong p bing :

I _ .
p=—= v? =\.f2(W2 —Wtz) 17z ; v 12 van toc

Wn

W, Ia gia t6c phédp tuyén, W 1a gia tdc toan phin. Liy dao ham theo
thoi gian cdc phuong trinh da cho va thay vio céc cong thic tinh p va
Stacod:

v 2p2 . 2.=1/2
p=—(@R +a") ;
R

§= Jvdt +8, = I[msz +(u+ at)z]”zdt +5,

!

c)p =4(l+sin2%J 2

d)yp = [%@Je‘ 5= 3! +5,

3. Ldy dao ham theo thdi gian cdc phuong trinh di cho va thé
vao biéu thic cla v, W, ta duge :

Ayv=t4+tHY w=20+tH!"?

b) v=ak+2,W=ak2y2

2

Qv= m(a2 +%~—ab5inm—t)”2
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2
W = mz'(a2 +-!-)——§Esin—0£)”2
1 2 2

d) v =0’Rt, W = o’R (1+ 0%t2)!/2

eyv=10t, W =10

gv=a(l+4tH)"?  w=a@+t2) 7 @t* +8t2 + 2

h) v=e'(4sin?t+2)"2; W = 2¢' (5 + 4dsintcost + 4sin )2,

4. Ly tich phan's = [vadt = [(x? + 32 +2%)" 2t

a)s=5t2;b)s=ﬁ;c)s=4t' _
d)s:mR.l;e)s=3t2;g)s=Sasin2wt

2

h)s= 3?asin t;i)s=4a (l—cos-;-),() <tg 2n

k)s= t(a2 erz)”2

16a o3t

2n
sin —

0t
Hs=

1
E(I - cos? §~t-),0 L= in
3 4 3

S. Tihinh 1.17 ¢6 : x4 = x5 + ABsing, |

¥a = ABcosg -
2 2 BT
(xq-2) ~a2) +7A =1 ; dudng elip ¢
({+b) [ ' |
: ! A
VA= ({2 +b2cos’ot + Zblcoszmt)uz
' Hinh 1.17

W, = ©*(I% + bsin%ot + 2blsin2et) /2.

BT VAT LY LY THUYETT.4 -4
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6. Tir hinh 1.18 ¢6 : - Ao

AB = §2 = (A C- v )2 + A S,

+(B,C — VB.I.)2 = sf, + tz(va + VZB) - 3 S
- 2(vgB,C+ VA AC) c B Bo
Vay : tmin(o_t) = Hinh 1.18

= (V4.Sesina + vgS cosa) (_v:‘; + V% )_l.

. v
Néu 0 < o < 90°, tga = —2&
va

SOVA(Vi +v123)_1,a =

I
trin = 2
sde(v% + v%)h] =0,
7. Gia sit xuéng mdy khdi hanh tai C (hinh 1.19) ; thoi gian va
van t6c trén AC va CBkihiéu lat, ty; v), v5. Tacé :

1 _
t=t +ty =t + —[(vact; —€)2 +a?]'? =t(ty) (1)
VCB

Tir diéu kién 4o (1)
dt, B

¢ avy(vi —v%)”2

I+

ﬁt[ =
2
VAC vi(v - vl

A C b
a=BD, c= (AB?> -BD?)"2,
: - Hinh 1.19

Do d6:

AC=1,vi=c- ;51\:2(\«'12 - vzz).
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8. Tir hinh 1.20¢6 -

Xp = ;AEcoscx +CDsina
2

AB .
¥p = —2—sma+CDc.oso.

Néu CD = -I}ZE thi KD =¥p quji’ ) x

dao diém D {a doan thang Oy' chia goc
vuong yOx. Khi CD # AB/2, chiéu OD Hinh 1.20
1én cdc truc hé toa d6 x'Oy' ta cb :
- x'p = CDcosa + OCcosa = (CD + OC)cosa,
y'p = (CD + OC)sina ; '
quy dao cha D la dudng tron dudng kinh trung v@i Oy.
9. Ki higu O’ 12 tiép diém ciia hai dudng tron & thoi diém t =0,
gdc AOx =p=ou.t1:géc MO'E =a; OAE =«
Trong hé toa d¢ cuc : )
r=0'M=r1(t) '
e (1)
o =MO'E =a(t)
Pé tinh (1), tir hinh 1.21 :
OEsing = EAsina'

OEcosg + EAcosa’' =R + R’

Hinh 1.21

Do vay :
OE = (R + R") (cosg + simp.cotgot')_l

vi banh xe tam A lan khong trugt nén cung O'N bang cung NM ta c6
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aR'=Rp=Rat;a'= Et

EM = sin(p[ (R+R" __ R :I

sina'| cosp+sing cotga'
Ki hiéu :
f(a') = [(OE - R)” + EM? ~ 2ME.(OE - R)cos(a' - ¢)]'2 2)
T O ké dudmg vudng géc xudng EA tacé :
rsinf} = O'Esin(a’ + @) | (3}
a:a'+(p—B',Bl?1géc(ﬂ)_'-I\_d‘E 4)

bat (2), (3), (4) vao (1) ta dugc phuong trinh chuyén dong clia M
trong hé toa d6 cuc : (NEu R = R".

. ot S
r= 4R51_n2—2-, o = mt.

10. Diing hé truc toa d¢ cdu, bd qua van t6¢ géc quay quanh truc
clia Trai D4t, chi€u vecta van t6¢ v = const lén phuong ti€p tuyén
vOi kinh tuyén tai vi 46 ¢ 12 vi tri clia tdu, ta cé :

v, =0 ; ve = vsina ; vg = vcosa
v, =t =0, vy = r¢sind = vsina ;
vg = R 0= veosa,
thay vao biéu thirc ciia gia t6c W trong toa d6 cdu :
| \"2 2 2 142
W= —}-{(l+cotg Osin“a) /2,
11. Gia t6c W caia chat diém béng :
2 2 A,
Wi=W_ +W.= —5+V°, véiv=0R.
R
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W2 = g2R2(1+ £%t*) 1a gia t6c & thoi diém ¢ ;

oy
E= —
t

Mat khdc S= R Imdt =%Rat2 , VAy sau n vong

S, =2aRn = (1/2) Ret2. Do d6

(1+16m2n2)l/?

(1) gy, (1)
W@ rwy _
(1+1»5:-:2)”2

12. Taco W, = kJW, ; R 14 ban kinh dudng trdn, k 14 hé

s6 ti 1&. Do vay :

; v
A== S= {vdt=—2(e -1).
| Jrat==2(* -1

13. Tir hinh 1.22 c¢6 phuong
trinh chuyén déng ciia chét diém dang
toa do cuc r = r(t) ; @ = @(1).

— _ X =1C0S0
OA=T ; ) (1)
y=rsing
T (1):
dx = cosedr - rsinpde ; Hinh 1.22

dy = sin@.dr + rcos@.de

vi dy = tga.dx, tacé :
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r p d(p
—_— —_— I -} =
o Leotgp— colga tgo - tgg

2 .
=—C0s2¢ + —————In(sin @ - cos pcotgcr)
I+ cotg“a )

r=r, "% (ging - cosp cotga]
l+c0tg o
14. Trong toa d6 Dé cic phuong trinh chuyén dong cia chat
diém c6 dang don gian :
y= kx?

vi X =0nén y =2kx%% =

. 1/2
Dodé_:icz(—a— , §=2kxx =at.
2K

a 1/2
§= v:[—— 1+ 2kat?)!/2
2k .
Sau d6 tim b4n kinh coﬁg p theo cong thirc :
53
P==
Xy -

—(1/2k)(1 + 2kat2)?/2 .
Xy

2
. 2ka’
Nhu vay : §=W, =t —E—z
1+ 2kat

.2
W= =at+2kat?)’?
, A

n

15. Trong céc toa d6 tv nhién :
_dv_dv

§=a =—v, 1
dt ds ()
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=b, " p la ban kinh cong )

Noo |

Nhung v™ = 3% = v% +2a(s — 8,) ; Vg S 12 VD t5¢ va toa do dadn

(t =0), p = ds/da ; a la géc giita ti€p tuy€n vdi quy dao va truc toa do
Ox. Tacé:

ds 1 _ 2 '

— =—{vy +2a(s—s 3
o b {vs (s — s,)] (3)
L4y tich phan phuong trinh (3}, ta dugc :

Za(s - SO) + Vg = A'e(2afb)(1 A= v%e—(Zafb)U.o

Vi dx = cosads = (A[b)e(za’b)ucosada; dy = ds.sina

nény= A {za’lb}c‘(z sino — cosa};
bA b

.2
2
2 2a
A= —| +1 4
) o
K= —— A el2a/b)a 2a “Zcosa+sina (5)
bAZ b

(y,=%,=0). battgy = -zbi, ta ¢o

x = (bA2) Ty 2P T %) cos(o + y) (7

Tir (6) va (7) suy ra ring trong céc toa do cyc rva ¢

X = 1COsQ, y = Ising,

(bkz) 1 2 [zafb)(ﬂ o) ! (8)
Y T
tgp == = —cotg(a + y); (p_=a+l|li5 (9)
X
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Cu6i ciing, néu ki hiéu lai cac he s§ trong (8) va (9) ta thdy ring
chdt diém chuyén dong theo dudng xoin 6c loga

p = poee/bHo=0,)
0 .

16. Theo diéu kién bai to4n, trong hé toa d6 cuc ta ¢6 :

l 5.
Ep P=G, . ' (1)
2 2.2 a2 '
prHpY = : 2
p

Céc hang s0 o, va a dugc x4c dinh tir didu kién d4u :

O. =

0= FPoVosina ;a=pyv,

@ 1a g6c giiffa van t6c va ban kinh vecto & diém t = 0, tir (1) va (2)

2 2
()2
p AP
Nghiém cila n6 : p2 = pg +2(a’ -4 cr(z, )2t 3)
Tix (2) va (3) :

2G,

$=
pg +2(a2 —403)”%

1
a SR 1l Po +2(a’ —402)2t

- /2 2
(32 —403) ' Po

+ @ (4)

Khi t trong (3) va (4) tim duoc phuong trinh quy dao :
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(@® ~dg2)/?

25 (Q__Qo)

|

Vi van tc dién tich khong d8i nén W, = 0 vd W, duge xdc dinh
bang cong thirc Biné (Binet) ;

o]

. ~4cZ||1 a% (1
et
p P de“\pP
Do d6
2
: a
W=Wp=__"§‘.
p

17. Phuong trinh chuyén doéng cua
vién dan :

mX =P, =mg,
my =P, =mg,

hay tir hinh 1.23 :

Xy = Vo.l.COSK Hink 1.23

2
. t
Yo =h+v,tsina - gT

Do d6 tdm bay xa L bing :

L~ Yocosa

[vosin o+ (vg sino + Zgh)”ﬂ

. ... OL C L .
Tir diéu kien o =0, ta ¢6 do xa cue dai iing véi a, :

-1/2
singy = [2(1 +h—§)] .

Va
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18. Giai tuong tu nhu bai tap 17 ta thu dwge v| = v sina, khong
phu thudc vao khoang céch L.

19. L4y tam dudng trdn lam géce toa do, ta ¢6 :
X = 1cosyP, ¢ = ot
y =rsing,
ViF =mX,F, =m¥ nénF,/F, = x/y, do d6 phuong cia luc va
ban kinh vecto T tring nhau,
20. L4y dao ham theo thoi gian c4c phuong trinh chuyén déng, ta
¢ :
a)F= r(mzat2 + m%e? - 2male’ + 4m2a2w4)u2
b) F = m(a® + R%e%)'/?
¢) F=m+/5.e!
m 12 khoi lugng cita chét diém.
21. Trén hinh 1.24,

F.coso ~ Psina =F .,

6day‘ E = ITI.WAB;

Wup 12 gia t8¢c cia AB

F . 12 luc ma st tinh cuc dai,
Hinh 1.24

FLs = f(P.sina + Peosa)

vﬁy véi WAB - Beoso +gsing

coso—fsina

thi chat diém M chuyén dong lén theo BA ; cosa > fsina ; f < cotga.
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22. Luc hép dan gifra vé tinh va Trdi Dat1a :
Fek M _
(R +h)?
k 13 hé s6 (i 18 ; m vd M 12 kh&i luong vé tinh va Trdi D4t ; R 12 ban
kinh Tri Pat. Khi h = 0, F = mg, thi k.M = gR% Quy dao cha vé tinh
13 dudng tron, do d6 néu chiéu F 1en phuong vé tam quy dao ta c6 :
2

mW, = -~ —F_=mgRXR +h) ? > v =[R7g/R + 0)]"?
R+h
R2 1/3
dxichdao v=w(R+h}y—>h= [——ng — R = 36800km.
L1}

23. Tir hinh V& ciia d4u bai, phuong trinh dinh lugt 2 Niuton :
N+P+T=mW

N 12 phan lyc ciia OE ; N vuong géc v6i OE, T 1 sifc cang soi day,

do d6, chi€u lén phuong OE (truc x huéng theo OE)

Tcosa — P=mX _ ' (O

a) Khi @ = const ; d = v dt = ordt ; mat khdc

. v . . Vgsinu da
dl=dxcosa > x = —2— va = __QT.._ (2)
CcOs¢x cos dt
Tir déng thyc :
. v .
x = lcotgo. —» a=—2 sinla (3)
fcosa

Vay :

59 .



b) Khi e = @ = const, tir (2}:

v .
+—2—sinoG, v, =er 4

COSU  cosia

¥=

thay o tir (3) vao (4) sau d6 thé (4) vao (1) ta duge :

2.2.2.2
Ps grs  g°rotel
T=— 1+v—+—3 ;£2r2t2= vg.
X gx BX

24. Trén hinh 1.25 : P Ia trong

lugng, N 1a phin luc vudng géc V6 N
mat dudng, Fn la lyc hudng tam. Truc 0 Fa
Ox hudng theo mat dudng (tiép tuyén). ,{; =
Phuong trinh dinh luat 2 Niuton. /
- = = . . P x
P+N+Fms =m(Ws+W,)
Chiéu lén truc Ox : ' Hinh 1.25

2 2
. mv® my
Psina + f{Pcosa + Yy sina. ) =—R cosQt

Vay
3 sina +fcosa
vio, = gR | —
max = & (cosa—fsina)

Khi v nhé din thi F, cing nhd ddn va d6i chidu néu v ti€p tuc
giam. Vay :

2 2
. . mve. mve-,:
Psino — fPcosal — fsmo{ [;“'“ ] = ];““ cosQl

ino—f
Suyra: "'rznin =gR (___51 o c?sa]
cosa +fsina
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Do dé : Av = [gR(Sin(I+fCOS&):l”2_[gR(Sina-—fCOS(I)]Hz

coso - fsina cosa + fsina
25. G diém A qua cdu chiu tdc dung clia trong tuc P. stc cang
sgi day T va phan luc N cia AB (hudng theo BA). Ta c6 phuong
trinh : _
P+N+T=m(Wp + Wq)-
Chiéu Ién cac tryc clia hé tr nhién :

l‘l‘l\-":Z

TeosZ - Nsing = —
2 {sina

T=k.CA = 2kfsin%

v =0, v = olsing
N = k! - mo?
Chi€u 1&n phuong thang ding :

P-Kki!
cosa

—P+Tsin% +Ncosa=0—->N= + ki

- Vay:

2 k
w = - g + ;
fcosat mecosa

26. a) Néu lyc cin bing khéng, huéng Ox theo phuwong ngang

— - {m%=0
mW=P~>{ . -
my=mg |y=-gt
2
b) Néu luc can bing —kv,
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— - = mx =0 - kx
mW=P+R - ¢ .
, my =P - ky

(g6¢ toa d6 chon & diém dau cia chuyén dong)

md.(x) - kt:x= 21:'2(1_6-—kt;‘m)

X
B di)=dtoy= E[téﬂ(l ~e‘k”‘“)}
P-ky k| &

2
“ktfm o p - ke +l(£J +... va bd qua céc s6

Néu khai trién e -
m 2!'\m

hang ti 1¢ vai k? va k> ... khi k > O ta tro vé ket qua cua truéng

hgp a).
27. Chon goc toa d¢ & tam Trii Dat, truc Ox huéng theo phuong

.thing ding ta c6 :

, .
kmM _ MgR” _ m& : M. R Ia khoi lugng va bén kinh Tréi Dat.

Xz X2
. 2
Viay : x2. % =gR2; d_x:__gR
dt  x2
. 2
an o gr? B g =
x? 2
do d6 :

2/3
3Rt 2 :

x = | R¥? +—\/gR J .
( V2 .

28. Chon g6c toa d6 & diém ddu chuyén dong, Ox hudng theo
chiéu chuyén dong. Phuong trinh dinh luat 2 Niuton :

mi =-R, +mg=-kx% + mg;k1ahe s tile
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Do dd :

ol ' At _

(E—vz] dv=£dt—>v=1/E¢ !

k m . k 627\.1_'_1
t

l=1’g.\/‘1x= Ivdt nén

m 4]

A, -t
x= 2l EFC | Khitow,vo 1’-"33—.
K 2 k

'29. Giai tuong ti nhu bai 28, phuong trinh dinh 1uat 2 Niuton :
LI
ve+p m

-mg ~-kv'=mv ;

L4y tich phan tir v, d€n v ta duge :

v= /B tg[arctg%—\[ﬁ%t] .

Khi vat 1én 161 d¢ cao cuc dai, van téc bing khong.
Vay : ' -
m Yo

k ¥
T.p—=arctg—= = T = -—=arctg 1a thoi gian vat lén do
B =T

cao cuc dai h,

I m v m k2
h= Jvdlz———lncos acrtg -2 [=—1In| 1+ —2 |.
; k . 2k

JE- mg

30. L4y tich phan phuong trinh chuyén dong

mt =¢ E, coswt +eE, sinwt
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Ta dugc :

eEy . =
5 cosmt — 5 sinmt + At + B
m mo

r=-e

Trong dé K,E 12 cdc hang sd tich phan. Chon Ox doc theo E, ,

Oy theo Ez ta tim dugc

o

_ ¢Ei
X = ——2(1 —COSOU)+ vV, [+ X
mo

CE2 .
y= = (mt—smmt)+v0yl+y0,
ma”

z2=vyt+ 2z,

31. Phuong trinh chuyén dong cha hat :

. eE, . z _ .
X=—2Lsin—, ¥y=0, 2=0,
m a
Do dé

eE, . vt
y=0,z=vt, ¥=—Lsin-2
m a

L -eE,a a | vt
Lay tich phan : x = 2 (—sin—2-1t).

mv, Vv, .

32. Phuong trinh dinh luat 2 Niuton viét cho mot chat diém bat
ki:

mf =-mkT — P.) ' N

j 1a vects don vi huéng theo phuong thing ding. Lyc can

R =-mkf, k 1a h¢ s6 ti 1¢,«(1) ¢6 thé viét dudi dang :

%(?&kt ) _ —gek‘]
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2k g ki - g~
Do ds e =——¢ jJ+V,+=
K JFtV¥g kJ

Chon géc toa d6 tai diém ném, nén khit=0, 1 (0)=0

- _ Y ~kty Bl= 8 —kt\7
=—2L(l-e = j+=(-e
[ 1(( ) e k2( )]

Vi F=xi+y); Vo =vocosei+vgsinaj;

_ Yocosa

(16 |

_ 8 —kt, 8t vgsina ~kt
= By 8 YoSO, o
y k2( ) m " ( . )

Tir day ta thdy ring quy tich vi tri cic difm & thoi diém t 1a
dudng trdn ban kinh (v /k)}(1 - e_kl), tam dudng tron nam trén Oy,
cach O doan OA = (g/k”) . (1 — e Yy = (gt/k), néu lyc can rat nho,
tic k nho, khai trién e ™' ~ 1 — kt + -;—kztz

Ta dugc

X =V, CO8CQ. 1
1 2 .
y=— Egt + v sinot
33. Hudng truc x theo phurong chuyén dong clia électron ta ¢6 :

— —_—

F =eE, sinot=mii

Do d6

X = ISEO d{cosot) + v, =l(005€01 —D+v,, (
mo o '
bat: A = (eE/m)
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: Ao A '
X = det = Sinot —— 1+ vt (2}
W - o .

Néu sau khodng thoi gian T électron trd lai t8i ban cuc thi nhat
thi sau khodng thdi gian T/2 van tSc céia né biang khong. Thay x =0
trong (1) ta tinh dwgc E, va T/2. Tr 2) ta ¢ : x = (v/o).

34. Lyc tac dung 1én hat F, = qusino)t.e'k' (truc x hudng theo

vectdy —E_O‘ ), do do ;

X :)Lj-e_k[ sinetdt 3 A =i]-51
m

Thuc hién cdc phép lay tich ph&n tirg phin ta duge :

x~l(m ke™ Kt sinwt — e ~kt v.::ctsml)(k2 + o’ )
_ qE, ot Zko N ek g
m ke’ kZ+0?)?  (kE+ed)?

[(k2 e )sinot + 2wk cosmt]} .

35. Luc tdc dung tén vat F = F, [1 - (v/v)] — AvZ 5 A 12 hé s6 ti
¢, do d6 : dv = (F/m)dt :

-1
1=_\j‘(lv2+ﬂi—?—°} dv =
v m mvy m
2av+b-+vb” ~4ac| ' 2av0+b vb ~4ac|

=(b’- 4ac) "I 2
"av+b+\/b"—4ac, 2av0+b+\/b —4ac|

vlia = (A/m), b = (F /mv,)

¢ =—(F,/m).
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36. Phuong trinh chuyén dong cha vat.
F, +F = k'mx — £.P = m X
%—k’*x = - fe (1)
Nghiem tdng quét clia (1) : X = X, + X '
vai x, = C,ekl + Cze'k‘; Xy = A = const = (fg/k).
Tl cdc diéu kién ban dau cha bai todn ta tim duge C, va C; 12
cac hang s6 tich phan. '

fg -

-kt
+=
) k

X = a—fg-(ekl +e
k2

37. Phuong trinh chuyén dong clia vat ¢6 dang
m¥ = -ax — Bx° (1)

Do vay

d[l.Z] ad{x*] Bdfx*
——] —X = — |+ —
del 2 mdt| 2 mdi| 4

Khi % bi€n d6i tir v, dén 0 thi x bién ddi tir 0 dén x,,,,, do 46

max*
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38. Phuong trinh chuyén dong cha chét diém :

mi{=—a5(-[3k3,5<=v,dl=d—x (0
v
Sau khoéng thoi gian T bang
T  vo/n o B -l '
T= [dt: j dv[—'v——vz) (2)
0 v m m /

Lol

Van t6¢ cha chat diém giam di n 14n. L4y tich phan (2) ¢6 :

-1
T= —[ﬁ] In
m

Pé tim quing dudng, ta tim van toc & thoi diém bt ki t, tir (2)

Vo +

(3)

v,f+na

m v
t= ——In
o o
Vo +—
B
d [V" %Je(a!mn
X
T«
by, # 2oy em(@/mt

L4y tich phan ty 0 dén T :

T zZ,
X= Ivd[ :E Ildz=ﬁlnﬂ_=ﬂln I'I((l+BV0)
0 z

z) Z) B Bvo + 1

+1 - (Hm, 2)(t=0)=

‘T Bvo By,




39. Huéng truc Ox theo phuong luc F, ta c6 phuong trinh
chuyén dong clia xudng - '
dv

. F
F-fP=mX ; ——ga+gbv=— (1
. m dt _

g 12 gia t6c trong trudmg. Tir (1) :
dv o= (F/m)-ga

[=——— (2)
gb{a +v) gb .

Do d6, thdi gian T cdn thiét dé xuéng dat duge van (e v, la

| .
T= J_df,_:_n ].,.M
b ghlo+v) gb F-mga

v

Tir (2) ta c6 v = dx/dt = a (e — 1), vay

T

X(vy) = vdl=ﬁ—p_mgaln 1+ mgbvy
! ' F-mga

0 bg rnb2g2
40, Trén hinh 1.26 lay diém c6 dinh O
lam g6c toa d6, Ox hudng theo phuong
ngang, phuong trinh chuyén dong cua chat
diém : '

~ — 1F=mX
P+F=mW .
-P+F; =my X

F, = —k.OMcoso = —kx ; Hinh 1.26
F,=-ky, vay: X +o’x=0

.. k

jroy+g=00"=— e

m

Nghiém ctia pharong trinh dau trong (1) :
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x = Cicoswt+ Csinot,
cdn nghiém cua phugng trinh thir hai
y =y, +y = Ccosut + Crsinot + A,

Tir cdc diéu kién dau 1inh cdc hing s& tich phan ta cé :

V, COSEL |
X = —X——sinot
©
v,sina |
y = -9—-sma)t+(b+~87)coswt
0] O

Phuong trinh quy dao :
' 2
2
y-xigo | [ ox -1
b & v, COSO

0]

41. Hudng truc Ox theo phwong ngang, phuong trinh chuyén
dong cua di€ém M: ' '

P=mW:th +mHW_n

mv? . .
-P=——cosa+mvsina
p "
—mv? ) )
0 = sino + mvcoso
p

[

o 1a gbce gilta Ox va ti€p tuyén voi

dudng cong tai M, Hinh 1.27
rs Le . - dy . )
p 12 ban kinh cong tai M. Ki hié¢u f' = d—, tr{l)ia co
X
mvZsina  v2 v2 )
= ————=—1ga=—f

mvcosa v v
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gf’ + v{cosa + y'sinat} = 0 (2)
Bidu thi sina va cosa qua 7, (' = tgat} ; 1oi thay vao (2) :

v +ef(1+F) =0 (3)
Tir hinh 1.27 : ds = dy/sina ; ds/dt = v = y /sina. Vay

v = (ysina — ycosa. & Xsina)’ G}
Ngoai ra :
df* d :
—=—{tlga)= ;
dt  dt 8 C()g.;zg
. ' cf"
dzcoszai(f')}(id—xcosza e (3)
dt dx dt 1+

Thay (5) vao (4) va ¥ tir (3) vao (4) ta thu dugc
K1+ )= x2f' fregf'=0. (6)
42. B qua trong luong ciia électron, chon gée toa do & diém ddu
_cﬁa— chuyén dong, hudng truc Ox theo phuong dién truting E, phuong
trinh chuyén dong ctia électron :

2

m¥ =—-eE-kx, ¥+ 5(::9& h ()
m

my=0-ky, §+o’y=0 _ (2)
@’ =k/m. Khit=0, v(0) =0, 1&r (2) cd :

ds 7 — el .
Do oM y=ve @t iy = —2e “”.Jrv—; (3)
Y _ " ®

Nghiém tdng qudt clia (1) : x = X, + X,, X, 12 nghiém chung cua

{1) khi vé& phai bang 0 ; x, ¢0 dang tuong tu (3) ; X, 12 nghiém riéng
cua (1) khi vé phai khac 0 :
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2
— W
x,=Ce +C,

x] = l—t
m

Thay x va x| vao (1), ta tim duge C, C, va A (chii ¥ dén cac didu
kién ban d4u cua bai todn), cudi cling :
-eE _,;2 eE eE

et t+

mo* n'm:n_2 mo*

(4)

Khi luc can rét nhé, tic k = ma? rét nhd, o2 <<1

s 4
—W

®
e O 21— glt =12
2

-

Thay vao (4) ta duge x = —(eE!2m).t2, y = v i — quy dao tro
thanh dudng parabol.

43. Phuong trinh chuyén dong cta chat diém -
-mCy 7 +mGCyf =mW
% +Cpx—Cyr, =0 (1)
y+Cy=0 | (2)

Tuwong tu nhu bai 40, nghiém cta (1) va (2)

X = acosJa.t+bsinJ'C_1‘t+A
y = a'cos,fa.l + b'sin\/a.t

Tir di¢u kién ban ddu cda bai todn ta tinh dugc cdc hing s6 tich
phén
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o 'A= r0C2

VTR

C
Do dé x = acos JCy .t +C—2r0
i

()

o
JC
suy ra; < +[y 1] =1
a Vg
quy dao la dudng elip c6 tam o diém
Vo
[%ro,OJ, do d6 dé chat diém M qua O,
' Y
r 2. = " + -~ Czl‘n I . 0 A X °
tam elfp phai nam & gifta OA tic =30
. 2

hay (é—?z_—;(h‘mh 1.28). Hinh 1.28
44. Lay O, lam gdc toa d¢ va truc x hufmg theo 0—10; (hinh
1.29) : phuong trinh chuyén déng cta chdt diém :
mW =F +F, =—-C.OM -CO,M

2C 2,2 ()

m m

K+ kix=

y+kly=0 )
Nghiém ciia (1) va (2) '
x = Acoskt + Bsinkt + a

y = A'coskt + B'sinkt
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Tir diéu kién ban ddu : Khit = 0
x(0} = —a; y(0) =0,
X(@=0: y(0)=v,

Talimduqc:
A=-2a:B=0;
A=0,B =2

k

Hinh 1.29

Viy : x = —2acoskt + a

. . , g s
yzﬁisinkt,[x il B [ .
k 2a '

Sau khoiang thoi gian kT, = m, tic T| = E chdt diém M cit

00, va khi T, = 2n/k, M lai trd vé diém ddu O, thuc hién mot chu ki
chuyén dong.
45. Phuong trinh chuyén dong cla vat :

§+N+a=mw (D

Trén mit phang nghiéng géc o, va mat phang nghiéng géc a,
(1) ¢6 dang :

~fPcosa; + Psing| = mj—v ()
t
. dv
Psina, + fPcosa, = —mE— (3)
. t ;

Tir (2) va (3) ta tinh v, 1a van t8c cha vat khi né 16i mit ngang,

Tir hai biéu thic dé cla v, ta tim duge :
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ty sinoy —fcosqy

Y sindg +fcosa,

46. Sau khi chit diém M di duoc i

dudmg tron, van téc v, cua no vudng gdoc

«
v6i van t8c ddu v, . Tir hinh 1.30 : - -
J_ Y2 Ay
v, = Av.coso = Av, vz
Do d6 : AP = m.Av = P+/2 Hinit 1.30
P 1a xung lugng cia chat diém ;
. AP 1a sy thay déi xung fugng sau % dudng ron.
47. Tir cong thitc Biné :
2 2
-‘-’_(1}1:— L _F.c=ir% (1
cl(p:2 rj r 4mc? 2

(c 12 van t6c dién tich, r, @ ta cdc toa do cuc, F, 14 hinh chigu cla luc

trén phuong cla vecto T ) ta dé dang tinh dwoc :

V —
0 a? 4r? ;F=—4r
\Er 2r

48, L4y tam O ctia elip lam géc toa do, phuong trinh quy dao cla

V=

elip trong cac toa dd cucrva ¢ ;

b 1
T 0oyt ;(32 -bH)"E (h
—e“ cos“y

e la thm sai cda elip. Pat (1) v%lo. cong thic Bin¢ (xem cong thic (1)
bai 47), tinh dugce luc gay ra chuyén dong :
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Fo —mazvg(l —-ez)ﬁ
(Cong thic (1) nhan duoc tir phuong trinh (x/b) + (y/a)? = 1 néu
thay X = rcosg va y = r sing).

49. Ap dung cong thic Biné (xem bai 47), ta dé dang tim duge
lyc xuyeén tam khi bi€t phuong trinh quy dao :
-3ma’ 27 .9

e To Vo Sin
r

F= af.

50. Chon gdc toa do & tam O cia trudmg luc, truc Oy hudng theo
phuong théng ding, phuong trinh dinh luat 2 Niuton.

§+ﬁ=mg—k2m?=mw

¥y o+ k2y =-g (1)

£+ Kx=0 : | ()
Nghiém ciia cac phuong trinh (1)' va (2)

Y =Y,+Y¥ =A'coskt + B'sinkt + C (3)

x = Acoskt + Bsinkt (4)

Thay (3) vao (1), s dung cdc diéu kién ban ddu cha bai todn ta
c6B=0,A=a, B =v/k;A'=0, va

X = acoskt ; y = (v /k)sinkt — gsz.
Qu¥ dao I dudng elip ¢6 cic bin trL_ic la a va v /k.

51. O bé mat Trai Dit, hre hap dan F bing

Fo m-;’l =mg ; yM = gR% R 1a ban kinh Tréi Dat.
R :
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The cha lye F(r) bang :
U = J.Fdr = mgR* Ir_zdr =-2 . a =mgR?
r

Chcjn tam Trai D4t 1a gbc toa do, truc cuc huéng tir tam téi noi
ban. Khit = 0, 0(0) =0, r(0) =R, v(0) = v,. Trong cdc toa do cuc ¢

va r(¢) ta ¢6 phuong trinh quy dao cua chét diém chuyén dong trong
trudng thé xuyén tam U(r)

Ly (-2 «_ B ap
¢ = 1 (E,+—-—"5) '"dr 1)
v2m J °r 2mf?
V6i L, = [L,mV,] = mr v cosa E, = %mvg -%
Néu dat q = l,A2= %4-32 -p=21
r L L%

(1) tr& thanh :

_ dq-B) (q—BJ'
Pp= = arccos .
I[A2 ~@-87]" A

| P 12 12 )
Viyir= — P=—2;e=|1+—22
1+ecose . mao mo?
b0 cao cuc dai ma qué dan 1én duge ;
h=r— RS
.= P Rvg cos® ot

max

l-e gR —_[gQR2 +vg cos’ a(vg —-ZgR)]]‘F2 .

52. Nhan vecto A v6i T (nhan v6 hudng)
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AF= f{\?._[:}—ﬁ'-i, Arcosg = --E—~L2 —ar
T m
Do dé ;
A
p 2
r= ——v3iP= —:e= é
| +ecosep oam o

Qu¥ dao 1a dudmg cong bac hai vdi tam sai e.
53. Chuyén dong cia hat xdy ra dudi tic dung cua lwc xuyén
tam, chon géc toa d9 6 tam trudng luc, truc cyc hudng tir tam trudng

t6i di€m ddu chuyén dong, céc toa do cuc T, ¢ ; phuong trinh qu¥y dao
c6 dang :

(n
r[2m(E, - Up)i' /2

VG E, = %mvg + U(r,) ; Eo =m[§,.V,]; U(r,) va 'M0 14 the va

momen xung lugng d diém dau T, ¥,.

2

Ugp=U(r) + 5 =@ (t=0)

2mr

Thay U(r) = (/1) + [3,’r2 vao (1) va ldy tich phan, tuong ty nhu
bai 51, ta thu dugce :

Ir = Plecosy(o - @) — l]']

20 12 mw'm
P= E[B+§E],Y= []+““L‘2—J

112
e= [] +4]50 (B+—I1"—)] :
(12 2m

78



54, Giai twong ty nhu bai 53 ta duge phuong trinh quy dao
r = Plecosy(gp — ¢} + 1 I,
vGi cac gid tri P, y vae nhu trong bai 53.

55. Giai tuong 1 bai 53, gdc toa do & tam trudng luc ; truc cuc
hudng t6i diém gin nhat cha quy dao, ta thu dugc :

) 142
. [ 2mE }
r =|————| cosgg

L20 +2ma

/2 _
G= 1+—g-"~— ; p:L0(2mE)”2.
pE
56. Chon goc toa do cuc & tam trudng luc, huéng truc cuc tdi
diém gdn nht clia quy dao, dang cong thirc (1) bai 53 véi

Uy = (/DA + Ly2me?, ta thu duoc

r = P(1 + ecosp) (1
(1) 1a phuong trinh duong cong bac hai, P vi e la cic hang s6. Vdi
moti dudng cong bac hai, néu co ning E bang gid tri nhd nhit cha Uy
thi tam sai e bing khong va khi d6 r = P = const. Quy dao cia diém
s& 1a dudmg tron.
57. Dinh luat bio toan co nang cla chdt diém :
mx? : '
T + U(x)_= E : (1)
Vi %% > 0 nén chuyén dong chi cé thé xdy ra trong mién bién
thién cia x sao cho E > U(x). Cde diém x| va x, théa mén phuong

trinh E — U(x) = 0 12 cdc diém dirng chia chuyén dong, tai dé van 6¢
bing khong. Chu ki ciia chuyén dong la thdi gian diém chuyén dong
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tr x| dén x, va nguge lai. Tir (1) ta cé

1/2
i:ﬁ{i(E_U)]
dt m

Cho nén chu ki cia chuyén déng T biing
X3
T=/2m J‘[E- U " 24dx .
. X|

58. Dinh luat bao toan co nang cia chat diém

E = U(x) + 6U(x) + ?5&

1/2
Do d6 - E5:[£(E-U—5U)]
dt m

I
:_(j[E U~ 6(U)] 24y

vGi x(0) = x, = a.

(2}

(1)

Khai trién biéu thiic dugi ddu tich phan theo lu§ thira ciia SU(x)

ta ¢ tix (1)

t(x) = t;(x) + &t(x)
m dz
2 al,/E—U(z)
dz.6U(z)
St(x) \j—
I[E 8U(z )]3;"2

30

(2)

(3

(4)



Gid st phuong trinh chuyén dong cua chat diém khi khong cé
“phan them dU(x) ¢é dang Xy = X((1), khi do6 t&r (2),phu0’ng trinh chuyén
dong cta diém trong trudmg véi the nang U + 3U(x) c6 dang :
- X =x(t-38) (5}
Khai trién (5) theo lu§ thira clia §t, ta duge :

x =X {t) — X (8).6t(x) (6)

O gin diém dimg x, (X, = 0) cé thé thay SU(x) = 8U(x,) va
Ux) = U0 + (x - xa};—U ; U(0) = 0 {chon). Thay biéu thitc nay

Xa

vio (1) ta tim duge E — dU(x). sau 46 tir (4) 1a 6 :

Jm8U(z)dz
[2(z - z;)(dU/dz,)}*'?

St(x) = j (N

Thay (7) vao (6) ta tim dugc phuong trinh chuyén dong cha chat
diém x = x(1). '

59. Thay U = (1/2)me’x% va 8U(X) = (1/3)amx’ vio (7) bai 58
va 1dy tich phan ta tim duge 8t{x). Thay 8t vao (6) bai 58 ta tim dugc
x(t). K&t qua tinh todn :

. aa’ |
X = asinmt - —cosa| cosot + -21.
303 cosat

60. Pat biéu thirc U(x) vao cong thiic (2) bai 57 1a cé :
1 2m
aE+U,

61. Xem hinh 1.31,4p dung dinh li bién thién dong nang ta tim

T=

dugce van toc v, coa vat A hic chamn vao ddu 10 xo ¢ hé s6 cing C,.
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h
1.2 2
: -z-(mv] —mv0)=J(P-C]x)dx

e C
2
=Ph—-2—1h 1V, =03 A

Do nén t8i da S cua 16 xo thit hai : X

5 C2
%(mv% —mvi)= I(P+Cli +C,yR)d% = E

o
- PS—%(CI +Cy)S? Hinh 131

Vi v, = 0 ta ¢6 SHC, + Cy) - 2PS—mv,° = 0

P p2 2 C v
- + 5+ (Ph——Lh?)| .
Ci+Cy [(C+Cy)* G +Cy 2

62. Ap dung dinh 1{,bi¢n thién dong nang ta cé

=1, [kfk + mvzoroz)]”z.

63. T phuong trinh chuyén dong clia chit diém ta tinh X va ¥ :

Vﬁy Tmin
F, =mX = mk’x
F=mk’f, f=xi+yj
F,=my = mk’y,

Momen xung luong :

— . |
L=m[f.V]=2mC vii &= E[r.v]
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Do vay thay o,, 6,, 6, vio biéu thic clia L ta duoc :

L= 2mab.k.n, = const
(1, la vecta don vi trén truc z).

Thé nang U :
21
U(r) = - |FdT = -mk” —
(r) I T 5

Vay:

va 2

E=

64. Chon gdc toa d6 & A, truc
x hudng theo AB. Tir hinh 1.32 ta
xdc dinh phuong trinh quy dao cia
chdt diém : :
(2a) = AB’ =

+Um) = %aﬁ —a?) = const.

= r? +§,f2 +(2a—x)2

Hinh 1.32

vdi X = rcosg, y = rsing,
Viay : 1 = 2acosg

Dinh li bién thién mémen xung luong :
g[f.m?-'] =0; [T.m¥V] =[T,.mV,]
dt

Ap dung cong thitc Biné

2 2
-‘1—2[1]+1= —F; c=—[ro vol
do” r  4mC )

C 12 van 16¢ dién tich : C = av,

(n

(2)

(3}
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Thay (1} vao (3) ta dugc
I 4.2
F= ;3-32ma v, .
65. Trén hinh 1.33 phuong trinh chuyén dong cla con léc :
e
P+T=Tﬁ+m\}’f (1)
v=1¢

Chi€u (1) ién phuong v, vi ¢ nhod cé thé
Col sing = @ nén ;
E;')+k2(p:O ki = —%—

Tu cdc diéu kién ban ddu cia bai todn,

nghiém cna (2) :

. )
0= ? (@, sink.t Hinh 1.33

Chu ki clia chuyén dong T = 2%

66. Luc tic dung 1én hat cé dang :
F={%.B}, ¥: van toc.

Tir dinh luat bién thién momen xung luong :
dL  _ = eg, 2. __ d [1")
— =[fFl==({r"V-vIT)=eg—| —
dt tr.Fl o ( Y=g dtir

Vay L-eg- =
T

el

C l1a vécto héng s6, 13 dai lugng bao toan trong chuyén dong
cua hat.
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Thay (1) vao (3) ta durge

1
F = —532ma4v02.

T
65. Trén hinh 1.33 phuong trinh chuyén dong cla con lac :

ITl\-’2

!

BT

it + mvT . M
v=Ip

Chiéu (1) lén phuong V. vi ¢ nhé c6 the

coi sing = ¢ nén ;

¢+k%p=0;k2=%

Tir cdc diéu kién ban ddu cha bai todn,
nghiém cua (2) :

1 . . ’
¢ = f (g sink.t Hinh 1.33

Chu ki cta chuyén dong T = -2k—n

66. Luc tic dung Ién hat c6 dang :
F= [?.]_?;], V: vin t6c.

Tit dinh luat bién thién mémen xung luong :
dl = eg o, d{f
—=[tF]==2(r"v-vitf)=eg—| —
dt [ ] r3 ( ) £ dt I'}

Vay i—eg£=6
r

C 1a vécto hing s6, 13 dai lugng bdo toan trong chuyén dong
cua hat,
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67. Luc tdc dung lén chat diém c6 dang :

F = f(r).F - k¥ | ()
Do d6 :
%];‘—:lf.ﬁ]z——:;f : L=Le (k/mn (2)

i[fmv]=L, e "k/Mt_g
tL,=0;L,=L (t=0).

T ludn vudng géc vdi vecto L—O =["?0.m;;]. do vay quy déo clia chat
diém n&m trong mat phang 6 dinh di qua tam lee (1).
68. Phuong trinh chuyén dong cia chat diém :

I'I'l\."2

P+N=mW, Psin(p ~90°) + N = ; (H

a
Vi chuyén dong khong ¢6 ma sat, 4p dung dinh lu4t bao toan co
nang
mv%

Ph = > =%vi1+mga(l+costp) ()

Thay vﬁd tlr (2) vo (1) ; vy 12 van 8¢ cha chat diém tai diém M
N=P {th—Z—Scoqu] (3)

a .
Dé cho xe c6 thé trugt hét cd dudng tron ma khong tich khdi ng,

& diém cao nhit cha dudmg tron (@ = 0, cosg = 1), 4p luc N lén dudng
tron bang khong. Tir (3) ta tim duoc h = 2,5a.



69. Ra khoi diém M (xem hinh bai 68), xe chuyén dong duéi tic
dung cta trong luc. Chon gdoc toa dd & M, truc x hudng theo phwong
ngang :

— = |[mX=0
mw=9, .
my =mg
X = VMCOSCL.t,
gt? :
y = =—+vpsinot

, 2

Khi xe t6i N, yy = 0, vay
1 2
MN = xy = EVM sin2a.

Tir cong thic (2) bai 68 ta fim vy 101 thay vao ta duge
xy = 2sin2a.(h - R — Rcosa)
Mat khdac MN = 2asina, cho nén

h= a[ L +l+cosa), hpin = hio =45% = (s/f+1)a.
2cosca

: O
76. Trén hinh 1.34 phuong trinh pr7)
chuyén dong ciia con lic :
. . v
P+T=mW —
T
Tsing = ¥ =10 ,2,2 A
a a O
Tcosa —mg =0 (1) : I
- t
o 12 van t6¢c géc, @ = const = Yo
X
® Hinh 1.34

T () taco:
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z, m!

(2) 12 diéu kién dé con léc chuyén dong hét duge dudng tron tam
0. Chu ki chuyén dong cia con lac :

172
T= 20 27{59] .
w 24

71. Gia sir tai B, chit diém
cach ddy mat cdu mot doan bang h.
Phuong trinh chuyén dong :.
R+P=mW ay

R 12 phan lyc. Chi€u (1) len
phuong ban kinh :

~R + P.cosa = m v% (2)
2 Hinh 1.35
Theo dinh li bao toan co nang :
[ [
Ph,+ —mvy =Ph+—mvg 3
2 2
Trong tam gidc vudng OO,B, (hinh 1.35) taco:
BO
cose = — = h (4)
BO a

Thay (3) va (4) vao (2) tac6 :

R = - (3Ph - 2Ph, - mv,2), v6i P = mg.
a .
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72. Trén hinh 1.36, phuong trinh chuyén dong cia vat A :
P+T=mW (1)
T 1a sie cang sgi day. Chi€u (1) lén phuong ban kinh ;

mv;

—PcosB+ T, = (2)

"l_'.l va v; la stic cang sot day va van
téc clha vat A khi sgi day bit diu gap
chiéc dinh ¢ O,. Ki hiéu T, 1 stc cang

soi day sau khi gap dinh va cuén vao no

2

mvj

~Pcosf} + T, = 3
B+T, I h (3)

Do dé6 :

. ok
AT=T, - T =mvi (4)

{(/-h) Hinh 1.36

Ap dung dinh Ii bién thién ddng nang cho chuyén dong cia A tir
dau t&i khi gap dinh, ta tinh duge T
“mv{ = 2/P(cosp ~ cosat) (5)

Ap dung dinh 1i bién thién dong nang cho chuyén dong tir khi

g4p chiée dinh t6i di€m cao nhat, hic van 8¢ clia A 12 v,

%(mv% —mviz}z—P[I—h+cos[3(£—h)] {0)
Khi vat & di€m cao nhat (3) ¢é dang
P- T2 = mV%
{—h

&8



O diém cao nhat, T, = 0 |a diéu kién cin dé vat A ti€p tuc chuyén

. déng quanh O, tic 1a ¢6 thé cubn vao chiée dinh. Do d6 ta ¢6 :
mv3 =P/ - h) . M

bat (7) vao (6) ta tim dugc m viz , sau d6 dat vao (5) ta cé :
h{3 3
costt = —| —+cosfP {—— 8
(2 veosp)-2 ®

Pay 12 gid tri @ nho nhdt (vi T, = 0) dé OA c6 thé cubn vao
chiéc dinh. Dat gid tri cia mv, vao (4) ta tim dugc :
AT = ZP%(—;- +cosf3).

73. Phuong trinh chuyén dong clia
_ chit diém

P+T=mW (1)

T 1a siic cang sgi day. Gia sir @ai B
G d0 cao h so véi O (hinh 1.37), sic
cang T =0 chiéu (1) lén BO :

mvf}

[l

Psina + T =

T=0. (2)

Hinh 1.37

Nhung h = Isinct, do vay h = vg/g

Ap dung dinh luat bao todn cd nang :

2 2 )
™o P{!——f—)= VB 4 P(f+h) (3)
2 2} 2

89



Tir (3) ta tinh duoge VBZ. Thay vy vao biéu thic cia h ta duge :
h=(1/3g)(v2 — gh)

vp’ = (13X V2 - gl)

Ra khoi B, chét diém chuyén dong dudi tdc dung cua trong luc,
chon B lam goc toa do, tir (1) :

X=VB.%I . (4)
2
y= ey + vgcosa.t
Tir (4) :
P2 5 1,2 aun
y=-——x"+—("-h%)"*x )
2h h

Piém C 1a giao diém giita parabol (5) va dudng tron tam O ;
¥c = -h — I Trén doan BC, stc cang day T = 0. Ra khdi C, T = 0.
Thay y = - (h + /) vio (4) ta tim dugc thdi gian chuyén dong cia chat
diém theo qu¥ dao (5) tir B dén C.

74. Gia sir banh xe tam O lan theo chiéu

Ox v6i v, = const, xem hinh 1.38. Néu 1a gin

v@i banh xe hé quy chiéu K' g&6c § O, van tdc b -
tuyét d8i cla di€m M : M \/a# b
Yo = Vo +[OR) ) "
Hinh 1.38

Vo 12 van t6c clia diém O.

Vi bdnh xe lan khong trugt nén voAt = RAg@, ngoai ra
€0s (Vq.V) = cos(Ap}, do dé
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‘ vlzw =2v(2) (1 - sin—21)
R
XM = Xo + Reos(A@) = vt + Reos [-\-;{Q .t}

ym = R — Rsin [YR&I}
75. Trdi D4t quay quanh truc cua né voi van toc gée ®. Gn véi
mat d4t he truc toa do di dong K' taco :
W, =W-W, - W, §=-2651-(8.[d7])
Wt. 14 gia tdc tuong (ifﬁ so véi he K'. W 1a gia téc tuyét doi so
v6i hé c6 dinh K ; We 12 gia t6c coriolit ; Wy, 12 gia t6c kéo theo, r

12 ban kinh vécto cha diém trong hé K'. Gia t6¢ Wg chiéu lén phuong
f bing khong, vay :

g=g- mzrcosq),

(¢~ vi 46 noi can xac dinh gia tdc roi wr do, g', g 12 gia téc roi
do trong cdc h¢ K' va K).

2
g=g {l - Ej"‘—Rcosz (p]
2

Neéu thay g ~ 9.8 m/s>, R = 6730km ; © = 21t/3600.24 ta c6 :

12
'=g|l—=—rcos .
¢ = o155
76. Do Trai D4t quay quanh truc nén 4 xudt hi¢n hai thanh phin
gia téc coriolit va li tam

W, =2[&.9) ;
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W = [&(®.F[]

r hudng theo phuong tiép tuyén /}

. 1
v@i kinh tuyén, W, nim trong mat \
o

phing chita & va¥v, & 12 van t6c quay &

quanh truc Trai D4r. W;kh(}ng gay B

nén dg léch miic nude hai bd song. \:V:
hué - a o Hinh 1.39

udng theo vi tuyén tr Tay sang Dong
néu v hudng 1 Béc dén Nam. W, da lam mic nudc & b Pong cao

hon b Tay trong céc song chiy Bic — Nam. Tir hinh 1.39 :

%=f’§ ;h= é.va.f.coscp,
{(¢— v1 do noi quan sét ; AB = { : chiéu réng cha song; h - do
chénh éch miic nudc giita hai bis séng, v - van toc dong song).
77. Chon goc hé toa do di dong K’ v he ¢6 dinh K trung v6i tam
dia trdn ta 6 van toc tuyét doi cha diém M bing :
VM =V, + Yy =V, +[B.F], T =OM
v, 12 van toc tuong dGi clia M, w = &.t
Tir day :
vy = v +etd
! 1a khoang céch tir tam dia t6i day cung. Mat khac
W=W, + We + Wy = W + Wit +[£.F]
W, =2[6L9,); Wi =[[6.F])
cho nén :

wi=4 vlz el N 4(81)3.v,i
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78. Gia 16¢ va van toc tuyét ddicua M ;|
Yy =, +[G.OM],
Wt =W, W4 W, s

§ day v, va W, la vin toc va gia

t6c tuong doi cua M. y ' ¥ v
V4 .
w2 =y 4+ L M y=f(0
2 1
p
la ban kinh d . Tur hinh 1.40; W
p 1a ban kinb d§ cong in /é ¢ W
W =2[0.7,], 0 x
2 _ 422
W, = 4w v ; Hinh 1.40

Wi =[®.1&.0M]]
WE = m4.OM2,

( Wi hudng theo oM ).

o . P
W{.Wc =WC.W[|‘| =20).\"1‘\|-rl—
p

- 2
W, . Wi =o)z.OM.\?l.cosB-—UJZOMV—‘sinB-
p

Wi . We = —20.v,0°.OM.sinf ;
¥, [6.0M] = v,.0.OMsinp ;

a2y Y[ (a2’ d
- |2y gy, _ dy P
= [dxzj [H(dx] } , tgo = i (x la gbéc gitra tiép

tuyén vdi duong cong va truc Ox) ;
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B=¢-a=ont-arctg (j—y} thay cdc dat lugng trén vao (1) ta
X

duogce VMZ va Wl\zd :
79. Néu ki higu O 1a tam duong tron ; ¢ 13 géc quay cia M
quanh O, toa do cia diém M trong hé ¢& dinh K ¢6 dang :

Xpm = X, + |v-sinpdt

VM= Yo+ Iv,.coscp.dl (1)
Lay dao ham (1) hai 14n theo thii gian :
Wﬁ[ = W02 + \?t2+ \r[2(]:n+2W0(\'ft sing+ v,pcose)
Vi
= |—=dt
o= |2
W, v, 12 gia t6c va van t6c diém
0.
80. Xem hon bi nhu mot di€m, cac
lyc tdc dung lén hon bi 1a P vi N
{phan luc coa AB). Chon A lam goc hé
toa d¢ c6 dinh K va hé di dong K'. Truc
x huéng theo AB (hinh 1.41).
Phuong trinh chuyén dong clia hon Hinh 1.41

bi
P+N=mW=m(Wc + Wi + W) (1)
We, Wi, W, la cdc gia t8c coriolit, kéo theo va twong dé6i,
W =2[6.9,], Wk =[@.[®.F])
Chi&u (1) 1én AB ta dugc :
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X — wlsin‘o.x + g.cosa =0 . (2)
Nghiém clia (2) :

x = A’ + Be ¥ + geosa/k’, k% = o’sin’c.
Tit diéu kién ban ddu cla bai todn ta tim A vi B, cudi cling

1 cosa —~Osi i Coso
x=—la— g (e mtsma+emtsma)+ B

o? sin’a, 0)2 sin‘a,

81. Trén hinh 1.42, chon goc

| toa 46 & B cich A mdt khodng ¥

AB=/, MB=2a Khit=0, v(0) =0,
x(0) =a.

Phuong trinh chuyén déng cuoa A 5 M N
hon bi :

— ~ — Hinh 1.42
th:F+Fc+Fk= :
= P+N+CX-2A®9,]-me[®X]]+mW, - (1

W, = ¥ 12 gia t6c twong d6i, W, 12 gia tdc cla diém O ; v, = x,

N Ia phan lyc cia AB lén hon bi. Chigu (1) lén phudng AB ta duge :

X+(£—m2Jx—!m2=0 2)
m
. C 2 . . .
Néu — > 0" nghiém cua (2) c6 dang :
m.
2
x = Acoskt + Bsinkt + 22 k= & _ 2 3)
k2 m
2 kit —kt loy?
Néu — < © Xx=A'e +Be  + —/ (4)
m K2
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2 X = l!m

Néu — = 242
m

+a 3

Tir cdc diéu kién ban ddu ciia bai odn ta tinh duge :
2 ' 2
1
A=a—1—m— ;B=0;A'=B == azmﬁi— )
k2 2 k2

82. Chon géc he toa do & diém C, truc x hudng theo CD, twong ty
nhy phuong trinh (2) bai 81 vdi C = 0, phuong trinh chuyén dong cla
hon bi cd dang :

X-o'x=0 - 1)

Nghiém caa (1) :

X = Ezi’-(e(JJI —e Y (2)

Cho nén
K= Xg 2 (e — g0ty
2
Néu ki higu t; Ia thoi diém lic hon bi & diém D, ta ¢6
OX(t) + X (4) = x 0. (3)

Tinh exp(wt;) véi x(t;) = L ur (2), sau dé ta thay két qua vao (3)

x(1))=vp =2 —x2 ;L =CD.

83. D61 v&i hai ngudi quan st ding & trong hai hée K va K'

ta thu duogc

chuyén dong tinh tién d6i véi nhau, van 16c clia mot diém P ¢6 thé
Vi€t dudi dang : '

-\:"pk :t’pk' +i’-kk',
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& day Vi 12 van téc cha diém P so vdi he K ; ¥ 13 van t6c cua h¢
K' d6i véi he K. Néu ki hiéu cdc chit D, T, K, M tuong ing 12 dai
dwong, tau san bay, khong khi, mdy bay, ta sé ch:

Vmr = VMK + VKkT> VKD = VKT T VTD 5
Do d6

VMK = VMT — VKT = YMT ~ VKD + V1D
Huéng c4c truc x va y vé hudng Dong va Bic, ta c6

(vmr)x = Vi 5 (VmRdy = ~Vas Omk)z = —V3
Vay gid tri van t6c cin tim

b2
2 2 2
VMK=(V1+V2+V3) .
84. Trong hé quy chiéu cé géc & diém buge con lac phuong trinh

chuyén dong cia con lic c6 dang '

mi=mg+T-mi, (1)
(:l: - sfc cang sgi day, T — bdn kinh vécto). Chiéu (1) 1én phuong
tiép tuyén véi dudmg iron quy dao ciia con lac :

m! § = —mgsing — macosyY 2y

Néu dit k = (a2 + gz)mcos% P A= -(a2 + %—32)”2

sinQ,, (2) s€ co
dang :

.1 .
(p+?(k2 +JL2)”2 sin{p— @) =0
Néu @ — ¢, << | ; ki hieu o = %(k2 2

o+ wz.(pz 0.
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85. Ban kinh vécto khdi tam cua hé T. bang
- D mT (1)
Zm

m; va T 1a khoi luogng va bdn kinh véctd cita chit diém thi i ca he.
Chon g6c toa d§ 6 tam d6i xing cha hé, khi dé t6ng (1) s& bang
khong vi cic vécto T timg doi mot cung phuong, nguoc chiéu.
86. Gid sir O 1a tam tru va C 1a khdi tam ctia hé gém tru v hon
bi. Hugng truc x theo phuong ngang. Ta cd :
Mx, +mx;

- Xy ' 1
Fe M+m ()

O day x, 12 toa do diém O ; x, = Rsing 12 toa do hon bi ; ¢ 1
gbc gitta OM va truc Oy, Tir (1)
M . m

X, = X, + —x%; =K 2)
¢ M+m,° Mim ' (

Vi téng cdc ngoai lue tdc dung lén hé bang khong nén X, = 0,
do d6 K = const. Tir cdc dicu kién ban ddu ciia bai todn ta tim duge

K=mv,(M+ m)‘]. Dat K vao (2} 1ay tich phan ta dusc :
- |
Xo = ﬁ (vt — Rsing).

87. Tong céc ngoai hec tdc dung lén hé céc ling tru bang khong;
chon géc toa do & khai tam C cua hé ta cé ;

MaTy +MpT '
AlA BB=0 _ (1)

fc =

mA +mB

Chi€u (1) Ién phuong ngang x ta dugc myx, — mgxg = 0 ; mat
khdc, khi B trugt trén A cho 16t mit phing ngang thi lang tru A di

chuyén dugc mot doan 1a x,, viy :a—b=x, + xp.
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Tu d6 ta co :
a-b
n+l

XA =
88. Tdéng cAc ngoai huc tic dung lén hé : con lic va vat A bang
khong nén néu chon gdc toa do & khéi tam cua hé, ta c6
Mx, +mx=0; x=xA.+!sin(p
x 12 toa do cha con lic trén mat phang ngang. Do d6 : |

m
M+m

. Xp =— !sin(p=.MT Isin[p, coswt].

89. Téng cdc ngoai luc téc dung 1&n he bing khong, do vay xung
lugng cia hé bio toan. Chon goc toa do & khéi tam cha hé :
MV +m(d + V)= (M +m)¥,

¥, +V bing van t6c ciia thuyén khi ngudi di véi van téc twong d6i i
so voi thuyén. Trén phurong ngang :

mu—-(M+mj)v, ds

m+M Tdt

Do d6 d¢ dich chuyén thém cia thuyén
sau khoang thii gian t bang :

V=

s = (mu—-Mv, -mv,).t.

M+m ___
- ‘ = T
90. Tir hinh 1.43, phuong trinh chuyén 1! 2
dong cla cdc vat : [
1_"2 + l-:;z_ =m; W R f_’-—
: 1
e W
T +h +N=m|7 Hink 143
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N Ia phéan lyc cia truc rong roc 2.
Chi€u lén phuong ciia W ta dugc
—N—P]+Tl= mIE
2
Vi T;=T, nén:
91. Téng cac ngoai hyc tdc dung lén hé bang khong, dp dung
dinh luat bao toan xung lugng : ‘
m?+m1(i‘|+i"}+m2(§2+f)=0 | _ (1)
Chi€u (1) ién phuong ngang x va chd § ring vat A vi ném
chuyén dong nguoc chiéu nhau :

m}';+m1()'(1 +X)+m2(i—i2)'=0
x; = lcosa ; x, = h = Isina, { 12 4 dich chuyén clia A trén mat ném,

x = h{m,tga + my)}(m; + m, + my L.

92, L4y hai diém b4t ki va tinh momen
xung lugng hodc moémen luc d6i véi timg
diém, sau d6 fim hiéu cia cdc mémen tuong
ing v6i timg diém.

93. Trén hinh 1.44, chon g&c toa d6 &
tam rtong roc, ap dung dinh li bién thién B A
moémen xung luegng cho hé ngudi va vat : : l

o

d.,_ - - _ _
a {[ Ta.m(Vy +a)]+[Tp -m-VB]} Hin_h 1.44
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= [fy Pl +[f.P] =0 ()
P = mg ; m 1a kh&i lugng clia ngudi.
Tir (1) :

[iy.m(V 5 +3)]+[fg.m.¥p] =0 @)
Chiéu (2) len phuong thing ding :

r.m(vy —a) —r.m(-vg) =0 T (3)
Nhung v, = vg nén tr (3) tvg= %.

04, Ap dung dinh Ii bién thién dong nang, xem hinh 1.45

T - T, = Téng cong cic ngoai luc,

%(m +1my )V% + %mv% =(P+P)S,-§,.P.f
' (b
0-Lmv? -Lmv2=ps, - s,
2 2
Giai hé phuong trinh (1) ta thu dugc :
¢ SIPL+P)(Py +P)+ S, P(Ry +P+Py)
P2[SI(P1 +P2)+52(P1 + P+p2)]

95, Phan luc cua ranh CD lén trong vat P; khong sinh cong vi né
vudng géc vdi CD. Ap dung dinh If bién thién dong nang cho he¢ :

T, + T — T, = Téng cong cic ngoai lyc
| _
E(Pl,fg)v,2 + (Py2gV? =P.h —Py(I-a); F=a"+h’ (1)

Sau khoang thoi gian cuc nho dt, trong vat P di chuyén mat

doan dh theo CD, con trong vat P, di chuyén mot doan df theo
phuong thang dimg.
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Hinh 1.45 Hinh 146
Tir hinh 1.46 ta c6 di = dh.cosa, a 1 géc gita MA va MC. Mat
khéc dh = v,dt ; d/ = vdt ; v, = v/cosa ; v(AM/h) = v(i/h). Do d6 :

Ph-P, [\J'az +h? —a)

P2h2 + Pl (a2 + h2)

v’ =2g(a’ + 1)

96. Tra 1o :
a)P, P, L,;
b) Py;
c)P,vaL,, z1a truc cha tru;
d) L,, truc z hudng theo truc néi hai hat.
- 97_Ki hi-eu I va § la cdc ban kinh vécto ciia cdc hat, %, 12 ban
kinh vécto kh6i tam cia he ; F=%-F, & =(mf+mypH)M';

M =m; + m; ; pheong trinh chuyén dong :

{m{f} =qE+qqu(F/1%) 0

myB =gy E-q,q, (7 /%)
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My

=l
I

o4
-

M @)
e L
1'2 = I'c +-ﬁr
Ly dao him hai ldn (2) va thay vao (1)
{ml"ri =mE - =qE+qqa(F/1) -
Myt =myE +pf =qoE - quaa (F/r) |

v6i p = mymy/M, thay % tir phuong trinh déu vao phuong trinh tht 2

trong (3} tacd :

3 - _ E
kE+qqo(F/r) = (qum, ~q1m2)ﬁ. (4)

(4) 1a phuong trinh chuyén dong tuong doi cha hat : Khi qym, = q;m;
thi dién trudng khong cé dnh hudng gi 16 chuyén dong twong déi.
Thay (4) vao phuong trinh ddu cua (3) ta duge :

T T = E

o =—(uf +qi2 5 +qE)={(g; +a2)— &)
1l I M

Do vay :

=z |  —— L E
l'c=5k.l +rc0‘+rcosk:CIlq2ﬁ

Thay (4) va (5) vao (3) ta duge céc phuemg trinh vi phan mo6 ta
chuyén dong cla cdc hat.

98. Ki hieu F;. vad Tp. 12 ban kinh vécto cic chat diém trong hé

quy chiéu khdi tam ; R 12 ban kinh vécto khéi tam, ?1 va T, la ban

kinh vécto cha cdc hat trong hé quén tinh S.

ﬁ I‘ ,f=rzc—r_|c (1)



- T s 1145 L — m =
ry=R+ry, o =——2—TF; b =———T (2)
my + 1y my +m2

Do d6 phuong trinh chuyén dong clia c4c chét diém c6 dang

- alt- - -
m =ur=~§n;nﬁr

=t

_ 3)

2 = U=
myh =uf=Fy=—n

or
Tuc 1a néu biétl 7, ta tim duge T, va §; g = mymy/(m, + m,) bai
todn chuyén vé dang : chit diém kh6i lugng p chuyén dong trong
trudng luc U(r). Chon gdc toa dd cuc tai tam luc, nghiém cia (3),
xem bai 51, 53, ¢6 dang :
r = Pecosg — 1) : 4
" 2 _ 2, 2 3172 . R ,
voi P = L%po s e = [t + 2EL /a"p)] ', & day E 1a co nang cia
hat ¢6 khéi lugng p, mémen xung lugng L véi
E= (;,1/’2)r2 + afr + L2;’2pr2 ;L=pn rztb = const.
Neu E = 0, (4) 1a phuong trinh dudng parabol ; néu E # 0 (4) s&

l& duong hyperbol, r_;. = P(e ~ 1).

min

Néu chon hé quy chiéu §' sao cho vdi §, R =0thi S vin Ia hé
quy chiéu quan tinh tuong duong hé S vi khéi tam ding yén hoic
chuyén dong thang déu (hé hai hat 13 hé kin).

99. Trong trudng hop tong quit, quy
dao 1a duong cong doi xing (truc ddi xing
hop v6i phuong ddu ciha chuyén dong géc
¢,). Trudng hop qua cdu, quy dao 13 hai

nira dudng thang cit nhau trén mat cdu va
nhan ban kinh ké fir tam cdu i di€m cat
niy lam truc ddi xdng, Tir hinh 1.47 : Hinh 1.47
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p = Rsing, = Rsin L
Tiét dién tan xa hiéu dung :

do =2npdp = 2np([3)‘E d 8

dﬁ‘ P
B 14 géc giita cdc phuong trude va sau khi tdn xa cua cdc hat trong hé
quy chiéu khoi tam,

B=mn-2¢, (2)

oo

J p(1/r%)dr
—(p? /1%y —2U/mv}]'?

(3)

U(r) 1a thé nang tuong tdc, p 12 khodng cdch va cham, r,;, 12 nghiém
2

cua phuong trinh U - E=0, U, = U+ L, 12 mémen xung

e
lugng.
Thay p = Rsing,, vio (1) ta duge :
2
do = ﬂ—l;~sin:l(dzl( ;o= r:Rz.
100. T_rong hé toa do cuc, co nang E :
‘2 S g2
E=U(@+ 262 +r2¢p%) =2 +U(r)
2 2mr

L 1a mémen xung lugng. SO hang L%2mr? ta nang lugng li tam,
né 1a nguyén nhan can tr& cac hat chuyén dong 6i tam trudmg lyuc
“U(r), ngay ca trong trudmg hop trudmg luc hit. Sy "roi vao tam" chi cé
thé xay ra néu thé nang tién t6i khong di nhanh khi r — 0. Tir bat
dang thic :
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.2 2
M E-Ur)--K =50
2 2mr

2 L? 2
hay r'U(ry+ — < Er
2m

Suy raring r?U(n)| <=k
: _ r->0 2m

Tiic 12 U(r) cdn phai ti€n t6i "~ oo nhy I3 -%, o > 0, véi
T
2
o > — hodc nhu 1a (~1/r") v6in > 2.
2m
DodékhinzZtacﬁncé:
2
2

2a>£-=mp2vw (n
m

Céc hat chuyén dong thda man diéu kien (1) s& roi vio thm.

1 ' 2
Dodé: o= I—.2n.d(p-2)= Trp;‘;,ax = m;
2 mvy,
Khi n > 2, thé ning hiéu dung bang :
2.2
_ Imptvi
Ver = 2r? " 2)
292 n!"(_n_'z)
n—2( mp“v
Ucfmax = Uo =a 5 [ﬁ]

Nhimg hat chuyén dong théa man diéu kien U, < E sé roi vio

mv2

tam. Xdc dinh p,, .t diéu kién U,=E= ,tacé
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: _ 2in
2 - a
6 = P oy = 70 (0~ 2)2 “”“[——mvz ] i
. oc

101. Chim har khéi lugng m; chi dén dugc t6i mat ciu khi
I.in < R ; gid tri p 16n nhat duge xédc dinh tir diéu kién r;, = R, tic 1a
c4n giai phuong trinh

m
Us=EvGiE= Tlvi (vim, >>m|):

mlvazo - m%“'zopmax :_9'_
2 2R%m, R
o= npzmax =nR? l+2ﬂ22
Rv,,

Ta thay o = ymym,, v 12 hing s& hip din. Khi v, — 0 ;
5 — nR°. ' |

102. Trén hinh 1.48, xét
chuyén dong trong hé quy chiéu
khdi tam ; gia st tAm clia trudng luc
12 O ; OM I tryc d6i xing clha quy (M
dao (xem bai 98) ; gbéc tdn xa P .
B =m - 2, vi @, xac dinh trong '/A,O ¢
(1) bai 99 :

B=n-20,; _ ' Hinh 1.48

el
0= [ -pXa/E) " ar
Imin
B=n-np(p’+ o/E) '
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Tiét dién tdn xa hi¢u dung :

. s
dc=2npdp=anB2)d O<a<m
E@nB-B7)
~ 103. Sau khi va cham, vén tdc céc électron
v = 222 B g TP
m 2 2
m= —umz ' (1)
m; +1ms
Vs =Lv20(m12 +'m% +2mym, cc:sB)”2 )
I
8, = arctg(sinB/[m,/m, + cosP]) | (3

vig =03 v V205 V1. V2 12 vAn t6¢c cdc hat 14n lwot trude va sau va
cham ; B 12 géc 1éch clia vAn t8c sau va cham trong hé quy chigu khéi
'tam ; 8, 6, 14 géc léch trong hé quy chiéu thye nghiém.

Trong bai todn vy = v ; m; = m,, 1gd, = cotgh;, 6; tinh nhu ¢,

2.2
trong bai 99 véi r,,,;,, 12 nghiém cla phuong trinh L 2v - % =0
) 4r
Sau khi 14y tich phan : tg6, = «/Ep, do vay :
a” +p°E 2

104. Gia sir hat khdi lugng m, dimg yén tai goc toa dé con hat
khéi lugng m bay tlr vo cling tdi theo dudng thang song song v&i Ox
va cich Ox mot doan biang p. Chuyén dong tuong déi cha cdc hat

m;my
my + my

tuong duong chuyén dong ciia hat ¢6 khéi lugng m = trong

108



. , o
trudmg ¢6 tam & gdc toa d¢. Co nang E = (m/2)( i + r2(pz) - — =E,
r
= (m/2) V3, |
3 diém r = r.; hat thay d6i phuong chuyén dong

m ) o 1
M2 o) 2

min - =MV,
Tmin
2.2 2 .
mo, .2_mvp .
—Lmin = 5 .,dO do
2mry;,
- 1 2. 2.2 4.1/2
Tmin = —5 +——5 (@7 +p MV, )",

mv,, MV,

105. Twong ty bai 104, r;, dugc xdc dinh ar phuong trinh

o 1z, m_m
o2 2m 2
min
Vay :
I/n
4o
Tmin = 2 :
mvy,
106. Ki hiéu v g, voq, Vi, V2 12 van y

téc cdc hat trudc va sau va cham ; v'y,,

v'ygs V'ys V' — trong hé khéi tam, v, 12 Vip I T
van td¢ khdi tam C ; cdc véc to don vi : O X 45° X
1, j. Tirhinh 1.49 : -
Vip = Vipl
Hinh 1.49
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=—vgi ;
m1+m2 4 10
m, = 3m,
Vay :
- - - 3 = '
V]UZ\-"IO_VC=1\"]01 (])
— [ .o
Vo = yviel s (VT =0) _ (2)

Theo dinh luat bio toan xung lugng cac
vécto ¥y va V] ¢6 do 16n nhu nhau nhung
khac phuong, do d6 :

Vo=V Vi =V, ' (3)

Theo cich chon hé fruc toa do (hinh 1.50)

Vy=V¥y 49, V=¥ +9, 4 Hink 1.5

oo

]
o

g6c (¥, V) =45°do dé v'y = v, ; gbe (¥,, ¥h) = 45° nic 1a V5
vuodng gac vai Ox.
i

Vh=-—vy] (5)
2 4 10) |
3 .
Vi ==vi] ' (6)
1 ) 10J
Thay (6) vio (4} :
— - l e ry -
M =ZV'(” +ZV10' S Vix! TV}
Vi vay :
. N v
go= —L =3,
Vix
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107. Néu O 1a goce toa do, van tdc diém M bdt ki Ja:

o " wh
GM = [G).OM] N Vg = e

cCos @
¢ 1a géc gilta OM va phuong thang ding. D€ c6 thé quan sat
dugc may bay lién tuc nhd dén chiéu, hinh chi€u cla van téc may bay
Ién phuong vy, phai bang vy
wh
cosQ

VCOSQ = Yy =

Viy o=

108. Tir hinh 1.51
Xg= X5 + AB, =

= rcosg + (17 — rsin’g) ' (1)
Khi r <</, khai trién s6 hang thi hai trong

(1) theo luy thira cia A (A = 1*zsir12(p,r‘a'2 << 1},
ta duoc :

r? sinch

Xg = rcosQ + 1 - 57 Hinh 1.51

Xg = -—rsimp.(p—r—(BsinZ(p.

Y |

109. Chuyén dong ciia AB 1a song phang, xem hinh 1.52, chon

gdc hé toa do di dong & diém gilta C cia AB, truc Cx' hudng theo
CB, phuong trinh chuyén dong cita AB :

x. = héng s6 =0

: 2
y, = v).dtz—%-+h

It



Hinh 1.52 : Hink 1.53

) T o
= Jodt: v, = —/—— + gt = =1pcos.
9= fodtivg = S+ gt - Sicoso

110. Tir hinh 1.53 phuong trinh chuyén dong cta bénh xe tam O, ;
Xg; = {R -r)cosmt
yO[ = (R - r)sinmt

Vi banh xe tam O, lan khong trugt nén r¢ = R.ot, vi vay

R
¢ = —cosmt
n

¢ 12 g6c quay cla banh xe tam O, quanh truc qua O, va vudng
g6c voi mit phang banh xe.
111. Phuong trinh chuyén dong song phing cha OA va clia banh

Xe:
Xo =Xg{t) Xg =X4(1)
y(_}:YO(t) Yo =¥o(t)
¢ =o(1) v =w(t)

Do d6 chuyén dong cta hg vat duge xdc dinh bdi 1 X (1), y(b), -
@(t) va W(t) 1a géc quay ciia cic diém banh xe quanh O.
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Tir hinh 1.54
Yo =R, dx, = vdt
V1 bdnh xe lan khong trugt cho nén

Rdy =vdt; W= I%dtzf-‘l.
: ¥o

112. Sau khoang thdi gian di dong
ti€p xic gilta cdc banh xe di dong trén
vanh cdc banh xe dugc cdc quing duong Hinh 1.54 .
nhu nhau, tir hinh 1.55 ta ¢6 :

rodt = 2arw,dt | (t)

r la khoang cdch tit diém ti€p xiic

giifa hai banh xe t6i tam O, & thdi diém t.

Phuong trinh quy dao cta elip :

r=P(1 +ecosg) |

Hinh 1.55
véi a=P1-e)";
b=P(1 -2 72 2)
Tir (1) va (2) :

P=b’/a; 0,0, = b (b’ - 2a° - 2accos) .
113. Tir hinh 1.56, van t6c diém O, :

Vor =Va +[V.AOI]

Va =[$.0A]

Vg =V +[V.AB,
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viy . .
vi = P[0 +2y? + 220y cos(45° ~ ¢ + )]

var= 12167+ + 26 + costy — ¢)].
Phuong trinh chuyén dong clia banh xe tam O, :

XpA=TI8iNQ;  y,=reose; ¥=o(t)

.iiy

Hinh 1.56 : Hink 1.57
114. Tir hinh 1.57 ta c6 :

Xc = x4 — CAsing =
= asinal — /;sing

yc = [jcosq

Xp = Ising ;

. aw
Cos@. ¢ = TCOS(O[

Vi - xi = 12c052q3

al@sin wtcosmt

I(I2 —a?sin? (o‘t)] 12

sing. ¢ =
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Vay :

2

1/2
L2 aw ,  [fa’sin®et
Ve = (XC +yc) = —COo5Mt, fz +—-——‘"2—'_
{ sin” ot

2 —a®

Ir‘z:!'—fl.

115. Van t6c diém M bét ki thudc vat vy ={o, f] cho nén :

VM), =0y —0ux=0;
VMX = U)yz \ VMy = ‘-Z(l.)x

V%fl = zz(mzx + mzy) ;oYM S Anf3 cmfs

116. Trén hinh 1.58 : OB la dudng sinh
chung cta hai hinh nén, cdc dudng kinh day
1a OB via CB. Van tdc cic diém tren OB
bing khong ; OB la truc qi.nay tifc thdi cua
hinh nén L. Van t6c géc & hudng theo OB :

a

i
g6c OBA = COA = OBO' = 45° |

N

©=Va/EA = V2 vprr Hink 1.58

Gia toc quay tic thoi ¢ :
_odd d, . .. do, . .
E=—=—(0.0,) =00, +O—— =€ +&
d . dt -

dd,

—20. =[5, ] : ® 1 van t6c goc quay cha véctd &,

dt

©; = vo/OA ; @ huéng theo ON ~ truc hinh nén I,

|gl|:9d?=(ﬁjr)\‘rA =0; lszl=mm, sing = vi/rz,
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vécto € hudng vuong géc voi OB va ON, vi ¥ =[5.0C) :
We =[2.0C] +([#{.0C1]
vl @ vuong géc v6i OC nén
Wé: 10 v4A 2,

117, a) Chon phén tit c¢é dién tich ds
12 hinh chif nhat cich Ox mot doan bang r,

xem hinh 1.59, do dai 2vR% =% . Khi d6

mdmen quin tinh : =
r .
L= [rPds=

2 _ Hinh .59
- % [rPdr2VR? ¢ = E’;L .

Goi C 1a kh6i tam ciia nira dia tron : khi do

% =0C=~Ymg; :El}rzdrrj‘dtng
m "' m h s 3

(m; = p.r.dedr ; p 1a khéi lugng riéng).

Tir d6 momen quén tinh J. bing :
Ic= 3 m;h? =~S"l [n%as

dS=dxdy;  h’=x'+(y-R/3).
2
_m 2 _ R
JC = —;dedy{x +[y E] :f

= 2mR? (—5-+-1—+i]
-\16 18 On
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(Tich phan theo x lay tir x, dé€n X, X{, X, 12 nghiém cha phuong

trinh x° + y2 =R? ; tich phan theo y 18y tir 0 d€n R).

b)Jo = gl(Rz +12)

118. a) Coi phan tir c6 khéi lugng dM; 1a phan dién tich gi6i han

b&i hai dudng tron ¢6 ban kinh 1ar var + dr

R .
Jo= = r%lr:%kz
P9
3 52
J,=—mR
AT 2
b) Diém gitta cha AB 14 C

2

119, a) Dat x =i;x =—y~.Tac6x +x3 =1
1= 5005y 1 +X%2

I, = % Iyz.dS=~r§— abB.X%dxldxz .

Néu dat x, = 1cosQ ; X, = 1sin@ ; @ bign déi tir 0 d&n 27 ; r bién

déi tir 0 d&n 1. Khi d6
ml::2

J, = ——.

X 4
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Tuong

2 .
ma m .
JY:T ;JZ=X(32+b2)

b) Momen qudn tinh d61 véi tryc z cua truy :

1

2

JZ:EmR

L=l,=— a2y, - ni=Zlad
v

z 1a khoang cdch tir phdn tir thé tich dV t6i mat phdng Oxy ; rla
khodng cdch tir "dV" t6i truc hinh try.

dV = dz.dr.2VR? - 1°

Vay :
. ; |

m R 2 /

Ix=Jy= 3 J J(22+r2)dzdr. R? - r? ()
R ‘,—R !

2
2
= mR +me2

4 12
Néu x' 1a truc tring v6i dudng kinh ddy cida hinh tru, thi O'X
song song véi truc Ox (O 12 tam hinh try) do d6 biéu thic tinh J,, nhu
trong (1} nhung tich phén theo dz lay tir 0 dén /. Sau khi tinh todn :

2
_mR® 1
Jxrz.ly‘ = T"l’gmt’

_mr2
o), = th dv

h 1a khoang cich tir phdn tir ¢6 thé tich dV tdi tryc z qua tam
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cu. V= (4,!’3)1':R3. Trong hé toa do cau : dV = dr.d§;
dV = dr.r.sinGdg.rd6.
vay !

2

), =] =JZ:§mR2.

Y

120, D6i v&i truc z qua tam va vuong géc v6i mat diy, momen
qudn tinh J tink nhu trudng hop 3) bai 119, tic la

I = —z-mRz.
5

z

P6i vl truc x trung v4i dudng kinh ddy, momen qudn tinh co
biéu thie

), = % [h?.r?dr.sin6.d6.do

véi O thay déi tir 0 dén = ; ¢ bién déi tir 0 dén 1t; r bign dbi tir 0 dén R.

2 2
I = EmR .
121, Néu O 1a khéi tam cia hé |
7. T, & 12 ban kinh vécto khi tam ciia P €
AB,BC,CD: !
0

- I'Ill_f] + mzfz +m3?3 -

T
© m1+m2+m3 A . D A

Tir hinh 1.60 néu chiéu 1én truc Ax:

! ] Hinh 1.60
X) = Ecoscp s Xq = {1+ cosq) ;

X3 =H2 + %cosm)

119



! . .
Yy = Esm(p; y» = Ising ;

I
= —S5In
Y3 > P

o=l
Viay :

Xy =1+ ié'cosmt
4

= Ea"sin(p
Yo 2
Quy dao clia diém O la dudmg tron tam & diém ({, 0), ban kinh
3
—{.
4

122. Tir hinh 1.61 mémen xung luong

ciia h¢: - @

L,=L,+ Ly,
Truc z qua O' va vuéng géc vdi mat A
béanh xe:

o .
Ly=0d, = EM(F +R)%0
_ Hinh 1.61

Ly =3 mi[5.9]
= Zm,[(?o + ri_:)-(i}o + q)}

r, v; la ban kinh vécto va van toc diém i d6i vai h¢ toa do di

dong gdc & O va gin lién v6i banh xe bin kinh r.
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S milEv)=L =16 1 0'= 20
T

> m[E,9,] =M. (R+1)°6
2[5 9] =[5, m¥]=0 vi § =0
Do d6 |

L,,=J,~2 +maR +1)
r

L, =mo(R +1) (R + 1,51) + %—‘—"-(R +1)?.

123. Phuong trinh cia dinh loat
bi¢n thién xung lugng vi momen xung
lugng cua dia :

dL  —— . !
o (1) e
ar_ [mg + N
dt
(i: - mdmen xung lugng ; Hinh 1.62

P- xung lugng ;
N — phan lyc ciia diém O, Ién dia ;
g — gia toc trong trudmg).

~ Chon gbc toa d9 tai Oy (hinh 1.62) truc x huéng theo 0,0 ; truc z
vuong goc vdi dia. Chiéu phuong trinh thit hai trong (1) lén cic truc x,

y, phuong trinh ddu 1én Oz va chi ¥ rang

J = %mR2+mSZ (bai 118):

z
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: dt
taco:
.. Smg
I, 0+ ¢ =0 (2)
JZ
m®S = — mgsing + N, 3
me”S = —mgcose + N, @

Khit =0, p(0) = ¢, v ¢(0) =0, do d6 nghiém cua (2)

288
¢ =@ coskt; k= ———
¢ r? +282
Tir (3) va (4) :
' Ny = mgsing + mS.tpokz.coskt.

N, = mgcosp + mS(p(z, k’sin’kt.
N’ = Ni +N 5
124. Vat quay quanh truc ¢ dinh z qua G, do d6 phuong trinh

chuyén dong c6 dang :

d 2 . :
J:i% = Téng moémen cic ngoai luc =M - ke

Vay o _ g et 2 [1 _11\(/1_@}
z

2) Tuong ty nhu trén

[

1/2
= &] (e
k
A= %,/Mzk

At _1)(e7u +1)—I
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Ly tich phan ¢ = del ta dugc goéc dao dong ¢ cuia var.

125. Truc x huéng theo mat phing
nghiéng truc z vudng goéc vdi mit banh
xe (hinh 1.63) ta c6 cic phuong trinh : M
Y

mX¢ =F, - Psina - F

myc =—-N + Pcosa

(C ~ khéi tam ; F,, — luc ma sit ;
P - trong luc).

Hinh 1.63

Yc=T1. ¥yc =0
. ) 1 -
Xe =1Q,Jc= Emr . Do vay

N = Pcosa

i
Xo = —%-m[M -1(Psinc + F)] =k ; xpo = —kt?
3mr ' 2

Piéu kién dé banh xe lan khong trugt 12
F,, << f.N = f Pcosa. Do d6 ta cdn ¢6 diéu kién dé bénh x¢ lan
khong trugt 1én trén :

r(Psina + F) <« M < rfPcosat + %mr.k.

126. Hé gém : hinh try va giu nude, phuong trinh

d .
J-—dE = téng mémen cdc ngoai hyc
t

= [LF1+[RT]
Chiéu len phuong ngang (phuong truc ca try) bang
I =FI-R.T, | W
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T la sitc cang day gdu, R = v; v 1a vin t6¢c gdu nudc.
Phuong trinh chuyén déng cla gdu nudc: |
mv=T-Q : . : 2)
Q 1a trong lugng nudce trong giu.
Tir (1) v (2) ta c6

v R.F.~ ng2
J+mR?
Néu van téc gdu nude 14 khong d6i : F = mgR/, titc 13 I cang ldém
thi F cang nho.

(3)

127. Ap dung dinh 1i bién thién

moémen xung lugng va phuong  trinh oy o
chuyén dong ciia khéi tam C chigu len A A
céc tryc toa do (hinh 1.64) ta duge : ¢
C
; _
Je@=—(Npgsingp— N4 cosg) - N
c® =7 (NpSiN@—Na cosQ 5 Ng
mXc =Ny ) ' B x

mjc =Ng—P Hinh 1.64

C 1a khdi tam cha thanh AB (diém giita)

!
Xc = Esmcp

! : .
Yc= ECOSLP ' _ (2)
- Ldy dao ham hai 14n (2) theo thoi gian sau dé thay vao (1) va giai
he (1) ta thu duge :

. 3
= —S5In
P 2] P
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Ny = —“;-{(coscp.{[‘) —Sin (p.(])2 )
m! .2 . " .
Ng=P- —i—(cos ©.Q° — sin g.¢)
Ap dung dinh If bién thién déng nang, ta tim dugc fpz

®_ .
Pong nang = %JAQ}Z = IPdS
’ Po

=Py ® :%(cosm— COS@P,)

Po

- Ecosg-coze,)

Thay ¢~ vao (3) ta fim duge N, va Np
3. .

Ny = ZPsm(p(Zcosq)D ~COsQ)

Ng = i—P(l - 3c052(p + 6cosQ.cosp,)

Piu A clia thanh AB tach i khoi Oy khi N, = 0, nic 1a ing vdi
goc ¢, = arccos(2cos@,).
128. Giéi_tucng tu nhu bai 126, hudng truc z theo phuong truc coa
hinh tru ta cé
I,o =TR - ko ' (D

I= %MR2 ; T la sifc céng sgi day. -

Phuong trinh chuyén déng cia vat A ¢6 dang
P-T=m®R (2)
Tir (1) va.(2) : '

125



%“_e—klfa) (3)

0.=j+mR2;P=mg
T () vdids=vdi=wR.dt tacd:

{0 =

2
k K2

129. Ap dung dinh 1f bién thién
moémen xung lugng, hudng truc z
theo AB (hinh 1.65)tacé :

dlz

?=(J+JD)63+r(m| +m2)W

= ch

Hinh 1.65

= Téng momen cic ngoai luc

LS = (P, = Py) - r(m + m,).W + plsing
Dodétaco:
2 Ipt 2.2

J=2(m, +m2)r2— lmr + ——sing + [—1:—(P| -Py) (1)
2 2% 2x

2 , .
(Ta thay W = or = —:) ; x 13 quang dudng cua cdc trong vat di
t

duge sau khoang thdi gian €.

. W W o
¢_det 1o =t )
Do c4c dai luong t va x, ta fim dugc o r6i thay @ va x, t vio (1) ta
tim duoc J.
Néu & A va B ¢6 ma sdt, bi€u thic (1) s& duge cong thém s hang

— (r/W). M® ; M® 1a mémen can sinh ra do ma sdt, khi d6 (1) tr& thanh
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1 ) -
= 2r2(ml +my) - Emr2 + Irpsing. W :

2 -1 I
+1(P =Py W — WMC

2
ot C
wl=—mn gia toc trong vat
2x
Po céc quang dudng vit A di duge x; va X, sau cdc khoang thoi

gian tuong ¢ng 14 t; va t,, thay vao (3) réi trir cho nhau ta tim dwgc M
ME = [Ip(-sing,. W5 '+ sing, Wl*l )+ _
er(Py - Py (W - wahy Wt - wyly!

Wi‘l = g— Bist M°, thay vao (3) ta tinh duoc J.
i

130. Huéng truc z theo phuong thang ding qua tam dia. Mémen

xung lugng cha hé 1a dai lvong bao toan. :
L=[m§.%]+J& (1)

v =l@.5§]+V ; @12 van 16c goc cha dia ; T 12 bdn kinh vécto cua
chat diém M.

Trén phuong truc z, (1) c6 dang

®
L,= ml(vt)z.w + mR%0 = mR% =2

Do vay :
() = mRZmO(Zm,\JZI2 +mR%)!
Khi v*® = RZ, lic M t6i vanh dia, o(t;) = mo/2m, + m).
131. Tru con chiu tic dung cha trong luc P va phan luc N cla mit
“tru 1én (hinh 1.66). Ap dung cdc dinh 1i bién thien dong nang va
chuyén dong ciia khéi tam cho try nhé :

127



vog = 0, vo = or, o 1a van toc géc
quay ctia C quanh truc z qua O'. Mat
khac ta lai cé :

S 128

¥ By
dt

m

T - T, = Tdng cong céc ngoai lyc = ZA? -

n

2)

T la dong nang cta hé. T, =T {t = 0), v la van t6¢ khoi tam. N€u
lay O' 1 ti€p diém cha hai tru 1am gdc hé toa do di dong :

1 2 1 2 -
[= —vy +=Jg®
2 070

Vi tru nho lan khong trugt nén

ve= 0(R +71), vay

1

2.2
R+
T= 5(%mr2+ mRﬂL.ji

r2

T (2)

lp —_—
S A= F’.ds = P(R + r)}(1 — cos@)
i 0

T (4 va(5): ¢= % (1 - cos)R +1)”"

Vay v§ = %g(R +1)(1 - coso)

Chi€u (1) 1én phuong OC :

vl
R+r

=— N + Pcosg

Vay :

Hinh 1.66

(4)

(3)



N = Pcosp - m(p2 {(R+r1)
Khi N = 0, tru con roi tru 16m. Tir déng thic N=0tacé:

4
COS(p = — | = are¢cos —
¢=739 =
132. Ap dung dinh If chuyén
dong cha khéi tam try :

mdVe 5, T+N ()
dt

Tla sic cang day, N 13 phan
luc mat nghiéng (hinh 1.67).

Hinh 1.67

@C = @C(0}+ W ;
v(0) 12 van 6c chia C khi day khong chuyén dong so véi mat nghiéng ;
W 12 gia t6c cha day. Chi€u (1) #én phuong mat phéng nghiéng :

m; (X)c(0) - W)=Psina - T
my(%p0(0) + W) = Posin — T @)

P, =mg: P, = myg. Ap dung dinh If bién thién moémen xung
luong :

chf) =r.T
Vay rp = —, mat khdc vo(0)=rp (van toc ti€p diém bang
m
khong), nén (2) ird thanh
2T —mW =m,gsine - T

2T + myW = m,gsinB - T
v6i nghigm béang '

W = (m,gsinfl — m, gsina)(m, + 1112)‘l ;
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mym5g(sin o« + sin 3)
3(m] +m2) '

T=

133. a) Vi OA = AB nén van 16c gic quay cia chiing quanh
Cy vd C, (cédc khoi tam), 1a nhu nhau (hinh 1.68a). Dong nang T,
ciia OA bing:

mi? 2 1 .
T\ =—a(l+-) ;o=
L= 3 { 3) ¢
. , ‘ 3
Ve = %(p toa do caa C, 1a Xy = Eicosgo ;

Yoo = %sin(p, vdy dong nang T, clia AB :

T, =m!2¢2&+sin2@J ;T=T,+T,

Hinh 1.68a Hinh 1.68b
b) Dong nang cia hé bang T =T, + Ty + T; + T, (hinh 1.68b)

1 2 1 2
Ty = — Vi . Ta= —mpvR;
AT SMaAVA BZBB

1
VB=W.t;VA= EVB

1 2 .1 7.
Ti==-m,vRg + —m, v
. l 8 1 ¥B 16 1 YB
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) I ,
T, = —m, v§
2 4 2'B

T= (W.lz)(%mB +é—mA +im2 +%ml).
134. Hudéng truc x theo fnat ph;'ing ngang, phuong trinh chuyén
dong cia C (khoi tam cha AB) la :
mdv
dt

=P+N (1)

N Ia phan lgc cha mat ngang. N
vuong géc v&i mat phang ngang. Chigu (1)
lén cac true x va y

- myc =P-N
mXc =0
Tir hinh 1.69
¥e = asing ; Hinh 1.69
Yo = acosg. @.

~Dinh li bién thién dong nang c6 dang :

h
ThToz—-[de =P(a-h)

m 2 I .2 1 2 11 2.2
= — vi + =] =—ma” cosP.p” +—.—m.da
> C 2c<P 2 . T P
To-i"O
Tir hinh 1.69 : a’cosg’ = a* ~ h?, do dé
.2=6g(a—h)
4a% - 3n°

Thay ¢* vao biéu thic clha ve = yo (ke =%,(0) = 0), ta cé :
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6g(a +h) ]” 2
4a® -3n?
135. Pinh Ii bién thién déng ning ap dung cho cu va tru

ch(a—h)[

T= %m\% ﬂ-%Jsz = ﬁd§+ F’d§ = Pssinc (1)
s 12 quiang dudng di cha tdm cdu hay tru, v&i hinh cdu
J= (2/Syme? ; hinh try Jo = mr/2. Do vay tir (1) :

s S
M= A= % . @
M ¥2

xy =0,75/gsina ; &, = 0,7/gsina.

Sy, V| VA Sg, V5 12 quing dudng va van téc cla tam try va cau sau
khoang thdfi gian t. Vi ds = vdt nén 1 - 24 ¥ = 0. Ap dung cho (2)
ta dugc ;

‘-'{C2 > \‘i'C] .

Tic 13 gia t6c tam cha cdu 1on hon gia 3¢ tdm try, khong phu

thude kich thuée, khéi lugng, hinh c4u 1an nhanh hon hinh tru.

136. Tix hinh 1.70 :
a) Céc ngoai lyc tic dung Ién hé :

ﬁl ,ﬁz la trong lugng cha A va B;

N 1a phan luc vudng gbc voi miat g

ngang,

Fro 12 lyc ma sét ; Hinh 1.70
M/r 14 luc quay rdng roc.

Ap dung dinh Ii bién thién dong ning ta ¢é :

;—Jcmz +%m1v% =My - P, ro(sina + fcosa) H
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viy :

r 21’1’11 +1my

e E{M(pﬂcpr('sin o+ fCOSO‘.):|”2
b) Néu méi don vi d6 dai cha soi day c6 khéi lugng 12 m céc biéu

thitc cia cong va dong nang sé cé dang :
A =-F, .s - P ssina — mg({, — s)ssina + -—M—s
: : 3

1 722 1 22 1 309 .
T= o r my +sm+—mr'o° +—m{l, — sir o
4 2 2! 2 o—s)

Thay vao (1) tacé :

w° = 4—38 M~ rfPl(sina + feosa) — rm.g(l — s) sina] x
r
_ x [2m| + my + m(2/, - s.)]'1

s = r@ 12 quing dudng di duge
cla vat A sau khoang thoi gian t.

137. Chon hé truc toa 4o nhu ¥
trén hinh 1.71 ; 4p dung dinh If bién N
thién dong nang va chuyén dong cia
khdi tam C (d6i v6i tru) : \ M

mVe=P+N (1) >

T~-T.= AS )
0= 2 Hinh 1.71

T.=0;

Q

| 1 2
T=—mvy+=Iuo 3
S VM + 2 Tm oM 3

Yy 12 moémen quén tinh cia tru d6i v6i diém M ; vy = 0 (lan khong
ruet) ; oy, 12 van t6c g6c quay quanh true qua M..

133



ZA" = F’d§ = Pi(cosq@ - cosq,) ; [=R —-r

Ve=opt=R -1} =lo
Do d6 tir (2) ta thu duogc

@ = a2 {cosg — cosp,)
i
Chi€u (1) 1én phuong O'C ta ¢6

2
mVC

!
Thay (4} vao (5} :

=-Pcosp + N

7 4
N = —Pcosg — —Pcoso .
3 P 3 Po

4

(3)

138. Tir hinh 1.72. Ap dung dinh 1i bién thién dong nang cia hé ;

1.2 1. o 1 2
T==Io +=J,05 +—m,v
5o 22?.21C

Vo= 04Ty + o1y ; A=Px (1)

Ap dung dinh 1i bién thién mémen xung

lugng :

(2)

Q 1a sitc cang sgi day.

p.
™
e
C
B
Hinh 1.72

Thay @; =k, vao phuong trinh T = A ta fim duoe
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0= 2 39 m2 4 16m? + 48mm,] " f8g x
Y]

Vive = dx/dt, cho nén dx = (ryo; + w,ry)dt, vay
'(m] +l,25m2 )2g t2

X=-— 5 .
8mj +4mj +12m;m,

T (2):
Q= 1 1118 o)
9 212 2
- 3 2 2 8
=gm;m,(2m, + 5m2).(8m2 +4my + 12mm,)
139. Tir hinh 1.73. Ap dyng dinh If bién thién dong nang :
T-T,=A° |
T= 112+ 2o+ Py
2 2 g
A% = mg.X + px({, + x)
x 12 quang dudmg di dwoc cia vat A.
Thay A® va T vao (1) ta c6 -

2o ZREMgx x4 px?)

J+R2[M+BXJ
g

J= lmrz.
2

140. Goi T\, T,, T l4n luot Ia sic cang cdc doan diy AB, BC va
CD ¢hinh 1.74).
Khi cdc vit dimg yén :

’T';+T2 +PT| =0
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P2+Ty=0 (1)
Chiéu (1) 1én phurong ndm ngang va thing dimg ta duge T3 = P, ;
T, = ThsinP/sina ; P| =T-(cotgasinf + cosp).

y R o7 Q

R

Hinh 1.74 Hinh 1.75
141. Tir hinh 1.75 ;
Khi chat diém ditng yén :
P+ a +N+ ﬂ =0
Chiéu lén truc x :
-Nsina + Qcosa + Fcosax = 0, véi N = Pcosa 12 phan luc cia
dudmg cong, F, = kN 12 lyc ma sat (hudng theo ti€p tuyén véi dudng
cong) ;

tgo = dy

dx
Do d6:
Q = Psina — kPcosa.
142. Khi AB ding yén, taco ;

ﬁc +ﬁ3+§+l—3m =0
= .
{;P]+[BC.NC]=O

Ng 1a phan luc vuong géc & B ;

(1)
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Fm 12 lyc ma sat ; Nc phan luc & C, vuong géc v6i AB. Chiéu (1)
lén cdc phuong x va y (hinh 1.76) tacd :
Necosa - Fy =0
Nesina - P+ Ng=0
Pt .

— singt — h-NC _g
2 cos

iP .
Nc= ism2a
4h

Ng = P - N¢sina.

Ng
B
y Ai
A
07 0
Nak Ne
- o
x A B B €
Hink 1.76 Hink 1.77

143. F,, N, Fr, N 1a cac phan Iyc ten AB va BC trong d6 F, Fe
1a céc lyc ma sét (hinh 1.77) & B, N 13 phan lrc do BC téc dung 1én AB,
ki hiéu y 12 gée gitta Ng va CB’. Khi cdc thanh AB va BC dimg yén :

Ng+P2+Nc+Fc =0 ()
Na+Fa+P—Np=0 ' 3)
[COP2]+[CBNg] =0 - )
[AOQ'P)+[AB.(-Np)] =0 ' 4)
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Chigu cic phuong trinh (1) va (3) 1én Ax va Ay, chi€u (2) va (4)
1én Az, ta duge

{ FA+NBCOS(Y+G')=FA—N}{=O
Na-P

— Ngsin(y + o) = N, ~ P, —Ny=0 (3)
{ Fc+ Ngcos(y+a)=F--N, =0
Npsin(y + 0) + Nc =P, =N, + Ne-P; = 0 (6)

% cosa = Npfsin(y +2a)

N
P .
7(:050. =INpsiny

Trong cdc cong thic trén ta thay
cos(y + o) = —cosG ;
sin(y + a) = sinc

v6i G 1a géc giita Np va phuong ngang; o = 180% y — . Tit (5) va -
(6) ta c6 ;

NX:FA=FC;NY=NA‘_PI =P2"'NC
Tu (7) tinh Ngsiny va Ngcosy réi thay vao (6)

FC = %(Pl + Pz)cotga = FA = Nx,

3 1 1
Ne= P +—=P : N, =~ (P, - P
c= 7Pt PN 4(2 )
3 1
Ny=—-PF +-P
a= bR
N —
tgo = —— ki 1ga ; NZB=N§+N§£c
Nx P2+P1

Khi P;>> P,, g0 = - tga ; 6 = —a, tic 1 vécto N huéng theo CB.
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144. Trén hinh 1.78 N, v Ny 12 cdc phan lyc cia cdc mat phing
thang ding va nim ngang lén AB, ching vuong géc voi cdc mat dé.
Khi AB ditng yén :

P+Te +Np+Na +Ta =0 _ (1)
[AGF)+[ABTa |+[ABNa] =0
T, va Ty la sitc cang céc soi day AD va BC.

Hudng truc x song song véi dufmg cit cha hai mat phing, A 1am
gdc hé toa d6. Truc Ay theo phuong thang ding, chidu (1) 1én cic truc
X, ¥, z ta dugc ; o

—Tgcosp + Ty =0,
-P+Np=0

Ny — Tpsinp =0, é; Pcosat + AB.Tgsina — AB.Ngcosa = 0
Do d6 : |

T, = Tgeosp; Ng=P; Ny =Tgsinf ; Ty = %P.cotga.

Hinkh 1.78 : Hinh 1.79
145. Trén hinh 1.79 qua ciu ding yén nén (a ¢6 tam gidc uc :

. (T —stc cang day, N —dp lue) -
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T =N?+P* - 2NPcosp
Tsino. — Nsing = (P) =0
X

T = Nsinp/sinat
N = Pcosp + (choszﬁ ~P’ - TZ)UZ_

147. Chuyén dong cha cdc banh xe phu thudc tryc ti€p véi nhau
nén h¢ chi ¢é mot bac tu do. Chon x 12 quang dudng di cua mot diém
nao dé trén vanh banh xe lam toa d6 suy rong, khi d6 déng nang T va
thé nang U cua hé :

] 1

l .
U= —l'_MA.x_' —MB.K— —1"--Mc.x (2)
Ta : I'py ] I'c .
Tur (1) va (2) ta dé dang lap dugc phuong trinh Lagringgio :
1 l 1 1
—MX = — (M, — — Mgfs - — Mcr
> YA( AT VBT Cfa)

Do dé gia t6c € cha banh xe A bing

ool _2(My Mg Mc
A Talp Talc

TA M
148. Hé chi ¢c6 mét toa do suy rong x 1& quiang dudmg di cha trong

vat P|. Ham Lagranggio cia he¢ L = T — U v6i dong nang T va th€ nang
U cé dang :

2

1 2. 1 .
T=T,+T,= —2—m1x2 +5m2x2 [EJ
fi

U=P,x- 2Pyx
|
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Pat T va U vao phuong trinh Lagranggio ta ¢6

2
- o T I
m g +myx 2| =P P2
! i

| ' -1
£E= r—.x = (TIPI _rzpz)(ml I']2 + m2 1'22 ) .
1

149. H¢ c6 mot bac ty do. Chon x 1 quang dudng di cha trong vat
A 1am toa d¢ suy rong ta c6 ham Lagranggic

L=T-Uvai:
1 .2 1 ) 2 1 1
T=—-msx*+—mpk® +Joog : Jo= —mr-.
5 A > ™B coc -Jc= 5

M
-
Thé T va U vao phuong trinh Lagranggio ta thu duge
r

150. Hé c6 mot bac tu do, chon x 12 quing dudng di duoc cha xe
1am toa d6 suy rong, ta ¢6 ham Lagranggio L =T - U v4i

T=Llmi2+4 L2 e dme? (N
2 2 2

~U=Fx - 4F, x )

Bénh xe lan va chiu tdc dung ciia moémen can M cua lyc ma sat
lin : .

M=F,s=fN="£(P,+ %P;), P, =mg

P, = m,g ; N Ia gid tri ap luc cla xe.
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Thay {1} va (2) vao biéu thiic cta L, ta c6
1 5 1
L=T-U= Eml +31’1’12 X —FX+—f(4P2 +P])
r
Thay L vao phuong trinh Lagranggio ta ¢é
f : a
% = [F——(P] + 4P2)J (6my + m )"
r
151. a) Thé nang tuong tac va dong nang cia cac dién tich

1 |
U=-w 1 T==
r q192 211‘11

2 1 =2
i +—myrF

| 3 212
Néu thyc hién phép déi bién s6

= 5 _ff . l'l'lli'.l +I'l'l2f2 =(m1 +m2)ﬁ,

%, R 1a céc ban kinh vécto khoi tam va khoang cach gifra hai hat,

T, F; 1a bdn kinh vécto clia cdc hat.
Biéu thi §, vd % qua ¥ v R ta duoc ham Lagringgio :
1 = 1 2 A
L=T-U= —(m; + my)R+—(m; +my)T° ——
2 : 2 r
b) Néu hé gdém hat nhan va z électrén:

i %7 1 =
T=—>» mT% +—MR
2; 2

e, L |
U= ZCICJ +Z Zeei‘l
1

i=j B =l ’R -
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152. Chuyén déng lan cta tru
trén ném va truot trén mat phing
ngang cua ném khong phu thudc
tryc ti€p nhau nén hé ¢é hai bac A4
tr do. Chon x va ¢ lam cac toa do
suy rong (hinh [.80), ta c6 ham
Lagranggic '

-

L=T-Uvs ' Hink 1.80
1 | 2
T= ~rn(v:‘;_ +v?;)+ —Jo? +—Mx?
2 2 2
vizvosincc;vﬁzvocosa— X 5V =T =1

—-U = mgsino.rg — gf{m + M).x
Thay T va U vao phuong trinh Lagranggio ta c6

- mgsin 2o —3f(m + M)g
3(m+M)-2mcos’a
153. 1) Khi chiéc ném diing yén hé chi c6 mt bac ty do. Kf hieu

x 1a quang duémg di cia vat E, ham Lagringgio cta he L=T-Uvéi
dong nang T va th€ nang U bang

2

(1)

1 2o 1 3 1
T=—mx“+—-myvig +—Juoe
5 5 M2VN > N

~U =m gx — mygsina.x (2)
Nlatamrongroc B, x = 2vy = 2ro
Thay L vao phuong trinh Lagranggio ta duoc

2ZM X —F:O;M=-1—m1+—3~m2 ;
2 16
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F=m g m,gsina

Do do:
1 7.
X=—4—'M—F.t + Xt + X,

X, Vit X, 12 vi trf va van téc ddu coa vat E.
(al a S "

2) Khi ném chuyén dong hé s& c6 hai bac tu do, goi s 1a quang
dudmg di cta ném, trong trudong hgp nay (1) c6 dang

-2

1 1 .2 .2, 1 2 1 2
T==—m.8 +—m(X° +§)+—m,vy +-Tyo 3
5 m3s 4o (( ) 5 M2VN + 5 IN (3)

- . - % ) ‘
VN =VYNITVYN2 VN S 3 huéng theo AC; vy = 8.

Thay (2) va (3) viio phuong trinh Lagranggio va giai tuong ty nhu
trudong hep 1) ta cé :

1 .
X = El»:t2 + X+ X,

-1
m3 cos” o -J

4my +4m; + 4_rn3

. . 3
voi k = (m,g + mygsina) [ml +§m2 -

154. Chuyén dong cua cdc var A va E khong phu thudce truc ti€p
véi nhau nén hé cé hai bac te do. Chon x va y 1a dudng di cla cic vat
A va E 1am toa do suy rong, ta ¢6 ham Lagranggio L = T ~ U voi dong
nang T va th€ nang U :

-F
g

| S |
T=—mx"+-—-m + m
- 2 ¥ K(

144



Khi vat K chuyén dong xudng, thay L vio phuong trinh
Lagranggio cho cic toa do x va y ta thu duge gia téc W clia vat K :
Q~-P(f +sina)

Q+2p

. 155. He ¢6 hai bac tr do. Chon x, y la quing dudmg di cha céc
trong vat A, B lam toa 46 suy rong, khi d6 ham L = T — U véi dong
nang v thé nang :

W=g

1 | .. 1 -
T= EmAkz +Em}3(y—x)2 +—2-rnc(y+:1()2

—U =Pu.x +Pgly - x) - Py+x)

Lap céc phuong trinh Lagranggio cho cdc toa d6 x va y va giai cdc
phuong trinh d6 ta thu duge

i = MAMc +mpmp —~4mpme

4mpme +mamc +my mg
Khi X >0, vat A s& chuyén dong xudng.
156. Chuyén dong ciia con lic duge mé
ta bai hai toa do suy rong 12 do dai soi day [
va goéc lech ¢ (hinh 1.81). Ham Lagranggio
L =T - U v6i dong nang T bang

T= %m(i2 +:2(p2)

Thé nang U :
~dU = Pds= —~Pdy | Hinh 1.81
= ~P(cosp.d! - Isinpdo).

Lap cac phuong trinh Lagranggio cho céac toa do ! va ¢ ta thu
duge :

BT VAT LY LY THUYET T.1 - 10 145,



¢+—2Iﬂﬁ%sincp =0

157. Hé ¢6 hai bac tu do. Chon x va y 12 quang dudmg di cta cic
vat va do gidn clia 10 xo lam toa do suy rong ta ¢6 :

L=T-Us= mTA(y-x)%%(my)%—;Jm%

1 . 1,
+ —my- +(Py —Pg)x ==Cy";
Sy +(Fa )X =7y
X
©=—
T
Thay L vao phuong trinh Lagranggic cho cictoadg x va y :
P
—mA(y—i)+mB(i{+}")+EmBi=PA—PB
ma(¥-X)+mp(X+¥)+my=Cly

Giai hé phuong trinh ndy ta cé
. CMT
MM '— (m2 —m; )2

y+kly=a k=

M=m+m, +mg; M =my + 1.5mg

Néu & thai diém t=0, x, =0 va X, =0, nghiém y ia:
y= 12(1 —coskt) ;
k

X =[(P4 — Pg) — (mg — my).acoskt](my +1,5mB)_'.

a=gMM(m, - mg)* - 11",
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158. Chuyén dong clia diém budc con lac ¢é thé mo ta bdi hai
phuong trinh x = acoswt va y = bsinwt ; chuyén dong cla chat diém
quanh diém buoc biéu thi bing géc léch ¢. Do vay dong nang T vi thé
ning U béng :

m. d 2 m_d . 2
T = —[— {Isin® + acosat)]” + — [ — (fcosp + bsinwt
2[dl( @ )] 2[d[( @ Nt}

m, ;. )
= —{ e"chz + a0 sin‘ot + b w cos ot —

~ 2alwcos@sinot - 2bisinpcosot)

-U = mg(lcosep — bsinowt)
Tir biéu thitc cha T v U ta d& dang lap phuong trinh vi phan cho
toa d0 ¢ khi cac gdc léch ¢ lanho : |

2
('|')+$(bmzsinmt +g) - amTcoscot =0

159. Gia sir § diém ddu cha chuyén dong t=0,0 =9, § =0 ;
X4 = 0, hé c6 hai bac tr do; chon x va ¢ lam céac toa do suy rong. Ham
Lagranggio L = T — U vdi dong nang vi thé nang :
1P 5 1

2. 1 9 1 22
——v4 +=J 0] + —Pve +—pl*o
23 A > AD] 2 C 24gp 2

T

VAZ X ;fﬂl= E . VC:X+[E.Q].

T= ip)'(z +-—LP()'(2+!¢)'{COS(P+132¢2) -

-U= %pl(coscp —COSP, ).
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Khi cdc géc lech ¢ 12 nho, sing ~ ¢ ; ¢xo = 0, dua vao biéu_ thiic

cua L, 1ap céac phuong trinh Lagranggio cho cédc toa do x va ¢ ta thu
duge '

(3P +2p)X +plop =0
i(+§l(|’)+g.(p =0

Giai hé phuong trinh nay ta thu duoc :
K = 3P +2p)g

= ¢ coskt ,
?=% 1(6P+ p)
P
X= fp (I — coskt).
"3P+2p Poll = )

160. H¢ c6 hai bac ty do. Ki hiéu 8 12 géc quay cua hinh tru réng
quanh tam O cla n6 ; ¢ 1a géc quay clia tdm C tru con quanh truc qua
O. Dong nang caa hé : '

1 9 1. 9 1 )
T=-J;6+=] +—m[(R-r
> 2 2¥ 5 [ »pl

1
y 13 géc tru con lan theo tru Iém, J; = MR? 3 Iy = Emrz.

Cong cia ngoai luc mg :
A= ng.dE = Img(R —r1)sinpdp = -mg(R —~r}cosq
Do vay

L=T+A= %MR292 +i-mr[eR —(R-D¢]* +

+ %m(R - r)zc'p2 —mg(R-r)cosq.
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161. Chuyén dong clia diém M c6
thé mo6 ta bing mot toa d6 suy rong, géc
quay @ cua diém theo vong khuyén tron
(hinh 1.82). Ddng ning cia M :

m m
T= ——vi‘) +—v%
2 2

m, .. m . 2
= —I1I + —=(.Irsin
2((9) 2( 0)

Thé nang U :

Hinh 1.82

U = (r - rcos@)mg
Ham Lagranggio L = T - U. Dua vao L, lap phuong trinh
Lagranggio cho toa dd ¢ ta ¢6 :

i|')+[§—m2 coscp}.sincp =0
r

Chuyén dong clia M so v6i vong khuyén 1 chuyén dong tuong
doi ; gia t6c Coriolit We =2(@.,] ; W, = 20r. cosg. Chinh gia t6c
W di cho e m W ; do vy dé cho w = const, cin ¢6 moémen giit M
bing mW_.rsing = Yom { .sin2¢.

162. He c6 hai bac tr do x va ¢ (hinh 1.83). Dong nang T bing

1 7 1 d ) 2 my_d 2
T=—mx* +—m-{—{(x + Isin + —={—(lcos :
5™ 5 2{d:( ng)] > [dt( )]

Cong ciia cdc tue chi dong va ma sdt :
A =—(l - lcosp)m,g + f.g(m| + my)x +
+ mof.ix ((})2 cos@+ @sin cp)

(cdc luc F| = mzlfpz s Fo=myi¢).
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Thé L'="T + A vao phuong trinh Lagringgio cho cic toa d6 x va ¢
ta thu duge phuong trinh vi phin mé ta chuyén dong clia hé :

(m; + my}X + myl pcose — myl @7 sing =

=—f[(m; + m,)g + mzl(q':'2 cos@ + ¢ sinQ)]

{p+Xcosp+gsing =0.

Hinh 1.83 Hinh 1.84

163. He ¢6 hai bac ¢ do, d6 1a cic géc quay @, va @, nhu trén
hinh 1.84. Dong nang T va th& nang U:

I .2 m .2 .o
T==)pi +—(x" +
5 O 2( ¥

U=—-mg.y
X = asing; + Ising,
y = acos®, + lcosgp,
Do d6 ham Lagranggio L =T - U
1. ' m 2. .
L= E(pf(l +ma’)+ 3“2“’% + 22l cos(@y — )]+
+ mg(acosy, +/cospy).

Lap phuong trinh Lagranggio cho cic toa d§ ¢; va gy tacéd :
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(ma’ + N + ma!cbs((p, - @iy +
+ malsin(¢, — ¢3) (p% + mgasing, =0
malcos(@) — )Py + m;2¢2 - malsin(e; - 92)9] +

+ mgsing, = 0.

164. The giita hai ddu cuoén cam Ia U = B% : 112 dong dién qua

cudn cam. Thé giita hai ban cyc cia tu 13 % Khi khéng c¢d ngubn,
tdng thé trong mach bang khong, tic 1a
BY LR+ 3 20,1=9 dods:
dt C dt
. C .9 _
Bg +Rqg+ c 0 (1)

P4y 1a phuong trinh vi phan mo td su bién thién cua q. Ham
Lagranggio dan dén phuong trinh (1) c6 dang

2
1...2 g .
L=1Bg?2-L 1Rqq
2 e 3

165. a) Néu céc toa d6 mo i chuyén dong cha cic phin cia hé
khong phu thudc truc tié€p véi nhau thi ¢ thé coi ham Lagranggioc cla
hé bang tdng cdc ham Laringgio cha cdc phan.

b) Dua vao két qua bai 164 suy ra:

] 1
H.1.14:L= 2Bq| -—QQ—U(CH q2)

2C
1 .o 1 .2 ) 2 1 1 2
H.1.15: L= —B,d’ +-ByG5 - —q* - ——q% ~——(q; + )
S Bigi +2 B3 2Clq| 2C2C12 Sc q;)

151



152

166. Khi thuc hién phép d6i bién s6

9=q;(Q), .. Qg 1),i=1, ..., (1)
E(Q.Q,t)=L[q,q(Q.Q,t),u:L(q,%m%tﬂ,n
Do d6 ;
doL _dqdéL aldaq
dtoQ aQdtaq 8qdtaQ
@:@@ﬂ_@‘ﬁ_ w_d%
A qaQ 4Q 4Q daQ
Do vay

E(QE]_@_aq[ggg_a_LJ

dt\ Q) aQ oQldiag oq

Tir d6 suy ra diéu cin ching minh.

ta B
} 1 .5
167. S= [L(x, % 0dt=—mx“dt
I( x,t0) Izm

Y 4
Tir phuong trinh Lagranggio cho toa do x cd m¥ = 0, do dé

5 XZ—X]
X=const= ——— =V,X=yvl

2
m(x; —x;)
2 ty-ty

S=

168. Ham Lagranggio clia dao dong tir mot chidu

1 . m
L = —mx? —30)2:(2 ; © = const.
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Phuong trinh Lagringgio chotoa dd x :

m¥ + m@2x = 0, x = asin{mt + o).

Piat x vad X vao biée thitc cha tdc dung S, ta tinh duoc :
m

w 2 2
S= |Ldt= X7 +x53)cosT —2%,%
I _ 2sian[( : 2) : .2}

2

|

1y iz
s & - [ax i(@)—% dt (1)
ax[l dt\ ox ; oOx

Vi %L = const, 8S = \Z_SBX’ 14y gidi han t; — t, tich phan trong
X

a8 =

(1) tién t6i khong. Do do:

3| oL

== =P
ax x=x Ox

X=X

170. Ta ¢é tac dung S:
r [2 :
S= [Lixk,0dt = S(ty)
0

0
8S I[aL 0% QL_?_X__,_EJ dty =% (1) j%‘dtz +L (1)
0

o, Koy, Oxdy Oy
dL

- *—dtz (2)
ax 1=l> I
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(vi 8t, = 81, = 0 & cdc diém déu cla quy dao a va b).

Dat (2) vao (1) :
as oL
at—zz?(([=t2)g + L(Xz)

1=ty

(STX = 0 vi nguyeén Ii tdc dung t6i thiéu chi 4p dung cho hé kin).
2

171.a) Khoang c4ch giita 2 nguyén
tir (hinh 1.85) lan cin & trang thai can
bang 12 a. Goi q; va q;, 12 4§ léch khoi ba, } qi
vi trf c4n bang clia cic nguyén tir thit i
vai+1;qi —¢;=mAgy,;

Ham Lagringgioc :

N, Nlg .
L= Z';_Tqi - Z‘E(Afhu,i) ;
i=1 i=l

e [}

Hinh 1.85

Gi = = Cl{Qiy; — 9 — (4 — Qj-1)]
i=1,...N~-L
172, Th€ teong tic giita c4c dién tich trong dién tir trudng

U= Z_ﬁLjL > 0T, 0).

i=j Lj 8ne, o
r;; la khoang cdch gila hai dién tich ¢; va e;.

Trong dién tir trudng xung lugng ptrdthanh p — ¢ A ,

A 12 the vécto, ¢ 12 th€ vo hudng cla dién tir trudmg,



Do do

1 r— — 72
H=T+U= Zi:ﬁ[pi_ei'A(q’l)] +

+ e(p(r,t)-l—z .
z L iz L 81‘!80
173. Néu trong bai 171 ti€na > 0tacé:
L= [Zdxdt (1
2
: ] Sy
= ——T 2
Lt 11(2) >

y 12 d6 lech khoi vi tri can bang ; x 12 toa d6 cla diém ma do6 léch 1a
. L4y bién phan (1) : '

k7
SL=0— IS;de.dt =0
4]

vt Sy(x, 1)) = Sy(x, 1) = 0.
A g:—Z—Enu+a—':_'}'r35'«1‘,r+£8[@)+£dt
oy oy o o o
ox
. 0F oy 3]
Sy =—38y;; & — [=—dwy.
W =——8v (ax) = oV
Khidé:
3]
Iggg dt = {Ea ] - J(gg}‘, di=
oy ], Naow
= [EgJB dt .
¥ al all.’
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Tiép theo :

0t 0 _ i o
j:@“ja (Sy)dx = J.ax —[QE} Syrdx
ax Jx

Vay diéu kién cyc tri cho ta

v _Ea_é_x“;(@_w—) =0 (3)
Dat Ztir (2) vio (3) ta c6

pi:—;p— Ti:—\; =0

Ddy chinh 1a phuong trinh dao dong cia sgi day lién tuc va dan
héi (sgi day dan).

174, Tir hinh 1.86
a) Ham Lagranggic cua vat A :

L=T-Uv6iT= Ltmil N
x 2N
-U = Psino.x - C [mdz, Al 1a do o
0
gidn 16n nhat cha 1o xo Hinh 1.86

Al=Al +x Al =11,

I, 12 49 dai khéng gidn clia 10 xo, / 14 ¢ dai cha 10 xo & vi trf can bing,
x 12 6 gidn cha 10 xo tinh tit vi trf can bing.

1
L= —z-rm’(2+ Psince.x — gxz - CAl x
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Do 46 :
mX —Psina + Cx + C.Al, =0 (1
Gvitricanbang x=0va X =0doviymX +Cx=0

.P‘ .
Al = sino
C

Vay : x = asin{ot + )

o = (C/m)*"?

V&ia va B 1a bién do va pha ban diu ; asinf = Psina,/C

X v 2 Psina 2
acosp = =2, =[] 4 ;
0 W C

tgp = (@Psina/C.v,).
Chu ki cua dao dong :

T= 2—TT=21IJE.
® C

b) Néu c¢é ma sét, phuong trinh (1) sé ¢6 dang

mX = Psina + fPcosa + Cx + CAl =0
Vay x = a’sin{wt + 37)
2
a'2 = MY
C

+—1—2(Psina —fPcosa)
C

Tic la dic tinh clia chuyén dong khong thay ddi ma chi khdc di
pha va bién d¢ dao dong.



175, Trén hinh 1.87 thé nang cla vat A :

U=F,Al=F (N2 +x% =)
2

.

T
Vay

-2 2
m; “EX vaimix + Fox =0,

° 2
T=2n ’[;I—I 1a chu ki dac déng.
O

A X O C,
|
|
:t A mlx
i
1
10

Hinh 1.87 © " Hinh1.88 ~
176. Trén hinh 1.88 ki hi¢u x 12 d6 léch khoi vi tri can bing, ta cé:

L=

mX =-xC; ~x.Cy=—(C, +Cy.x
Do vay chu ki dao dong T béang

T=2n C] +C2

=
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177, a) Vat A tic dung lén cic 1o xo0 luc P
(hinh 1.89).

P=-Cx=-C(x| +x3)
X, X5 l& do gidn cua cdc o xo | vA 2.

C 14 hé s8 cimg cua 1o xo twong duong vdi hai 1o
xo | va 2.

Céc 1o xo tdc dung lén vat A luc F; va F,
Fl = ”’Clxl ',Fz = "'CQX?..

Hinh 1.89
Vay :
-F, F, -P
X=X +Xp= ———"=—-1,
¢ ¢ C
N U i
Vi F,=F,=P,dod6: —=—+—.
cC ¢ G
_Rﬁtrazc=£.
C!+C2

Néucénldo xo:

c'= ic;‘.
i=1

b) Phuong trinh dao dong cd dang :

mX + Cx =0, x = asin(ot + )

C 142
© = (——) . X, =asinf; v, =awcosf.
m

a’ = o X v% + a_)2 :{(2,)”2 g =

Xo

Vg
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178. N€u r 14 khodng céch tir tam Trdi D4t 6i vat; ta cé phuong
trinh dao dong :

mt =—kr,
klahésoile k> 0.
Nghiém r = asin{ot + o).
©=(km'"?; P=mg=kR; Kkm=gR;
R 1a ban kinh Trii Dat.

Tir céc diéu kién ban ddu clia bii todn :

a=R; o =90° chu ki dao dong T :
1/2
T= gji:ZT[[EJ
. @ g

Thoi gian c&n cho vat di hét dudng kinh Trdi D4t t = 7

179. Ap dung dinh Ii bién thién momen xung luong :
a) I, © =M = mg.ising = mgl.p,

('p+£n—g£cp=0;(p=asin(kt+ o)

Ia

/ 1/2
k=B
Ja

cx . C e ., . N n
Tu diéu kién ban dau cha bai todn ta im dugc a= @, va a = 5

Jo=1+m’.

© = @ coskt,
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b) Téan s6 dao dong w =k ; o’mi* - mg/ + ©J=0.

bay la phuong trinh bac hai doi vai / ; v6i mdi gia tri xédc dinh cha

®, S€ ¢6 hai gid tri cva / néu thoa man diéu kién :

2
& .4
(n4 m

Tim gid tri cta ! d€ cho biéu thie mghJ + m>/) nhd nhét, ta c6 vi

tri B ma tai d6 tan s8 dao dong nho nhat :
OB = (J/jm)'?,

180. Gia sir C 12 khdi tam cda nita
cdu ; O la tam cla nd ; M 12 tiép diém
v4i mat ngang (hinh 1.90). Ap dung
dinh Ii bién thién mémen xung lvong :

2
JMd—;p=[MC.PJZ;
_ dt
Z 1a truc quay.
P=mg.

Vi OC.sing = CMLsina ; do viy :
Iq® + OC.Psing =0

¢ = asin{ot + o)

i
]
t
1
‘-'M
s

Hinh 1.90

Tir cdce di€u kién ban dau cha bai toanlacoa=(po;a=5

Vay ¢ =g, cosm.t;

® = JOCP [Jo - m.0C? + m(r - 0012,

W agss | .
Theo két qua bai 117 : OC = ;rva bai 120,

BTVATLY LY THUYETT.1 - 11

J=—2~mr,
i

2
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o = (5g/33n) 2.

181. Néu chat diém chiu tdc dung cha huc cudng bitc F(t), phuong
trinh dao dong cla chit diém s& cé dang :

t
l ot
% — iwX = e—ion{é[r—n'F(t)elw dt +EO}; (1)

a;jz()'c—imx)it;-{)
a) Néu F = a = const ; do dich khoi vi tri can bang :
X = —~a—2~ (1 — cosomt)
mo

b) Néu F = at, tir (1)

a .
X = —— (wt — sinmt)

mo’
=it . x .
c) F=ae " ;a, alihingso
a - o .
X = -—-5-—~—2—(e ol cosot + —sinwt)
m(w” +a) w

182. a) Trong doan 0 <t < T, 4p dung (1) bai 181 :

a .
X = —3((ot —sinmt)
me

Trong doan t > T, 14y tich phan trong (1) tit T dén oo va sir dung
diéu kien lién tuc clia x va X Khit=T ta thu dwoe

x.= Cicosw(t — T) + Cystnox(t —

mm2

Clz[— a 2]sian;C2=[— ](l—cosmT)
mT® me?T
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b) B6i véi doan [0, T} ; (1) bai 181 ¢6 dang :

T .
... a ; ia : i
—llX —1mX = € I—e“’“dt =—1{l ~e“”T)e et
m me
0
) a
Dodé:x= > {cos(mt —T) —coswt].
mao ’

183. a) Chon hé-toa d6 nhu trén hinh 1.91;

¥
x = Ising + asinkt
y = lcoso > X
Ham Lagringgic cta con lic ¢6 dang b {
]
L= %izcbz + miak. ¢ cospcoskt + mglcosy., :
P
_ a2
Vay: § +T¢=Tsinkt;' ) Hinh 1.91

¢ coi 13 nho.
Nghiém s€ c6 dang :
2

¢ = Acos{ot + a) + %cos kt
Hw* -k*)

Tu cdc diéu kién ban ddu cda bai todn ta tim dugc A va a,

o= |5

{

b) Néu diém bugc cla con 1dc chuyén dong theo dudmg tron ban
kinh R, toa do ¢la né ; '

x = Isin@ + Rsinkt ; k = VED
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y = Ifcosg + Rcoskt
Ham Lagranggio : L=T-U

voi T= %1—(5(2 + )';2 ); —U = Picosg + PRcoskt

L= %(12(])2 + Rzkz) + mIR.kz(sincpsinkt — cosgcoskt) + Plcosg

Vay phuong trinh Lagranggio sé€ ¢6 dang :
2 2
¢+[%—%coslﬂ]q}:%sinkt (2)

Né&u R << [ ta ¢é thé bd qua s6 hang (szlf) coskt so v&i g/l, nhu
vy (2) s& tring véi (1) ; khi d6 chuyén dong ciha con lac 12 dao dong.
Khi R khéng nhé hon nhiéu so védi / thi nghiém cua (2) s& khong con
m6 ta dao dong nita. Chuyén dong cha con lac sé khong cdn la dao
déng nira.

184. Trén hinh 1.92
a) Khi lyc can cia khong khi N = 0. Ham s
~ Lagranggio L clia hé bing : | :

X

2.
L=T-Us= %)’(Z—Px+£:;—+0'0.x -

{,1a do din tinh cha 15 xo;

m=m, +m; | Hinh 1.92
Phuong trinh dao dong :

m¥ +Cx=0; ' (1)

1= %.x = Asin(et + o)
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Tir cdc diéu kién ban ddu cila bai todn ta c6
a=0;A=vjo

Mat khéc, vi xung lugng bao todn nén m,yvg + 0 = mv,

2gh ; do d6 v, = (m,/m) \/2g

’ C
X =1y iZ-gisinmt ;o= J?ni

b) Khi tinh dén luc can, phuong trinh chuyén dong khac (1) bdi 50
hangkx ;klahésotlé:

mx +Cx+kx =0
Nghiém ;

X= f:"uasin(\}k2 ~ ot A= EE— <@
m
2_2 72
X = fs_m(rs‘/)L et me:_‘/’L @ "]—;‘(’: k>2vCm.

X = vm.te_JLI néu k=2+Cm.

185. Xét 4 16 xo ndm theo cdc truc Ox va Oy (Oxy 12 mat
phing ngang ; O 12 tam cla da gidc déu) hinh 1.93, ham Lagranggio
s€ c6 dang :

2
(x +y =i > [\}(rﬂ() +y —a] -
2 2
- %[\/(r+y)2+x2—a] —%[\/(r—x)zwz—a} .
2 .
—%‘-[\/(r—y)z+x2—a} | ()
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Tuong tu, néu cé n 1o xo, biu
thiic cia th€ nang tuong ty nhy
(1), nhung s& la n s6 hang. Th€
nang ctia céc chét diém 1a ham d6i
xing chi phu thudoc vao khoang
cich tir chdt diém t6i goc toa do &
tam da gidc déu. Lap phuong trinh
Lagranggio, sir dung (1) ta duoc
chotoa dd x :

mx +C [4){ -2x3) =0,(2) Hink 1.93
T
khi C, =Cy=Cy=Cy=C.Véinlox0;C,=Cy=...=C, = Ctacd
phuong trinh dao déng :
mx +C (nx —E.EJ (3)
2r
Tir (3) ta thu dugc tn s6 dao déng ngang ciia chét diém :
2 nC 2r-a
0 = — .

2m T
186. Trong céic toa do cuc, ¢0 nang ctia hat khéi lugng m béng
-2 L2

E= 262 4202y + U =24 5+ U(r)
2 2mr

m= 12 Fag -
1, +m2

Uy 12 the tuong tic clia cdc nguyén tif trong phan tir.

2
Thé nang hi¢u dung U = L—Z + U(r). Khi nguyén tlr dao dong,
2mr

khodang cich r giita chiing tré thanh

166



r=r,+ 6r

Do dé
2 2
L L.,._(a ¥ i,
2mr?  2m 2 r0

titc 14 do dao dong da xuat hién bd chinh vio thé ning :

312
U= (6 ).
2m r
Do vay bd chinh momen xudt hién do dao dong d4 tao ra bd chinh
tn s6 80” :
312
R
21'112r4cu2

(vi momen ctia phan tit
' 2
Lz= ) m;(xy; ~yi%) = M) + myre3
i=!
@, 12 tin s6 dao dong n€u khong tinh dén phin bé chinh moémen gay
nén).

187. Phuong trinh vi phan mo ta chuyén dong cha chét diém khoi
lugng m theo dudng cong y = f(x) (xem bai 41) cé dang :

5{{1 P } OO 0RZ +2E'(x) =0
Gid sir x, 14 toa do diém O, 12 diém dng vdi y cuc téu
F(x) = F(x, + 8%) = F'(x ) + (x,)5% + %F’(’xo)(ﬁx)z +

+ LX) = 17(x + 6x)
= £7(x,) + F"(x)8x + %f(w)(xo)(ﬁx)z + ..
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Bo cac s6 hang bac (6x)2 va cao hon ta ¢é

2

d—2(8x)+ gf " (x ).0x = 0
dt

Vay chu ki dao dong ciia diém quanh O :
27 . .
T= == 2n(ef"(x) 2

D&i v6i trudmg hgpy =ax* + b ; T=2n./1/2ag .

188. Trén hinh 1.94, theo dinh
nghia, taco:

q dl L
Uc= — ju = —,
ot a - |
C
I, q 1a dong dién va dién tich trong —l_
mach : @
U= uc+up; Hinh 1.94
u cosmt = Lﬂ+i,
d C
2
hay LE+LI:92 v‘lI=£lg.
a2 C dt dt

Pé tién tinh todn ta dat u coswot = Rf:(u(‘,f:l 1), u, 1a s6 thuc va

I=Re(le"™), I, 12 56 thye, vay :

e l . . .
LRe (—lomze'm) + E"—Re.e"’" = Re(lmtuoe'm‘)
v [= Yo sin ot
1
Co
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N q . 1 u, sinwt
Vi U= —, Up=—=—>
- C C CLm___}_
Co
uc = 2 cosot .
1 - CL®?

189. Néu c6 thém dién & R mac n6i ti€p vao mach nhu t.rong bai
188, phuong trinh dao dong cha dong 13 :
¢*I Rdl_ 1

-—+ +——1 = —u_wmsinmt 1
di? Ldt CL © th

Day la dang phuong trinh dao dong cuding biic c6 ma sat, nghiém
chung cda (1) khi khong ¢é v€ phai : -

I= ae_hcos(mt +a) > 0khit 5, (A= i)

2L
tifc 1a nghiém tat ddn. D€ tim nghiém riéng cia (1) ta dat :

CoSig L -
[=1e" ;1,=ige " ;i,vadlacic s§ thuc. Gidi ra ta thu duoc :

I,= Tu,0/L = 1,c050 — i,isind

( 1 2] . R

— -0 [-2i—n

CL

Do dé6 :
-172
R . 5 (1 2

[g8=——l y1,=—"U4 R +| — - L

oL ~—- oC

Cow

. q I
Rel =i cos{mwt —8); ur= = ; du~= —dt
o C C C C

ip .
uc = ~Cism(mt - &)+ const .
)
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190. a) Gia sir z 12 46 dich chuyén khoi

vi tri can bing O (tam da gidc) (hinh 1.95)
theo phuong thing dimg ciza chdt diém, céc m
10 X0 ¢6 hé s6 cling bing nhau va bang C. _

Khi d6 ham Lagranggic

Hinh 195

L= T U—-—mz ——n(A!) ¢))]

\Ir +z —a~r1’l+——~—a~r+-—-—a

Bo s0 hang 2— $o vdi r ; thay Al vao (1) tacé
r

. r-a
mz+nC——z =0
T

Vay tén s§ dao dong :

9 nCr-—

m r

b) Khi luc cén cia khong khi bing —a z ; (2) ¢6 dang méi

v} nC r—a
Z+—z+——2z =0
m m I

Tim nghiém cua (4) dudi dang :

z= CjeM' 4 Cpe?!

& day A, va A, Ia nghiém cita (4) khi ta thé vao n6 z = e

m T

2 142 C
o o n r—a
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Tir cdc difu kién ban ddu clia bai todn ta tinh C,; va C,. Cubi cing

_ o
ae” " cos(ot + B) néuy = —— < @,
2m
73 72
z={ Ce VNN VYO ngn ys e, (5)
(C +‘C2 )e M néuy =,

\
a va P cing dugce x4c dinh tir cdc didu kién ban dau cia bai todn.

191. Gia sir tam ctia 6ng chura hdn bi
g O (hinh 1.96). Hon bi chiu cic luc
‘P, N, Ec. Phuong trinh chuyén déng 1:

O

BaN+Fc=mW.

W=v=0¢r;

I&=av=ar¢

P=mg; alahesdtile.
Chiéu 1én phuong ti€p tuyén ta duge :

Hinh 1.96

g+=p+Ep=0 (1)
vdi cdc gée ¢ nho.

Phuong trinh (1) ho#n toan gifng nhu phuong trinh (4) bai 190.
Do vay nghiém hoan toan gifng nhu (5) bai 190 véi

2_8 a
., == ; =
° ot Y 2m
192. Ham Lagranggio L, cia dao déng tr mdt chidu, tu do c6
-2

dang L = m% - (lgw)mzxz. Khi c¢é ngoai luc F(t) tic dung, ham
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Lagranggio c6 dang :
L =L, + xF()
De dé nang lugng cia dao dong ti :
E) =T+ U=L+2U=1L - 2xF(
Ap dung cdc cong thitc cho dao dong cudng bitc :
. t 1 I
M) = % —iox = e [ —e ' Fahar
m
—a0

é'l(l)( dt ]

n( =

iF() i’ ' dF(t)
mo  me dt'
—an

Ta tim dugc :

EW = ZRes)? + Rmny? -2 me =
2 2 1)
2
_ B 1 'TdF(t)e_imdt
- 2 2
2me°  2mo ‘ ¢

193. Xem hinh 1.97. Gia st x, va x, 1a do
dan khoi vi tri can bing cla cdc 1d xo. Khi vat
thd nhat & vi tri x| thi vat thit hai & vi trf x,, vay
do dan cua 10 xo thd hai do budc vao viat khdi
lugng m, la x; — X,. Vay ham Lagringgio cho vat

khai lugng m, ¢6 dang :

cho vat khoi lugng m, ¢6 dang :
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L,= _rp_l,'{%__(_:_zﬁx% 2)
2 m,

Céc phuong trinh Lagranggio cho cdc vat @

X, +2L(C, +C2)+C—2x2 =0 (3)
my my

xz+—§lx2 =0 )
ms

Tim x, tir (4) r6i dat vao (3) ta dugc :
Xy = aCOS(M,t + @7) 5 5 = (C/Z/mz)”2

aC -
Xy =beos(w;t + @) + %(m% —m:ll) lcos(mzt + @)

1 N . e a N
w:f =(—XC, +G)); a, b, 94, ¢ 1a cdc hdng s0 tich phan xdc dinh wr
m
cic diéu kién ban ddu cia bai todn.

194. Tren hinh 1.98 tuong tu nhu bai 193 ham Lagranggic cua hé

C] C C3

%nmmmmxﬁ
A my m, b
Hinh 1.98

my .2 my. 2> C > Cz 2 G5 2
L= —%x +—=%5-——x X -—X
AT e (1 X2) 5 X2

X VA X5 12 d§ din ciia cic 10 xo ¢6 hé s6 cing 1a C;, C, khdi vi tri can
biang. Bat x| {m; =x; x;m, =ytacé:

= —(x +y )— (m2x2+0)2y )+ axy (1)
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12 C+C o2 Cy,+C
o= Cz(mlmz)!‘ 12 1 2 w3 = 2 3.
m] m2

Tu (1), 1ap phuong trinh Lagranggio chocictoa do x vy

i{+w%x=ay; j?+m%y=ax (2)

Xx=Acos(ot+ @), y=A,cos(ot+ Q) (3

Thay (3) vao (2) ta dugc phuong trinh cho phép ta tim duge A,

VaAzz

A, = 2“ Azﬁl A,

o =

A

A= 2‘1 —lel

w mb
2 5 172
N ——(co] +m2)+2 (m1+m2) —4(m1c02—a )

Viay nghiém cia (3) ¢é dang :
X = Acos(w,t + @,) + Beos(wyt + @)
¥ = (A/d ) )cos(m,t + @,) + (B/A)cos(wyt + Q).
A, B, ¢,, @y, 12 céc hing sg tich phan xdc dinh tr diéu kién ban
ddu cna bai todn.
195. a) Tuong tu nhy bai 194, ham Lagranggio ctia hé :
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Lap cac phuong trinh Lagranggio cho céc toa d6 x|, X5, X4 ta dugc :
mliil +Clxl +C2(Xl —'X2)=0
myXy +Cr(Xy =X )+ C3(x5 —X3)=0 (1)
ITI35{3 + C4X3 + C3(X3 —Xg)= 0
Lay tich phan cdc phuong trinh nay ta duge céc toa 4o x,, X7, X3 12t
d6 dich chuyén khéi vi tri can bing clia cic chét diém khéi lwong m,,
m,, m. Trong lyc P; = mg, P, = m,g vd P; = myg, chi ¢6 tic dung
lam thay d6i vi tri c4n bing, khong anh hudng dén céc dic tinh cia dao
dong (xem bai 174).
b) Néu C; = C; = Cy = C4 = C, he (1) trs thanh (m| = m, = m;)
mXy +C(2x; - x3}=0
mX; +C(2x; —X; —x3)=0 (2)
mii3 +C(2X3 - Kz) =0
bat nghiém x; = Acos(wt + @) ;i =1, 2, 3 ; thay x; vio (2), ta
duge he phuong trinh ma céc 4n $6 s€ 12 A|, A,, A;. D€ hé c6 nghiém,
dinh thic phai bang khong. Cho dinh thiic bing khong va gidi ra ta tim
dugc cdc gid tri ©,, 0y, 03

of3 = (2 ¥ \/2_’)%
2C

m

(3)
ol -
Thay w; vao phuong trinh dinh thifc bang khéng ta ¢6 :

Khim:ml,A,=A3=§~%

=

Khim=w2,A1=—A3;A3=0.
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. A
Khio =0, Aj=Ay= -2

5
Vi A, la cdc hang s6 tuy ¥ cho nén ta dat A, = A; = A (do dé
A, = A\/E)néum;w. va A =B (do dd A; = -B) név o = 0, ; cudi

cung Ay =.A3 =C(dodd Ay = —ﬁC) néu @ = ®,. Do vay nghiém
cia (3) cd dang :

X; = Aﬁos(mlt + @1} + Beos(wyt + 09) + Ceoslmzt + @3)

Xy = 2 Acos(ot + @) — 2 Ceos(wst + ¢3)

X3 = Acos(® |t + @) — Beos(w,t + @) + Ceos{wst + ¢4)
Céc hang s6 tich phan A, B, C, ¢; xdc dinh tir diéu kién ban d4u

cta bai todn. Cic toa do x; hoan toan mo ta dao dong ciia hé. Néu dat
—1(x+x+x)' *l(x-x)
Q3= 5% X +x3); qzﬁIS
(q; 1a cdc toa do chuén), ta cé :
m_ .2 22, -2 2.2 .2 2 2
L= ?(Ch —01q) +43 - 03293 +q3 —©393)

Vay g +olqi=0:i=1,2,3.

196. Tir hinh 1.15 bai 165, vi trong mach khong cé ngudn dién
nén tong hitu dién th& c4c doan mach bing khong :

uCl+uB2+uC+uC2+uB2=0 ) (l)
dl q - ;
up= B—;uc= =, rdrang ring q=q + q-, vay :
B et e grangq=aq, +4q»
' 2 2 _ '
Blﬂ-%L+-°‘—‘ + Bzd—q;+ﬂ?—_ +3 -9 )
dtc G da° G C
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vOi q = q; + ¢,. Phuong trinh (2) 14 phuong trinh Lagranggic ma ham
Lagranggio din t6i n6 ¢6 dang :

2
ﬁqz_ qf +B_2q2_ a3 _{a,+97)
2 2c, 2 7 ag 2C

Dat Jﬁ;ql =x; +/Byqy =y taduge:

L= %(5{2 +yz)-%(_mlx2 +0,y%) + oxy (4)
V(ﬁ (1)‘]22—1- i+L ;m%z__l.._ i+_l..
N B,lCc ¢ B, C C, )
1
O =

CyB,B,

Phuong trinh (4) giai hoan toan tuong tu nhu phuong trinh (1) bai
194, tim duge x va y ta fim dugc q;(1) va g,(1).

197. Xem hinh 1.99. Ham
Lagranggio coa con lic ] ;

X

m;.» my.2 o
L, = —1%? + =142 _m el cos

m

ms .2. .2 ~4
Ly = —=(x5+¥5) - 2
7 > ( 2+Y2 2 My

- ng(fl cos( + 32 Cos¢y ) y i

Xy =1ysing + Lsing, Hinh 1.99

¥ = lcos@ + I,cosg,

Dodo L =L + L, la ham Lagranggio clia hé con lic toin hoc kép
1 . m; 2. oo
L=-(m, +m)Li¢; +72322<P% +mahh ¢, cos(o; —@y)
+ (m; + my)gl cosg, + gm,/5cosp, 4))
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Do vay phuong trinh chuyén dong cho cdc 1oa d6 ¢ vd @,

{(mi +mz.)*’|('151 +mahi, +(my +my) ge, =0 )
hp +H$2 +8p, =0 _
Dit @, = Ae"™, @, = A, ta duge -
{(m] +my)g- a"lmz) Ay - wzmzz’z.Ag =0 3)
~Lo%A) +(g-ho?)Ay =0

Hé (3) ¢6 nghiém khdc khong néu dinh thifc ctia né bing khong.
Giai phuong trinh dinh thitc bang khong ta dugc :

2
W2 =

{(m, ) + ) £[(my +my)E( +h)

—my (my +my)hiy]' "} = 2By @
21’1’1]1’[!‘2
Thay o = @; vao (3) ta duge A| = y,,A; vi khi © = 0, ta ¢6

B(+)
2omyl,

Yy =

B(t) |
(ml fmz)[l— 2“‘1’2]

B () ¢6 biéu thiic trong (4).
Cudi cling dat A; = Akhi o =w,
v A, =Bkhiw=w,

@, = Acos(m,1 + a;) + Beos(mot + a,)

' B
cos{@;t + o) +——cos{it +aq) .
Y Y-

@y =
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Phén 11

PIEN DPONG LUC HOC VA
THUYET TUONG DOI

A. DE BAI

§ 1. GIAI TICH VECTO

1. Biéu dién div, grad, rot trong h¢ toa d6 wvuong géc. Chimg minh
ring :

divrotA =0
rot gradp =0
v6i A » ¢ 12 nhitng ham tuy ¥ cia toa d¢.
2. Dung toa do Décac, tinh ;
divr,rotr, _grad( arjh,(a.vyr,
trong d6 T 1a ban kinh vécto, a 1a vécto khong déi.

3. Tinh grade(r), divo(r). T, rote(r) T, (3 V)o(r). T v&i a 13 véco
khong d6.
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4. Chimg minh cdc hé thitc sau day :

a) grad(owy) = pgrady + ygrade

b) div((pz)ztpdiw—&:+ K.gradcp

c) rol((pK) = (protK | A .grado]

d) div [R.ﬁ] = Erotg - Krot}_?;

e)rot{A.B]= AdivB - BdivA + (BV)A —(AV)B

g) grad.( K.E)z [K'.rotﬁ] +[E.rotK]+(]§V)K +(KV)§

5. Chitng minh cic dong nhat thic sau day :

a) a._grad(x.§)= ;\.(EV)E + E(EV)K

B(CVIA.B1={A(CV)B]- [B.ACV)A]

¢} [A.BlrotC = B.(AV)C - A (BWV)C

d)[[A.V].B]=(AV)B-[A rotB] - AdivB

e} [[V.A).Bl= AdivB - (AV)B ~[A .rotB] - [B .rot A ]

6. Tinh grad(p.T), div[p.T ], rotf p.7 ], gradﬁ—f véi P la vécta
T

khong d6i.

7. Viét hinh chi€u ciha vécio AA Ien cic truc cua he toa do cdu va
hé toa do tru.

8. Tinh luu sé cua vécto [w.t ] theo vong tron bén kinh 1y nam
trong mét phing vuéng géc v4i vécto @ khong déi. Biét tam vong tron
trung véi géc toa do.

9. Tinh théng lugng cua ban kinh vécto f qua mat hinh tru trén
hinh 2.1,
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10. Chitng minh cdc tich phén sau

day bing nhau :
cj T(3.5).dS
o_[ (3.7)AdS

trong d6 a 1a vécto khong déi va nla
vécto phdp tuyén ctia mat tich phan.

Hinh 2.1

§ 2. TRUONG PIEN KHONG POI

11. Ding dinh luat Culéng (Coulomb), tinh dién trudng tao bdi :

a) Soi day thang dai vo han, tich dién déu v4i mat d6 dai X

b) Mat phang v6 han, tich dién déu vdi mat do dién mat o.

¢) Mat try trdn dai vo han, ban kinh a, mat do dién dai .

d) Mat cdu tich dién déu, ban kinh a, dién tichq.

e) Qua ciu tich dién déu, ban kinh a, mat do dién khéi p.

12. Dién tich +q phan bd déu trén mot vanh tron bén kinh a. Tam
cua vanh tron tring véi goc toa do O, cdn mit vanh tring v6i mat Oyz.
Tai g&c toa do O cé dat mot dién tich —q.

a) Tim th¢ ¢ tai diém P nim trén truc Ox céch goc toa 46 O mot
doan bang x.

b) Dién trudng tai diém d6 bing bao nhiéu?:

¢) Dién trudng phu thudc x nhw thé nao néu x >> a. Né ¢6 giam

nhanh hon dién trudng tzo boi ludng cuc dién tai cdc khodng cich xa
khong?
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13. Tinh cudng dé dién fruc‘mg tai mot diém trén truc clia mot dia
tron bin kinh a, tich dién déu vdi dién tich q. G khoang cach ndo thi
di¢n trudng bang o/4e,, trong dé o 12 mat d6 dién tich mat cha dia.

14, Tim th€ ¢ tai diém P nam
& khoang cich R dén mot soi day‘

¥4

dai 7} + I;, mat 46 dai cha day 1a :dy=_df
(hinh 2.2).

a) So sanh két qua thu duoc 0 P X

vl tradng hop R >> 1) + [,

b) Xét trub‘ng hO‘p R << il + fz. Hinh 2.2

So sénh dién trudng fim duge nhdy dinh 1i Oxtrogradski-Gaoxd vdi
dién trudng tinh duge tir két qua cta @.

AZ E.

r

15. Thé vo hudng tao
bdi ludng cuc dién p tai
mot diém cidch luéng cuc
dién mét doan r ¢ dang :

1 pcosH

dne, 2

(hé toa dé chon nhu hinh

Hinh 2.3
2.3).

a) Tim thanh phan E, doc theo bdn kinh T va Ey vuong géc vdi
bédn kinh T cita dién trudmg tai diém M(r, 0, y).

b) Chitng minh ring dién truémg tao bdi hudng cuc dién & moi
diém trén dudng thing di qua tim O ciia ludng cuc ¢6 cding phuong.

) Tim cudmg dé dién trudng E tai diém cdch ludng cuc mot doan
wy ¥ xac dinh bdi cdc géc 6 = 0, n/4, n/2.
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16. Cudng do dién trudng cia mot dién tich diém dat tai géc toa
do cé dang -

E= 13 P
r
trong d6 k 1a mot hing s6.
a) Tinh thong lugng cua véc to E qua moOt mat cdu ban kinh a ¢é
tam tring véi géc toa dd.
b) C6 thé ding dinh 1f Gaoxo bién ddi thong lugng E qua mit clu
sang tich phan theo thé tich clia divE dugc khong?
17. bién tich q phan bd déu theo thé tich
(p = const) giira hai qua ciu l&ch tam sao cho-
qua cdu nho ndm hoan toan trong qui cdu
_16n. Cho ring hang s6 dién moi & trong hoc

ciing bang & phan gitta hai qua c4u. Xdc dinh
dién trudng trong hoc (hinh 2.4).

18. O trang thdi co ban cha nguyén tir
hidrd, dién tich cia électron (—e) duoc phén

bo doi xiing cdu véi mat do thé tich 1a Hink 2.4
e —rfa
p=-——¢€
a3

trong d6 a 12 ban kinh Bo (Bohr), r 1a khoang cdch tinh tr tam qua cau.
Hay tinh cudng do dién trudng bén trong nguyén t tao bdi electron 0
diém céch tam khoéng r.

19. Mot sgi day thang dai vo han tich dién déu vdi mat 4o dai .
Bao quanh soi day 132 mot 1dp dién moéi hinh tru ¢ ban kinh R, hing
s6 dién moi 1a g,. Bén ngoai 1615 d6 1a dién moi vo han dong chat véi
hang s6 dién moi la &,.

a) X4c dinh cudng do dién trudng tao béi soi day do.
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b) Xdc dinh mat do dién tich lién két & mat ti€p xic ciia cdc 16p
dign moi (R =R /).

20. Dién tich dugc phan b6 d6i xing céu p = p(r). Bing cich chia
khong gian thanh nhimg 16p cdu, biéu dién thé ¢ va cudng do dien
trieong qua p(r) (viét ¢ va E dudi dang tich phan mot 16p theo r).

21. Xdc dinh dién trudng cla mot ty dién phing c6 céc ban tich
dién déu v6i mat do dién +o va —o. Khong gian giita cic ban chita diy
mQt 16p dign moi ¢6 hang s6 dieén moi & = £(x). Bo qua hiéu ing by ;
truc X hudng vuong géc vdi cdc ban, tir ban c¢é dién tich duong sang
ban ¢d dién tich am.

22, Xéc dinh dién trudng tao boi mat cdu tich dién déu c6 béan
kinh a. Haéng s6 dién moi cla moi trudmg € = e(r), trong d6 1 1a khoang
cdch k€ tlr tam hinh ciu.

23. Ban trong clia mét tu dién cdu tich dién q, ban kia ndi dat. Xdc
dinh dién tich cdm img trén ban néi dat.

24. Ciing bai trén nhung gira hai ban 13 dién moi ¢ hing s6 dién
mdi € = g(r). Biét bdn kinh cta cdc ban 1a Iy, 5 (r; > ). Tinh dién
truong bén trang va bén ngoai tu dién.

25. M6t qua cdu dién moi ddng chat ban kinh a, tich dién déu mat
d6 p, hing s6 dieén moi e, Méi trudng xung quanh cé hang so6 dién
mdi g = ().

a) Xac dinh cudng d6 dién trudng cha qua ciu.

b) Xac dinh mat do dién tich lien két & mat qua cdu.

26. Thé cia trudng tinh dién trong chan khéng 14 :

X (x>0

8Cl

¢= ax
— (x<O

80
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Xac dinh sy phan bé dién tich tao ra trudng.

27. The coa trudng tinh dién trong chan khong 12 :

q
r>a
dner ( :
= 2
—ar 7+ 39 - (r<a)
8ng,a”  8mesa

trong dé r la khoang céch ké tir g6c toa d¢, a va q 1a nhilmg hing s6.
Xac dinh su phan bg dién tich tuong tmng.

28. Xéc dinh sy phan b6 dién tich tao ra thé Tukaoa trong chén
khong ;

e—r;‘a

¢=q
g4l

29. Mot ban hinh vuéng canh 2a phan b6 dign déu, dién tich q.
Xéc dinh dién trudng trén dudng Oz vudng gdc v6i ban va di qua tam
coa ban. Viét gid tri gdn ding cla trudng tai diém gan ban véi do chinh
xéc bie (/3" (z<<a) v2 tai diém xa ban (z >> &) v6i do chinh xdc bac

(a'z)”.

30. Bén trong mot thé tich V' nio d6 cé phan b6 dién tich e
lién tuc, mat d¢ thé tich p = p(r’;)). Chitng minh ring néu chon goéc
toa d6 tai mot diém nao d6 bén trong V’, truc Oz di qua diém quan
sdt P thi the ciia dien truomg trén tryc Oz v6i do chinh x4c bac (1/z)°
c6 thé viét :
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trong do :

a,= [p(rydV'=e
7

a

| Zip(sHav’ =p
o

l ’ r
3= 2 1(3232 —Hp(r)dv = Q.
N

p va Q 1a mémen ludng cuc vd mOmen tf
cue cha dién tich phan b6 trong thé tich V'
(hinh 2.5). | Hinh 2.5

31. Qua cdu din dién ban kinh a, ndm trong mot qua cdu dién moi
déng tam bdn kinh b, c6 hing s6 dién moi &. Tim dién dung cua qua
cdu a.

32. Mot mat phang vo han chia khong gian thanh hai nita. Hang s6
dién moi & hai nilta 12 £, va . Mot qua cdu dan dién ban kinh a ¢6 tam
nim trén mat phan cdch cla hai moi truong. Tim dign dung cla qua
cau.

© 33. Tim dién dung cua cédc tu dién sau day :

a) Hinh try chiéu dai b, bdn kinh cdc ban R va R,, giffa cdc ban 12
hai 16p dién moi déng truc ¢6 hang s§ dién moi &4, €, va mat phan chia
¢6 bin kinh R,. Bé qua hiéu (ng bd.

b) Hinh phéng, dién tich S, giita hai ban cd hai 16p dién moi phang
song song vdi S, bé day d,, d,, hiing s6 dién moi €|, €. B6 qua hi¢u
ing bo.

34, Mot dién tich diém q nam trong chéan khong, cich tam qua cdu
din néi ddt mot doan ! ; bdn kinh clia qua cdu la a (a < /.
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a) Xdc dinh dién tich cam tmg trén qua cdu.

b) Tinh luc twong tdc giira dién tich q va qua cau.

¢) Xét trudng -hgp qua cdn duge gilt & mot dién thé khong ddi
bing @,

35. Mot dién tich diém q ndm céch tam mot mat cdu mot doan L
Mat cdu ¢6 ban kinh a va tich dien Q (a < {). Tim lyc twong téc gilia
dién tich va qua cau. '

36. Tinh gin ding nang lugng cta hai qua cdu kim loai ban kinh
a, b tich di¢n q, g, ndm cich nhau mdt quing r xa so v6i bdn kinh
{r >>a; r>>b). Dién tich clta chiing 1a g, vaq,.

37. Tinh nang lugng cua mot qui cdu dién moéi ban kinh a, tich
dién déu theo thé tich. Hing s& dién moi cha qua cdu 1a g, cla moi
trudng xung quanh la ¢, dién tich cta qua cdu la q.

38. Nguyén tlr hidrd ¢ trang thdi co ban. Tinh nang lugng tuong
tAc gita hat nhan va ddm may électron ¢6 mat do Ia

e—2rfa

p=—
1'53.2

v a 12 ban kinh Bo, r 1a khodng cdch tinh tir hat nhan,
39. Tinh nang lugng cia cdc tu dién trong bai 33 néu dién tich
1a g. :
40. Khodng cach giita hai ban cta mot tu dién phing l1a d, con-
dién tich 1a S. Gifra hai ban 1a mgt 16p dién méi day dac. Tu dién duoc
mic vao mot ngubn dé cé hiéu dién thé 1a Agp, sau d6 duge ngat di. Hoi
cong cdn thi€r d€ kéo 16p dién moi ra khoi tu dién.
41. Hai ban kim loai dugc dat thang ding va song song trong mot
binh chifa dién méi long. Khoang cach gifta cdc ban 1a d va hiéu dién

thé gitra ching 1a Ag. Hoi dién moi long & giira hai bin duge nang lén
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do cao bang bao nhiéu? Cho biét trong lugng riéng ciia dién moi long
la 8.

42. Mot w dién tru duge dat dimg trong mot dién moi 1ong. Lép
dién moi giita hai ban duge nang 1én dé cao h. Biét ban kinh cta tu
dién 1a R; va R,, hiéu dién thé giita hai ban 1a Ag. Tinh hing s6 dién
moi cia chét long néu trong lugng riéng cia nd 1a 8.

43. Dién dung 1én nhat cba mot tu dién xoay trong may thu 1a
100pF. Khi diéu chinh may, cdc ban cla w dién dich chuyén sao cho
dién dung c6 thé giam t6i da con Jai 10pF. Gia thi€t ring khi tu dién
tich dién dén hiéu dién th&€ 300V thi dién dung cuc dai. Sau d6 xoay
nim diéu chinh d€ ty dién c¢6 dién dung cuc ti€u. Tinh cong thuc hién
khi xoay nim diéu chinh dé6.

44. Dién tich trén cac ban cla hai ty dién ¢6 di¢n dung C; va G, 1a
q vaqp.

a) Chimg minh ring trong trudmg hop khong ¢6 gi dac biét, khi
ching duge mic song song thi ning luong ciia hé gidm.

b) Tim diéu kién dé khi méc ching thi ning tugng khong bi hao
hut.

45, a) Chimg minh ring trong dién trudng E. ning lugng tinh
dién cda mot ludng cuc dién ¢6 momen ludng cuc p bing :

W=-p.E

b) Hay tinh mémen luc tdc dung lén ludng cuc dién dat trong dién
trudng E {tinh tryc ti€p va tinh nhd bidu thifc adng lugng & trén).

¢) Nang lugng cia ludng cyc ¢d ding bang nang luong tao béi hai
dién tich cia né dat lién ti€p trong dién truéng khong? Néu khong, hay

tinh hiéu nang lugng, Néu c6, hay viét iinh todn cu thé dé chimg minh
luan diém ctia minh.
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© 46. Mot w dién phing duoc mic vao mot nguén dé git cho hicu
dién the cdc ban luon luon 1a U, Pua vao khodng gita hai ban @6 mot
ban dién moi ¢6 hing 56 dién moi 1a & dé 14p day.

a) Ching minh rang khi d6 nguén di.f}n thuc hién mot cong bang
4,Uo(e — 8,)fe, trong d6 q, 1A dién tich trén céc ban ty dién ban ddu
(khi tu dién chua 14p ddy dién mai).

b) Tinh cong thuc hién béi lyc co khi lap ddy dien moi. Cong dé
thue hién do lyc dat 1én dién moi hay béi dién mai?

§ 3. TRUONG DIEN TU DUNG

47. Giita cdc ban cta mot tu dién hinh cdu ban kinh r, ry c6 mot
hiéu dién th¢ U. Khong gian giifa céc ban la moi trwong déng chat véi
d6 din dien 1a A. Tinh dién tr& gifta céc ban, cudng do dong dien va
cong sudt nhiét tda ra,

48. Gitta cdc ban ciia mot tu dién hinh tru chidu dai / ban kinh R,
R, ¢6 mét hieu dién the U. Tim cudmg do dong dién, cOng sudt toa
nhiét trén mot don vi chiéu dai hinh tru trong céc trudng hop sau day :

a} Giffa cdc ban 1a mot moi trudng déng chat c6 do dan dien 1a A.

b) Gilra cdc ban 13 hai moi trudmg déng chat hinh tru dong truc véi
d6 dan dién 1a &) va A,, ban kinh cba mat phan gigilaR,,.

49. Trong méi trudng déng chat ¢6 do din dién A = A(x,y,z) va
hang s6 dién moi 1 ¢ = &(x,y,z), ¢ phan bd dong dien dimg

i= j(x.y,z). Tim su phan bd dién tich theo thé tich trong moi trudng

-

nay.
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50. Tinh dién tr& néi d4t Khi c6 mot cuc 1a qua ciu noi dat bdn
kinh r chon sau dudi dat (46 dan dién clia dat 1a o).
Ciing nhu vay v6i nhimg cuc ndi dat
chon mot nira duéi dat,

51. Tinh hiéu dién thé giita cdc budc
chan ciia mot ngudi gan mot dién cuc noi ll
dit nira hinh cdu (hinh 2.6). Hiéu dién thé

bude chan 12 hiéu dién thé giifa bai diém

trén mit dat cach nhau mot khodng r; (bing
mot bude chan) trén ciing mot dudng bén
kinh ké tir tam dién cyc ndi dat. Bi€t cudng Hinh 2.6
d6 dong dién clia day din véi dién cyc 1a T va do din dién cha dat 1a A

52. Trong khong gian giita hai ban clia mot tu dién phéng ta dva
vao hai t&m phéng song song din dién dinh sat nhau va dinh sat cac
ban tu dién. Céc tdm phing c6 bé ddy 1a hy, h, do dén dién &, A, va
hing s6 dién moi g, &,. Cdc ban cha tu dién lam bing vat litu ¢6 do
dan dién 16n hon A, A, rit nhiéu. D3t hiéu dién thé U vao cdc ban 1y
dién. X4c dinh cudng d6 dién trudng E, cam tmg dién D va mat do
dong j trong cic t&m phéng cling nhu mat do dién tich ty do & va lién
két oy, trén tdt ca ba mat phan cach.

53. Dung mot qua cdu dén dién li tudng ban kinh a chon mot nira
viio trong dit dé nGi dat (do din dién ctia d4t 13 A;). Lop ddt ban kinh b
cling tam vdi qua cdu va dinh sdt né c6 d6 din dién da dugc tang kn
mot cach nhan tao bing A,. Tim dién trd cha vat néi ddt do.

54, Céc day dan duge ndi v6i nhau sao cho @0 thanh mot hinh hop

vuong, cdc canh ¢6 dién trd nhu nhaw va bing 1Q. Hay tim di¢n trd
gita mot cap dinh cta hinh hop.
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Ghi chii : Phai xét tat ca nhing cap dinh kha di.

55. Tinh cudng d6 tir trudng tao bdi mot cap diay din dién thang
dai 2L, c6 cudng 49 dong dién [ chay qua. Xét trudmg hgp gi¢i han khi
L >« '

56. Xac dinh tir ruong H va cam iing tlr B tac boi dong dign mét
chiéu I chay theo mot day din dai vo han, hinh try tron ban kinh a, Hé
s@ tir thdm 3 p, ca moi trudng xung quanh 14 p.

57. Mét vat hinh tru rong, bdn kinh trong bang a, bin kinh ngoai
bang b. C6 mot dong dién cudng do 1 khong déi chay trong vat. Xdc
dinh tir trudng tao béi vat dan do.

58. Mot day cdp déng truc diung dé truyén dong dién mot chiéu
gom c¢6 mot 161 hinh try, bdn kinh R, vA mot vo hinh tru réng cé bén
kinh R, va R;. Dong dién cé cudng do I chay di trong 161 va chay vé
trong vo. Giita 161 va vo 1a chat dién moi. Tim tir trirdng tao boi day
cép. : :

59. Mot vat dan hinh try tron dai vo6 han, cé mot 16 héng ciing
hinh try dai v6 han (tiét dién tron cia 16 hong hoan toan ném trong vét
din). Mot dong dién khong ddi, mat d@jchay doc theo vat din. Tim
cudng do tir trudng bén trong 16 héng.

60. Mot day dan chif nhat canh 2a va 2b. C6 mot dong dién cudng
d6 I chay trong d6. Xac dinh tir trudng tao ra trong chan khong trén
truc di qua tAm cla day dan.

61. Mot day dan co dang mot da gide déu n canh, chidu dai méi
canh 2a. C6 mét dong dién cudng do 1 chay trong dé. Tim tir trudmg
trén truc vuodng géc va di qua tam ciia da giac.

62. Theo mot cong tua tron ban kinh r, c6 mét dong dién I chay.
Tim tir truémg tao ra trén truc cliia cong tua.
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63. Mot day din cé hinh xody 6c¢ .
phing (hinh 2.7). Phuong trinh trong hé toa z
d¢ cuc ¢cé dang :
_ Lo
21N ' ) /

trong d6 N 14 s vdng; L 1a chiéu dai cia
ban kinh vécto ké tir tam xody dén dau
ngoii cung cua day din. C6 mot dong dién
cudng do 1 chay trong day dan. Tinh thanh Hinh 2.7
phin cam ing tir B trén truc cia day din cach mat phing mot doan Z.
64. Tinh tir trudng bén trong mot day xoléndit daj vo tan cd cic
vong quin st nhau, cho biét cudng do coa dong dién 1a I, va s§ vong
quén trén don vi chiéu dai cha x6lénoit 14 N.
65. Trén moOt hinh nhin bin kinh R (ti€t dién tron ban kinh a)
quan N vong day din ¢ dong dién I chay. Coi diy din di manh, xdc
dinh cudmg do tir trudng bén trong va bén ngoai x61&ndit ndi trén.

66. Tinh th€ vécto A va cam ing tir ﬁlao b&i mot day din dién
tron, c6 deng dién I chay tai mot diém & céch xa vong tron. Ban kinh
vong tron 12 a. Khodng cich tr tam vdong udn dén diém xdc dinh
trudng fa R (R >> a).

Tir k&t qua suy ra ring trudng dé gidng nhu trdmg tao bdi mémen
ludng cuc dién c6 momen tir bang :

u=Lna’
67. Nghiem lai ring thé vécto A (mg véi trudng dong nhat

B = const ¢6 thé viét dudi dang :

A =%[§.f I
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Tim mot vai dang don gian khéc cila thé véceto (ng véi tir trudmg
dd, nghiém fai rang cic thé vécto dy sai khic nhau grad ctia mot ham
v hudng,

68. Gidi bai todn 56 bing cich dua vio thé vécto A va phuong
trinh Poatxong (Poisson) d6i véi thé A . °

69. Gidi bai 57 bang cich dua vio thé véctg A va phuong trinh
Poatxong doi véi the A .

70. Tim the vécto A va tir rudmg Htao bai hai dong dién I thing
song song va ngugc chiéu nhau. Khoang céch gitta hai dong 12 a.

71. Mot qua cau bén kinh a, mang dién tich e phan b déu trén
mét cha né va quay xung quanh mét dudng kinh véi van t6c géc @ .
Tinh @r trudng bén trong va bén ngoai qué cdu. Biéu dién tir trudng H
bén ngoai qua ciu qua momen ¥ i cha qua ciu.

72. Mot qua cdu ban kinh R, nhiém tir déu véi moémen tir ciia mot
don vi thé tich 1a M. Tim tir trudng Hva cam tng tix B tao bdi qua
cdu do.

73. Tim luc twong téc ciia hai day dan song song vo han nim cich
nhau mot khoang d c6 cdc dong dién [, va I, chay qua. D¢ tir thdm cha
moi trudng la p, |

74. Mot ddy din bang déng ABCD ¢ bén kinh a, duoc udn thanh
3 canh mot hinh vuéng (xem hinh v& & phén gidi). Hai ddu AD gén v6i
truc ndm ngang OO’ sao cho day ABCD ¢6 thé tu do quay xung quanh
truc OO’. Dat day trong tir trudng H déu thang ding. Trén day din cé
mét dong dién I chay. Hoi day dan bi lech di mot géc o bing bao

nhieu. Trong lugng riéng cha dong 13 §.

75. Mot dong dién dai vo han I, vd mét dong dién tron I; ban
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kinh a ndm trong citng mét mat phang. Khoang cach tir tam vdng tron
dén day dién dai bing b > a. Tim luc tic dung lén dong dién tron.

76. Chitng minh ring lyc tuong tdc giita hai dong dién dai kin
trong moi trudng déng chét thdéa man dinh luat vé sy cén bing giita luc
va phan luc.

77. Tinh d6 te cdm L cha mot don vi chiéu dai cha mot day gém
hai tru méng déng truc, ban kinh a va b (a < b), khéng gian giita ching
chita ddy mot chét ¢6 he s6 tlr thadm 1a .

§ 4. TRUONG DIEN TU CHUAN DUNG

78. Mot khung day phing quay v6i van t6c g6c khoéng déi trong
mot tir trudng déu, truc quay vudng géc v6i trudng. Cam ing tir cha tir
trudmg 13 B, dién tich clia cong tua 1a 8. Tinh :

a) Sudt dién dong cdm ing cta khung day.

b) Cudmg do dong dién, bi€t rang di¢n tr& cia khung day 1a R va
do tw cam 1a L.

79. Mot vong ddy tron ban kinh a, ndm trong tir trudmg khong déi
c6 cdm tng tr B, quay véi van t6c goc © xung quanh dudmg kinh
vuéng géc véi B. Tinh

a) Cudmg d6 dong dién chay trong day, cho ring luc ddu mit
phéing cla vong day song song voi tir tirdmg. Biét vong day cé dién trgy
RvadotucamlaL.

b) Tinh mémen luc ham N.

80. Mot w dién C duge tich dién vdi dién tich q,,. ‘Méc tu dién vao
mét mach kin ¢6 dign tré R va d6 e cam L, Xde dinh dién tich trén céic
ban cta tu dién 13 hiam cha thai gian.
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81. Mot bé acquy c6 sudt dien dong & va dién trg trong R, mot ty

dien C va mot cudn ty cam L duge méc song song (hinh 2.8). BS qua
dién trd cua cudn tr cam va day din.

a) Tinh cudng d6 dong dién I di qua acquy.sau khi dd méc mach.

b) Sau khi ch€ d6 dimg da dugc thiét 1ap, thio bo acquy ra. Dien
tich ¢ trén tu dién s& bi€n d8i nhu the nio ?

i I R
L] ] s
L 1 7
000000000 4]
r
Cri '8
11
Hinh 2.8 Hinh 2_.9

82. Mot tu dién C; vA mot cudn tr cam L, duge midc song song.
Ngudi ta mac n6i ti€p véi mach dé mot cudn tr cam L‘z, mot tu dién C,.
Tich dién cho tu C;, khong tich dién cho C,. Déng mach d€ hé thanh
mot mach kin. Hay 1ap phuong trinh vi phan xédc dinh dién tich q clia tu
dién C,. Bé qua dién trd chia cdc cudn fif cdm va day ddn (hinh 2.9).

83. Mot mach gém dién tré R va tu dién co di¢n dung C; mic
song song. He dugc mic néi tiép vdi t dién C, vao mot b acquy cé
sudt dién dong khong déi bang & . B qua dién trd noi ciia acquy, cam
iimg va dién trd cita day. X4c dinh dién tich ctia tu dien C,.

84. M6t mach dao dong gém mot cuén ty cam L, hai tu dién C,va

C, mic néi 1i€p. Liic déng kin mach, dién tich & Cy1aQ, con trén G,
bang khong. Tinh cudng d6 dong dién trén mach.
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85. Mot mach gébm mot tu dién cé dién dung C va mot cudn ty
cdm L mic song song (bd qua dién trd cua mach). Méc ndi ti€p mach
trén vao mot mach ¢é mot ngudn bién thién tan sd ©. Hoi v6i diéu kien
nio cha tan s6 o thi cudng do dong dién trong mach bang khong?

86. Mot mach dao dong gém mét-dién dung C va mot cufn ty cam
L. & mot thdi diém nao d6 ngudi ta mic vio cic ban cla ty dién mot
bo pin cé suit dien dong khong déi € va c6 dién trd trong R. Biét rang
tan s6 dao dong riéng cia mach w, = 1/2RC. Tim cuc‘mg do dong dién
. chay qua cudn ty cam L.

87. Ngudi ta dat vao trong mot mach ndi ti€p cva dién trd R va cudn
tw cam L mot dién th€ xung hinh ch@t nhat : V() = V  khi 0t £ T
va V(1) =0 khi t <0 vd t > T. Tim dién thé V,(t) trén cudn fr cam L.

88. Mot mach ndi ti€p gédm mot dién tr¢ R, mdt cudn tr cam
L. Ngudi ta mac vao d6 mot sudt dien dong & (1) = € _cos(wt + ¢,) lic
t = 0. Xac dinh cudmg do dong dién I(t) trong mach. V&i gia tri ndo cha
@, cdc hién tugng chuyén trong mach khong xudt hién?

89. Tim céc t4n s6 dao dong trong hai mach lién két cam éng c6
cic dien dung C,, C, va 46 tr cam L, L; twong img. Hé s6 hé cam la
L, ' .
90. Hai mach C,, L, va C,, L, lién
két véi nhau qua tr& khdng Z (hinh 2.10). 1= 1

éLl CIT cz-l- Lzé

Xac dinh cédc tdn s6 cua dao dong dién
- trong cdc mach & cic truong hop sau :

a) Sy lién ké&t thuc hién qua dién

dung (Z = i/0C).
b) Su lién két thyc hién qua cam 1tmg (Z = iwL).
¢) Su lién két thuc hién qua dién & thudn (Z = R).

Hinh 2.10
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§ 5. SONG PIEN TU

91. a) Ching minh ring néu dién truémg phu th‘u()c th&n gian t va
toa do x (khong phu thudc y va z) dudi dang :

Ezﬁoei(ml—kx} (1)
thi méi thanh phdn (trén cdc wruc toa do x, y, z) cla vécto cudng do
dién trudng théa man phuong trink séng.

b) Phan thyc clia E trong (1) biéu dién mot s6ng phang lan truyén
theo truc x. Séng d6 lan truyén theo huéng nao cha truc x?

¢} Chitng minh ring néu todn t V tdc dung 1én ham ¢6 dang nhu
(1) & phan a) thi todn 11 V ¢6 dang sau

-8 -
V=i—=i(-ik
™ 1(-1k)

trong dé 112 vécto don vi hurgng theo truc Ox. Diéu dé ¢6 nghia la tic
dung cila todn tr V hic nady chi 14 nhan-ham dé véi mot 8. Co thé
khang dinh mét cach tong tu dGi véi todn tir Iy dao ham riéng theo
thoi gian duge khong?

d) Diing két qua cua cau a), ching minh ring phuong trinh
Macxoen (Maxwell) diing v&i mot trudng phuy thudc x va t theo ham
sin. Tim biéu thie 1ién hé gilta E va k.

) Cédc két qua nay thay doi nhu thé ndo néu nhu dién trudng cé
dang Ezﬁaeti((or+kx}_ .

92. Chimg minh ring trong méi trudng déng chat, ding huéng,
khong c6 dién tich tu do, th& cla trudng dién tir théa min cdc phuong
trinh sau day : '
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82
Vch = cp@ _ sp.—zp
ot

a
— 5—
— A
V2A=cp%+spa
a a2

néu nhu hé thitc dinh c& duge chon la

divE+cutp+scp%T~=0

93. Nguoi ta dinh nghia th€ phan cuc hay 1a vécto Hec (Hertz) T

o3
r C

théa méin phuong trinh Dalembe (d’ Alembert)

W

1a:

- {7

Chimg minh ring cédc th€ vo hudng ¢ va thé vécto A c6 thé biéu
dién qua véctd Hec nhd cdc hé thiic :

(pzudivﬁ A =crpﬁ +ap%

doi hoi dé che

Hay biéu dién E va Hqua 1.
94. Chimg minh ring khi tir trudmg d6i ximg truc (H, = Hy=0;
H, = H(r, 1)) bién d6i theo thdi gian thi xudt hién dién trudng xody ma
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dudng sic la nhimg vong trdn dong tam c¢6 tdm nidm trén fruc cia tir
trudng. Ta cling bit ring beétatron hoat dong trén co sd ciia hién tugng
nay (ldy €' = u = 1, chin khong). _

95. Chimng minh ring trong moi trudng khong dan, séng phing
don sic 12 phan cuc elip.

96. X4c dinh 1dn s& va trang thdi phan cyc clia séng dién tir tao boi
hai séng cung bién d¢, c6 tdn s rdt gan nhau, phin cyc tron theo cic
hudng nguge nhau va lan truyén theo cing mot hudng.

97. Trong mot modi trudng khong din c6 mot séng dién tr phing
don sic truyén di. Tinh thé vécto cia trudng nay néu nhu :

a) Séng 12 phan cuc thang.

b} Song 14 phan cuc tron.

98. Trong chan khong, mot séng dién tir phang t6i dap vao mot
mat phang vo han ciia mot chdt dién moi déng chat, khong nhiém tir
(e’, ' = 1), Géc giita phuong truyén séng va mat phang 13 o. Hudng
phéan cuc cha séng dién tir 1am véi mét phing tdi mot géc 8. Tinh hé s6
phan xa va truyén qua.

99, Chimg minh ring trong trudng hop bai todn trén c6 phan xa va
khic xa coa séng dién tit, dinh luat bao todn nang lugng vin thoa méan.

100. Xét su phan xa séng phang don sac trén mat gidi han cfia hai
moi truémg déng chat, khong din dién va khong nhiém tir (6, =6, =0

i =n'y = 1) trudng hop khi g, < g; va sina > ’8—2 . Chitng minh ring
&1

hé s6 phan xa bing don vi (phan xa toan phén).
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§ 6. THUYET TUGNG POI

101. Thanh lap cong thifc bi€n déi Loren (Lorentz) cho trudmg hop
van toc¢ twong ddi cha hai hé ¢6 huéng twy .

102, Viét cong thirc bién d6i Loren cho trudng hop gdc toa do va
g0Oc thoi gian chon tuy ¥.

103. Tim lai luat hop cdc van t6c song song bing hai phép bi¢n
d6i Loren dac biét.

104. Chimg minh hé thirc :

- Ja 9 —[w . P /e
1+ —013 (i'V)
trong dé u va 0" 1a van t6c cla mot hat trong cdc hé K va K’, ¥ 13 van
t6c twong d6i cia he K déi véi he K.

105. Van 6¢c ciia mot hat d6i véi he quy chigu K' 12 u” nam trong

mat phing x'O'y" hgp véi truc O'x' mot géc ', Heé K’ chuyén dong doc
theo tryc Ox cla hé K. Hay xédc dinh phuong cha van téc u cia hat
' trong hé K.

106. Mot giot mua roi do trong lugng cha néd dé lai vét trén cira
kinh mt 0 t6 chay vai van toc V. Xdc dinh géc léch cla vét giot mua
50 v6i phuong thing dimg theo quan diém cd dién va quan di€m wong
doi. Coi giot mua roi déu véi van t6e v,

107. Hai t¢n lva dugc phong di tir Trdi Dét trén cling mot phuong
theo hai hudng nguge nhau véi van tée bang 0,8¢ d6i vai Trat Dat. Hoi :

a) Hai tén lira tdch xa nhau vdi van t6c bang bao nhiéu theo quan
diém ciia ngudi dimg trén Trai Dat.

b) Vin t6¢ cia mot tén lira d6i v6i hé quy chi€u gin véi tén lia
kia.
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108. a) Tim th¥i gian séng trung binh clia mot dong mézon n
chuyén dong v6i van t6c B = 0,73 (thdi gian séng riéng trung binh ciia
mézon n° 1a T =2,5. 10_85}.

b) Quing dudng mézon n* di durge [2 bao nhiéu?

¢) Quing duding mézoén n* di dugce la bao nhiéu néu khong ké dén
hiéu ing twong doi?

109. Thdi gian song riéng trung binh clia mézoén u khoang 2.10°%%.
Gia stk 6 mot dong meézon p tr mot do cao ndo do trong khi quyén
chuyén dong xudng dudi véi van t6c V = 0,99¢. S6 va cham trong khi
quyén trén dudng di cha chiing xudng dwdi 1a khong 16n, Néu nhu tai
mit dat chi con lai 1% s6 mézon clia ddong ban déu, hdy x4c dinh do
cao ban diu (trong hé quy chi€u ctia dong meézon, s6 hat con lai sau
th¥i gian t duge xdc dinh bing cong thic N(t) = N0).e V).

110. Theo quan diém cha mot quan sit vién trén mot xe chuyén
dong thi hai sét ddnh tai hai diém A (truéc xe) vd B (sau xe) xay ra
dong thoi. Hoi theo quan diém clia ngudi ding trén mat d4t thi sét nao
tredce, sét nao sau? '

111. Trong h¢ K, mét hinh vuong ABCD c6 toa d¢ cdc dinh béng :

AXpa=1;y,=4)

Bxg=3;yg=4)

D(XD=3;}’D=2)

a) Khi déng hé trong hé K chi thoi diém t = 243
4

dinh A, B, D trong hé K’ I3 bao nhi¢u? Dong hé tai cic dinh dé chi
thoi diém nio.

thi toa do cic

201



. A o aa o 23 .
b) Khi déng hé trong hé K’ chi thoi diem t* = i thi toa do cac
c

dinh A, B, D trong hé K’ i bao nhiéu?

¢) Tinh kich thudc ciia hinh vuéng trong hé K’ va so sanh véi kich
thude cha nd trong hé K.

- . . 3

Chobigét vintdc cuahe K’ lav = %

112. M6t “doan thu Anhxtanh” (Einstein) A’B’ ¢é chiéu dai riéng
I, = 8,64.10%m va van t6c v = 2,4.10°km/s, chuyén dong ngang qua
mot “san ga” AB c6 chiéu dai rieng ciing bang /,, & ddu B’ va cudi A’
doan tau c6 nhiing ddng hé chay déng bo v6i nhau. O ddu A va cusi B
san ga ciing c6 nhimg dong ho chay déng bod v6i nhau. Libc ddu tau di
ngang qua san ga, dong hé & A va B’ cung chi Oh. Hoi :

a) C6 thé khing dinh 13 khi dé moi dong hé trong cac hé quy
chi€u gin véi sin ga va doin tau déu chi Oh dugc khong?

b) Khi dudi tau di ngang qua diu san ga thi cic dong hé & A, B,
A’, B’ chi may gio?

c) Khi dau tau ngang qua cuéi san ga thi cic dong hé d6 chi
may gid?

113. Tim quy luat bién déi ctia cac thanh phin cla gia téc khi
chuyén tr mot hé quy chi€u quin tinh nay sang hé quy chiu quén
tinh khac.

114. Mgt tén lia duqc. phdng tir Trdi Dt vao khoang khong giiva
cic vi sao, tén hra huéng téi mot ngdi sao cé khoang cdch 1a I va
chuyén dong thing ting ddn. Gia t6c cha tén lira trong hé quy chiu
riéng ludn ludn gi khong déi va bing a’.
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Héi theo dong h6 cda céc nha du hanh trén con tau thoi gian T' dé
con taw tdi duge ngdi sao dé 1a bao nhieu?

115. Khoi lugng nghi coa hat 12 m. Hiy biéu dién van téc cla
né theo :

a) Ning lugng toan phﬁﬁ E.

b) Dong nang T.

¢} Xung lugng p.

116. Mezén n dimg yén ty phan hay thinh mézén p va notrind
(my = 0). Bi€t khdi lugng cha mézon 1 va mézon u, tinh déng ning cua
mézon . ‘

117. Ching minh ring khi khong c6 truong ngoai, photon khong
thé bién thianh cap électrén-pozitron.

118. Mt hat m c¢6 nang lugng W bay t6i dap vio mot hat khéc
dimg yén khoi lugng M. Xdc dinh nang lugng W, ciia hat nay sau khi
va cham (phu thubc vao géc tdn xa 0). Va cham coi 13 dan héi.

Xét truong hgp m = 0 (hiéu ing Comton (Compton)).

119. Ching minh ring vécto phan cuc P vi vécio tir héa 11ap
thanh mét tenxo hang hai 4 chiéu.

120. Trong chan khong d6i v&i mot he quy chigu K nio 46 ¢6 mot
trudng dién vé._m(f)t_truc‘mg tir déu (E =const; H = const) vudng gée
v6i nhau. Hon nita E < H. Chéng minh ring, ¢6 mot hé quy chigu K’
sa0 cho trong dé trudng 1a thuan ur va tinh cudng d6 cla nd.

121. Goi E va B 1a dién trudng vi cam ing tif ciia mot diém nao
d6 trong khéng gian d6i v6i mot he quy chi€u K nao d6. Hay xac dinh
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van t6c cia mot hé quy chicu khdc sao cho trong hé nly dién trudong va
tr trudng song song véi nhaw. Bai todn ¢6 phat chi ¢ mot 1o giai duy
nhat khong?

122. Hay tim mot vécto 4 chiéu sao cho cdc thanh phdn khong
gian cha né trung véi cdc thanh phan cha vécto

[J.B]+pE

Cho biet ¥ nghia vat If ctia cdc thanh phan khong gian va thanh
phan thoi gian cia vécto d6.

123. Goi |, 1a vécto luc 4 chiéu tdc dung lén hat. u, 12 véetg van

t6c 4 chiéu clia hat. Ching minh réng :
fuu, =0.

124, Tim dién truomg Eva tir trudng B tao bdi dién tich diém
trong hé quy chiéu chuyén dong so véi dién tich diém.

125. Theo mot day thang dai vo han (dién trd khong déng ké) ¢
mot dong dién I chay. Dong I do cic électron chay vdi van toc v. Mt
do dién tich 9 mdi diém cia day dan bing khong nhd d6 céc dién tich
duong ding yén (cac ion duong).

a} Tim truong bén ngoai day dén trong hé toa d6 ma day din
ding yén.

b) Tim trudng dé trong hé toa do gan vdi dién tich chuyén dong.
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B. BAI GIAI

1. Bicu dién cdc phép tinh grad, div, rot qua todn tir V. Sir dung
tinh chat vécto clia todn tr V ta ¢6 ngay :

divrotA = V[V.A | = [V.V].A =0
rot.grade = [V.V]$.0o =0.

2. divT =%+—-

rolfz?[@~§]+][6_’(_@J+ﬁ[@_.{ﬁ_x}
dy oz dz ox ax Oy

grad(d.7) = T%(a ) f)+j—:—§(5 )+ Ei(a P

~—~
1)
Y

- & 5. 15, S N
VT = [a"a+a3’g+a15—£}(x'.+”+2k)=a'

.. 7| opnz dp(r)y | <| dolr)x  Bo(r)z
3. @en.r)= i| ——————= —_—
rot (¢(n)- T) 1|: ay 0z }-'}[ oz ox ]

=l

+

Sp(r)y  dp(n)x
ox Ay

. I3, Op
A% - =
i . ((r)y)

- =

-Y
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oy,
T

va tuong ty %((p(r)x) 5

suy ra-timg s¢ hang trong v€ phai bang khong, do d6 :
rot[p(r). T1=0

- . - O
radg() = 1+ + j—— + k—
grade(r) J >

dive(r).T = —(tp(l”)x) + a(q)(f))’) +—((p(r)z)

—3':p+§-(E gx+ary+afz ~-3q)+rg(£
or\o0x Oy Oz or

(a.Vp(r)T = (a —+ay +a E][q}(r)(m +yJ+zk)
=% (ax % +ay i+ a, g—}? +cp(-r)(ax} +ay+a,k)

N (a.1)y ‘ o0
r or
4. Chii y toi tac dung dao ham cua todn tr V. Thidu :
_ - - LA _ Y
rotf A.B]=[V[A.B]]=[VIA.B]] +[V[A.B]]
(miii tén chi tic dung cta phép 1ay dao ham).
Ap dung tinh chat tich kép cia ba vécto, ta cé :

i i !
[VIA.B]l=(B.V)A —(V.A)B =(B.V)A - BdivA
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! I !
[VIA.B]]= A(V.BY- (A .V)B = AdivB — (A .V)B.

5. Sir dung céng thic cla bai trén va cdc cong thic vé tich hon

hop va tich kép cha ba vécto. Chu ¥ t6i tdc dung dao him cda todn tu.
6. Ap dung céc cong thiic di cho cha bii 4 ta c6 ngay :

grad(p.r)=p; div[p.t]=0; rot{p.T]=2p.

grad 2ol .3r :%_3(1’5' D2
r r r
A | OA
7.a) (AA)r= A.Ar" %Ar_ 22 i(gine.Aﬁ)_ 2 =
r r°sin@ 00 r°sind 0¢
A OA
(AA)=AAg — 2A92 +__255Ar B icosze A
rsin“G r* 09 r“sin“® Op
- A
(AA)p=AAy - — tD2 + 22 OA, N 3(:0528 'aAB
r sin“@ r°sin® 80 r“sin“@ 0@
Y A, 2 %A
b) (AA)r=AAr___2L__2__‘D
- - o
(AA)¢=AA¢W_2¢+%'5 r
r rc ¢

(AA),=AA,
8. Theo dinh li Xtdc (Stockes) :
_[[6) Fldl = jrot[r;:. _§)dS
S

vi ®& =const,theobdi6 rot[®H.T]=2w,
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" nén tich phan trén bang
[264S = 2nor”.
S
C6 thé tinh truc tiép. Vécto [ ® . T ] tai méi diém trén vong tron cé

phuong ti€p tuyén vdi vong tron tai diém 46, nén ta ¢6 :

Ci[r?) Tl = mrcjdl =2nor’ .
8

9. Chon goc toa do tring v&i tam cla ddy hinh try, truc Oz cé
hudéng doc theo truc cha hinh tru (hinh 2. 1). G day :
didS= [fdS+ [rdS+ [7dS
S 51 Sn Sh
trong dé S; va Sy 12 mat trén va ddy cua hinh try, con S, 12 mat bén ciia
hinh tru. Tacé :
[faS =0; [7dS = nha’,
5 Su
vi rang
7.dS = r.dS.cos(T.dS) = 0 d6i v6i cdc diém & ddy dudi.
£dS = r.dS.cos( £.dS) = hdS doi v6i cdc diém & mat wén. Cudi
ciing tich phan theo mat bén bing :
[7.dS =27ha’ vi 7.dS =adS.
Sp
Ket qua 4 : 7.dS = 3mha’
S
C6 thé dung dinh 1i Gaoxo. Ta c6 :

q?.dé - j dividV = 3mha’
S v



& day divi =3 (bai 2), V = rtha’.
10. Nhan tich phan dé v&i vécto khong ddi bat ki
p-T=pdF@ . a)dS=d(p . Pa,dS=

= [div{(p.Pa}dV=apV, 1rdécs T =3V.
A

Tuong tu nhan p v6i tich phén kia, ta c6
d@nnds=av
Nhw thé hai tich phan bing nhau.
11. Do tinh chat d6i xing cha dién tich, ¢é thé thay ngay phuong
cua dién trudng ; chi cdn tinh gid tri cha dién trudmg. Mudn vay ta chia

vat thanh nhimg phdn nhé c¢d hinh dang thich hgp sao cho c6 thé ap
dung duogc dinh luat Culdong, sau d6 14y tich phan theo toan b thé tich.

a) Dién truong tai P c6 phuong vudng géc véi sgi day (hinh 2.1 1a).
Gia tri chia cudng do dién trudng tao bdi phan tir d/ cda soi day :

xdf

dE = 3

dne,r
Cudng d¢ dién trudng tai P13 :

o

E= IdE.cosa =X Jcosadf
dne, 1 1

_ nf2
= X I coso.do = X ..
4ng R r2 2ne R

b) Bién truong taoc & P c6 phuong vuong géc voi mat phéng
(hinh 2.11b), tic 1 E = E,. :

Gia tri clia dién trudng tao bdi yéu t6 mat dS chia mat phing 13
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adS

dE = > . Dién trudmg o b&i mat phang 1 :
dne,r
2T yRdRA® o x
E=E, = JdE.cosa~ J j X -

£ (R2+x2)”2 2e, Ix1

" dd

Hinh 2.11a _ Hinh 2.11b

c) Dién trudng tao & P co

phuong vudng goc v mat try
(hinh 2.11¢).

Chia mat tru thanh nhimg dai

nho déu vo han chan bdi géc do.
Sir dung két qua cau a), nhd rang
mat do dién dai cha dai d6 Id

Hinh 2.11¢
¥d6/2n. Nhu thé€ tacé :
dE = 7‘2‘19
4ng,T

Cuomg d6 dién trudng tao bdi ca mat try :
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2Zm

E = X J‘COSO’..de

47[250 0 r
R —: <
Thay cosa = —dg‘ﬁ, r= JRZ +a’ —2aRcos0
T .

vao cong thic rén, ta c6 :

2n . z 2 i
po_X J- R-acosB do=—X |14 Rj dq
IR"—a~|

an’e, § R?+a’ —2aRcos®  4n’e,R

X

Bén ngodi hinh tru R > a E=
2re,R

Bén trong hinh iy R < a E=0.
d) Dién trudng cé phuong

doc theo bdn kinh mat cdu va di

qua diém dang xét (hinh 2.11d).
Cudng do dién trudng tao bdi

y&u t6 mat cau dS:

cdS q ds _

dE = = —_—=
4:rtsoR2 (4n)? a_zs.u R?
= %sin 6.d0.dy
4y g, R :
Hinh 2.11d
Dién trudng tao bdi ca mat cau .
E= IdE.cosa .
212
thay cos = RTb ;b =asinf;

"R = \/r2 +a? —2arcosf vao cong thifc trén ta 6 :
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2f ?j\/rz +a% cos® 8- 2arcos®.sin 6. dédp
006

{r +aZ - 231'(:0‘;9)?‘{2

q {1 1 1 1[ 1 1
= - - -= + +
8ne, la\lr—al r+a;/ rilr-al r+a,; -

o+ %(f'+a—|r-a|)}.

(47[) €

ar
Bén ngodi quiciur>a E=-9 5
4ne 1
Béntrong qudcaur<a = E=0.

e) Tuong tw cau d). Chia qua cdu thanh nhfmg 16p cau mong c6 beé
day dry, bdn kinh r;. Dién trudng tao bdi 10p cdu d6 tai mot diém cich
tam mot doan r bing

2
dE = *dq—Q =gy
4mrg, 10 gt

a
Bén ngodi quicdur>a E=-F jrlzdr] =1
0

sorz_ 4me r?
. e r r
- Béntrong quacaur<a Ezq—Bz—p—-.
411:803 ' 380

“12. a) Do tinh chong chat cia thé vo hudng .
4re, |l x 2 2

b) Ex= ..@:.._.ﬂ.__ _L+.—x__
X dne, i x2 (a +x )”2
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c) Gia sif x >> a, vdi do chinh xdc bac az,*’xz, taco:
3qa2
E, = —
8rg,X
'Nhy thé dién trudng cha vanh trdn tich dién giam nhanh hon
ludng cuc dién & nhing noi xa.
.13, a) Thé ¢ tai diém A Cta
cach tam O cia dia moét doan '
h (hinh 2.12) 1a ;

h
o(h) =
I\Jr +h?
= ! i[\1'212~4-h2—h]. i
2‘1180 32

(G day ding h¢ ‘toa do
cue, goc O tai tam dia, Khi d6
mat dia duge chia thanh nhimg yéu t8 dS, ¢6 dién tich 13 dq = ordrda).

Hinh 2.12

Do tinh chat d6i xiling truc cha dia tich dién, vécto dién trudmg
huéng doc theo truc dia va béng :

E—'—Q(B—lil— h 1
R oh 21180 az *"Iaz +h2 ’
Ta ciing ¢6 thé tinh truc ti€p dién trudng theo dinh 1i Culong nhu
bai 11.
b) Thay E,, = ¢/4¢, ta thu duoc
a
lhl=—.
3
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14. L&y truc Oy doc theo s¢i day. Chia day thanh nhimg miu nho

¢6 dién tich ydy va cach P mot doan \{yz +1% . Thé vo hudng tao boi

cé sgi day 6 diém P 1a
f Wy % \lfz o’ +h
41‘[8 \/y 42 Ame, \h] +e2 -

a) Gia sitt >> [, I. Khi d6 véi do chinh xdc bac I/, ta ¢

o X it

dne, r

2
b} Gia sirr << I}, {,. Khi d6 v6i d¢ chinh xdc bac /‘i ta co

Ak

(p =
41'580 rz

Ca6 thé ap dung dinh li Gaoxo, khi 46 & mot khodng cdch rat bé
~ dén soi day, ca sgi day cot nhu vo han vi phin ddu sgi day it c6 tic
dung 16 mién lan can s¢i day. Bao quanh sgi day mot mat tru ¢é chiéu
dai don vi, bdn kinh r tuy ¥ (nhung di nho ') va nhd rang & lan can sgi
day dién trudmg huéng theo duong kinh. Khi d6 ¢6 :

EdS = E, [ 27r = .
5 Eo

X
2ne,r

TrdésuyraE =
K&t qua nay tring véi kéi qua tinh E, theo ¢ & trén :
E=-2

' or
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A ~ :
Ping vay, _f’a_(f _ ——g;(ln 41 ] o d(lnu) du

rz du ) dr

WL

1_2

Két qua ja @:3
r

4

15.2) E = 3¢ _2p.cosB _p.cosB

3 3
Ang, 1 3

2Zng,r

1
Eg = aq): 1 p.sing

r 80 4ne,

(thanh phan E,; = 0, vi khong phu thude vao ).
b) Goc o giita E va r duge xdc dinh nhd (hinh 2.3)

Eq 1
g = =2 =—1g0
go=—==1g

r
nghia [4 khong phu thudc khodng cdch tir M dén ludng cuc. Vay hudng
cha dién truong cua tit ca cdc diém trén ban kinh r 1a nhu nhau.

¢) Tir cdc cong thite trén ta cé :

Khi 8 =0 E-_1 2
4?[801'2
Khig== E-— |22 B
4 4ng,r 2 p
Khig= 2 F-__1 P
2 4ng, 2

- K
16.2) [EdS=E,S=—4ma’ = 4nk,
[ i

215



S 1a dién tich mat cdu c6 bdn kinh a ; E, 1a cudng do dién trudng
tai diém trén mat S.
_ b) Néu dp dung dinh I Gaoxo dé bién déi tich phén dién tich sang
tich phan thé tich, ta c :
¢BdS = [divE.dv (h
5 v
va vi divE = div(k 7 /r°) = 0 (bai 3), ta ¢6 k&t qua mAu thuin véi cau a),
Thuc ra, dé ap dung duwge dinh Ii Gaoxo, ta khong thé 1ay tich phin
theo thé tich V gidi han bdi mat cdu ban kinh r duge vi ham E=k7/r
khong lién tuc tai diém r = 0. Mudn thé, ta phai 1dy V 1a thé tich giira
hai mat cdi ddng tam. Mot mat cdu c6 ban kinh vo cling bé, tuy ¥, mat
kia ¢6 bén kinh r. Khi dé biéu thde (1) s& 1 :
[EaS= [EdS+ [EdS= [divEav @
S S| S» v
trong d6 S 12 mat céu trong, S, 1a mat cdu ngoat. Nhé ring d S huéng
nguge véi Econ dSy ciing chiéu véi E, do d6 hai tich phan trén ciing
gid tri (bang 4mk) nhung ngugc diu. Téng clia ching bing khong,
diing biing vé& phai (do divE =0).
17. Theo nguyen Ii chéng chat, trrong phai fim bing hiéu cla hai
trudng tgo boi hai qua cdu tich dien déu ¢6 tam O va O,. Trudmg bén
trong qud cdu tich dién déu da bigt (& bai 13). Vi vay ta c6

F_P-_P-_P - -
E= r— T =—(r-—1" =
e, 3g, ! 3g, D

P00,

4]
Dién trudng trong hdc 1a déu va song song véi 00 .

18. Cutmg d¢ dién trudng tao bdi didm may électron (xem bai 11a)
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E=E=—

;
pln )rlzdrl
EoT” §
Thay p(r|) bang bicu thic clia n6, lay tich phan theo r|cudi cing
ta dugc :

r

- E = 15
§087T7 )

2
o/ e a .a° ] _
e 0y = 2(t+2—+2—7]e t/a
T r-
8]

trong d6 ta da dp dung cong thife tich phan sau :
2
x2e™dx = e™ L—z—;-&-—i— .
4 a a
19. a) Bao quanh sgi day bang mét mat tru déng truc véi sgi day,

ban kinh R, chiéu cao h. Ap dung dinh i Gaoxo, ta c6 :

2nDRh=yxh, tird6:D= —%_;
2nR

KMR<R“E:2§ ;
nRe,

KhiR>R,,E= —%—
2ﬂR82

b) 85 =Py = Py = (&) ~ 8)E| — (63 — 8 )E; =

S Bxft 1
2nR 2% T 9 )
20..Chon hé toa d¢ cdu, gdc tai di€ém c6 p = 0. The ¢(r) tai diém r
bang : .
Trfoc prlz.sirie.dﬂ.dw.drl _
000 (r,2 +1 ~2nrcos6)/?

0= 1
_ 4ne
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j_[ prl .sin0.d0.dr,

€450 (rl +r —"’1’1rco's|3)”2

_ —I—C‘j‘pr,dr j d(rl +1° —2nreost)
2re | U(rl2 +r —2r|rcos,8)”2
l oo
= EE'[ ()l +1)-1n —rildy =
0

1 17
— Ip(r, ).r,zdrl +— jp(rl Jndrn.
7 _ g "

= = 3
E=E(r)=—gradp=— Ip(rl )rl dry.
: Er

21. D=2, i hudng tir bin am sang ban duong.

EZﬁ
€

22, Ding dinh 1i Gaoxd (xem bai 16).

Bén trong hinh cu : D=0:E=0
49 -. g-_9 <
3I',E—- .

Bén ngoai hinh ciu : D = :
4ner

4mr

23. Ding dinh 1i Gaoxo, mat bao Ia mat cdu déng tam véi ty dign

c6 ban kinh 1on hon ban kinh ban ngoai cha ty dién ; vi dién trudng

bén ngodi bang khong, cho nén thong lugng qua mat bao bang khong.
Diéu d6 ¢6 nghia 12 tdng dién tich bén trong mat bao cling bang khong.
Tir dé, tacd :

g+ Q=0 Qe = —9-



24. Tuong tu bai trén, ding dinh I Gaoxo, miit bao la mat cau
dong tam, lan lugt ¢o ban kinh nhd hon bén kinh bén trong r,, giita hai

ban va ldn hon bdn kinh ban ngoai. Két qua thu duge nhu sau :

0 r<t
E: q2 r|<1"<1"2

dmer

0 I>T

25. a) Diing dinh 1i Gaoxo.
Bén trong qua cdu, ban kinh matbao r < a, tacé :

4nDr’ = (4/3) :rtpr3 ;rdocod:

Bén ngodl qua ciu, ban kinh miatbaor>a, tacé :

AnDr’ = (4D nor ;s trd6 e :

_oal — o
D= . E=P 5

: T.
3 3g,r°

b} Mat d¢ dién mit bing :

a
G = D2n ”Dln = p—(g—go).
3e,
26. Phuong trinh Poatxong trong hé toa d6 Décac vuong gée
—St gt F[e=——-
X 8}/ &z €

Vi ¢ chi phy thudc bac nhit vao toa do x, v& trdi ciia phuong trinh
trén bang khong, din dén mat do dién khai p = 0,
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Dién trudng E dé dang tinh duoc 13 -
ajg, x>0
E,=E,=0.E;= °
: -afg, x<0
Tai mat phﬁn gi6i x = 0 ; mat d¢ dién mat bing :
Om = I:)ln - D2n =2a.
27. Phuong trinh Poatxong trong hé toa do cdu 14 :

2
ILZE(QQ‘E]_,_ 21 —a—[sin{}@)+ 3 12 6‘_(3___:2
1“0\ Or) r“sing 0 r'sin“Boy” &

O day thé ¢ chi phu thuoc ban kinh vécta.r, do d6 ta c6 :

d d 0 r>a

e A= B0 9 249

p=-cAp= rzdr[r dr}— 3q2 r<a
4ma

28. Cing nhu bai trén, ding phirong trinh Poatxong trong hé toa
do cau, va do th& vo hudng chi phu thude ban kinh 1, ta ¢6

p=—£,A0= —E—oi(rz d—(p] =—d iz,

r2 dr dr 321-

29. Chon hé toa d§ tru c6 gdc tai
tam hinh vuong, truc Oz 1A truc d6i A
xtng (hinh 2.13). '
Thé vo hudng tao bdi hinh tam
gidc vuong can OBC, uirc 1a 1/8 ban,

tai diém A 14 : 0, G "
= a
4T )
c g, % rdr ' B
o= fa | x
4dne, ; o 22 v 2
Hinh 2.13
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Thé ¢ cha ca hinh vuong 13 :

a

L
a/d

20 cee rdr
= Idg_ =

KEO a Z +]'

nid

oz 26

= doe (1)
cos? a

{nh¢ rang trong hé toa dQ cuc, phuong trinh coa dudng BC 13 :

-a

r= .-
cosa

The chi phy thuge z, do d6 dién truomg 1a :

: nid 5 -1/2 _
g _do_o 20 ( “ ] o

dz  2e, nme, B Cos”

Khiz << a, tacé:

~ cosal 7% cos?a
a 2a’
Thay (3) vao (2), sau khi 14y tich phan theo «, ta ¢6 :

E= i (1—2\Ez+ 5\6 }53
]

2¢e na Ga’

Khi z >> a, tuong ty ta c6 :

2
E=-—2 |2
47‘[802 22

(2

(3)

(5)
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(c6 thé so sanh (4) v rudng hop ban vé han, (5) vdi truomg hop dién
tich diém).
30. ThecuaPla: _
I ple)dV’

= (h
dne,, R -
Ri=7k—1: RI =72 +(r)? - 22k ©)
'2_ _ 212
Tide =1 K5 8" @)
R, z z z :

Phan tich (2) theo cdp s6 bac (r'/z) va gidi han ¢ s6 hang béac

o a2
L:-l_ 1+ kr +_ 3{k r) (fi)
Ri Zz r4 2 22 2_2

Thay r=x"Ii +y'] +Zkvao, tach:

(r'i/2)3 ta co

l l Z' . ,2 r2 . .
— =L+ —(3z 3)
R, z 72 2z3( ) (

Thay (3) vao (1} ta cé :

Aneyp = — jp(r)dv +— j'p(r)z av +—— Ip(r)(?)z'z r'z)dV
V .
hay 41‘[50(p=:3+%+%_
Z 7z z
véi c= [p(r)dV" fa dien tich cia thé tich V.

p= jp(r')z'dV' 12 momen ludng cuc dién cioa V',
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1 . , .
Q= 5 Jp{r'){_?z'2 —r'2)dV’ 1a momen i cuc dién cna V',

31. Pi¢n dung ciia mot vat co lap 1 C = 3 q 1a dien tich, ¢ 1
@
dién the tvong g,

Gia sir qua cdu tich di¢n g. Hiy tim dién thé ¢ tuong img. Trude
hét tinh dién trudmg bang dinh If Gaoxg, ta cd :

0 khir<a
_ 9 %i’ khia<r<hb
E =1 dner
17 khir>b
dne,

Te E =- grad @, ta tinh dugc ¢ (nhd ring & day h¢ d&i ximg cdu
do d6 ding biéu thitc grad trong hé toa do cau), ta c6

G r<a

Qr) = « 9 +C; a<r<b
drer

+Cy r>b
dne 1 :

Xdc dinh cdc hang s6 nhd diéu kién lién tuc clia ¢ O cdc matr = a,
r=b va diéu kién @) = 0. Tu d6 ¢é :

C=£l~=—q—:s— 4na

L 1+2] 2y '
bl g,



32. Cach giai nhu bai 31. Tinh dién truong E nho dinh 1i Gaoxo.
Nhé ring khi di qua mat phan cdch hal moi wrudng, thanh phan tiép
tuyén cha dién truong khong déi, nghia 1a cam tng dién D & hai moi
trudng sé 1a g, E va azﬁ L taco:

= sa
E=<2nrr'(e; +¢;3)
0 r<a
Tir d6 ¢co
— 9. _4c, r>a
¢ =<2n(g +E2)1
Cl r<a

Tinh C,, C, nh¥ diéu kién lién tuc clta @ & mat r = a va @(x) = 0.
Keét qui ¢6:

C=2n(g; + &)a.

33..Czich giai nhu hai bai trén. Tinh dién trudng E nho dinh 1i
Gaoxo,

a) Bai vai trudng hop tu dién tru ta cd :

L g R, <7 <R,
2nlg
B =]+ 9 R <r<r,
2mlgy T
0 Ry <r<wval<r<R,

Hieu dién the giita hai ban cta tu dién Ia :
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Tirdétacéd: , !

q 2!

C= = ]
gr Ry & Ry

b) Trudng hop tu dién phing, tinh tuong w, két qué 1 -

€ &
34. a) Ap dung dinh li Grin (Green) :
n i1
D kP = D, Ak (1)
k=l k:l
trong d6 ¢, 1a the cha cdc vat din khi ching tich dién q, ; @', 12 thé
cna cdc vét dan khi chiing tich dign q';..
Khi tai P co di{aﬁ tich va qua cdu noi dét, tichdién q”, tacd :
49 =9. ¢ =0; q=q, =0

Khi tai P khong c6 dién tich va qua cau khéng ndi dat, tich dién

q'.tacéd:

F

q,=0, ¢ 1= —— q3=q, ¢5=

dne,f dngga

Theo (D tacd ;
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9@ . 99 _
dng, ! 4mreg,a

tir dé : q*=—q%.

Cdch khdc : C6 thé diing phuong phap anh dién.

Thay hé trén bing hé hai dién tich diém q va q, v6i gid tri va vi trf
cla q; ¢an tim sao cho trudng duge tao ra gidng hét trudng tao bdi hé
qué cdu - dién tich diém q, nghia 12 th€ trén qua cdu bang khéng (qud
ciu nd1 dar). _

Chon hé toa do cuc cd goc
tring vdi tam O cua qua cdu, truc
Oz di qua di¢n tich q va anh q, cla
né (hinh 2.14). Ta c¢é toa d9 cha g

v q; nhif sau : *
q®6=0,r=1)
q;0=0,r=d). Hinh 2.14

biém P(r,0) co thé€ ¢(r,0) bing :

1 qQ ' q
o(r,0) = +
4ne, \/rz +d? —2rdcos@ \/r2 +12 —2ricos®
Biét ring qua cdu ndi d4t, nhu vay ¢(a,8) = 0, 1y biéu thic trén ta
 thdy khi d6 d = a’/l (a < /) va q, = ~ag/l.

2

ane,(-dy | dme, (P —a2)?

c) He dién tich q vi 4nh cia né q; tao thé rén mat qua ciu bang

khong. Muén cho trén mat qua cdu cé the bang ¢, cdn phai them mot
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di¢n tich Q tai tam cta qud cdu (Q = 4ns ap,). Khi d6 luc twong tic

gilta q va qua cdu s€ la lyc tuong tic gifta q va hai dién tich "anh" q, va

Q.Tacéd:
F-_.9 /49 _a |
dre,\ 2 11 -a)?

35. Tuong wr cau c) bai trén. Chd ¥ ring & day dién tich clha qua

cdu 13 Q. Nhy thé, ngoai dién tich anh q; dat & d, con phai’thém mot
~ dién tich anh nifa tai tam O dé trén mat cdu dien the khong déi. Dién
tich d6 12 Q - q; (nhu thé cudi cling dién tich tdng cong cia cdc anh
van bang Q nhu gia thiét). Lyc twong tic bay gid 1a

F=_9 1Q-a91 _ag |_
= . = |=
dreo| I° Ii-d)

_ 9 _Q+aqfl_ aq ]

dney | 2 1 - d)?
36. The cua cic qua cdu tinh gan ding 1a
0 = @, 92 )= VI b

dnag, 4mre, - 4mre, 4mbe,

Nang luogng tuong tic giita chiing

1 1 (¢ 2 3
W= —(Q1¢y +qp@p) = — AL+ T2 D3 |
2 . 8ne, | a r b

i 1% 5 1%
37. w:EJ’Ede_EjaEdV+~2—j'eoEdv=
o a
1g

a Lo o]
= 2mg IEZ r¥dr + 2ne, IEﬁgrzdr
0 a
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Thay E,, v E,, & bai 11 vao, tacé :

of
c]2 dr
2
8ne, or

2 a
W= q—6 Irddr+
8nea 0

2
. 1 1
Cudi cing tacé W = d .
8naleg, 3e

eZ

38. . W=g, 0g(0)= —

4ne,a

ey, 12 dién tich clia hat nhan : ¢4,(0) 12 th€ cha may électron tai tam
{xem bai 18).

2
9. w=1
2C
Ap dung két qua bai 33 tacé

2
a) W= a_ L]n&+_‘_1n52_
4nlie, Ry £ R,

2
pyw=9 (9,92}
28 8] 82

C6 thé tinh truc t€p theo cong thic W = % IEﬁdV .

Thi du d&i véi tu dién tru, dién trudéng cé tinh chit déi ximg tru
chi ¢6 thanh phén E, 13 Khac khong va béng :

1 4 véi R, <r<R,
21'(!8]]'
R LI | véi R, <t <R,
2mlg, 1
0 viiR; <r<owva0<r <Ry,
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Thay vio biéu thiic W & trén ta ¢6 :

1l Re 210  foRa 2y
W= —Id! j(i] ——22nrdr + ——jd! I(—E—) —-—2—2m'dr=
- 20 R| 2l El |'  20 RD 2l -

4nuf .81 Rl %) R()
40. Nang lugng cia tu dién 12 :
2 2
1
wo=Loled o2
2C 2 ¢ 2 :

Khi ¢6 dién moi g, dién dung 14 C = ?

Khi tich dién modi ra nhung giif cho tu dién c6 lap tie 1a dién tich
b - L) ~ o} t S Y Ly e
q cua cdc ban khong thay doi, dién dung C, =% . nhr the tir biéu thitc

2

q . JE
W = ——nang lugng s& 1a :
2C g lugng

W= Zw,.
80

Cong phai tim 1a :

Q=W,-W, (i_le] =l[i—1]C(A(P)2 =
£ 2l g,
I{ € £S5 2
= —| — -1 |=(Ap)".
2[30 ] 9 (Ag)
41. Khi chira mot phdn dién moi, dién dung cua tu dién tang mot
lugng bang :

_(e—g,)ax
d

AC
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Khi d6 nang luong tang fén mot lugng béng :

— 2
AW = lAC.(A(p)z — (£ —g, AD) ax
2 2d
(nhé ring dién the khéng d6i). Luc tic dung 1én dién moi la :
W -
Fo [am )J ICRLIYCRpE.
ox Agp=const 2d

Lyc nay can bang véi trong lugng cta phan dién moi dé :
F=3.a.d.h

Tir d6 thay biéu thic cha F da tinh & trén ta duge :

_ e-£o(Ag)

o 2%

42, Hoan todn tuong ty bai trén, nhd ring d6i véi w dién try, dién

dung 1a C = 2re l/In(R,/R,), ! 1a chiéu cao cia hinh try, Ry, R, 1 bdn
kinh cla hai ban tu dién. Két qua la :

h

2 2
RS —
LRRIO Ry
(apy” B Ry
43, Cong thyc hién bing bién d6i ning luong cla tu dién, ta c6 :

_C . 3 + . ) & -
AW = C1—22-V2, C, va G, 1a dién dung cua ty dién lic ddu va

sau khi cong da thuc hién. Thay s8 vao, ta cé :

_ (100-10).107°F
2

Nhé ring trong qud trinh thuc hién, hi¢u dién th€ ludn luén giit
bing V. '

W (300V)? =4,05.107%J .
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44. a) Téng nang tugng cha hai tu dién khi dat riéng ré :

2 2
L V. v ]
202G,

Ning lugng cia hé tu dién khi mic song song :

w, = 1+ a)”
2(C| +C2)

Hig¢u hai nang lugng do :

2
W, —W, = (4G5 ~92G))
2C1C2 (C] +C2)

b} W = 0 khi q,C, = q,C;.

45, a), b) Trong gido trinh.

¢) Néu ludng cuc duge tao thanh bai dat lién tiép hai dién tich (tir
xa v cyc) trong dién trudmg thi nang lugng di¢n clia né khdc. Thuc
viy, néu dién tich +q dat tai diém R+ n thi né cé ning luwong

qe(R + 7).

Khi d6 dat dién tich —q tai diém R + T, s& tn mot cong :
_ 2
T CE Ty —. —
dne, |~ |

Thanh ra nang lugng dién cda ludng cuc dién trong trudng hop
nay bang : '

— _ 3 . 3
U= qoR+7)-q@p(R + 7)) - —1— = -p ER)-——
4Ang, I pl dne, Ip!-
q3
Do d6 hiéu cdc nang lugng bang ————, day chinh 14 ning
4ne, | p!

lugng wong tac tao thanh ludng cuc dién.
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46. Nang luong ciia tu dién : W = Q°2C.

Trong qua trinh dién moi dich chuyén vao tu dign, ca dién tich
trén cac ban lan dién dung C ca ty dién déu thay déi, vi vay :

2
aw = Q40-2 4¢.
Ko 2C?

Vi hiéu dién the khong d6i U, = Q/C, do dé ta ¢6 :

Ul

dW =U,dQ - —2dC.

S6 hang thd nhét & v€ phai chinh 12 cong cla ngudn dién lam thay
d6i dién tich trén cdc ban tu dién. S6 hang thit hai 13 cong cla luc co
can thiét dat Ién dién moi. _

a) Cong cha ngudn dién. Nh& rang dién tich hic ddu coa tu 13 q,,
sau khi da dich chuyén miéng dién moi vao trong tu dién, dién tich cia

ban ty dién 12 eq /e,. Do d6 cong chia ngudn dién A

Sqofeo aqo"rsc} ) £
| uvdQ=u, f szquo{—ﬂl].
80
Qo 90

b) Dien dung ciia ty dién lic ddu Ia /U, va lic sau 30 Do
’ €q \]

dé cong cha lyc co'la:

F %
gy, Uy 2

i HgdczUo_qo[i_l]
07U, 2 2 g,

cong nay do luc tac dung lén dien moi gay ra.

47. Cach lam thit nhat : tinh truc tiép dién trd R.
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Chia moi trudng giita hai ban tu dién thanh timg 1p hinh cdu dong
tam véi cac ban, cé ban kinh r va bé ddy dr. Dién trd cua 16p dé u 1
nghich véi dién tich va ti 1¢ thuan véi dr : '

dR = dr2
4mrh
Vay dién tro R 1a *

1 1
R= IdR '[4:rtr2l 4nl£__g]

Cudng d6 dong 1 gifra hai ban [a :

I= E="4-'.|'[7L r1r2
n-n
Cong sudt toa nhiét :
2
Q=TU= 4naU -
—q
Cach lam thi hai ;
Tacé:
1=_qjd§=xqﬁd§(j=xé) hH
S S

Mat S bao quanh bén tu dién trong. Theo dinh 1 Gaoxa, ta ¢6 :

Eag=2
gus-t e

v6i Q 1a dién tich ban ty dién trong .
Mat khdc Q = CU - 3)
T (1), (2), (3 tacod:

I =21Q/e, = ACU/g, 4)
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va R=—[I{ fo

=—9 5
AC 5)

Biét di¢n dung cia tu dién, ta tinh duge 1 va R. V4§i tu dién céu,

diéndung Cla:
C=an2;
n-q

1\, 1 1a ban kinh cua tu dién, thay vao (4), (5) ta dugc cdc két qua da
tinh & trén.

48. Cich giai nhu bai trén. Dung cdc cong thic (4), (5) ta ¢é ngay
két qua :

2nAlU
)  I=
ln(R2 )"R] )
2
Q=1U= 2nAlU
lﬂ(Rz f‘Rl)
b) [= 2nU

] 1
—In(R; /R )+ —In(R, /R

2nU?
Q =

1 1 '
—In(R, /R )+ -—1n{R, /R
@0 a5

49, Sir dung céc cong thic j=AE ; div ]+ p =0,divD=p.

Vi cdc dai lrong j, A, € chi phu thu6c toa do, nén p khéng phu

5 )
thuéc t, tic 12 ?5? = 0. Nhos d6 dé dang tim duoc :
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p= % (igrads - ggradi).
9

50. Xem bai 47. Khi d6 r; = w0, Vay

R= 1
4nrd
Khi chon nita qua cdu, dién trd 16n gdp 461 :
1
2mrA

T+rj
51. U= [Eudr

r

J I
Er = — = 3
A 2meta
tir dé U= —I— l— !
2mAAT r+n
s2.2) B = 29 .p o _EhU
k]hz +7\.2hl ?\.11’12 +7\.2h]
Ez - XIU : D2 - Ez)LIU
k]h2'+k2hl }.Ihz +)\.2h|
(o MhU
=12 5 4 4
klhz +;\.2h1

b) Trén mat phan chia gilta cdc tdm phéng :
0=P2—P] 2(82_80)50—(51 _EO)EI =

= Mlep —e) - ha(e) —8)
klhz +12h| ’
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Néu tam phéng thi nhat dat sat ban duong thi U l4y gia tri am. O
mat phan chia gilta ban tu dién va tdm thi nhat :

- Trén ban tu di¢n : o = gE|.

- O mat tam thit nhat : 6, = (g; - £,)E,.

O mat phan chia giita ban tu dién va tdm thi hai :

- Trén ban tu dién : o = —¢,E,.

- O mat tdm thif hai ; O = (&5 — £,)E,,
€, 1a hing s6 dién moi cla chan khéng,
53. Xem bai 51.

_ ! [l-l} L1
2nh,la b)) 2 b
54. Hinh hop duge tao thanh nhu

6 7
hinh 2.15a. )
|
a) Gia su dong dién vao goc 1 vira 2 : 3
goe 7. X
. . 1
Pién the cdc diem 6, 3, 8 biang nhau, f}———-—--— 8
dién theé cdc diém 2, 4, 5 bing nhau. Do R
d6 c6 thé chuyén thanh so d6 lin lugt ! _ 4
theo cic hinh 2.15b. Hinh 2.152
. 2 s D
Dién tré tong cong 1a P Q.
g‘ 1732 160 17302
-~
Hinh 2.15b



b) Gia sir dong dién vao gbe 1 vara goc 4.

6 7

2/5
AR - 1:2:4

Hinh 2.15¢

Pién thé tai cac diém 2 va §
bing nhau. NGi hai diém d6 lai.
Tiép theo, the cic di€m 3, 8 bing
nhau, ndi ching lai. Nhu thé ¢6 thé
chuyén thanh cdc so d6 nhu hinh
2.15¢.

. - 7
bién trg 16ng cong la E—Q .

c) Gia su dong dién vao géc |
ra géc 8. Cing tuong tu nhu trén,
cdc so d6 tiép theo ldn lugt 14 hinh
2.i5d.

Chii ¥ rang do su déng nhat cla
phén trdi va phai cia mach cau, cho
nén thé & cic diém 3,4 va 5, 6 1a




bang nhau va ta chuyén dugc sang mach néi ti€p cia hai phdn dav song
song. Dién trd téng cong ia 3/4€.

55. Chon hé toa do tru (R,,z) truc Oz doc theo day dan, goc toa
do nam giita day dan. Ki hiéu R 1a khoing cdch ti diém tinh trudmg
dén day dén. Tacd :

=_ I [dfF]

Tir trudmg huéng vuéng géc véi mat phing chita dfva 7. Gid i
clia n6 bang :

I L-2Z L+Z
H=Hg= +
4R | R2-+273? JRZ+(L+Z)

Kh]L—>0c> thi H = A=—I-—
4nR 2mR

56. Do tinh chat d6i ximg tru, tir truong
H ndm trong mat phing vuong géc vdi day din | -4~
va di qua diém quan sat (hinh 2.16). Hon nifa, o] i
cing vi vdy ﬁphéi vuong géc véi doan thing ,...-4
ké tr truc dén diém quan sat (vd ndm trén mat < \D/;—
phing vuong géc dé). Ding dinh luit dong o
toan phﬁljl {dinh Iif Ampe) : | Q __;‘

dHal =1(= jna’) ()
a) Bén trong hinh tru, dudng cong tich Hink 2.16

phan 1a vdng trdn ¢6 tAm trén tryc hinh try va ndm trén mat phang
vudng goc véi hinh tru. Chon chidu duong trén dudmg tron 13 chiéu hop

véi chiéu clia ) mot dinh S¢ thuin va theo dinh luit dong toan phdn,
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dé6 ciing 1a chiéu cla H. (1) cho két qua sau :

L
2

ir

trong d6 r 12 khodng cich tir truc dén diém tinh trudng. C6 thé viét nhu
sau

— 1 -
H=-[j.r].
2[1 ]
Cim ing tit Bbing : B=p H.

b) Bén ngoai hinh try. Tuwong ti trén, ta co

lja2

H, =-£-

B2
— 11j.7Fla’

hay H_E >

Cam tng tir B bang : B=pH.
57. Hoan toan nhu bai trén, dp dung
dinh 1i dong toan phdn, ta thu dugc két qua

sau :
r<a;H=0 V
a<r<b;
H——-———I —Ei (hinh 2.17
" omb? - ad) r—— |(hinh 2.17). Hinh 2.17
|
r>b;H=—
2nr

Chid y la & day ta ciing phai sir dung tinh chét d6i xdng try nhy bai
trén dé xdc dinh phuong chiéu ciia tir trudng H . Cam tmg tit B bang :
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sz.ﬁ.

58. Do tinh chdt d6i xing tru cua tir trudng, tir dinh Ii Ampe, ta
¢ :

trong 46 [ 1a dong dién bi bao hoc bdi
dudng trdn ban kinh r (hinh 2.18).

Khi 0 < r < R, mat d9 dong trong 18i
bang

Hinh 2.18

. : L
Do vay, taco I, =_]]Ttt'2 = — va tam img tit la:
R .

l

g Mo
2nr

Khi R, <1 <R, tacé I =1=const, vi th€ cam tng 1ir la:

w
2mr

B=

. Khi R, <1 < Ry, cong tua bao boc dong dién nguoc chiéu cé mat
do bang :
. I
2T RE-RY)
Vay dong dién bi bao boc bdi cong tua trén la:
2 - R%
R? -R3

I=1-1
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cOn cam tng tir la :

ul )
B= -3 =3
2ar R3-Rj

~ Bén ngoai cap, cam ng tir bang khong.

Chii thich : C6 thé tinh thé vécto A nhdy phuong trinh déi véi the,
réi tir d6 tinh B=rotA . O day phai dung toa do tru, cch tinh dai va
thudmg duge ding trong cdc gido trinh.

59. Dung nguyén li chong chit trudng. Trudng & M 14 chéng chat
clia hai trudmg, mot tao bai day hinh tru dac véi dong j , mot tao boi
day hinh tru I4p ddy 16 héng c6 dong —j chay.

Dung két qua cau a) bai 56, tacé :

= —[5.0M]+ [~ OM] =

t [ —— e 1 sy
5[].(OM -0 M)] :E[J.OO ]
Tit trudmg trong 16 song song khéng déi.
60. Tt trudng tao boi mot z
canh dai 2b ¢6 thé tinh dwoc 0
theo bai 55. Nhg rang khi dé R, B
khoang cdch t trung diém chia k iy
canh 2b dén diém tinh trudng / / 7
B VZ +a?, trong dé Z la 5 3}
khodng cach tlr tam hinh chit / a /

nhat dén diém tinh truong. Tir J
truimg d6 lam véi truc Oz mét .

g6c o xdc dinh duge bing: Hink 2.19
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a
o=
7% +a’
Ciling nhu vay tinh dugc tir truong tao bdi canh 2a ¢hinh 2.19).
Tir trudng tong cong ¢6 hudng doc theo truc Oz va ¢é gid tri
bang :

He abl 5 ( Lo, ]
mwal+b2 472 \a’+Z° b +Z7
61, Cudng do tr truong H, tao boi
mot canh cha da gidc ¢6 thé suy duogc tir
k&t qua bai 55 (hinh 2.20).

I . . a
H, = —sina; sina =
2m! a2+!2

H, lam v&i truc z mot géc P,

h
cosfp= —; h=acotg T
/ n

[=Vz? +h?

o, Hinh 2.20
Tir trudng tong hop :
nl .
H=H, = nH;cosp = —sinacosf
2nd
T
I a? cotg—
=n 2— n .
T - TC L
(az c:otg2 L ]\/az cosec? = + 22
n n.

62. Ap dung dinh li Bio - Xava

TLE)
4?'[ L T
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trong d6 df c6 do dai bang vi phan cung
cia vong tron ; phuong va chiéu caa céic
véctg nhu trén hinh 2.21. Tich phan lay
theo cdc cong tua dién, taco :

_f-o;
[df .F]=—[d] %,]+[d/ .h)

P dai coa 13 khong déi trong

qud trinh 1y tich phan, con h= const,
do d6 :

_ uol[ L .
B=—o|_ [df.r0]+q[df.h]]
4nr’ Cg

Hinh 2,21

L

Tich phan thit hai bang khong vi :

ij[df.ﬁ] =H(§df H =[0.5] =

Tich phan thir nhat bang :

~Jidl 51 =q[5,.dl 1 =i, dl = fir,Jd =
L L L L

~ _ 2.
n.r,.2mr, =20 0.

1 la vécto don vi vudng géc véi mat cong tua. Cudi cling ta ¢6 .

2

(i2+h%)?

n

B = Mol
2
63. Chia day din thanh nhimg mau nhé d/. Cam ng tir dB tao
boi mdu dé & diém P trong chan khong 1a :

3

wk
,&V’
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dB = LIB[ELE] z
4nR

Chon hé truc toa 49 Pécac vuong P
g6c (hinh 2.22), c6 :

1 ik R

[dlR}=| dx dy 0 )

—TCOS® -TSIMQ 2 . -
o ~ ~ ¢
[dlR] = zdy.i- zdx.j+ (rcospdy _ daf

— rsinpdx) k Hinh 2.22

tir d6 thanh phan trén truc Oz ciia dBla
dB, = j'lLI:s(rcoscpdy —rsingpdx) - (1)
4nR

dx, dy ¢6 thé tinh dugc nhd x = rcosg va y = rsing, (1) ¢6 dang sau :

2
Mol  r'de
dB. = —_—_— 2
2T 4n (22 4122 2
Theo ddu bai:
2aNr 2nNdr
= N d(p = .
L L

Thay vao (2) va ldy tich phan, ta ¢é

_ wNI|, L+vi247° L

B in -
faL z J12 422
64. Do tinh chat d6i xtng, tir tredng H chi phu thude r:
H = H(r)

a) Trudng bén ngoai Sng. Ap dung dinh luat dong toan phan doi
véi cong tua ABCD (hinh 2.23).
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Taco:

JHA =3 1-0 M “ 1o

1z

i
T t
| ]
| 1

1
1 ¥
o]

-

D 1=0 vi mdi vong c6 hai 1in dong

Ve
N

dién di qua ti€t dien ABCD theo hai
hudng nguoc nhau,

1ayCB=1.Tir () tacé :

2H(r) = 0, tr d6 H(r) = 0, tic 1 o
trudng ngoai éng bang khong.

b) Trudmg bén trong 6ng,

Xét cong tua CNMB

N

Hink 2.23

q(H.d; =HNM=H

CNMB  I=nl

1
Tir d6 ¢6 H = nl.
65. Diing hé toa d6 tru, ta c6
i i
trong d6 df = d/ €p-
H=H,g,+ Hy &+ H, &,

a) Bén trong xoléndit (R +a>r >R -a).

JA" a7 = 2nr Y =NL: O = 1
L

trong )

ha H) =-——
Y ? ome
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Hinh 2.24a Hinh 2.245
b) Bén ngodi xolénoit r>R +a;r<R -a)

jﬁ“’d? =2 HE =0 H® =H
e

ngoa\i)

- (e) _
tir 46 Hy,” =0
Bay gi¢f ¢dn chimg minh :
HY =HY = =1 =0 (@)
Coi x0lénoit nhue mot mat nhan, ¢6 modt dong dién mat, mat do
i = NI/2nr chay qua.

Tir trugmg sinh boi dong dién mat d6 phai thda min cdc diéu kién
sau day :

divB =0 (1)
{po divH = 0) _

ot H=10 : (2)
[ﬁ.(ﬁ(e) —ﬁ“))} =i% (3)

n,7T la vécto don vi phip tuyén va ti€p tuyén vdéi mit xolénoit
(hinh 2.24b). C6 thé thit lai rang gia thiét (a) thoa min ca ba diéu kién trén.
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Do do :

Chii ¥ a) Két qua trén ding doi voi
ti€l dién cua xo6léndit hinh nhin ¢é dang
tuy y.

b) Néu a << R, (hinh 2.24c), tir trudng
trong x01énoit coi 12 déu va bang :

H(i) _ NI
C2nR Hinh 2.24¢
66. A= i‘; c_[ de : : (N

L la vong tron O cd dong I chay -

5 onM2 5
A _f),,a 28R JLl oA AR
R, R{ Rz R2 "Rl 2R?2 R2
Thay vao (1) ta dugc :
A = Kol 1-—ai qu+ q'( Ryl =
4nR|  2R? )] 4nR’

198
27R?

q(R i)l (2)

i qdz' =0).
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Thay df = - dising i +dlcosp | =
= (—sing i+ cosQ j Yadg
a =alcosp i+ sin(p] )
R=x.i+y.j +zk
vao (2),tacod:

227:. 2

I
A, =- 3 I(x cossing +y.sin>@)de = — poaq y
4 R 4R-
pea 2 2n " aQI
A= 3 J-(x cos’ P+y. 51n(pcoscp)d(p——°—3x
47R 4R
A, =0
= _ Bl
Hay A= [S R] trong d6 :
4mR*
S =na’k; sz (3)
4nR-
Vé6i i=1IS 1a momen tir ciia day dan tron.
Tinh B: B =rotA.
Ho 1 -~ o Ho -y
= —“{grad—.[a . R]1+ rot[1 . R],
4 g3 4R
ta cé ;
e Gi.RR 3
fgrad g Ryy =GR ROR_ 38
R® R R

rot[i . R] =2
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Khi tinh rot[fi . R}, nhé rang i khong phu thuoc toa d6 cia diém
quan sét, do dé cic dao ham riéng theo toa do cua diém quan sit clia
i déu bang khong.

Tirdé: B=_to [3E-RR_ (4)
3 2 H
47R- R

{3) va (4) chimg 15 trudng & xa dong dién trdon gidng nhy trudng

cua mdt ludng cue dién ¢6 momen p = nla’.
67. Chon B co huéng theo tryc Oz : B (0,0,B).
Thé vécto A phai thda midn B=rot A . (1)
Ta thay la A= %[ﬁ . T]théa man (1) vi

rotA =

%]m —-l

k
1 d -
— —|=B.k 2
2 oz 4
0

]
9
dy

-yB xB
Cic dang khac ciia thé vécto A c6 thé chon duge 1a :
Al =xB] (3)
A2 =-yBi (4).
C6 thé nghiém lai rang A khic Ajva Az mot lugng bang gradeo,
@ la mot ham vo hudng nao d6, cé thé x4c dinh dwge. Thuc vay

A=f\;+grad(p

|

——yBi +—~xBj = xBj + grad

2)’1 5 ] )+ grade

9~ Op- Op

= xB)j+—i+—-]+—K
ox Oy oz
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A 2
~xB=xB+ % hay ——xB=22
cy ey
1 3
__).'B—_-ﬂ
2 ox
0= 20
7
Tirddtaco
P = —%xyB+C

Tuong ty, A> khic A mot lugng grade, véi
I
¢ =—xyB+C
2
Chii ¥ : 1) Trong hé toa do try, A c6 thé 1dy cée gid tri :

Ag=%BR; A,=0; Ag =0

2) Trong hé toa d6 cau, A cé thé lay cac gié.tri :
Ay = %Brsinﬂ; A =0; Ag=0.

Di nhién 14t ca cdc biéu thic ciia A sai khdc nhaw mot gradién cha
mot ham vo hudng va ta ¢6 thé tinh dugc ham dé.

68. Chon h¢ toa do tru va tryc O tring véi truc cha hinh try. Do
tinh chit d6i xing tru cia dong dién 1, thé vécto A chi ¢6 thé 13 ham
cua r (r 14 khoang cdch tix diém xdc dinh truomg dén true clia hinh tru).

Taco:

AA=-u] (1
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tic 1a

la[faﬁ]+iﬂ+azﬁz_“§ )
racl o | 2 et &2

Chiéu trén cac truc toa 4o ta duoc

AA,=-pj; AAg=0; AA =0

Céc thanh phin Ag, A, ¢6 thé 14y bang khong.

Tacan tinh A, = A _(1).

Ldy tich phan (2} d6i v6i A, (khi r < a var > ), ding diéu kien
lién tuc clia A, va H trén mat phén cdch r = a va tinh gidi ndi cia H khi

r={, ta dugc :

(2% I
r<a AZ=C*'E~(—]:B9=—E°—-r

4n i a Il
I
Hg = r.
21a’
I r
r>a AZ=C———[p0+2In—)
4n a
i I
= —:Hg= —.
Bo 2nr b 2mr

C la hing s6 tuy y chon.

69. Tuong ty bai 68, chi khic lamién j=0laa<r<b. Do dé khi
18y tich phan tuong ty nhu bai trude, ta duge két qua sau day :

r<a AZ=C|;§=0
L2 2
asr<b A,= p";d 5 lni—r2 +Cy
4n(b® ~a“) a 2a
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2
Bez__i?Lj_ﬁ_E_J
bl —aZ)  r

r>h A =Eln]3-+C BG=LI~

Eoan 2mr

Céc thinh phdn khic cia A va Bdéu bing khong. Cé thé biéu
dién hai hang s6 bt ki qua hang s& thd ba nho diéu kién lién tuc cla
thé & mit bién phan cdch cdc mién.

70. Ciing dung phwong phép trén, chon
h¢ toa do nhu trén hinh 2.25. Trudng tao &
M la tong hop cla hai trudng tao bdi hai
dong nguge chiéu nhau c¢6 cing mat do 0
j (cung cudng do I). Sit dung két qui cia : 0'/0 :
bai trén che trudng & ngoai day din. Cudi
cung ta dugc :

1 r2
A= —In== .
Z 2n 1 Hink 2.25

i Il[m+Xf+yﬁ”2
S 2L 272
T [a—x)"+y7]

H = A, _ 21 axy

X =
oy ﬂ;ﬁJ%

H :_8AZ=L a-x _a+x|
y X 2n r]2 -r22

71. Mt d¢ dién tich mat cia qua cau :

<]
o=

41‘[32
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Khi quay, trén qua cdu xudt hién dong dién mat, mat do i, The
vécta tao bdi dong dién dé la :

K:b_j 1.ds

4 -7l
TtS1r F'l

dS 1a dién tich nguyén t6 cha qua céu ; 7la toa do cia diém tinh

trudng; 1 1a toa 40 cla mie dS ; tich phan 14y theo todn bo dién tich
mét cdu.

C6 thé thdy duwoc Ta : 1.dS = cal #.dS ]

Nhé& cong thire : C}ﬁ.(p.dS = _[V(p.dV .tacd:
5

ds \Y
qw—m:_vjﬁ-m

5 v

(Luu ¥ dau trir (—) vi tich phan 14y theo toa do cha dS).
1 v I dv
dng,

Hon nira : - :Eo

v I¥-1'l
la dien truong tao trong chan khéng béi qui cdu tich di¢n déu, mat do
dién khéi la 1. D3 biét :

- T r<a
_ 3g,
Eo = 3
a’ T
—,i r>a
380 r

Tid6tacsd: A= £oHo0al® . Eo]
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M, O3

7 [ . T r<a

hay : A=4
““G;i [©.F] r>a

3r

Tiép theo, do B =rotA , tacé :

5 . -
—H, 080 = BB 1 ca
Bo 3 6bra
I DF Mo
S T r>a
dqr 4nr

trong dé e = 4nca’ va i= E:—EJ la momen tir cia qua clu.

Chut thich : a) C6 thé giai bang phuong trinh Poatxéng d6i véi the
vécto A . Khi dé phai chu ¥ rang do tinh chat d6i xing cla dong, thé
véctor chi ¢4 thanh phan A, khdc khong, va hon nita Ay chi 1 ham ciia
r va cha 0, nghia la ta c6 thé tim nghiém dang :

Ag(r, & = F{r)sin0.

Ding diéu kién dinh ¢& Loren va diéu kién bién, ta c6 két qud nhu
trén. '

b) C6 thé tinh theo cach khdc :

Bén trong va ngodi qua cdu, tir trudmg (hay cam {mg tr B) thoa
min hé phuong trinh Macxoen ¢

rotH =0,divH =0
Do dé H c6 thé biéu dién qua gradién cha mot ham vo hudng @y
H = ~V¢,, sao cho ham d6 thoa man phuong trinh Laplaxo

Vo, =0
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Tacé:r<a ﬁz—V(plvéALp,zf)

Cde nghi¢m @, ¢, cla bai todn, do tinh chat d6i xitng c6 thé chon
dang sau :

P = ZA.]"J.PI (cosQ)
{

©5 = ZB.rM Pi{cosB)
i

V& Py(x) 1a da ihic Logiangdro (Legendre). Cic diéu kién bién
cua bai todn sé 14 :

Q‘P_I‘ :%|
a ' e

o : .
r=a > _(P!"lr=a =%{r:a =1
a0 o0
trong do i, 12 mat d6 dong dién mat :
1y = Cawsing.

Tir d6 tinh dugec A va B;. Kétquala :
2 2
A= -—ocwa; B, = Zswa?
3 3

A =B =0 Khil#l
va ta c6 1én giai nhur trén.

72. Ding mét trong céc phuong phdp da néi & bai trén. Két qua

i

H=—
3

r’ r?

R3[3F(M.f) RZ]

Nhur vay tr trudmg bén ngodi qué cdu bang trudng cha ludng cuc
dién c6é momen tir bing :

=2
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i=—R'M.

73. Luc tuong tdc cua cdc dong trén mot don vi do dai day dan
béng : '

Fog Dl
2n d
dau + néu cdc dong dién ciung chiéu, ddu — néu ngugc chiéu.

74. Luc tdc dung 1én doan BC bang

0 A D o
F = publH
b la canh cia hinh vuoéng (hinh 2.26).
Lyc ndy ndm trong mat phing nam N
ngang chita doan BC va vuong goéc vdi B - c
BC. N6 sinh ra mét mémen lyc bang :
Hinh 2.26

F.b.cosa = pblecosa

Cic luc tic dung 1én AB va CD béng v ngugce chiéu nhau, khéng
gdy duge mpmen luc lam nang khung 1én.

Trong lugng P clia khung day gay ra mot momen luc ngugc chiéu
v6i momen luc néi trén, vé gid tri bing : '
P.OG sina = 2b°.ma*3sina

OG la khoang céch tlr trong tAm G cua khung dén truc quay. 3 vi
tri can bang tdng cdc mémen Iuc bing khong, do dé ta ¢6 :

75. Nang lugng cla day dién tron I, dat trong tir ti-ufmg cha day
dién dai I, (hinh 2.27) bing :
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ds=rdrd &

Luc 1dc dung Ién day dién tron : Hink 2.27

cb 2 \/bz_az :

76. Yéu t6 luc tic dung lén yéu 1§ chiéu dai df cha dong thit nhit
do dong thi hai gay nén :

}  dh
dF12 = ul;1, | df q&)fz—‘]

Lo T2
Tt d6 c6 duge luc do dong thit hai tic dung 18n dong thit nhat

Fiz = L1, ch (a5 (B dl) - By (A dD)) =

LiLy %1

= ul|I q q{dfz [dl‘r]'{_lit"adI ] ]ﬁ-léTl(d;id.'"—g)}

CLio i)
Chi ¥ ring
chcuz[df,grad, ] q dby (‘:[d( J
LiL, L2
tacé: Fa1 =L § d (df.ai)2t i

L|L, 1"21
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(nh(’)’ l'flng FQ[ = —?12 Vi r21 = rlz) Vi thé— co ﬁ2| = ‘-iﬁlz.
77. Tir trudng giifa cdc hinh tru khi ¢6 dong dién I chay qua bang :
H= -
2nr
Ning lugng cla tir trudng bang :

B 2
W= [BHdv=E1n2.
2 4n  a
0 day dV = 2nrdr 12 mot 1Gp try ban kinh r, bé day dr, va chiéu cao

bang don vi.

Mt khéc ¢6 : W= %uz
tir dé suy ra L= —E—ln—tl.
2r a
78. (Hinh 2.28) a) Tai thdi diém t,
géc hop bdi phdp tuyén cia khung day L0
va phuong céa trudng 13 ; > !;f' :\\\
p=wi+ (pc-. - {; : \\,
(¢, 12 gbc twong tng lic t = 0) —
Tacé: — :
. O
dod d
&. ;= ——=——I[SBcos(ot + Hinh 2.28
ol m dt[ ( Po)l
= SBosin(wt + ¢,)

b) Cudng do dong dién trong khung day thoa mén phucng trinh :

dl
La‘;*‘ RI= gct’l‘
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L% + RI = SBwsin(wt + ¢,)

Giai phwong trinh vi phan nay ta duoc :

R,
I=Ae L +],

A 1a hang s6 tich phan ; I, 1A nghiém riéng cla phuong trinh vi
phéan ¢ v€ phai. C6 thé tim dugc 1a:

®wSB .
I, = ——=——=sin(ot + ¢, — 1)
R? + %12
véi tgar = 2
8 R

Tuy theo diéu kién ban ddu cia bai todn ta im duoc gid tri clia A,

79. a) Lip lai lap luan cla bai teen. & day, lic ddu vong day song
song vOi i truong, do dé cé ¢ = ot ; tép thém, dién tich cha vong day

14 S = na’.

Sau khi giai phuong trinh vi phan nhwr bai trén, ta duoe két qua sau :
R

——t
I=Ae L +1,

m:rtazB

. . oL
véi I, = ~mm————=sin{ut — ), tgat = ——
R* + 0?12
S6 hang thit nh4t tién t¢i 0 khi t ting dén vo cing. Do d6 c6 thé
yl=1,

b) Momen ludng cuc dién clia vong day : M = IS. Momen luc tic
dung 1én vOng day bang :

N={M.B]=IS B
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Vé gid tri bang :

2ny2 :
N=N@© = 2B et sint - ¢).
R? +0°L?
80. Hieu dién thé€ gilta hai ban cia tu dién Ia % Ta ¢6 phuong
trinh : _
L r-4
dt C

2
nhung I = —Eﬂ,dodéc(’): L-d—q+Rfjﬂ+ﬂ=0-
dt . dt? dt C

Giai phuong trinh trén, ta duge :
q=C, e+ C,e?

vdiry ; 12 nghi¢ém cua phueng trinh déc tinh, tic Ja

R R 1
rl,2= ——Z-L—i ‘—'-"-‘2——'*—‘-“-.
417 LC

Tir diéu kién ban ddu khi t=0,q=q,

1= ——q-(i =0,taco
dt
T 1
Cl= 2 Q();C2= L dq
L =0

81. a) Goi q la dién tich trén ban cia tu dién ndi vét cuc duong
ctia acquy. Ung v6i hai mach ta ¢é : '
dl,

L—1+IR = ¢ (1
dt
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R=¢-3 | 2
C (2)

rong dé %%=I—l, ' 3)

[ la dong dién qua acquy, I, 12 dong qua L
T (1), (2), (I tacd:

1 1 dIl I | o
(gl

—_ 4~ =
@2 RCdt CL LCR

Nghiém cia phuong trinh nay viét duge dudi dang :

t

_¢ | _sinwt 3R
R oRC
trong dé © = L—%
CL 4ReC*
b) Khi thdo bd acquy ra, suit dién dong bang khong, ta ¢é :
5 .
9_....9._ + Lq =0
diZ LC
2 1 14

dat oy =———,tacd:q= - sin,t .
' CL ¢

0)0
82. Ki hi¢u cudng do dong dién qua C, 1a L, cudng do dong dién

qua C, 1a I, va dién tich ¢ moét ban tu dién C, 1a q’. Nhu thé tacé :

dq ._ dq
I=—:T"=— I
dt dt M
Phuong trinh vi phandng véimach 12345678 1 ¢h.2.29) 1a 3
dl '
A a9, a @
dt C G,
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Phurong trinh vi .phan fmg v6imach 1239106781 (h.2.29) 13:

d(I—I) Ly _9
di 2d C,

(3)

thay (1) vao (2), (3) va khir q° trong céc phucmg trinh da thu dugc, ta
c6 két qua sau day :

4 2
d E+A2~— +Bq=0
dt de?
L .
- 1C|+L2C2_B_ 1

LILCCy T LL,GC,

83. Ciing nhu bat trén, ta xét

hai mach 123456781 va mach 4=, 5 _
123910678 1, xem hinh 2.20, [ | P
P N y . e 9 1 ©
Liru ¥ rang ddng dién qua R béng :
[ = d—c‘;‘i-gq_i_ 1 —| I|__g_-||l 8
t dt
Taco: Hinh 2.29
R[d_q?__icl_lJ:%_ﬂ.Z_ (1)
dt  dt C,
g _d1_92 g (2)
G G '
T (2) tacd :
day __Cidgy )
d Gy dt :

"Thay (3) vao (1), ta dwgc phuong trinh sau day d6i voi qp :
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dap , 92 _puf{_ G2 |
dt  R(C,+Cy) C+GC5
Giai ra ta dugc két qua sau day : '

l

4= Gy | 1-e RO+

tr d6 suy ra q; nho (2).
84. Phuong trinh cho mach trén 1a :

Ld_; [L+L]I=0
dt cC G

Pay 13 phuong trinh vi phan hang hai hé¢ s6 1a hang s6, nghiém 12
ham sin. Hai hing s6 tich phan dugce xdc dmh theo cdc diéu kién ban
diu sau day :

Khit=0;1,=0v ~[‘"} -2
dt /.o LG

Két qua ta thu dﬁqc :

= G sin C1+C2t.
LC[(CI +C2) LC]C2

85. Dién trd phiic cha tu dién va cua cudn ty ¢am 13 :

Z] = —L; 22 =imlL
oC

Hai dién tr& ndy dirgc méic song song v6i ngudn ¢ suat dién dong

1a . Vay cudng do trong mach 1a

:i_zf( +L]_ li(mzl,c—l)
Z Zl 22 (DL
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Didu kién dé cho I bing khong 13 1 — @’LC = 0 hay la:

2 |
w = —.
LC
86. Ki hiéu dong dién qua cuon ty

cam, tu dién va b pin fa I}, I, v I;. He
thong duge mac nhu hinh 2.30. Ta ¢6 :

L +L+1;=0 (1y . Z

It —

Phuong trinh cho machc6 Lva C:

2
Lﬂ_l_zzo 2) I 4
a’ C

Phuong trinh cho mach ¢c6 R va L ; Hinh 2.39

dII o
Si_#_RI (3)
a0

Khir I, va I tir 3 phuong trinh (1), (2), (3),tacé :

2 &
L T @

dt2 RCdt C RC

Phuong trinh dic trung tuong img ¢6 cdc nghiém Ia :

2
e lame)
r=— t — W4
2RC 2RC

Vol o, = c 13 tan s6 dao déng riéng. Theo dir kién cua ddu bai, ta

cém0=~—l—,dodér=— ! va biét rang
2RC 2R
& _ 0 khit<O
& khit>0
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tirdé taco :

¢ | i 1

Chii thich: C6 thé md rong bai toan cho trudng hop o, = SRC

khi d6 lan lugt xét hai trudng hop

0] va

o< 554 Wo > -
2RC 2RC
87. Phuong trinh d6i véi cudng do dong dién trong mach :

{n L%+RI=VG,O<t£Tvc’JiI(O)=O

t .

dl o s s - . :
(2) La+ R1=0.t>T v&i I{T) 1a gi4 tri cta [ nh4n duge & (1) khi

t="T.

Tir{l}co: 1= —\—Jl-{"—[l_—exp(—%tﬂ

bién the cha L bing V, = V| - RI =V —RI(V, =V, |a dién thé
toan mach, RI 1a dién thé€ cia dién tr6). Tir 46 :

Vo(t) = Voexp{—%t)

LA R
Tir(2),tacd:I'= ~—¢ ——1
(2} R xp[ LJ

Khit=T,tacé:I'(t) = (1)
—L—A-exp(—g"l‘lzy—"— | —exp(—51]
R L R L
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)

: —Et —E(t—’l‘)
T d6 tinh duge V(1) = Vy[e L —e L

K&t qua la :

0 khi t <0
Vo) =< Vee L khi 0<t<T

)
Vel —el khit2T

88. Lap phuong trinh vi phan doi v6i I'tmmg tu cdc bai trén, tacé :
| d -

La+ RI = & cos(wt + @) (1)

Giai phwong trinh trén v6i diéu kién ban ddu nhu d4u bai, ta duoe

R i

;}.; |

ﬁ- COS((Dt + Py = (P) -€ L COS((P() - (P)
R +{wl)

. wL
trong do: tgo = e

I(t) =

E - - . - R
Quad trinh chuyén tiép mét di khi g, = T
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Thyc vay khi dé ¢ # ¢, mot luong =/2 va trong biéu thirc cha K1)
chi cOn s6 hang thit nhai ¢6 dang A sinet via khi t = 0 thi I(t) = 0.
89. Céc phuong trinh d6i véi dong dién cia hai mach

2 2 :
LIE—QJ+L|2%+1L=O (1
dt dt G
2 2 _
de—lzz"l‘]_,izg“%{’l—:o (2)
dt di- C

I, 1; duge x4c dinh dudi dang : I = Im.e-imt

I, = Izo.e'iml. Nh& vay, hai phuong trinh (1), (2) dén t6i hai
phuong trinh dai s6 :

l L]
[_—mle]lm ~ L0’ I =0 (1)
Gy
2

Hé¢ phuong trinh ¢é nghiém khi dinh théc cha ching bang khong,
tic 1a ¢d ;

1 2 1 .2 2 |
Ly | ——®“L, |[-L =0 3
[ g oa e ®

Phuong trinh (3) dugc thda man véi cdc gid tri cla o 1a :

m]22 _LiG+LG i{(L‘]C]_ ~L,C, )2 +4C1C21}i2.]”2 |
| 20,Co(LyLy L)

90. a) Goi cudng do dong diénqua Ly lal;, qual,lal, quaZla

I. Ta ¢ cdc phuong trinh sau day d6i véi cac mach gbm L, va C|, L,
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vaC,, ZvaC,, C;:

2
LS hrh g ()
de? C,
Ly——~ il 2t - (2).
dt? G,
z8 hth bl | 3
a ¢ G
Ciing nhu trén, dat I = Iio,c'im‘; I, = 120,3'“‘"; I; = 130_34"’" - ba

phuong trinh trén din vé ba phuong trinh dai s6 :

1 I '
L@’ +— |1,y + 0.1y +—I34 =0 1'
[ | C]J 10 20 C, 30 (r
01y +] ~Low? +—— |Loy + ——Trq= 0 (2
1] 2 -CZ 20 C3 30
1 - to1 1
4 —1 o l3p=0 (3"
C1 13 C2 20 (C C] Cg] 3[)

Hé cdc phuong trinh wén c¢d nghiém khi dinh thic cha né bing

khong. tic 12 ta ¢6 phuong trinh sau diy déi véi o.
LILZ(C|C2+CC]+CC2)(02 —[LHC+CP+Ly(C+CY)lw+1=0
Gidi ra ta duge

[(L] + L2 )C + LICI + L2C2 ] n

) _
Y = T
27 21414 (C C, +CC| +CCy)

2 2142
{[(LQ(C+C.)—L2(C+C21 +4L,L,C }
+
2L|L2(C|C2 +CC| +CC2)
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b) va c). Lam nhir caw a). Ké1 qua :

+ Hai mach ¢6 lién két qua cam vng (Z = inl) :

ol? = l I | 1 |
o)y = + + +
2L LC, LC2 L,C, L,GC,

: 5 1/2
1 [1 1 J I-[I 1 ] 4
el e el b B el | B e
2 1:(:] L Ll C2 L L2 LC]C2

+ Hai mach cé lién két qua dién trd thudn : phuong trinh déi véi

tin s& 13
o + i ! + ! —? ! + L -
RC; RG, Li¢, L,GC,

{1 1 1
T LRe LR TLCC,
L,RC{ L,RC; [P A ]

91. a) Phuong trinh séng ma E théa mian ¢6 dang :

’E 1 &°E
2 37 -0 (D
ax” CT &
Do6i v6i cdc thanh phdn o (o = X, y, 2) phuong trinh nay c¢6 dang
2 2
PEy 1 %Eg _, )
ax? C? e’ ' ’ -

Thuc vy, thay E; = E_sexpli{ot — kx)] vao (2), ta thdy (2) duoc
thdéa man véi k = ofC. '
b) Theo hudng duong cia truc x.

¢) Tac dung trrc ti€p V(i 1 ;.9 )7—@‘ i}u 1én E ta duoc :
dy oz
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VE = V(Eoe @)y — i iE (3)
Téc dung /5t din d€n nhan ham nhu thé véi io.

d) Gia st cudmg d¢ tir trudng va dién truong phu thudc x va t theo
ham sin, dang phifc cta ham do6 cd thé viét 1a

E=E, expli(wt - kx)]; B=B, explifot — kx)j (4}
Trong chan khong phuong trinh Macxoen cé dang : '

oB 1 JE
VE]=-—; [VB 5
[VE]=-—:1 ]Cal (5)

VE=0;VB=0
Thay (4) vao (5) tacé:
K[LiE]= B ; k[LB]=-—=E (6)
[LE] =0:(iB =0)
Tir hai phuong trinh ddu cua (6) ta cé
2

~K[i[iB])= =B 7
C -
L a |
-K*[i(iB) - B =—B (8)
C
o f o2 )=
hay : k’-= [B=0 - ®
C
nghialacé: k= 2
C

e} Cau a. Phén trudng E= Eoexp[ii(ml + kx)] thoéa man phuong
trinh séng nhu trén.
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Cau b, Séng truyén theo hudng am ciia truc x.

Cau c. Tde dung cla todn tr V 12 nhan véi +ik i , tac dung ciia 8/6t
14 nhan véi t+iw. '

Cau d. Khéng c6 gi thay déi.

92. Trong moi trudng déng nhit, déng hudng vi k_h.f)ng ¢6 dién
tich tr do, phuong trinh Macxoen ¢6 dang sau :

3B

vE-=--2. | |
[V.E] p” (n
—  aD -
VHl=—+j ; 2
[V.H] 5 H _ (2)
divD =0; (3)
divB =0 (4)
o day j=oF I dong dién mat.

Biu thic lien he gida E,B véi cdc the vécto va the vo hudng [a -

.Ez—gradcp+%? : B =rotA

Thay biéu thic clia E va B vao cong thic (2) ta duge :

BA

1 — K oA,
—[V[V.A]] = e—(— = - =
“[ [V.A]] Eat( Vo + at)+0( thfr at)

Vi diéu kién dinh ¢& da cho trong ddu bai, ta ¢6 phuong trinh d6i
vii A

Lai thay bidu thitc clia E va B vao cong thite (3) ta ¢6 : _
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— 2 13, — 3 I5: -
VE=—Veo+ —(VAY=0hay Vo= — (VA
P 61( yvo ﬁl( )

lai thay div A 1ir biéu thic dinh ¢d da cho, ta thu dugc phuong trinh doi
vai @
2 -

2 07 op
v Sl — 4 gu—.
¢ =ep— B—

93. Thay ¢ vd A vao cdc phuong trinh clia ching & bai trén, ta

-

Co

. ATy 29
dGi vai @ V(Vzl'l )= V[cpﬂ]+V[sua ?]
at ot

doi véi A : ouViTl + %(swzl‘i)
7

=cu|lo @4»5 ol +& s o Eheu‘azrI
Ml on e el ~
nhu vay, néu T1 thoé min heé thic da cho cha ddu bai thi cic phuong
trinh d&i véi @ va A duge thoa man.
Ti€p theo, thay trong céc cong thic cua E vd H cdc biéu thitc

cha @ vd A theo I, ta cé duge két qua sau :

E = grad(div r ) — (V2 3 y= rotrot T1

i

—orotl +&CrotH.
.

94, Ding phuong trinh Macxoen, rotE = —po% (1)

Chon hé toa d6 tru, truc Oz tring v&i H. Khi d6 (1) thanh :

272



LB, o o E_E, g
T op Oz T oz or

19 1 GE SH | OH
- rE . 4 = = — __ s
I’al'( ‘p) r aq) p‘o at ]-1{) a[

H¢ phuong trinh weén thod man v6i E, = E, = 0, va Ey = Eg(r, t).
T phuong trinh cudi, ta ¢6 :

1

E(pz_
r

{—uo j—qlgt(—r'”fdw f(t)}

trong do f(t) 1a mot ham tuy ¥ cia thai gian t. Do d6 trong mat phang
vudng goc vdi truc cua tr trudmg dudng sic cia dién trudng 12 mot hé
cdc vong tron déng tam nim trén tryc clia tir trudng.
95. Chon phuong truyén sémg 1a truc Ox, khi d6 cé
E, = Acos(kz — wt) ; E, =Bcos(kz- ot +a); E,=0,A,B, o la hing s6.
Tudétacod: _
2 2
E E, E Ey .
—X 22 Y oso+—L =sina
d6 1a phuong trinh elip trong mat phéng (E,, E,).
96. Chon phuong truyén song 12 Oz, tdn s6 ciia cdc séng Ia ®; va
®,, tacd :

EQ = Acos(kz ~ oty ; EY = Asin(kz - o,1)

E® = Acos(kz - ;1) 3 552) = —Asin(kz - w,1)

Tir d6 6 séng 1dng hop :

E = E® + B2 = zAcosaz%ﬂl_cos(kz_iﬂz_;ﬂt]
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E,= El + E zA&Z_wl[k%]

Vi @ # ©, cho nén séng t6ng hop gAn nhy phan cuc thing vdi

0}2"!"(:0

tan so L hudng cha phan cuc quay cham vdi van tdc géc

02 — O

. D&i v6i H ta c6 két qua tuong 1y,

97, a) Trudmg c6 thé dic trung bang cic vectd sau day:

E- Eoei(k.f—m) T

o
S
=™
1
= | 7
i
| I

trong d6 cic thong so la thue.

Véi p = 0 va trong moi trudng khong din, ta ¢6 thé chon ¢ = 0.
Khi dé ¢cé :

Tix biéu thirc cia, E & trén ta ¢6 thé tinh dugc :
— - e T
E Eo l(kl’—l}]l——z’}

b) Trudng c6 thé viét duge 1a :

E, =E_cos(kz — ot} ; H, = - \{E E,sin(kz - wt)
: 1!

Ey = Esin(kz — wt) ; Hy =\/§ E cos(kz — wt)
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O day s6ng lan truyén theo Oz
Ta ciing c6 twong ty nhu trén :

6A
E3

E=

1o d6 suy ra;

e 13 : A=-LH
k
98. He s6 phan xa :
2 2
- R‘;J,r +RJ_
2 2

He¢ s6 khic xa :
D +D2

d=n

() day A, R, D chi bién do cha séng t6i, séng phan xa va séng
khic xa, ki hiéu // chi thanh phan song song véi mat phang té’l 1 chi
thianh phan vudng géc véi mat phing t6i. Hon nita 1a ¢6 :

Ay =AcosO ; A| = Asind

Goi o 12 goc 164, B 13 goc khiic xa, tife i n = o .
sinf
Tir cac cong thitc Fresnen (Fresnel), ta ¢6 :
—tg i 0s> 0 +—-——~—-—5m (@ ~P) sin’ 0

1g (a+PB) sin’ (o +P)
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4cos® o —sin? o cos’ 8 )
o= > > $inQ n
sin“(a+B) {cos“(a-P)

99. Dinh luat bao toan nang lugng thod min néu hé thic sau day
dugce thoa mdn :

Jycosa = Jcosa + JycosP (D)
tic 12 nang lugng cia song t6i (trong mot don vi thdi gian, trén mot
don vi bé mat) bing tdng ning lugng séng phan xa va nang luong séng

khic xa (trong mot don vi thisi gian, trén mot don vi bé mat. T (1)
tacd :

cosa = 1r—t:osm + J—dcosB (2)
Jd a
J. T4 N 3 i e \ N
N =p; T = d, I 1a cudng d¢ séng. Thay cdc gia tri da cho clha p va
a a

. B vao (2), ta thiy thoa man. Do d6 dinh luat bao toan nang hugng duoc
théa man.

100. Ding céng thirc Fresnen

sinf} = L gina ; cosfl = 1A
£
véi A= |Lsin2a—1 . Ta chitng minh dicc -
£2
R%,r - Ri = 0

Tir d6 theo cobng thidc tinh hé s& phan xa cia bai 98, ta cd gid tri
cva hé s6 d6 bang mot.

101. Phan tich ban kinh vécto thanh hai thanh phan, mot theo
phuong chuyén-dong, mot vudng géc vdi phuong chuyén dong. Cong
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thitc bién ddi toa do trong trudmg hgp chuyén dong tuong doi di bist,

cu the : thanh phdn vécta ban kinh song song véi phuong chuyén dong

tuong d6i fa F , thanh phdn vécto ban kinh vudng géc vdi phuong dé
v

Ia F— (f.iji (& day ~ 12 vécto don vi tring huéng v6i van toc ).
YV A%

Da biét cong thirc bién déi cha thanh phin song song véi phuong
chuyén dong 13 :

=— : (1)

P R
l+~?(r.v)

R A (2)
J1-p2
Thanh phan vuéng géc vdi phuong chuyén dong khong thay ddi,
nghialaco ;
f'.i]i 3)
Vv

Ti(l)va(3)tacd:

: Ne -
F :f'_[f'.iJl.g.._V__—
vjc f _g?
102. Gia su goc toa do cia hai hé quy chi€u dugc chon tuy §. Goi
Xor Yor Zow Ly YA X', ¥, 2, U 12 cdc toa do khong thdi gian cia cling
mot diém vii try twong dng vét hai he trén. Chon diém d6 lam géc toa
d6 chung. Nhu thé trong céc cong thitc bién déi Loren da bigt, ta phai
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thay cdc toa do x bang x — X, (vad x' bang x' - x')), y bang y - y....
Nhur thé cong thirc phai tim 14 :

C L (xexg ) vt —ty)

T

o \/1

103. Xét ba hé quy chidu K, K', K" ¢4 cic truc tuong img song -
song véi nhau. Tai thai diém t, =0, ', =0, ", = 0 cdc gbc toa do tring
nhau. Goi ¥V 1a van 8¢ clia hé K d6i véi hé K', §' 1a van téc cua he K~
d6i v6i heé K'. Hon nifa v va 0’ ¢6 phuong doc theo truc x. Ap dung
cong thirc bién ddi Loren cho cdc cap KK vaK', K", tacéd:

- x
_X=vt ot 0
\.I' —y? ,fc l—vz,/c2
t'—u—'x'
x_u[ C2 (2)
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= (3)
2
o UtV
)
\’ c“\l+u'v/c '

© Mt khic, néu goi v 13 van t6c wong d6i cla h¢ K" doi vdi he K.
taco: B

x—ul

| (4)
\;'l-u /c \H-u !c

So sanh (3} va (4) ta ¢6 cong thiic bién doi van toc sau day :
g = u'+v (5)
I+u'v/ c?
d6 chinh 1a cong thitc hop van t6c phai tim
104. Goi r va r' 1a ban kinh vécto cia hat trong cdc hé toa do K va
K'. Vi ddu bai khong cho cu thé huéng cha v 1a vin t6c tuong déi cla
hai hé, do d6 ta phai 4p dung cong thic bién doi toa do ¢ bai 101.
Tir cic cong thic dd ta cd :
| --1—2— V(v.dr) + vdt’
dfzdf'——zfi(?.df')—v—*_’—z— . (n
v l-v7 /¢

di'+ --li-(f.df')
di= —S —— (2)
\H-vz jc2
Tudétacd:

1 o 2,2 v.a 2
—2 —?vu)v(l— I-vo/fc™)r| b= 2 (3}

v

=i
<I
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— d a ~ - . o =
trong d¢ = d—r la van toc coa hat d6i vai hé K,
t

dr’ .. i '
i :d_r. 13 van toc cha hat dot véi hé K.
t
Binh phuong ca hai v& clia (3) réi Iy can bac hai, ta ¢ dugc cong
thitc doi von gid i tuvét d6i ctia u phai tim,
105. Theo ddu bai ta ¢6 ;

vV, =V, vy =V, =03
v 1 AL o L) t LI
uxwuc_os&,uy—usme, u', =0
Thay cdc gid tri nay vao biéu thic van 3¢ u i tim duge & bai
trén, ta cé :

1 -
U, =ucosd = (v + u'cosb’) (1 + — vu'cosB') :
c

u, = using = u'sing". I-~[32 (1 +i2vu'cose')*l
c

2
2 Vv
u :O;B = ——
F4 Cz
Tuwddsuyra:
(e = U'\“—BZ sing’
& v+u'cosd’

la g6c hop béi v va truc Ox.
106. Trén hinh 2.31, d6i v6i hé K gén v6i Tréi Dat, ta 6 :
V=0, vy=-v;v,=0 (H
bai v6i h¢ K' gén v6i 616, theo quan diém twong déi, van 8¢ cia
giot mua la (theo két qua clia bai trudce)
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3
y
f
v t ;‘
1 /v
o) >
cira sd X’
0 -
X
/
zZ
Hinh 2.31
. . / V2
\r'xz—V,vy:_\,r 1——
c
v, =0 (2)
Tir dd ¢6 duge -
v \' \Y 1 v?

ga= 2= =— | 14+—— 3
g e

\-"), V2 _\"
v l——2
C

Theo quan diém cd dién, véan t6c cua giot mua trong he K'1a

vxz—V;vy=—v;vz=0, tir do ta co -

tgo = v 4)

v
Ta thdy 13 vdi V << ¢, hiéu tmg twong d6i tinh khéng ddng ké.

107. a) Sau méi giay, hai tén lra tdch xa nhau mot quiing dudng
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bang 480000km. Luu ¥ rang ¢ day khong néi vé van t6¢ cla mot vat,
do d6 khong méu thuln gi véi tién dé gia tri giGi han cha van toc bing
van tdc 4nh sdang (300000km/s).

v+V  0,8c+0,8¢c

b) v= =0.976¢ = 2.93.10%m/s

V : van 16c¢ caa Trdi Ddt d6i vai mot tén lira.

v’ van tOc cha tén lia kia doi vai Trdi Dat.

v 1 van 10c cua tén lira thit hai déi véi tén lira dau.

108. Sir dung cong thic At = Aty/1 - % dé tinh thdi gian trong he
phong thi nghiém. Thay s6 vao, ta ¢d két qua :

At =3,6.10"%.
Biét van t6c tuong d6i B = —, tinh dugc gid tri cita v.
C

Tir d6 tinh duge quiang duong di duge. Két qua :

a) 800cm.

b} 500cm,

109. Tinh (h&i gian dé dong hat con lai 1% trong hé quy chiéu
riéng cia mézon p (dung cong thikc clia N{t) cho trong dau bai). Tir d6
tinh dugc thoi gian dé€ ddng hat di xudng dén mat dét (d6i véi he quy
chiéu Trdi Pd1). Biét duge van tdc cua mézon p va V = 0,99¢ ta tim dé
dang dugc d6 cao d6. Ddps6 : 2. 10%m. ‘

110. Trén hinh 2.32 ki hiéu toa do va thoi gian cia hai sét d6 1a
A X)Lty x'L U B(xs, th 1 X5, ts), V&1 X > X, V 12 van t6c cua xe.

Ap dung cong thifc bién ddi toa do, taco :
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v
t2 _11 —2()(2 — K‘l)
[

t'y -t = =0
N
(32
tir dé suy ra:
v
12‘—t|=7()(2—){1)
¢

.V
Vi— >0,x,-x;<0chonént; >t
.

nhu vay sét ddnh & B trude (phia sau xe} & A sau (trudc xe).

Y

\VC—ow— \.

B (x;.04,x,,¢ A
208, X2, 1) (X121, X5 ,t7)

Hink 2.32
111, Ap dung céc cong thitc bign déi toa do

33

C

a)  Xpa=-4;t,= m ;¢ =2,998.10%m/s

Xg=xp=0;tg=lp=—"m

b)  X,=-25
X‘B= X‘Dz_ 1.5
5 1

c) 3 = 5 S 12 dién tich cla hinh vuong trong hé K.



S’ 1a dién tich ciia hinh dé6 trong he K',

112. a) Khong thé dugc. Oh 12 s6 chi clia hai déng hé trong mot hé
quy chi€u va 1a s6 chi clia chi mot dong hé trong he kia. Néu ta ding &
di€m A trén "san ga" ching han, ta s& thay moi déng hé dat tai cic
diém cha san ga déu cuing chi Oh va thay chi mot déng hé dat tai diém
B’ cua "doan tau” tring v6i di€ém A chi Oh ma théi. Cic s6 chi ciia cic
déng hé khdc dat 1ai cdc diém khac trén thu (thi dy diém A'), ta khong
thay dugc.

b) Theo quan diém cta ngudi dimg & “san ga”. Doan tau ¢6 chidu

dai I,y/1—B° . Khi “dusi tau” di ngang qua "diu ga" thi "doan tau" di

dugc mot doan dudng f,y/1~B% . Nhu viy thoi gian tréi di 12 -

J1-p2.
tAz :{‘=10—'V_B 236 phl:lt

Theo céu a) doi v6i ngudi ding & ddu "san ga", tat ca cdc déng
ho dat trén “"san ga” déu chi nhu déng hé & A, tic la déu chi
36 phiit, ta c6 :

(s = tg = ... = 36 philt
Toa do cha "dudi tau" 12 x,. = 0 vd cla “ddu tw" Ia
xp = 1, ﬁ - Goi t,. va ty 12 thoi diém tuong dng ctia "dudi tau" va
"ddu tau” theo dong ho gin v6i "san ga”. RG rang Ia t,, va ty ciing
bang t, va ty..., nghia 12 36 phiit. Khi d6 quan sat vien dimg & san ga sé
bi€t dugc thdi diém t',: va U'g tuong tmg trong hé gin véi con tau nhd

phép bién ddi Loren.

A4
lA' —'"2"‘XA'

c _ Lo
V=g J1-p2

1

[A'—

= 60 phiit
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v v f 2
IB' *""Z'XB' lBr - (-:-i!" l'—B
= = 21,6 phit

Vg = <
J1-p2 J1-p?

(trong tinh todn, ta c6 :

2.4.10°

A =038

¢ 3.10°
r :

Bl = — =0,64; \JI-p° =0.6).
C2

Theo quan diém ctia ngudi dimg ¢ "ddu tau” (diém B') khi "duoi

tau" di ngang qua "ddu ga", "doan tau" di di dugc mot doan dudng dai
bang /. Nhu vay thoi gian troi di phai bang :

tg = % = 60 phiit

Ciing nhu quan sit viéen ding & trén ga, ngudi d6 phai thdy moi

déng hé trén "dodn tau" cling chi mét gid tri, nghia 1a -
t's =t'g = ... = 60 phut
Ddi v61 ngudi ndy, sin ga chuyén dong v6i van tdc v theo chidu
Loy C iEn AND b e 5 / 2
nguoc lai va do d6 chiéu dai cua né ciling bang / /1 -p“ . Hinh 2.33b
chi toa d¢ cla "ddu ga" x'y, = —/,, vd toa d§ cua "cudi ga",
T ; 2

XBZ‘—ION"]‘*B .

Cong thitc bién d6i Loren bay givla:

v
2

=ty —
tA J1-p2 ' J1-p2

L} v t L} T
lA‘l‘—zXA lB+ XB
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¥ 4 . Yy ¥ y’
A B’ X A X'B B
CJ e

[ A

|
1
4+

B

()

Hinh 2.33a Hinh 2.33b
Thay cdc gid tri da bi€t vao hai biéu thifc trén, ta c6 dugc t, va ig
(nhéring t'y =ty =14 = 'g = 60 phui).
Két qua : t, = 36 phiit; tz = 74,4 phiit = 1h14.4 phut.

Hinh 2.33 cau b khi "duoi tau” di ngang qua "ddu ga” theo quan
diém cta ngudi trén "san ga" (a), cha ngudi trén doan tiu (b).

y 4 Ny i ,
y ¥ b
A} B, x’ A) N ’
o Fan —_— Xa B’
@ & O &%
! t
O L £0) N & .
A s B X A~ ~B X
Hinh 2.33¢ Hinh 2.33d4

c) Khi "dau tau" ngang qua cudi "san ga”, tic 12 hai diém B va B'
triing nhau (hinh 2.33). Vi trf cha cdc diém A, A", B, B' theo quan diém
cha ngudi & "sdn ga” biéu thi trén hinh ¢, con cita ngudi & trén "doan
tau” biéu thi trén hinh d. Tir 46 theo cich tinh cha cau b) ta tim duoc
két qua sau :

Theo quan dié¢m cua ngudi ding & san ga :

Theo quan diém cla ngudi dimg & doin G :
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ts = 21,6 phit ; tg = 1h ; 1, = ty = 36 phit.
113, Goi v va ¥' la van toc cha hat d6i voi hai he K va K' ta ¢d
cong thic bién d6i Loren dang vi phan :

dx = y(dx' + Var) ; dy = dy': dz = dz’, dt = y{d1' + Vdx'/c?)

véi 7=~—-l—-—~vﬁlird6:
Vz
I-—=
c
v, = B_I(V'X +V);v, = (yﬁ)mlv‘y v, = (?8)_1\:"7_; (D
5=1+Vv /. -

Cédc thanh phin gia t6¢ cta hat trong hai hé 1a dao ham theo thoi
gian (tinh trong cdc hé) cua cic thanh phan van téc (trong céac hé), tirc
lacd:

o = dvk =(de J(ﬂ)zdv]{ 1
K™ 4t de' S dt de' Y(1+VV'JC2)

_1f dv
= (v&)! K
(vo) [—dt, J

Viét cu thé timg thanh phan :

3, . \ '
A e ]
%

s \Y ’
a, =y %53 l:azv +[—2-}(vx-.a?; —v,a, ):i
c

Trong hé quy chiéu riéng ciia hat, tai thdi diém bat ki déu c6
ve=0vaV=v.Dodé:
2 2 2

_ Y 3 1 ¥ R
a, = (1-—=)""ay ;a,=(l )2y a, = (1 5 )2,
c c c

Vi
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114, D61 vai hé quy chiéu riéng gin v6i tén lira 8" van 6¢ cha né
bang khong con gia t6c bang —a'. Trong mot khoang thdi gian vo cling
bé, hé quy chi€u S’ ndy coi nhir 14 qudn tinh, Khi d6, theo bai trén, gia
téc cua tén lua doi v&i hé rieng §' va d6i véi hé qudn tinh S gin véi
ngoi sao lién hé v&i nhau theo cong thie :

a=1(I- v2!c2) a. Vidi=dt' 1 ~v2;’c2

(dt = do) va dv = adt = a1 - v*c)™, dt, cho nen dt = I (1
a

: vzlcz), trong dé v la van toc¢ tiic thoi cla tén lita §' d6i véi hé S. Vay ta

-

cO
[ = (@' lvld\"l——'z l—"‘—lll + = I——==

trong d6 v, 12 van t6c cudi ciung cla tén Iira d6i véi S.

Dé tim duoc v, ta ¢6 ;

/= J.th _ J-v:v _ VT vdv

2
¢ a'(l-

L'
)3;"2
172
_ 02 __\"30 ~1
a' cz '

C?.
Tir d6 nit ra biéu thifc cha vy, va thay vio cong thitc tinh T. Cu6i
cung ta duoe :

T = ?C-ln[[la‘+c2 +4/la'(la'+ ZCZ)J/Ia'+c2 —-+a'(la'+ 202)].
a

115. Tim dugce ngay két qua sau :
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cp

>
p-+ m202

116. Dinh luat bdo toan nang lugng cho :

m02

2 1
Mmqge™ = +Wv : (1
J1-p2

Dinh luat bao toan xung fugng cho :

@) =)
I_Bz C C

Kk W, (nang lugng cla notrind} trong (1) va (2), tacd :

m2 -m?
v LRI} .
—=p=—Z—1t {3}
€ mz +my

Dong ning cla mézdn p bing :

TeW-W =mclf o\
o= myc m 1 (4)
Thay (3) vao (4), ta duge :
_ 2m,
117. Ki hiéu vécto ning - xung lugng 4 chiéu ctia électron, pozitron
vil photon 1an luot 1 p— ; p+ va K. Néu ¢ sy bién doi photon thanh cip

électron — pozitron, dinh luat bio toan nang xung lugng viét duoc :
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k=p-+p, (1)
hay binh phuong hat vé -

k*=plepl +2pp, e
Mat khie vi py = (py - Wi) ma. W= o p;_r + mi{:2 ), cho nén ta
o .
co:
p% = pf =-mc” (m, =m_.=m)

k” = 0, khoi lugng nghi cua phéton bing khong, thay vio (2) ta duoc :

2 .
P-py = mZc’ (3)
Mat khac
L. Ww?'
P-Py = PPy ———
C
W_.W+ 77 i
do dé PPy ~—F— =m¢c 4)
<

Nhumng ta ¢6

>>|p:| do d6 (4) khong thé théa mén duge. Nhu
c .
viy khi khong c6 trudng ngoai, photon khéng tu phan huy thanh cip

électron — pozitron durgc.

8. Ki hiéu W, p, la

ning lugng va xung lugng cla B, 5 S,
. ~
e,
~hat M sau va cham, p va p, 1a \{T v
xung luong cha hat m trude va 5, o
saw va cham, W, W, 1a nang
Hinh 2,34

lugng cua hat m trude va sau va
cham.

Binh luat bio toan nang luong va xung lugng cho

W+ Mc™ =W, + W, ' ()
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p = p,cosb + pycosg ; pysin® = pysing, 0, ¢ duge xac dinh trén
hinh 2.34. '
Thay cédc gid tri xung lugng bang nang luong nhd cong thic
W = cy/p® +mc? (2)
{1) va (2) s& bang :
W+ Mc =W, + W, (M

2
W\

¥
w 5
———2——m202 = —z—mzc2 cosB+ 3’ -m?c? coso (2
c c c”
2
. W . : .
— —m%? sin0 =, [—= —~m%c’ sing (3"
c? c? ' '

Khir ¢ va W, trong ba céng thiic trén, ta duge :
(W — W )Mc? - WW, + \/(W2 —mZt Wi —mPctycosB+mic? =0
Trudng hop tén xa photon (m = 0 ; W = hv) lén électron tu do
diing yén, ta c6 cong thire Comton
11 h

v Vv Mc?
119. Tenxo trudng dign tir cd dang
0 cB, -cB, -iE

(1 —cos0).

Fx=| o - . (1)

| i, iE, B, 0

Mat khéc, biét ring : P=D-¢,E 2)
i-2_H ' (3)
Ho
(2) viét dugc : E- b_P (2
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(3) viét duge : B

=i, H+ |.10_l‘

nhu the {1) viét tai duoge :

0
_C!J'{)(H'{_ +l?_)
c;,l(Hy +1,)

L, -P)
EO

L

Hay tichra:

0

_Cuqu
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Cpo(H, +1,)

cpy(Hy +1,) —L(D, -P)

5]

0 cp(H, +1,)  =—(D, ~P,)
(3 ’
i
—cu{H, +1,) 0 —8—(Dz -P)
0
- i )
—(Dy -PB;) —(D,~P,) 0
80 o
: -
cuoH, —cp H, -—Dy
EO
0 e H, ~LDy
€y .
cwHy, 0  -—Lp,
80
i i
—D, —D, 0
80 80 _
.
0 ol  —epoly _:p’“
. o]
. i
—Cuel, 0 TN -~E—Py
O
i
choly  —epgly 0 _e_Pz
4]
i i
-—P —P, —P 0
8() : 80 y 80 ‘ N

{39




Viy ta 6 thé biéu dién cdc vécto tir héa I va phan cuc P 1a cic
thanh phan nim trong tenxo Fi(kZ) ma duge dinh nghia nhu sau:
Fi(;?] =Fjy - Fi(}j)
trong dé F, la tenxo truong dién tir, con kal) 1 tenxo trudmg dién tir
trong chan khong (khi dé B = piofi va D :£DE ).
120. Chon hé truc toa do sao cho truc Oy doc theo dién trudng,
con true Oz doc theo tir trudng (E, = E, =0 H, = Hy = (), Khi do

" trong hé K’ chuyén déng doc theo chiéu duong cla truc Ox vdi van t6c

v cin xdc dinh sao cho E'y = 0. Theo cong thiic bién doi Loren ta c6 :

v
| Ey - H, | H,
Ey=0= —/=— () H,= =— (2)
2 2
v LY
C2 (:2
E
Tu(1)e6: Y=t B
¢ H, H

Ngoai ra tir bat bién H? -’ D?=H - D7 suy ra

2
H = VH2 ~c2D? = [H2 - ZoE"
Ho

121. a) Bai todn ¢6 v6 s6 151 gidi. Thuc vay néu da tim dugc mot
he K' ¢6 van tdc xdc dinh dé cho trong d6 E' va B' song song véi
nhau thi moi hé chuyén déng déi v6i K' doc theo phuong van tde niy
déu c6 dién trudng va tir trudng song song véi nhau.

~ b) Ta hédy chon cic truc toa d6 trong hé K sao cho truc Ox vuang
géc v6i E vi B. He K’ ¢6 cic truc Ox’ //Ox, Oy//Oy’, Oz//Oz chuyén
déng véi van tac phal tim v,
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Trong hé K' ta phai cé [E'B’] =0 wi (E'ﬂé' )} hay cu thé 1a:
E\B, -~ E,B, =0
EB, -E,B,=0
E'\B, - E,B, =0

Nhe cong thiic bién déi Loren d6i v6i cdc thanh phan cla trudmg,

ta biéu dién cic phuong trinh trén qua cc thanh phén cia E va B. Sau
nhiing bién déi khéng phiic tap, ta thu duge :

(1-v°) (E,B, - BE,) - (B2 + B2 +E2 +E2)=0
E, B, + v.Ey) — B,(E, —-V.By) =0
E, (B, +v.E,) - B,(E, +v.B)=0
Nhung ta di chon hé K dé cho E, = 0 vi B, = 0. Hai phuong trinh
sau tu dong thoa man. Phucmg trinh diu cho ta ké&t qua :
\ [E.ﬁ]x
1-v? E?+B?

122. Vécto phai tim 13 vécto 4 chiéu c6 cdc thanh phén f, = Fp\jv
trong dé Fy, 12 tenxo trudng dién tir, con j, 1a vécto mét 4o dong 4
‘chiéu.

Thanh phéin thoi gian cua vécto 4 chiéu nay la f, = G.E) bang
cong suit cla hee dién trudng tic dung 1én mdt don vi thé tich vat chat
tich dién.

Thanh phin khéong gian clia vécta ny 1a Iuc téng hop tic dung lén
dién tich nim trong mot don vi thé tich, hay 1a bién thién cla xung
luong cia mét don vi thé tich.
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123. Tacé :

,
dp du, | dur,

fuuy = uy—2 =myu, —L="m —L =

HERT Ty CHods 2% ds

124. Goi K’ 1a hé toa do trong d6 dién tich dung yén. Trudng dién
tir cira dién tich diém trong hé nay la:
_ - R
B'=0; E'=—3° _
4neg R"
trong do q la dién tich cua-dién tich diém, R’ 12 badn kinh vécto cla
dién tich diém.
Trong h¢ K chuyén dong véi van t6c — v so véi he K’ dién trudng
E va tir trudng B tinh duge nhecong thite Loren :

r

E, = "

X~ 3
4ne, R

E qy’

y =
4ng,R™ \f] -v2ic?

E,= 9z
, =
§ 4ng R \/] ~v?sc?
B,=0
qvy’
B, =-
¥ 3
41':50(:“12'3\/1 —v2/c?
qvz'
B, =
47:5002R’3 \/1 —v? et
2 2 2 2 2 V2 V2 -1
Oday :R“=|(x —vD)" + (y" + 27} - = N-=)
¢ . ¢



L X-—vt

]

v

1-—

r

c
Pua vao ki hiéu mét :

RY = (x ~v0? + (1 - ) +2%)
<

Fp =(x—-vt;y;7}
Gl
dng R

Tacé: E=(1 - vY) . B={V.E]

125. 2) E = 0 ; (mat do6 dién theo thé tich bang khong)
1 2Lé

T

B=

3 , trong d6 [ Ia vécto cuong do dong dién, €,
4mg,c” T

12 vécto don vi cha ban kinh vécto 7.

Truc Ox duge chon song seng v&i I, tacd:

B, =0
B =_ I 2e,
Y 4TE80(32 r
1 23)
B, = 5
dng,c” T

b) Dang cong thitc bién ddi Loren, Trong hé toa do gin vai
électron thi cc ton duong chuyén dong. Do dé ta ¢é :

5___ B = _  [WB
l*vi J1-v2/c?
(:2
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