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Tém tit

C6 mvt s thiéu nhit quan ¥ phirong dién nhin thirc gr phan B ndang beong aia vat thé
trong trrong hip ddn va aia electron trong twong dién tinh aia nguyénit, mic du e 2 treong
déu c6 cung mit diém chungdo 1a trieong lec thé, hon thé nira, lec trieong thé cuia ca 2 déu
cung ¥ Ié nghich Wi binh phrong khaing cach & tam aia trirong. Xuit phat i viec xem xét va
chinh x&c hoa céac khaidm \é lirc hat lin nhau va eng leong aia Wit thé nher thé nang, higu
thé nang, ning keong @m, @ing krong drong, tac git da phin doi sir “ danh trdo” gira cac khai
niém thé ndng va héu thé ndng aia vt thé trong treong trong ke cling g bdt cdan trong véc ap
ddt thé nang trén 12 mat Trai dat bang 0 - ngt sai s6t nd nhng lai ddn dén nhieng lam lan lon,
do 1a sr bdt cdp aia dinh ludt bdo toan @ ndng ma ld qua cia né 1a & chuyen hoa quadi giira
déng ning va tle nang aia vt thé chuyn déng trong teng treong — ndt nhdn thice sai bm \é
ban chit cia hién trong, la mt trong nhiing nguyén nhandh dén se thiéu nhit quan gira thé
giéi vi md va tld gisi vi mé. TAc gi ciing ching minhdwoc rang @ nang aia Vvdt thé chuyn
dong trong tong trrong khdng niing khong th bao toan ma, tréidi, chi cé thé tang lién wc.
Trén @ so d6, tac gir khing dinh c6 & tham gia @i nang aia vt thé vao qué trinh chugn hoa
nang leong aia noé trong qua trinh chyn dong va nla @ phat béu dinh lugt bao toan ring
lwong toan plan (bao @m ai ngi ndng) aia Vit thé trong tneong bec thé @. Cong thikc tong
quét aia ning keong toan plan nayda diroc ching minh: W=2mc”2. ¥h dé khéng ch ding lai
o cac hén trong @ hoc ma lién quandi ca hién tong dién tir nira.

Tir kho& Thé ndng, héu thé ning, @ nang, dinh ludt bao toan @ nang.
1. Pat van de.

Trong @ hoc & dién [1-5], viéc xem xét tang thai ring lrong aia cac vt thé
chuyén dong trong torong trong hre Trai dat duoc coi nhr bai toan kinhdién, duoc thuec
té kiém nghem khit khe da hang tim nim nay va mang tinh ptthdng (ép nhit ¢ bac
hoc sinh trung hc); dinh luat bao toan © niang rat ra tr day dugc coi nhr mot trong
nhitng quy Iuit co ban nhit caa thé gisi vat chit, lam @ s ¢ tinh “kinhdién”, tham
chi 1a “chan ly” \6i nghia la n6 khong thsai.

Cho dén nay, khéng cé & ct ai trong gbi khoa ke con 6 ra nghi ng Vvé diéu
nay. Khoa bc hién dai quan tdmdén cac vin dé “hién dai” nhu “vat chit toi”, “nang
luong ©i”, théng nHit ly thuyét hip din aia Einstein i co luong t, ... . Moi sy xem
xét lai cAc \An dé co sd nhr vira ndidéu hi coi 1a “chuyn tim phao”, 1a “vd céngdi
nghé” hay thim chi 1a “ngu xén” nita — c6 ching d6 chi 1a viéc caa miy em hyc sinh
pho théng trung hc néu ra niim muc dich héu ré hon bai ging aia thiy ma théi. Con
gi & hiéu hon la vi di vé& sr chuyén hod tié nang thanhdong ring, ©i dong ring thanh
thé nang trong chugn dong aia con fic, sr chuyén hod tlé ning aia nrdc tréndap nha
may thy dién thanhdong ning aia nd 1am quay %e bin may phatién, v.v.. Moi tinh
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toan Iy thuyt déu khop v6i do dac thuc £ toi mirc duong nhr chi ¢6 “nhiing ké qua ngu
dot haic tam than mai khéng héu dieu do!”(??7?)

Tuy nhién, gia nh tinh thbng nHit giira thé gisi vi mé cia nguyéntt va ha nguyén
ter (noi thdng ti caa VAt ly luong tir) vai thé giéi vi md aia cac it thé, Tréi dat, cac vi
sao (i thuyét twong déi rong [y lam dit dung v6)... khéng bpha & mot cach khong
thuong tiéc dén nhr thé thi tac gh ciing ching tr minh chiédc ldy sy “cudi ché” aia
thién ha.

Vay, “tinh thdng nHit” vira noi la cai gi §y? D6 |a thé gisi vat chit chi cé nbt va
déi v6i nd phai ton tai nhitng quy luit chung Nt ma moi thuc thé caa nd, kit luan I6n
bé, xa gn... déu phii tuan theo. TA nhung, nhr moi nguoi déu biét, gitra i md va vi
md cé ndt khoang cach quéadh khéng tlé hoa nlp (it ra 1a chaién bay gi) va not
ranh gii quéa mch roi khdng sao gi thich roi.

Trong nguyéntt, theo ly thugt luong tir [6], muc nang leong aiadién tu cang nib
khi chang cang@n hat nhan va ching ludn ludn cé xuéttio vé mac nang leong thip
nht khi c6 tr¢, khi d6, khdng nleng khéngdoi hoi cdp thém ring hrong ma, traidi, né
lai birc xa di nang lwong. Trong khidd, v tinh nhan 4o cia Traidét tr mot quy dao
hién c6 mwén dua ra q¢ dao bén ngoai an Mot nang leong it fon nhidu so i viéc
dua no6 vao qg dao bén trong i ciing ndt do dich chugn quy dao nhung dén gan Trai
dat hon — tr n6é khong th chuyén doi dugc tir quy dao nay sang qudao khac.Diéu gi
khién cho Irc treong thé cia Traidat va aia hat nhan nguyénit xir s tréi ngroc nhau
dén nhr vay khi, Vé dinh tinh, @ 2 déu cung ¥ I¢ nghich wi binh phrong khaing cach
ti tam tirong luc thé? Vi sao ru hanh tinh nguy@nirtRutheford 4i that bai?

Khi mot quy luat chung nlt bi pha o, thi I8 ra, & mat [6gic, @n phai xem xét hi
nhitng caiduoc goi 1a “quy ludt riéng pln”, hay tlim chi @ tir cAc khai nim oo s6 thi
maGi dung, thay vi nfim mit l1am ngy di tim nhiing quy Iuit riéng ptan khac phu bp
véi hién twong moi, nhung Ve thuc chit chi 1a mbt cach ngy bién — khéng kin, khéng
kém.Dbé khic phuc céi “I& ra” 6 ding chinh la mc dich aia bai bao nay.

2. Xét lai khai niém thé ning treng truong.

Theo séch giao khoaavly 16p 10, tr.138 [1], Thé ndng trong treong aia mst vat
la dang ning keong trong tac gira Trdi dat va \at; nd phy thusc vao v tri cua wit
trong trong truong.”(*)

Tur dinh ngha, naroi ta dén voi “biéu thac thé nang trong

""" M trpong” thong qua vi d vé mot vat cé khdi lwong m, roi tir do caoz

(xem Hinh 1): Khi roi xuong dat, trong hec P cia wit sinh cdng la:

P
z A=Pz=mgz (1)
Coéng A nayiuoc dinh ngha 1a thé ndng aia wit(**):
W mgZ (2)

Hinh 1. Thir nhit, cho dii xdt phét tr viéc don gian hod, coi tsng
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truong & ving sét b mat Trai dat gan nhr 1a déu nénP =const,g =const, thi biu thrc
tinh cong (1) 8ng da khong tk hién dugc tinh cfat hat kn nhau da trong luc P<0.
Nhu da biet, biéu thic trong lec theodinh luat 2 Newton ardi dang véc b:

P=mg 3)
Khi chuyén sang dng moduldé thay vao (1phai luu y:
_dv _dfdr
9= 0 _dt(dtJ<O ()

vi bién quangduong r trong tirong hop nay la mt ham nglich bén voi thoi gian (xem
Hinh 2), néng<0 va dodd P<0. Nhrng theo biu thic (1) thi chi cé thé duoc hiéu la
P>0 vag>0 — diéu nay |a phi ly. n nira, vi hrong chuygn dong aia Vat roi ty do
trong tong tnrong hoan toan trungov huéng aia lec trong tnrong P, nén céng @a hec
trong trrong nay phi >0. Do dé, cin ar vao béu thac (1), dé cdngA van >0 ma Bn
chit caa trong lrc 14 lec hat Bn nhau P<0) van $ phu lup néu ndduoc biéu dién voi
dau “—:

=—Pz=-mgz0 5)

& dayz phai duoc hieu 12 “do cao banfau” cua Vit so \6i mat dat truée khi chuyn dich
dudi tac dong aia trong lrc chir khong plai [a “bién quangduong” r trong (4). Dodo,
biéu thic (2) ding phii duoc viet lai twongang:

W= — mgz (6)

Thua hai, viéc dua ra khai nm thé ning (**) véi cdng thic xacdinh (2) 1a khéng
l6gic, vidiéu d6 ching © thé nang tai bé mat Trai dit d& duoc quyudc =0 va nlr thé
c6 khac gi chp nhan cé ndt sy dot bién trong hre tai bé mat Trai dét tir P =const xéng
=0? Trong khido, thé ning aia vat trong trong hee thé =0 1a ndt khai ném tuyét doi
v6i nghia 12 \at khdng con kh niang trong tac Wi truong luc thé do nira (P =0); n6 Bn
tai khach quan, khéng phthudc vao véc lya chon gie toa do, hay quyrdc tuy tién cia
nguoi quan satbo ding chinh 1a B qua cia khai ném hoan toarting dan (*) da duoc
dua ra ngayit dau — nheng nhr thé cé khac gi 1a “8n hau bit nhat"?

Thtr ba, ndt cachdinh tinh,ddi véi trong trrdng dia
Tréai dat, thé nang W, cia vat cangd xa mit dat, cang phi
nho di, thAm chi khi khang cach—oo, trong luc P—0 thi
W, —0. Nhr vay, cho du¢ 1an @n bé mat Trai dit co thé
coi P =const,g ~const, nlang khong vi th ma quy lat
bién thién tkt ning aia vat cé th dao ngroc tir “giam din”
sang “ting din” theo (2) (hay theo (6)img \ay). Trong
truong hyp nay, & ra phii c6 W, ~ const néi dang chr?
Tuc |1a trong mt vang khdng gian ¢p (z <<R) c6 tr¢ coi
nhu vi tri caa Vat trong tong trrong khdng thaydsi; ma
theo (*) ning rong trong tac gira Vat vaoi Trai dat lai chi
phu thudc vao \ tri, nén né @ng phii khéng thaydsi.
Hinh 2. Diéu d6 ching © ring khai ném thé niang (**) duoc dua
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ra la khéng hp ly. Vay, dai luong duoc xacdinh bsi biéu thic (2) 1a cai gi?

~ Dé lam rddiéu nay, ta phi dinh lrong nhiing diéu vira néi king cach quay & lai
biéu thic chung da luc trong trrong Tréidat & mot khaang cachr bat ky toi tdm dia
né (xem Hinh 2):

M
P=-yis ()

& daym, M —tuong tng la kibi luong aia Vit va aia Traidat. Dau “=” trong (7) tte
hién day Ia krc hat Bn nhau nkr & néié trén. Chinh \ic bd ddu “—” nay trong nhiu
truong hop d& gay nén ndm I3n tai hai. Cu thé 1a din dén két qua tinh thé nang <0 [2] -
mot khai ném vo nghia V& mat vat ly, it ra la chadén nay. Nhan £2 vé cua (7) Wi do
chuyén dvi dr theo chéu trong Iy, ding tirc 1a theo chiu giam toa do r, néndr<0, ta
dugc cdng nguy@ndt

mM

dA=Pdr=-y " dr >0 (8)

Céng nay mc nhién éng phii >0. Tir (8) co tit tinh duoc thé nang aia VAt tai vi
tri Brng Wi rg=R+ z (vdi R — | ban kinh Trébat) bang cach tich phana@ \é cia (8)
tir xaoo (noi tng Wi P =0) i vi tri d6 (chiu tich phan trungdi chiéu dich chuygn cia
vat duéi tac dong aia trong trrdng). Tich phan &trai aia (8) cho ta congua trong hec
dé dich chugn vt tir oo ti vi tri B:

BjolAz A, , >0 9)

Tich phan ¢ phai cua (8), taduoc:

®d M M
W(B)z—ynMjr—zrzyr—Bz% >0 (10)

bay msi chinh 1a béu thrc thé ndng aia vat tai vi tri B va nhr da thiy n6 luon >0. C6
thé md & (10) nhy do thi ¢ Hinh 3a ¢ day tam phongdai ty I¢ theo tuc tung GV cho &
nhin) Wi goc taa d6 chon dat tai tdm Traidat.

C6 thé viét lai (10) théng qua giadt trong trrdng ki bé mit Tréai dat:

g=-15 (11)
w,(B) = MMM ___MOR 2j1
R+z 1+2z/R

Tuong tr nhr vy, sau khi dy tich phan & 2 \¢ cia (8) tr oo t6i vi tri D trén k2
mat Trai dat itng wi r=R, ta co tik nang aia \at tai vi tri nay:

W, (D) = % = -mgR (13)

Do d6 HIEU thé nang aia VAt tai vi tri B so \i vi tri D 1a:
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o o apdr 11 )\_ ymMz
W.(BD) = IPdr— ymM J'r_z_}mM(E R+ ZJ_ R(R+ 2) (14)
Cac béu thirc (12), (13) va (14y day thé hién rat rd y ngha vat ly: thé nang aia vat tal
vi tri B nho hon so i thé nang aia né i vi tri D —hoan toan phud'p Véi thuc t va
cling khang dinh nhﬁp xgtdmh tinho trén la hoan toadung Néu tinhdén cac btu thac
(10) va (13), ta co thvict lai (14) ¢ dang:

W, (BD) =W, (D) ~W,(B) 5{1
_ _ _ ___mgz
W, (2) =W, (BD) =W, (D) -W, (B) 1+ 2/R) (16)
Wi(r) | Wiz
W(D) 4 W(DXL W)
:\‘\\/ Wi(z)= mg:.
W(C) _ NI\
\\ \\ |
W(B) . W(BD)} .....> \.-*:\ .
W(CD){--— TN
_____ : : ::2:__:___}
0 0 Z’ Z
a) Gbc toa do dit tai tam Trai dat b) Gbc toa do dit tai bé mat Trai dit

Hinh 3. S phu thudc thé ning aia vat vao khang cach @i tdm tong tnrong.

R6 rang, khiz <<R, trong tnrong dugc coi ladéu (P =const, g ~const), tr (16) ta
c6 thé nhan duoc biéu thic chi khac i biéu thic (2) ¢ diu “—”, nhung lai hoan toan
phi hyp Vi biéu thire (6) khig <0. Tir day co the rat ra Kt luan ring biéu thic (2) ding
nhu (6) d6 khéng Ké 1a thé ndng cia it trong treng trieong nhue khai ném (*) ma la
“HIEU thé nang” caa Vit & 2 vi tri trong tong trong d6; khéng nieng thé, trong héu
nay $ trir [a thé nang aia VAt tai vi tri bandau B, con $ bi trir 14 thé nang aia Vat tai vi
tri trén & mat Trai dat D, mawy(D) >W,(B), nén né ludn ludn >0.

C6 tht mé & mot cach trec quan bn nhy dd thi trén Hinh 3bO day, Wi nhiing
dudng nétdut ta béu dién do thi bién déi thé nang trong ndt hé toa do véi diém gdc da
dugc dich chuyn tir tam Traidat 1én & mit caa n6 — tac tung GV tinh tén sang phi
mot doan bang ban kinh Traiit — hinh dangid thi nay khéng thayidi gi so \6i ltc
truéc. Trong khidd, réu thém @& viéc gan cho & mat Trai dit co thé nang =0 vaP
=const,g =const i¥a thi ta cadd thi “thé ning” cua vat theo (2) la rt doan thing (nét
lién) xuit phat tr gc toa do. So sanh 215 thi ta $ thiy s that vé ban chit vat Iy caa
dai luvong dang xem xéttd b “xuyén tac” dén mic ndo! Gia nix khéng c6 vc gan cho
bé miat Trai dat thé nang =0 ma chthuin tuy cHip nhin P ~const, g ~const khiz<<R
dé thaydd thi cong (nétiut) bang doan thing DN thi con clip nhin dugc — bin chit vat
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ly cua hién twong khdng thaydéi, chi sai khac @ luong, vi lic nayDN duoc xem nhr
song song &i truc hoanhor chiing © thé ning gin nhr khéngddi (*W(D)), ding Wi
nhitng gi Wra noia trén.

Vay la nguyén nhama ré: thi pham chinh 1a vic d& danh trdo khai gim “thé
nang”(*) bang khai ném “HIEU thé ning”(**) va dé rdi tir d6 cho phép quyréc thé
nang =0 ndt cach ty tién v6i moi vi tri trong tong trrong, bit chép ban chit vat ly caa
hién twong va trai Wi chinh khai ném dingdin da dua ra ngayit bandau.

Tét nhién, véc don gian hoadé thuan tién cho vic tiép thu kién thic Ia cd ti 1am,
c6 the chi gan diing & LUONG, nhing phii khongdugc gay nén s thaydoi vé CHAT
cho hen twong dang xem xét. Trong udng hop nay, & thayddi vé CHAT 1a qué rd
rang khéng th nao clip nhin duoc. L3i nay W mit 16gic hinh tiic dugc gol la 16i
“danh trdo khai @im”; no rat tinh vi va khé phat n. Ging chinh vi th né Vin con
dugc lap lai trong gido trinh “\at ly dai cuong” dung cho cac dbng dai hoc [2], cac
séach tra ¢u & vat ly [4] va duoc che du chodén tin ngay nay.

Gia nhr moi viéc ch dirng lai ¢ day thi phat Kin nay c6 chng ding chH dugc xem
nhu mot hiéu dinh nk cho vic truyén dat kién thic cho lyc sinh ma théi. Tuy nhién,
van dé lai nghiém tong hon nhiéu khi sr dung chinh khai iim SAI V@ CHAT naydé
chirng minh 1 trong cadinh luat co ban nhit caa Tu nhién ma tasxem xéts muc sau.

3. Xét lai dinh luat bao toan @ ning aia Vit thé chuyén déng.

Theo cdng thc SAI & CHAT (2) da din dén dinh luit bao toan © nang & dang:
“W =W, +W = hing $ (17)

Hay: WV + mgz= hing $” 18)
ma fr day da rdt ra nking h¢ qui hoan toan trai & ban chit cia sr vat, nhung chét mot
ndi la nghe raat cé ly dén ndi chinh viéc nghi ngr n6 moi 1a vo ly (1), d6 la:

“Trong qua trinh chusn déng trong tong treong:

+ Néu déng ning giam thi thé ndng ting @éng ning chuyn hod thanh th ning)
va ngeoc lai;

+ Tai vi tri ndodgéng ning asc dai thi thé ndng asc tiéu va naeoc lai.”

Dé phan xétliéu nay ta & xem xét a thé hon.

Truéc tién, ta 8 tién hanh phan tich trongjéu kién giong nhr nhirng gi sach giao
khoada lam chi can phai tra lai biéu thic dungq (8)de xéqdjnh the nang aia Vit tai mot
vi tri bat ky trong tiong tnrong va saui6 ladé HIEU thé niang theqdﬂng tiat tu l6gic
nhu trénd& ndig bicu thic (15) va (16). Khidd, cong @a trong luc de chuyen dich njt
vat tir vi tri B t6i mot vi tri C bat ky st bang sr thaydoi the nang ding nhr dong ning
cua vat & 2 vi tri do. Ta co th viét:

sd= Wi(C) — W(B) 1
s W(C) — W(B) (20)
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Cho king nhau (19) va (20) throc:
) — W(B) = W,(C) — Wi(B) (21)
MB) — W(B) = W,;(C) - W(C) (22)
Tir (22) cho thy dai lwgng dirgc bio toan trong sét qua trinh chuyn dgng aia
vdt trong trong trwong khong ¢ 1a co' ndng cia Vit theo (17)madon thuan chi la
“hi¢u dong ning va tf¢ nang” cia né ai bat ky vi tri nao trong ng trong ma thoi.
Tuc la reu thayW(B) tir (12) vadong ring aia vat vao (22) ta phi co:

lmVB2 +_MIR :lmvg +_MIR.
2 1+2/R 2 1+2/R
luu y & day g <0. Tir (23) c6 ti thiy néu tinhdén diéu kién z <<R vaz'<<R dé co th
bo qua cac & hang z/Rvaz’/R thi sau khi gin uéc & hang thr 2 ¢ ca 2 Vé 3 chi con hi
Vs =V — nhrng nhr thé ¢6 khac gB phai tring Wi C? va do vy (22) va (23) & ching
con y nglia gi rira! N6i cach khacutviéc cho ang nhau (19) va (20) khéngétiehang
minh dugc dinh luit bao toan ring lrong (17) nhr sachda dn [1, 2].

Nhung rd rang & ca cir cho Bing $ hang thr 2 trong (18) chla Hiéu thé nang chr
khéng plii 1a thé ning nhr d& ching minhé trén thi § phai giai thich ra saafay khi
cacdo dac thuc t lai hoan toan phudp voi n6? N6i cach khacgsphai chitng minh
(18) ma khéngtuoc xuat phat tr (17). Neu tinhdén c diu caa gia tc g<O thi (18) phi
duogc viét lai chodung:

(23)

% mV¢ —mgz= % mV7 —mg2 (24)

Pay chinh ladiéu cin phai chirng minh.
~ Truéc hét, ta éing thém vao 2&cia (22) cling Mt so hang la tié nang aia vat tai
bé mat Tréi dat W(D):
WB)+ [W(D) — W(B)] = WAC) + [Wi(D) — W(C)] (25)
O day, trong cac &li méc xit hién HIEU thé ning aia Vit ¢ i tri B va C so \6i mit
dat D dugc xacdinh theo (16), yi fy, sau khi thay Bu thirc dong rang aia vat tai cac
vi tri trongrng vao (25), ta co #wiét:
2 % 1+2/R 2 © 1+7/R
Tir (26) &€ dang nlan thy néu chi xét6 1an din be mat Tréi dat thi c6 the bo quaduoc
cac  hangz/Rvaz'/R so Wi 1 va € nhan dugc dang thrc (24) é@n ching minh.
Tuy nhién, véc gin dung hoa (26) thanh ra (24) whvdy st gap phai sal $.Tas

danh gia sainay. Sai & tuyét ddi cua (24) so i (26) & Vé trai va \é phai tuong ang
la:

Lo - Moz 1.\ Moz (26)

mgz z )

A, = -mgz+ =~ -mgz= = ~mgRJ, 27

o = ~Mgz+ ——"0 = -mgz_ = -mgRS; (27)
mgz zZ 2

A. =-mgz+ = -mgz— = -mgR), 28

¢ =Mzt =0 = -mgZ_ = -mgRy; (28)
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& day ky héu dg = z/Rvadc = /R Nhu vay, sai $ tuyét déi cua ding thic (24) § 1a
hi¢u aia (27) i (28):
Age =05 —Ac = _mgF(Jé _55) (29)

Néu chon vi tri C triing Wi D thi 6c =0, Dod6 sai § twong doi cua dang thic (24) €
bang:

2
y = Bac 1om- 1005§%:10((F2J % (30)

W, (D)

Vi du v6i z=6m,R = 6x10m ta c6 th chip nhan (18) Wi sai $ cv 10*%%! biéu
nay ly giai vi sao mi phépdo chodén naydéu khing dinh tinhdiing din cia biéu thic
(18) nay. Tuy nhién, dtiéc rang do lai khéng I 1a dinh luat bao toan @ NANG nhr
da dé cap dén o trén.

Nhu vy, vin dé van con tn dong Ia liéu CO NANG aia vt xacdinh theo (17) ¢
dung laduoc bao toan trong sit qua trinh chuén dong aia nd hay khdng? Ta $am
sang & diéu nay.bon gian 1a cH viéc lap biéu thic CO NANG aia vat xac dinh theo
(17) cho 2 vtri B vaC (6 khoang cach Bt ky z’ so Wi mat dat nhu trén hinh 2) éi so
sanh 1a & biét ngay théi:

W(B) = Wi(B) + W(B) (31)
W(C) = W(C) + W(C) (32)

LAy (32) trir di (31):
W(C) — W(B)W,(C) — W(B)] + [W(C) — W(B)] (33)

Néu av ning aia Vat duoc bao toan thi hju (33)dwong nhién phi =0. Tuy nhién,
khong khoé kiin gidé cé the nhan thay rang & phai cia né la dng aia nhirng thaydoi
thé nang vadong rang aia vat khi r)é di chyx%n tor vi tri B dén vi tri C dudi tdcdong aia
trong luc P. Nhung c 2 sr thay doi né}ydéu bing chinh congdsc cua trong hrc (xem
(19) va (20). Dal6, (33) c6 thk duoc viét gon lai dudi dang:

W(C) — W(B) = 24 = 2 [WA(C) — WI(B)] = 2 [W(C) — W(B)] (34)

Tir (34) cho thy rd 1a réu taday diém B ra xa vd gc («) thi thé nang bandau
W(B) cua né theo (8) ph =0, condong _nang bandau W,(B) ct cho la cé mt gla ti

naodoé bing W, — c6 tlé xem nhr CO NANG bandau aia no, khidé ta cé th viét lai
(34) drdi dang:

W(C) —d 2WAC) = 2W(C) #0 (35)
C6 ngha |4 @ nang aia Vit khong & dugc bao toan trong qua trinh chéry dong!

Vay, tai sao hi c6 ar nhAm 1an nay? Quay & lai vai viéc quyudc thé nang tai bé
mat Trai dit =0 c6 tté thdy ngay la chinh n@a din dén ar dao ngroc quy It bién
thién ti nang aia vat tir “giam dan” sang “ting din” d& ndig trén khén cho héu (19)
tro nen <0 va, ddo, hiéu (33)duong nhién =0Diéu nay @¢ing ly gii tai sao ngoi ta
lai vi ét biéu thrc hiéu thé nang aia \at ¢ diém B so Wi diém C vai sy traoddi sb trir va
sb bi trir so Wi (19) nhr thé nay[1, 2]:
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Asc = Wi(B) — W(C) 6§3
vé thuc chit 1a dé dam bao cong @a trong luc dich chuyn vat theo cung cldu tacdong
cua trong lrc d6 Agc >0.

Nhung, réu oo nang aia Vit khéngduoc bao toan thi nd &thaydoi thé nao?

Thay bu thic (8) — tht ning aia VAt tai vi tri C (twong ting wi z') vao (35),dong
thoi chuyen W, sang ¢ phai cua no, taduoc:

_ 2ymM
W(C) = iz +W, (37)
Tir day c6 the thay rat rd OO NANG cia Vit thay vi kio toan 4i cang ngay cang
|6n trong qua trinh chiy dong aia Vat t6i gan Traidat dudi tac dong aia tiong luc —
chang [ dicu nay hi khongding sao? Thning vadong ning aia vat déu phai >0 va
déu tang thi tng aia ching @ng taing dau co gi lad?

Tom ki, sy gia ing @ nang aia \at trong qua trinh chuén dong nay la dos gia
tang dong thoi cua a dong rang lan the nang aia vat chir khdng hé c6 sr chuyén hoa
nao tr thé nang thanhdgng nang aia Vit hay ngeec lai ca.

Nhung nhr thé thi vin dé méi lai dugc my sinh 1& iy co ning nay tr dau sinh ra
ma ngay cangihg Viy? Trong © hoc Newton, #ing krong aia vat von di chi bang Hng
thé nang vadong ning, con ©vi nang aia n6 khong bao diduoc tinh dén. Béi véi co
hoc trong déi tinh aia Einstein (thu§t twong dbi hep), cho duda c6 thém thanh gn
ndi nang aia Vat, nheng nod ding dugc coi la Kt bién trong sét qué trinh dt chuyén
dong. Nhr vay, sr gia ting @ niang aia vat theo (37) 1a khong thly giai duoc trong
khuén kid cia vat Iy hién hanh!bay cé E 1a yéu 6 quyét dinh khién cho quan @im vé
“sy chuyén hod tk ning thanhdong ning aia \at (va ngroc lai)” theo (18) c6 th ton
tai duoc chodén ngay nay ma khdng gay nédt b mot sy nghi ngy nao.

Bén anh dd, c6 tit nhan thiy ring nhing gi chlng tawa xem xét khong dHién
quan i trong treong ma, ¥ nguyén ic, € lién quan éi truong luc the néi chung ma
trongdé phai ké dén truong tnh dién voi luc Coulomb:

F =kl

C6 th thdy cac béu thrc trong luc (7) va trc Coulomb trénddy hoan toanubng
tu nhau, dadd, mpi biéu hién aia ching chco th khac nhau & lugng, con hoan toan
gidng nhau @ chit, dic biét 1a v6i cac dién tich trai du € xuét hién diu “~” khéng
khac gi i trong luc.

4. Pé xuét dinh luat bao toan ning lweng toan phan cia vat thé.

R6 rang theo cac i thic (19) va (20) thi €dong ning va tié ning déu nhy luc
trong trong P ma c¢6, &rc 1a do trrong trong lec caa Traidat sinh ra? Tht ra, n6i nhr
vay ciing chra hoan toan chinh xac, vi khaémi trong hrc theo (7) phi do c vat va
Trai ¢it moi c6, nén ndi rét cach cht che, ching phi do c 2 sinh ra. Va éu hé gdm
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Trai dat va vat thé dugc coi 1a kin (cd4p) thi ning lwong dia @ hé duong nhién phi
dugc bao toan — chic khong phi 1a didu kho héu. Nhrng khi do liéu nang hrong aia
riéng \at hay @ia riéng Traidit co dugc bao toan? Yo day la lidu Trai dat co dp ning
lugng cho it nén ring lhrgng aia N6 gam trong khi ring hrong aia Vat tang va, dado,
tbng ning hrong aia chiing @n ladai lugng bio toan hay khéng?

Vén dé 1a & chd khi néi i dong ning va ti¢ nang thi ludn phi chi rd 1a “dong” va
“thé” so w6i HQC nao? Trong tiong hyp nay, ch coé 2ddi tuong: Vit va Traidat, nén
cac khai nim nay ch c6 nghia trong cac HQCubng ung dit trén Traidat va dit trén
vat, tirc 1a ning hrong aia vt so \6i Trai dat Wy, haic nang luong aia Traidéat so \oi
vat Wy. Con khai ngm tong ning lwong aia ¢ 2 thit sy khdng co ngta vi khéng bit
phai so Wi HQC nao? C6 thviét biéu thic ning hrong toan phn cia chdng nh sau:

Wm = an + Vvtm + Wd‘m (38)
Wi = Whm + Win + Wam (39)

¢ day Wom, Wm, Wim — trong ung la i nang, tk nang vadong ning aia vat xacdinh
trong HQC @a Traidat; Whw, Wiv, Waw — trong trng la i niang, the nang vadéng ning
cua Traidat, xacdinh trong HQC ga vat.

Ta c6 nlan xét Bing, réu da c6 khai im “ndi nang” caa vat duoc hiéu nhr “nang
luong ham clia bén trong &” thi ciing phii c6 khai ném “ngaai nang” dugc hiéu nhr
“ning lrong duoc thé hién ra bén ngoaiat”. Bén anh do, tir cac khai niim “thé nang”
va “dong ning” cia Vat cé the thiy ré dang la ching chco ngha ddi véi cac \at thé
khac (bén ngoai chang) va vywchang chinh la “ngo nang” cia Vat:

Whgm = Wim + Wi (40)
anM = VVtM + WdM (41)

Mit khac, tadi biét thé ning aia Vit so Wi Trai dat xacdinh theo (10) hic (13)
duong nhién dng king thé ning aia Traidat so Wi vat theo cling niing coéng tikc do.
Hon thé nira, drdi tac dong aia trong hrc sr thaydoi thé nang ludn luon Bng sr thay
dbi dong rang (Kt luan 1a aia vat hay @a Traidit). Nhung tiong luc tacdong lén it
ciing king trong huc tacdong I1én Traidat thi dong ning aia chung do tadong aia
nhirng trong luc king nhau ¢ gia ti P d6 khéng co ly gidi c6 thé khac nhauduoc,
trong khi t€ nang aia chiing do tmg luc sinh ra @ng da king nhau &i. N6i cach khac,
ngaai nang aia vat va aia Trai dit theo (40) va (4l)iu0ng nhién dng bing nhau.
Nhung nhr thé ciing c6 ngita 1a trong sét qua trinh chu§n dong, ngal nang aia \vat
ting |&n bao nhiéu thi ngbniang aia Traidat ciing phii ting 1@ndang Hy nhiéu va do
vay, gia thiét bandau V& sr chuyén hoa ring lrong aia Traidat sang cho &t 1a khéng
cb @ so vi khi d6, dodau ma ngei nang aia chinh n than né @ing ting IEéndugc?

Tir day cé tie thdy hop ly hon ca 1a cho #ng dai lugng dugc bao toand day l1a
nang lurong toan phn aia \at va aia Traidat xacdinh theo (38) va (39), ta co:

Wom + Wim + Wy, = Hang 9 (42)
WnM + VVtM + WdM - Hang @ (43)
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Trong HQC Traidét, biéu thac (42) chinh ladinh Iuit bao toan @ng lrong toan
phin oia vt thé trong twong luc thé. Tir day cho thy nhdt thiét phdi c6 ¢ chuyén
ho& ngi ndng thanh ngari ndng (dong ring va tié nang) aia VAt trong qué trinh
chuyén dong —diéu ma \at ly hién hanhda khéng xacap duoc.

Bay giv, néu chiing ta suy ngtthém ndt chat \é khai ném “ndi nang” caa \at, ta
s& thiy rang nbt vat thé chi co th ton tai dusi mot dang nhit dinh nhr [& mbt hé gdm
cac pln tr nho bé lién Kt vsi nhau khi gira it ca cac pln tir d6 c6 s tuong tac i
nhaudu 16n dé duy tri, hay néi cach khatd chinh 1a th hién ndi nang aia vat. Néu nji
nang aia VAt bi suy gim do chugn hoda thanh ngo ning thidén mjt lic naodé khdng
con khi nang duy tri nira, vat ¢ khéng con la chinh néima ma I tan ré ra. Tang thai
vat bi pha hg hoan toan au tric ding nhr moi lién két gita cac thanh gim c6 trongdo
goi la trang thai ti han.

Mit khac, tr dinh luat tacdong va plan tacdong co tte thiy khi vat nay tacdong
lEén Mt vat khac (xét cho cung la btvao ngai niang aia nd) thi nd ¢ng cHu mjt phan
tacdong 1én néding king tacdong do (xét cho cunging la nly vao i nang aia no).
Tir day cho thy, khong tit n&o on tai dugc mot trang thai ma nggl nang ki c6 the 16n
hon dugc ndi nang ma vt van duy triduoc nhr né dang c6. Hay noéi cach khéirang
thai t¢i han ciia it chinh 1a trang thai khi ngi ndng can bing véi ngoai ndng cia né.
Ta c6 tit viét:

W,.r =W =1

ngmT — 2

=W, (44)

Tir (44) suy ra ang lrong toan phn aia \at trong tong trdng bing:

Nhung ngai ning aia Vit 16n nhit khi van téc giita né \6i Trai dat dat cuc dai ciing tirc
la khi thé ning aia nddat cuc dai. Song, vi kich théc cia VAt ciing nhr cua Traidat &
kha Ibn nén ngai niang aia Vit khéngdat duoc gia ti téi han. Tuy nhién, du gia st co
cac \it véi cung ntiing khbi luong nhr vay, nhung kich thrge oia chingdu nho dé
dong ning aia ching co thdat téi giad tr t6i han tai van tdc twrong ung oi 1a vdn téc
tol han c:

W, == mc2 (46)

Vi day la chugn dong nhanh an déu — bt dang chu;én dong phi quan tinh, nén
khéng tt¢ ap ding thuyét twong dbi vao day dugc. Khi do, réu tinh dén diéu kién vé
mot hé kin, cd Bp, thi khéng nking thé ning ma @ dong ning bandau cia Vit ¢ xa vo
cung c6 th coi nhr =0 va dado, theo (35) ta co:

W= 2Wmr =mc (47)
Thay (47) vao (45) tduoc:
nW 2mc (48)
Phrong trinh (48) ndi chinh 1a ti¢ hién nang lwong toan phn cia Vit trong tirong
trong luc néi riéng va trong lec thé nodi chung va chinh né énla dai luong dugc bao
toan khi xem xét @t hé kin 2 \at.
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5. Két luan.

+ D& dam hao tinh tféng nHit trong cuing rat hé théng 16gic nhr vat Iy hoc, cac
khai niém oo ban aia né pli dugc hiéu mt cach nlit quan thi ndi tranh dugc nhirng
sai s6t khongiang cd. Vi ly do nay, khai ém thé nang aia At trong trong trrdng & cac
sach giao khoa |@hthong trung hc ding nhr cac giao trinh &t ly dai cuvong & bac dai
hoc cin phai duoc diéu chinh thing nHit véi cac tai léu chuyén saudwat ly truong.

+ Dinh luit bao toan © nang nhr duoc biét chodén nay la khongiing, trai \bi
ban chit cua sr vat. Dai lugng dugc bao toand day moi chi 1a hiéu cia dong ning aia
vat voi hiéu thé nang aia né so i mat dét.

+ Hoan toan khéng carschuyén hoa naoit thé ning thanhdong ring haydong
nang thanh th nang aia Vit trong qua trinh chn dong aia no &, tréi ki, ca thé nang
|An dong ring aia VAt déu cung &ng I&n trong qua trinh chély dong aia no trong tsng
truong.

+ Trong qua trinh Chlﬂ’\ dong aia vat trong tong trrong, dai lugng duoc bao
toan la lAng leong toan phn aia nd bao §m mHi nang, dong ning va tté nang, theodo
c6 sr chuyén hod tr noi nang thanh nga nang @ong ning va tte nang) aia \At.
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