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Lol n6i dau

DE gilp hoc sinh giodi ren luyén Kinang giai quyét cac bai toan vat li, chuan,
bi tét cac ki thi chon hoc sinh gidi cap tinh, thanh phé va cap qudc gia,
chung toi bién soan hai cudn sach bai tap bo trg cho bd sach “Boi duwdng
hoc sinh giéi Vit li Trung hoc ph6 thong

1. Bai tdp c& hoc — Nhiéthoc ‘
2. Bai tap Bién hoc - Q.uang hoc - Vat li hién dai

Trong s6 céac bai toan dwa vao cac cudn sach nay cé6 mot s6 bai dwoc trich
tlr D& thi Olimpic Vat i cac nwdc, dé hoc sinh lam quen va thir strc véi céc
dang bai toan cua cac ki thi quéc té.:

Cuon Bai tap Co hoc - Nhiét hoc gdm bén chuwong : Co hoc chat diém ;

Co hoc vat rén; Dao dong co; Nhiét hoc twong (ng voi 8 chir'de : Bong
. hoc chét diém, Bong luc hoc chéat diém va hé chét diém, Pong hoc vat ran,

Pong lwc hoc vat ran- Cac dinh I04t bao toan, Tinh hoc, Dao déng co, Dao

déng lién két, Nhiét hoc va vat li phan ta.

Cudi sach c6 hudng dan giai, dap so.

Chdng téi mong nhan duoc su gop y cua quy doc gia, moi y kién gép y

Xin gui vé

Ban bién tap sach Vat li
CTCP Dich vu xuat ban Giao duc Ha Noi - Nha xuat ban Giéo duc ViétNam

Tang4 - toa nha Diamond Flower - s6 i HoangBao Thuy - Ha Noi

CAC TAC GIA



....... Chuonql
< co HOC CHAT PIEM

Cha dé 1. BDONG HOC CHAT PIEM

1.1.

1.2.

1.3.

1.4.

1.5.

MOt ngudi xudt phat tir diém A trén duong qudc 10 dé trong mot khodng thoi
gian ngan phat phai dén diém B trén canh dong trwvéc mat/ Khoang cach tir B
dén. dwong quéc 16 la h. Téc dd cua anh ta trén dwdng quéc 10 la. Vi, trén canh

dong lav2 = — (n la s6 nguyén). Hoi anh ta phai chay theo quy dao thé nao ?
n: I m. |1 !

Ap dung: h - 1 km, n - 3.

'Hai dong, t& 1 va 2 chuyén dong déu véi toc do vl va v2 doc theo hai .duong
thdng vudng gdc véi nhau va huéng vé giao diém o cla hai dwong dy. Tai thoi
diém t = 0 chlng ¢-cach diém o nhitng khoang /b /2. Sau khoang thoi gian la
bao nhiéu thi khoang céach gitta chung cuc tiéu ? Khoang cach cuc tiéu dy bang
bao nhiéu ?

Tai ba dinh A, B< ¢ clia mot tam giac déu canh a = 30 cm, ¢d ba dong t& i, 2
va 3. Chlng bat chuyén dong déu cling mot Iic vo6i t6c’'dd V = 2 cm/s. Cho
biét trong quéa trinh chuyén dong, dong t& i luén hudng'vé dong tir 2, dong tir
2 lubn hudng vé dong tir 3 va dong tir 3 luén hudng vé dong tir 1. Hoi sau bao
lau chdng gap nhau va quang dwong, mbi dong t& da di duoc 1a bao nhiéu ?

Trén mat bién co hai tau thiy chay thing va déu. Chiéc thr nhat ldc gitra trua &
cach mot ci lao nho 40 dam vé phia Bac, chuyén dong véi téc do "15 dam/gid
va huéng vé phia Tay. .Chiéc thi hai, lic 8 gid sdng cung ngay, 6 cach cu lao
100 dam vé phia Tay va chay voi tc do 15 dam/gio hwéng vé phia Nam.
Khoang céch t6i thiéu cta hai con tau bang bao nhiéu va thoi diém nao thi
xay ra diéu nay ?

(Trich Bé thi Oiimpic Vat li Lién bang Nga, nam 2002)

Trén quang duong AB dai 81 km, c6 mot chiéc xe di tir A dén B. Cl sau 15 phat
chuyén dong thang déu, xe nay dirng lai nghi 5 phat. Trong khoang thoi gian



| 15 phut dau, xe c6 van téc Vi = 10 km/h va trong cac khoang thoi gian ke tiép,
xe ¢O van toc lan luot 2V|, 3vi, 4vi,... Xuat phat cung luc véi xe thi nhat la
mdt xe khac chuyén dong thang dau tir B v& A v6i van tc v2 = 30 km/h.
a) Tim thoi diém va vi tri gdp nhau cua hai xe.

b) Tim vi tri hai xe gdp nhau néu xe di tlr B xuat phat muén hon xe di tr A la

12phat. ., .1 . R
1.6. Mot nguoi can boi qua moét con séng rong / e J
AB = d = 750 m v6i tobc dd chay cua dong ' d!
nwéc la u = 1 m/s. Biét toc dd chay bd cua i
nguoi do trén bo la V= 2,5 m/s, tdc do boi doi 7 — A
vOi nwoc la v'= 1,5 m/s (Hinh 1.1). . Hinh 1.1

Tim 16 trinh cla ngudi xudt phat tir A dé dén B nhanh nhét va tinh khoang thoi
gian dd. Biét cos25,4° = 0,9 ; sin25,4° = 0,43 ; tan25,4° = 0,47.
1.7. MOt vat chuyén dong cham dan déu trén ba doan dwong lién tiép bang nhau

trwdc khi dirng lai, Biét rang dé chuyén dong trén doan dwong tht hai thi vat
phai di trong | gidy. Tinh thoi gian vat di ca ba doan dudng noi trén.

1.8. BE chay thi chiéc xe dap mé&i, mot van dong vién dua xe dap tw bam gio gilra
hai diém moc céach .nhau mot khoang s =100 m. Gia toc cuc dai anh ta dat
duvoc la a = I.m/s2. Khi hdm phanh, thi gia téc,c6 gia tri tuyét doi I6n nhat

a =5 m/s2 Van tdc dau va van tdc cubi déu bang 0.
Tinh van toc cuc dai cla van dong vién va xac dinh thoi gian cuc tiéu dé anh
ta di dwoc quang duong s.

1.9. Mot budng thang may c6 khoang cach gitra tran va san la 2,47 m chuyén dong
di 1én voi gia tc khong ddi 2 m/s2. Sau khT xuét phat 7,2 s, m6t chiéc buldéng
tlr tran thang may roi xudng. Xac dinh :

a) Klioang thoi gian roi ctia buiéng.
b). D6 doi cua bulbng.
+ ¢) Quéng duong buldng da di duoc.

1.10. M6t hoc sinh cam hai qua bong trong tay, lic dau em tung qua bong thir nhéat
thang ding Ién voi van toc v0 - 8 mis.



Hoi sau d6 bau lau, phai tung qua bong thir hai 1én trén’véi van téc ) dé hai

qua bon” dap vao nhau sau khoang thoi gian 1a ngan nhét (k€ tir 1Gc dau).
Vi tri hai.qua bong dap.vao nhau cach vi tri tung bong mét khoang béng bao
nhiéu ? Lay g =10 m/s2

1.11. MOt chiéc thuyén chuyén dong véi toc. do u khong doéi déi véi nuwéc, thed
hwdng vudng gbc voi dong nwoc. Biét toc d6 chay cua nudc tong ti 16 voi.
khoang cach, tir gia tri 0 & bo déri gia tri v0 & gilra séng. Khoang céach gilta hai
bo séng la/. Hay xac dinh
a) Khoang cach thuyén bi déng nuéc dua tréi.
b) Quy dao chuyén dong cua thuyén.

1.12. Mot soi day dugc quan quanh mot truc nam ngang,
c6 ban kinh Ia R (Hinh 1.2).
MOt dau day treo mot tai trong, p. Tai trong roi voi
van t6c ban dau bang 0, gia téc 4Q khong d6i va lam

truc quay. | EI]P .
Tim biéu théc gia t6c toan phan cla mét diém tren =~ Y |

mat truc theo do cao h cla tai trong. Hinh 1.2
- 1.13. M0t qua cau ban kinh R - 10,0 cm bat dau 1an khong
trrot doc theo mot mat phang nghiéng sao cho tam clia X

nd chuyén dong véi gia toc khong doi a — 2,5 m/s2

(Hinh 1.3). Sau t = 2,00 s tir lic bat dau chuyén dong,
vi tri qua cau nhu hinh vé. Hay xac dinh:

a) Van toc cda nhitng diém A, B, c.

b) Gia téc cla chdng.

1.14. M6t con thd dang chay trén dudng thang X'X VOi

van toc vt khong doi. Con chd sdan & A thay thd thi & g W .
~lap ttc ting téc dudi theo, lic d6 khoang cach gitra ,‘ .
ching la AB = /. Van toc cta chd vc co db Ion '
khong d8i nhung ludn huéng vé phia thd. Thd b |
cho bat dwgc. Tinh gia téc tlrc thoi cua cho tai A
(Hinh 1.4)/ A
Hinh 1.4



1.15. Mot dia chia thanh n hinh quat déu nhau quay cham
dan déu. Mot kim chi thi gan & ngoai gan mép dia
(Hinh 1.5). ' ‘
Hinh quat tht nhat di qua kim trong thoi gian tf] - 4 s. | |1
Hinh quat thi hai di qua kim trong thoi gian t2 - 5 s. \ 0 JI
v Sau dé, dia quay thém duoc mét goc.(p = 0,75k roi dirng
fai. Tinh gia toc cua dia. Hinh 1.5
1.16. Mot day cao su AB dan hoi, dong chat, tiét dién déu c6 do dai tw nhién L,
dau B duoc gan chat vao tudng. Tai thoi diém t = 0, dau A dwoc kéo cing
ngang ra xa twong véi toc dé khong doi V. Cung lic dé, mot con kién tir dau
A bat dau bd doc théo day vé phia twong véi téc d6 khong doi u so vai day.
Hoi con kién cd bo duogc toi tuong khdng ? NEu co thi sau thoi gian bao lau ?
1.17. MOt may bay bay di va vé gitra hai dia diém A va B. Khoang céch gilta A va B
la L va may bay cé van toc khong doi V. Ngoai ra, ¢ gi6é nhe véi van toc 1a V.
a) Hay tinh tong thoi gian ctia chuyén bay néu gié thoi doc theo AB.
b) Tinh tong thoi gian ctia chuyén bay néu gié cé phwong vudng goc véi AB.
c) Viét biéu thirc tinh tong- thoi gian cla chuyén bay, néu gi6é cd phuong bat
., ki. Chli y néu c6 gi6 thoi theo bét ki phwong nao, thoi gian bay tang Ién.
(Trich d@é thi Olimpic Vat ii Canada - 1998)
1.18. B6n con rtia ding & bén dinh hinh vuéng canh a, chang bat dau chuyén dong
voi van tdc khong déi. véi do 1én V sao cho moi con rua ludn hudng vé con bén
canh theo chiéu kim ddng ho.
a) Hoi cac con rua gap nhau & dau, sau bao lau ?
b) Quy dao chuyén dong ctia moi con rua cé dang thé nao ?
Coi mdi con ria 1a mot chat diém.

Cha dé 2. BDONG LUC HOC CHAT PIEM
HE CHAT DIEM

2.1. Trén mat phang ndm ngang c6 mat hinh tru thang
dirng, ¢ dinh, ban kinh day R va mot yong nho
A .n6i v6i hinh tru bang sgi ddy nam ngang AB

c6é dbé dai /o (hinh v& 2.1 nhin tir trén xuéng).




2.2,

2.3.

2.4.

2.5.

2.6.

Vong nhd A nhadn van téc ban dau vO0 theo
phwong ngang vudng goc voi day. Tinh thoi gian
chuyén ddng trong mat phang ctia A cho dén khi
no gap ninh tru: Bé qua rua sat.

MOt banh xe ban kinh R, c6 tdm cach mat dat : / :
mot doan H, quay déu véi téc dd goc Ci. Tl banh W 1 Y
xe ban ra moét giot nwdc va roi cham dat tai E - |
ngay dudi tam cta banh xe (Hinh 2.2). Tinh thoi
gian roi cla giot nwéc va xac dinh diém A trén
banh xe, noi ma giot nudc ban ra. o\

Hinh 2:2

M6t nguoi dirng & bo bién ném mot hon da ra bién tir do cao H = 20 m so véi
mat bién. Hdi géc ném phai bang bao nhiéu dé hon da roi xa bo nhat ? Tinh

khoang each xa nhéat dé. Van toc ban dau ctia hon da la Vo = 14 m/s.

Trén méit phang ndm ngang c6 mot vat can | o - B
vGi d6 cao H, chiéu dai L. D€ bay qua vat can A

do, m@'f van déng vién métd da chay trén mot HE j

mat phang nghiéng c6 dd doc a, db cao h nhuw , | ‘ " |
hinh 2.3. Biét nguJ(‘)’i dé da bay qua vat can voi TIS I I T T PRIV
van toc khi roi mat doc 14 nho nhat. Hay tinh mma o |

goc a va khoang cach a tlr chan mat déc dén Hinh 2.3

vat can theo phuong ngang.

Mot bong dén hinh cu treo & do cao h = 5Am bi n6, cac manh v ban ra theo
hwéng li tdm voi tdc dé V = 10 m/s. Tim vung roi cua cac manh vuu trén mat
dat. Bo6 qua stc can clia khdng khi va kich thuéc cua bong den. Gia téc trong

trwong g = 10 mls .

Hai vat ning dat trén mit phang ngang dwoc ndi véi nhau bang mot soi day
chiu dwoc lvc cang tdi da la To. Hé s6 ma sat gilta cac vat va m2 vOi mat

phang 1a Pq va p2 (Hinh 2.4). X

Iim gia tri I&n nhat cla lvc F theo.phuong ngang tac dung Ién vat ml, réi Ién
vat m2 ma khéng lam sgi day bi dit. Xét bai toan trong cac truong hop :

m?2 mi

b) PI = [a2

¢) Khdng ma sét. Hinh 2.4  '77-Z/ZIZI22/ /7 /7 7 7 Z2/11]7

Dé kéo cho hé vat chuyén dong thi luc F nén dat vao vat nao ?



2.7. Hai vat m va M chong Ién nhau duoc dat 1én mat san ngang nhuw trén hinh 2.5.
Hé sd nia sét gitta m va M 1a Al gitta M va san 1a [12. Hay tim do 16n cla luc

F nam ngang

I m
a) dat 1én M.dé M truot khdi m.
b) d&t 1én m dé m truot trén M. Hinh 2,5 ! M-
/////777/7777777‘777277
2.8. Mot doan day xich AOD (Hinh 2.6) c6 do dai 7, dau D A o
- cham d4t; dau A duoc gilr chat trén mat ban ndm ngang : T
OA. Cho biét OD = h. Khi thd dau A ra soi day xich se h
tudt xubng dat. Tim van téc cua dau A khi né t6i mép -
ban. 0. Ap dungsé:i=50cm, h-30cm, g=9,81m/s2  Hinh2.6 ~ D77~
R, |
+ 2.9. Cho hé co nhw hinh 2.7. Biét mi = 0,5 kg,; T
m2 = 1 kg Hé 86 ma Sét g"}a m2 Vé bén |é’ ///fl/‘////// /////f///-//////)//////
p=0,2:g= IOm/s2 ‘ :
1. Khi ban diéng yén, budbng tay d& mp - Ly '
Tinh gia toc cla cac vat. : i s : . .

2. Cho ban chuyén dong theo phwong thang dieng voi gia téc a0, Tinh a0 dé
a) Gia toc cac vat ddi voi ban bang nira gia téc ctia chiing khi ban ding yén.
b) Céc. vat khong chuyén dong doi véi ban.
2.10, Mot cai ném c6 dang ABCD (Hinh 2.8). (C6 khoi
v lwgng 2m ; 0] = 30° ; 02 = 45°), ¢6 thé wwot khong
ma sat trén mat san. Mot vat nhd cé khdi lugng m

g n A , A v A \ e
bat dau trugt khong ma sat trén mat ném AB va BC 3,
tlr dinh A (khdng van toc ban dau).

A di 12 1R~ ANa NA Hinh 2.8 77%217)"777//2776;277 (;77
a) Xac dinh gia toc cua ném.

b) Biét AB = BC = 0,5 m, xac dinh quang dudng ma ném truot duoc tir khi vat
nho bat dau truot dén 1Gc no roi khoi ném. (LAy g = ro m/s ).

2.11. Nguoi ta ban vién dan theo phuong ngang vao tdm ca mot tdim bang hinh
vudng duwoc treo tuv do.. NEu van tdéc V cha vién dan I6n' hon mot gia tri VO thi
vién dan xuyén qua tdm bang. Hoi tdm bang sé chuyén dong véi van tdc bang
bao nhiéu, néu van t6c cla vién dan bang.: 2v0, nv0? Vi van téc nao cla
vién dan thi van toc cua tam bang sé dat cuc dai. Biét khoi lvong cua vién dan
la’m, clia tdm bang la M. Cho rang lwc cdn cla tdm bang ddi véi vién dan
khong phu thudc van toc vién dan.



2.12. Trong khong gian gilta cac vi sao c6 mot dam may khi hinh cau, dugc tao
bdi cac hat coi .nhv cac chat diém. Ban dau dam may ding yén khéi luong
phan b6 déu voi khéi lwong riéng Ta p. Dudi tdc dung cla lwc hdp dan gilra
cac haty.dam may nay bat dau co lai va tir d6 moi hat déw c6 mot van toc
theo ban kinh. Gia thiét trong qué trinh co lai nay, hat bén ngoai khong dudi
Kip hat bén trong.

Chlng minh ring, néu bd qua tit ca cac lvc khac thi tit ca cac hat déu dén
tam clia ddm may trong cung mot khoang thoi gidn bang nhau. Tinh thoi gian ..
. d6. Ap dung bang s6 véi p = 10 20 kg/m3.

2.13. Mot hoc sinh mudn ném mét qua bong téi moét muc tiéu A & ngang dad minh
nhuwng lai vudéng mot blrc twong cao hon dau minh moét khodng hi Khoang
cach tir hoc sinh dén twong la a, tlr twong dén muc tiéu A la b. Hoi dé bong co
van t6c ban daii toi thiu thi g6c ném phai bang bao nhiéu ?

2.14. Trén méat san ndm ngang c6 mot chiéc ném cé khdi lwong M, cd mét cat 1a |
tam gidc vudng ABC. Géc gitra hai canh AB va AC la 0, chiéu cao tlr B dén
mat san la h. Tai A cta canh ném AB dat mot vat cé khéi lvong m (Hinh 2.9).
Ldc dau vat va ném ding yén, sau dé cho . B.
vat m chuyén dong theo hwéng AB véi | ;
van téc dau Vq. Bd qua ma sat gira ném
va mat san va ma sat giira vat va canh AB.

Hoi VQ phai 16n hon gia tri bao nhiéu dé X
vat ¢é thé vuot qua duoc dinh B ?

Hinh 2.9

(Trich Bé thi Olimpic Vat li Trung Qudc nam 1983)

2.15. Hé co gdbm hai vat m va M chdng lén nhau, m
dwoc dat trén mat san ngang nhu. trén hinh /
2.10. Hé s6 ma sat gilra hai vat m va M la PI; Mo D2

gita M va mat san la [12' Tac dung vao M luc
F hop v6i méat ngang géc a. Khi a thay .doi
(0 < (X< 90°. lim F nhd nhét dé vat M truot
khéi vat m va tinh géc a khi dé. i 3 ‘
2.16. Cho hé co nhuv hinh 2.11 : M = ngq + m2 ;;':q
Mdt ban nhan, hé s ma sat gitra hai vat m) 2

©

va m2 la u. Tim ti s6 ~2. dé ching khong

trot 1€n nhau. Hinh 2.11

10



2.17. Trén hinh 2.12, mot chiéc xe lan nhé dang'
nim yén trén mit phing ngang khéng ma sét C
hai sgi ddy manh cung chiéu dai 0,8 m, mot
day budc vao gia 'do c, mot day treo vao
chiéc xe lan, dau dwdi cua hai soi day ,co

mang nhitng qua cau nhd cd khdi luong Ian
lwvot mA = 0,4 kg va mB = 0,2 kg. Khi can. A B
béng thi hai qud cau tiép xuc nhau. ~ ' Hinh 212

Kéo qua cau A Ién dé cho day treo né c6 phuvong ndam ngang (vi tri AO tir do
A tha ra, sau khi hai .qud cau da.va.cham nhau, qua cau A bat Ién t&i do cao
0,2 m so VvGi vi tri ban dau cua hai qua cau. Hai:

a) Sau va cham, qua cau B sé Ién t¢i d6' cao ndo ?

b) Khi qua cau B tlr vi tri bén phai roi xubng téi vi tri thap nhat, thi téc dd cla
no la bao nhiéu ?

(Trich BE thi Olimpic Vat Ii Thuong Ha.i - Trung Qudc, nam 1986)

2.18. Trén mit phang ngang khdng ma sat, c6 mot chiéc xe nhd khdi lvong wil = 20 kg.
Nho mot soi day khdng co dén, xe nhd kéo theo Tridt xe khac khéi luong
m2 = 25 kg. Mot vat nhd' khéi lwvgng m3 = 20 kg duoc dat I1én wén xe lan, hd sé
ma sat gilra vat va xe lan la p = 0,20. Luc ban dau xe lan dirng yén, day ndi chira
bi cang (Hinh 2.13). Xe nho di véi van toc khong doi Vg = 3 m/s.

a) Tinh van t6c sau cung V cla hé. mA '

b) Hoi khi day néi vlra bi cang, thi hé sé co T~~I7

van toc V la bao nhiéu? —OQ/TTITNTTTT INNNTANNT -
¢) Tim quang duong vat nhd trwot trén xe lan. Hinh 2.13

(Trich Bé thi Olimpic Vat li Thwgng Hai - Trung Qudc, nam 1987)

2.19. MOt tén- Ira, khong chiu tdc dung cla cac lvc hdp dan trong vii tru, dang
chuyén' ddong nhanh dan theo mét quy dao thang. Khéi lvong vo tén Ikra (cung
cac thiét bi gan vao no) 1a M. & thoi diém t, khéi lvong cla nhién liéu chita
trong tén Ira 12 m = moe kt (k 1a hang s6 dwong), va van toc tvong doi (so véi

tén Ika) cha lvong khi nhién liéu phut ra la v =*voe kt. Giad st mo M, hdy

11



chirtng minh rang van tdéc-cubi cla tén Ira Ién hon van téc dau cia ndé mot

lvgng xap xi bang—I—. I

(TrfchbéthiOlimpicVatiiVuongquécAnhnaml979)-

2.20. Mot 6ng hut bang rom dong chét dat vudéng goc & lii

mép ban khdng cé ma sat sao cho nira chiéu dai ,
6ng tho ra ngoai (Hinh 2.14): Mét con rudi bo tir ~
dau 6ng nay dén dau 6ng kia. Ong hat van nam can i

bang. Liéu Ong hat c6 can bang khéng khi mot con

. rudi khac dau ngay vao phia trén con rudi th¥ nhat ? Hinh 214

2.21. Cho hai vat khéi lvgng mj va m2 bd tri nhw hinh 2.15 Tac dung mét luc F

Ién vat m2 dé hé can bang
a) Phan tich lwc tac dung Ien tung kh0|

b) Xac dinh dd 16n cua luc F.
¢) Vao thoi diém t = 0, tdng gap doi gia tri cla
lwc F. Tinh gia toc chuyén dong di Ién cua

LI I77 7777, ///////////////////:/-;/II/// :
khoi mi. | . ' ey
d) Viét biéu thtrc tinh cong sudt cta lvc F (gia tri cau c) theo thoi gian.

e) Néu cd luc ma sat gitra .kh6i mq voi mat phang thang ding va khéi m2 véi
mat phang ndm ngang v&i hé s6 ma sat p, hdy xac dinh gia tri' t6i thiéu cla luc
F dé hé can bang. !

Ap dung bang s6: g = 9,81 m/s2: mj - 5kg, m2=3kg, 0=230° p-0,2.

(Trich d& thi Olimpic Vat If - 2007)

2.22. M6t giot nwéc hinh cau ban kinh r0 roi (v6i van téc ban dau V = 0) vao mot
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dam may chira day hoi nwéc bdo hoa. Trong thdi gian giot nudc roi trong dam
may, hoi nwéc bdo hda ngung tu vao giot nuéc, lam cho khoi lwgng giot nwéc
tdng thém, nhung giot nwdc van gil nguyén dang hinh cau. Cho biét phan khoi
lvong tang thém cua giot nwéc trong mét don vi thoi gian ti 1€ thuan véi dién
tich mat ngoai cua giot nudc voi hé so6 ti 16 1a k. Hay tim :

a) Biéu thirc van toc phu thudc thoi gian cla giot nwéc trong qua trinh roi
trong ddm may.

<



b) Gia toc 6n dinh cla giotnwdc trong ddm may sau thoi gian da 16n. Bo qua
moi luc can Ién giot nwéc. Coi gia toc trong wwong g va khoi lugng riéng p
cla nudc la khong doi. Xem dam may du day.

(Trich d@é thi Olimpic Vat v Ba Lan - 1988)

2,23, Hai vat p va Q c6 khéi lugng mj = m va m2 - 3m dwoc ndi voi nhau bang soi
day khong co dan. Day duoc 16ng qua rong roc nhe, khdng ma sat, dat tai dinh
A cla mdt ném cé khéi lwgng m3 - 5m. Ném co tiét dién ngang la tam giac
ABC v6i ABC =53° va ACB [ 37° canh BC nam trén mét ban nam ngang

(Hmh 2.16). Ném cé thé truot trén ban nay Glu nguyén ba vat va sau do thé'
ra cung mat lic :

Hinh 2,16
a) Xac dinh cac luc tac dung Ién tirng vat.
b) Gia st tat cd cac mat'déu khdng c6 ma sat: Tinh gia tbc cia mdi vat so voi
mat ban dirng yén. '

c) Néu c6 luc ma sat gitta ném va mat ban, hay tinh hé s6 ma. sat sao cho ném
van con ding yén trén mét ban. | |

Lay g = 10 m/s2; sin 37° = 0,6 = cos 53°.
(Trich @é thi Olimpic Vat li Bao Ship - 1998)
2.24. @) Trén mot bé cao 10 m CO dat thung nwdc hinh tru cao 10 m, duong kinh

3 m. Phai khoan mot 16 & vi tri ndo trén thung dé nwdc ban déh vi tri cach
chan bé 5 m?

. Vat | ' Va2
b) C6 hai vat nhu nhau n6i v6i nhau bang soi e
day dai i m. M6t vat ndm trén ban khodng c6 s 7
ma sat (Hinh 2.17). Nang vat 2 con lai Ién

sa0 cho day nam ngang, rong roc nam ¢ gilra

doanday.

Hinh 2.17



. 2.25.-Mot méat cong nhan hinh ban cau ban

Bang li luan, hdy du doan xem sau khi tha vat 2 ra, sw kién nao sau day xay
ra trudc: ;

“ Vatvl dung vao rong roc.
- Vat 2 -cham vao thanh ban.
Lam lai bang thi nghiém dé kiém tra.
' (Trich d@é thi Oiimpic Vat li Canada - 2000)

!

kinh R dwoc gan chat trén mot xe 13n nho |
nhv hinh 2,18. Khéi lvgng tong cong .cla
Xe va mat cong la M. Xe dwoc dat trén mat
phang nhan .ndm ngang. LGc ban.dau, dau
A clia mat cong duoc dat tiép xuc voi vach
twong thang ding.

1227 N7 7/ 7//7

T A, nguoi ta thd mét qua cau nhd khoi

~ v s - A Hinh 2.18
lwvgng m cho trwot xubng mat cong voi van

t6c ddu bangO. Hay tinh :
a) D0 Ién cao toi da cua vat nhé trong mat cong.
b) Van téc t6i da ma xe lan dat duoc saudo.
(Trich @é thi Olirnpic Vat li Trung Qudc - 1988)

2.26, MOt soi day nhe chiéu dai 7 c6 mot dau budc vao diém c6 dinh Q, dau kia
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mang mot hinh cau nhd khéi lwvgng m. Nang qua Cau Ién téi vi tri & ngay dudi

diém o khoang -i roi tir d6 truyén cho qua cau mot van tdc V theo phuong
4 - - -

ngang sang bén phai. Sau mot luc, day cang tré lai,' ké tir d0 qua cau dao dong
nhw mét con lac quanh truc o. Cho biét ltic day vira bi cing thang né hop véi
phwong thang ding goc 60°. Hay tinh :
a) Van téc ban dau cla qua'cau luc vlra duvoc phéng ra. \
b) Xung lvong dat vao truc o khi day vira bi cing thang.
¢) Lwc cang day khi qua cau xudng toi vi tri thap nhat.

(Trich @é thi Olimpic Vat li Trung Quéc - 1992)



2.27, Trén mot mat phdng ngang nhan c6 dit hai khdi gdb A va B cung khéi
lvong m, duoc ndi véi nhau boi mot 10 xo, khoi lugng 10 Xu khong 'dang ké.

¥

¢ s
‘MO0t vién dan khoi luong IZ] bay theo phu’o’ng ngang véi van toc V t6i cam vao

“khdi go A. - | L
a) Khi vién dan vira cdm vao khéi gb hay tinh van tdc clia khéi A (cé vién dan
bén trong) va cua khéi B. | R R

b) Trong qué trinh chuyén déng cda hé sau d6é hdy tim dong nang toi da
cla B, dong nang t0i thiéu clia A va thé nang dan hdi 1&n nhat cla 10 xo.
(Trich dé thi Olimpic Vat ii Trung Qudc - 1993)

2.28, Hai qua cau 1 va 2, khéi lugng ml = 50 g va m2=. 100 g, dwoc gih vao hai dau
mot thanh nhe mong, tuyét déi vudng dai / = 30 cm. Ban dau thanh dwoc dung
thang ding trén dinh mot cai thap cao h = 300 m. M6t quéa cau nhd khdi lvong
MQ ““ mj chuyén doéng theo phwong ngang véi van. téc ban dau Vg - 10 m/s, toi
va cham vao qua cau 1. Va cham la xuyén tam, tuyét déi khong dan hoi. Sau
va cham, hai qua cau ! vd 3 gan vao nhau va toan bd ho roi khoi thap, quay
quanh khéi tdm cua nd. B6 qua moi ma sat Hay tinh

a) Van t6c dai cta hé khi roi thap.
b) Van tdc goc cla hé. T
. €) Vi tri cua hé cach chan thap khi cham dat.
d) Van téc cla hé khi cham dat. |
e) S6 vong quay ma hd da thuc hién trong thoi gian bay.
Hay bién luan vé cac tinh hudng‘(tv thé) kha di cia hé khi cham dat. Tinh
hudng nao la sat véi thuc té néu can clr vao dir kién cua dé bai ?
(Trich @é thi Olimpic Vat li Anbani - 1996),

15
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Chu dé 3. DONG HOC VAT RAN

3.1. M6t vanh tron ban kinh R lan khéng truot trén mat phang véi van téc V

3.2.

3.3.

3.4.

16

khong doi. b

«a) Tim phuwong trinh chuyén dong va phuong trinh quy dao clia mot diém bat

eki trén vanh trom ' |

b) Tinh quédng dwong s gitra hai 1an gap nhau lién tiép cta diém khao sat trén

vanh tron va clia vong tron. |
c) Tim gi.a toc toan phan.

MOt vat ran quay quanh mot truc Oz v6i gia tdc,khong
doi Y ,va van toc goc tirc thoi ). Xét cac diém M trén
duong thang Ox vuodng géc véi Oz (Hinh 3.1). Ching
minh céc vecto gia toc clia cac diém dy ti 1é véi khoang
cach tdi truc va nghiéng cung mét goc so vai Ox.

Xét hai trvong hop quay nhanh dan déu va quay cham
dan déu. So sanh véi cac vecto van toc clia cac diém M.
Mot rong roc tim O, ban kinh R dugc d& bang mot soi
day cé hai nhanh thang ding (Hinh 3.2). Day khdng
trwegt trén rong roc.

Tinh van toc cla tdm o va van téc goc cua rong roc
trong hai trwvong hop :

. a) Pau A cua day di Ién voi van toc V, dau B di xubng

vGi van toc V'

b) Ca hai dau di ién vdi cac van téc V, v'.

Tay quay, OA - R quay quanh o véi van tdc goc 0> va
kéo thanh bién AB =/ dau B chuyén dong trén duong
thang oc (Hinh 3.3). Tinh theo géc COA =0 :

a) Van toc'cla dau B.

P

Hinh 3.2

A

oo

Hinh 3.3

S.



b) Tim (bdng phép v&) van tdc cta mot diém M cua bién. Diém nao co-van toc
nhd nhat ?

3.5.Kh6i tam | cla mot thanh g AB dong
chat tiét dién déu, chiéu dai 2/, chuyéri
déng doc theo truc théng dirng van toc
khong doi v0 va mot dau cda no truot doc;
théo dudng thang ndm ngang nhan. Ban
' dau (t = 0) AB thdng di*ng, dau A nam ,
trén mat phang ngang nhw hinh 3.4. 0

A P

a) Tim phuong trinh quy dao dau B. - Hinh

b) Xac dinh gia tri véin toc va gia t6c dau B cla thanh g0 tai thoi diém thanh-
g6 tao v&i phuvong thdng dirng mot goc a = 45°.

Chu dé 4. DONG LUC HOC VAT RAN
CAC PINH LUAT BAO TOAN

4.1. M6t xe gom san c6 khoi lugng M = 18 kg va 4 banh xe
moi cai co khéi luong m = 2 kg, duoc kéo 1én trén mot
mét phang nghiéng géc a = 30° so voi phuéng ngang,

'b&i lwvc F = 160 N song song voi matphang (Hinh 4.1).
Van tdc ban dau bang 0. Céac banh xe.lan khéng trwot ; Hinh 4.1
] coi chiing nhu cac dia dong chat.

a) Tinh van tdc tinh tién cla xe khi da di duvoc quang dwong i - 4 m.
b) Tinh gia toc a cla xe. ,
c) Néu 4 banh xe khéng quay ma chi truot khdng ma séat trén mét phang
nghiéng thi cling luc F trén day sé gay ra gia téc a' bang bao nhiéu ? So sanh

a'voi a va gidi thich. Ldy g =10 m/s .
4.2. Trén mat phang nghiéng goc a, nguoi ta dat mot hinh'tru dac A cé khoi
lvong HI] = 4. kg va ban kinh r =5 cm, cach chan H ctia mat phang nghiéng

mot doan 2m. Nguoi ta xuyén doc theo truc cua hinh tru mot tila
khong khéi lugng, ti vao cac 0 bi. Dung mot soi day khéng dan, khdng,khoi

.2-BD,,,NHIETHOC u o I < w



4.3.

4.4..

4.5.
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lvong, nbi vao thanh 18i cua hinh tru mot vat B c6 khéi lugng. m2 = 2 kg
(Hinh 4.2). Tim lyc cang cua.day ndi va thoi gian hinh tru 1an dén H ké tlr khi |
bt dau-tha vat B khi goc nghiéng a '= 30°. Néu ' '

a = 45° thi co6 hién twong gi xay ra ? .Cho biét

hé s6 ma sat gilta vat B va mat phang nghiéng
la p =0,2. B6 qua ma sat & cac 6 bi va ma sat
l&n. Lay g= 10 m/s2

H .

MGt khoi tru dong chat ban kinh r, khéi lwgng .m,

1 2 .. AT "
momen quan tinh | = *2 mr-, lan khéng truot tﬁ’ trang
thai nghi trén mét cai ném khdi lwugng M c6 gobc
nghiéng a (Hinh 4.3). Ném lic dau ding yén cé thé
trugt khdng ma sat trén méat ban nam ngang.

Hinh 4.3

.Tinh gia toc a cua tam hinh tru d6i voi ném va gia toc a0 clia ném dai voi ban.

Mot co hé nhv hinh 4.4 : vat A ,c6 khoi
luong m.], rong roc O c6 khéi lugng m2. Soi
day manh khong dan ndi tir A vat qua rong
roc quan vao con lan B cé khéi lvgng m3,
Rong roc va con lan coi nhw khéi tru dong
chét cé cung ban kinh R. Céac gbéc cc, p da
biét. B4 qua ma sat.

Hinh 4.4

Vat A di xubng khong van téc dau, con lan lan khéng truot. Tim gia toc
chuyén dong cua vat A.

Mot rong roc cb dinh o c6 khdi luvong m va ban kinh R. M0t sgi day khéng 1
dan,'khéi lwvgng khdng ding ké vat 1én rong roc dy va khong trwot. Hai dau
day quan .nhiéu vong Ién hai rong roc déng cé khoi lugng ,

wq = 2m (rong roc 1) va m2 - m (rong roc 2). Cac phan °

day khéng quin di dai dé co thé coi gan ding la thang T T
ding. Gia toc trong trvong 1a g. Tha hé tir trang thai nghi, & 5
hai rong roc dong quay va di xudng trong mat phang clia 2m m
rong roc c6 dinh, lam .rong roc nay ciling quay (Hinh 4.5). Hinh 4.5

«2- BD...NHIETHOCm
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4.7,

4.8.

a) Tinh gia toc goc Y clia rong roc o, cac gia tdc dai a4 va a2 cla hai rong
roc dong. . '

b) Tinh cac luc cang day Ti va T2. So sanh céac phan luc cla truc o khi hé
chwa va dang chuyén dong: Coi cac rong roc la cac dia dong chat khi tinh
momen quan tinh.'

Trén mat phang nghiéng géc a c6 mét hdp nhd-A.khdi lveng m.l va mot hinh
tru rong B khdi lvgng m2 (momen quan tinh cta hinh tru, d6i véi truc ctia nd
la | = m2r2). Hai vat cing bat dau chuyén dong xuéng phia dudi. Hop truot

| v6i hé s6 ma sat p, con hinh tru lan khong truot.

a) Tim goc nghiéng a dé khi chuyén dong hai vat luén ludn .cach nhau mot
khoang khong doi/ /

b) D& c6 chuyén dong trén day thi hé s6 ma sat gitta hinh tru va mat phang
nghiéng phai thda man diét kién.gi ?

Mot vat hinh tru dong chéat khoi lvgng m, ban kinh R (c6 momen quan tinh doi
vGi truc d6i xrng' Ic = ) mR J ndm & mép ban sao cho dwong sinh mat tru tiép

xuc v6i canh A clia mép ban (Hinh
4/6). Ban dau tru Gén bang, sau do tru
do' xuéng ban (V0 = 0) theo goc .
nghiéng a tang dan. & dd nghiéng ctQ
nao thi mat tru bt dau trwot trén canh
mép ban ? Biét hé s6 ma sat truot gilta
mat tru va canh ban la p =0,2. i

Hinh 4.6

Hai hinh,tru dong chét cd khdi Ittong mj, m2 dwoc
cudn vao hai dau soi day khong dan, khdng khoi
lvong vat qua diém gdp A cla hai méat nghiéng -
nhdn AB, AC hop y6i mat phang ngang nhitng géc k
a, p (Hinh 4.7): Hinh 4.7

Khi tha cho lan theo mat phang nghiéng, cac tru chuyén dong xufng. Xac
dinh lvc cang day va gia téc clia day déi véi mat phang nghiéng.




4.9. Trén hinh 4-8, xOy la mat phang thang ding, Ox

v

4.10. Trong hinh 4.9 la hé rong roc : A c6 dinh va B (lwu) dong.

ndm ngang. Trong mat phang nay cé mot thanh dong B

chdt AB chiéu dai 2/, khéi lugng m. Dau A CO thé - gl

trrot khong ma sat trén Ox. Tha nhe cho thanh do tir | & Ao '

vi tri ban dau lam vai Ox goécao. o~ ‘ -
a) Khoi tam G’cla thanh chuyén dong thé nao ? Hinh 4.8

b) Tinh van téc cta khéi tam theo goc a ma thanh lam véi Ox.

c) Tinh van t6c cla khéi tam ldc sép dap vao Ox trong trudng hop riéng Og = 90°.
So sanh véi trvong hop chat diém c6 khoi lvong m ioi tir d6 cao L Gia toc
trong trvong la g. ' '

A
Day ndi rat nhe, khong dan va khong truot trén cac rong roc. \-/
Hé mang hai vat cé khdi lugng mj va m2 (mj * m?).
a) C& hai rong roc c6 khdi luvong khong dang ké. Tha cho hé B {
thong Ghuyén dong tlr trang thai nghi. Tinh gia toc a2 cua
m2. So sanh lvc Q ma truc A phai chiu khi hé chuyén dong L2

voi lwc P ma no chiu khi ho ding yén. Hinh 4.9
b) B ¢6 khéi lugng khong déng ké, A c¢6 kh6i lugng m, ban kinh R (momen
2
mR

quén tlnhI T) , My = My, H01 nhu cau a)

4, 11 Trén mOt mat ban nh&n nim ngang ¢6 mdt thanh manh AB dong chat khoi
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lugng m, chiéu. dai 2/ dang nam yén. Mot vién dan khéi luong m bay ngang

véi van tdc vy t6i cdm vuong géc vao ddu B cla thanh (va cham hoan toan -
khéng dan héi). |

a) Tim vi trf va van t6c clia khéi tam G cua hé gém thanh va dan sau va cham.

’

b) Tim van téc géc quay quanh G cha thanh sau va cham.

¢) Tim dé giam dong ning cta hé do va cham.

d) Ngay sau va cham cé mot diém G cta thanh c6 van téc tuyét d6i bang 0
(gox 12 tm quay titc thoi). X4c dinh vi trf ctia G Cho biét momen quan tinh
cha thanh doéi véi truc di qua trung diém O cia thanh (kh&i tam cta thanh)
mi? - -
bdng [ = —.
g1lo 3



4.12. Thanh AB dbng chét dai 1a a, dau A twa vao twdng nhan, dau B tua l1én mat
san ndam ngang nhan. Gitr thanh can bang tinh tao v&i mit nam ngang mot goc

v (0 r6i tha cho né chuyén dong. Xéac. dinh :
a) Van t6c goc va gia téc goc cua thanh theo goc (p.
b) Tinh phan lrc do twdng va san tac dung lén thanh theo goc <p. Suy ra gia tri
s/ cua<p luc dau A roi khéi twong.

4.13. Mot vat khoi luong m dwgc ndi cé'dinh vao truc mot con lan hinh tru ban
kinh R cd cung khéi lvgng m. Quay con lan theo chiéu cho nhu trén hinh
4.10, dén khi né cé van téc goc 0)0., Ngay sau do dat- ,hé Ien mat phang
nghiéng c6 goc nghiéng a. H&S6 ma sat truot * ‘
ddi véi mat nghiéng ctia con lan ia p.| = 5tana,
cla vat la p2 = tanoc. Thanh ndi gitra hinh tru va
vat song song voi mat nghiéng. B6 qua khoi

lugng thanh néi va ma sat 1an, Hay mé ta Hinh4.10
chuyén dong cla hé thong trén mat nghiéng.

4.14. Soi .day khéng dan, khéi lvong khong dang ké, dwoc vat M
.qua rong roc c6 dinh, hai dau budc vao hai vat nang mj ‘Am B
va m2 (nt] <m2). Rong roc ¢6 khdi ltktwng M,.ban kinh R
va c6 mot khe hep dé phanh lai khi chot G gam vao d6
(Hinh 4.11). Biét hé s6 ma sat trwot gitra day'va rong roc
la p. B qua ma sat & 6 truc cla rong roc. Luc dau rong

0y
=
Q

roc bi chét lai, hé ¢ trang thai can bang. - ' D
a) Khi-ch6t G r&i khoi rong roc, hé bat dau chuyén dong. m, | m,
Tinh gia tdc & va van tdc cua cac vat khi rong roc quay

dwoc mét vong. Hinh 4.11

b) Ngay sau khi rong roc quay dugc moét vong, chot G lai gdm tlrc thoi vao
khe ctia rong roc 1am cho day bi truot trén rong roc. Biét rang trén doan dZ cla
phan day tiép xuc véi rong roc thi luc cang T cla day bién thién mot lugng

theo quy luatdT = %T_dl.

Hay xac dinh gia toc a' clia cac vat va céac luc cang Tj, T2 tai cac diém A va B
tvong (ng 1a noi day bat dau ti€p xuc véi rong roc.



SHEN; c¢) Tinh van toc cla cac vat sau thoi gian t ké tir thoi diém day bi-trwot trén
rong roc. |

Ap dun”bang s6: 11l = 10kg: m2=15kg:k=02:t=2s; M - 1,0kg va
R = 0,1 m. Cho momeh quén tinh cta rong roc dbi vai truc quay lal = —LUP..

'| .. 4.15. Hai thanh giéng nhau AB, BC c6 thé quay dé dang quanh chét & B. Cac
thanh dong chat tiét dién déu co6 chiéu dai /, khoi iwvgng m. Bat hé 1én mat ban
ndm ngang nhan sao cho ABC thdng hang va ding yén (Hinh 4.12). B6 qua

moi ma sat. Sau do tac dung vao hé mot xung-cta lwc X vudng goc véi AB dap
vad dau A. Tinh

a) Cac van toc ngay sau va cham cla Gi,

G2 cula hai thanh, kh6i tdm G cua ca hé va
clia chét B. X A °l S
'b) Céac van té¢ goc cua hai thanh ngay sau va cham'.‘ W |
4.16. Mot thanh OA dai L = 0,3 m dong chat tiét dién déu, qUay. 1 .

dé dang khdng ma sat trong mit phang thang dirng quanh mot ‘

truc quay cd dinh nam'ngang di qua dau o. Khi can bang

thanh & trang thai thang ding, dau A tiép xic vat nhd B ndm

“ i\ . X G
yén trén san ngang va dau A khoéng cham san (Hinh 4.13).
Biét raing momen quan tinh ddi vai truc quay di qua trong tam '
cla thanh va vuéng goc vai thanh [a IG= mL ; hé s6 ma sat B_i7ZA,,,Z.
2
Hinh 4.13

trivot gitra vat B va san u = 0,15 ; thanh OA va vat B cung khéi

lvong ; lay g = 10 mis’.

Nguoi ta kéo thanh dén vi tri nam ngang va bubéng khéng van toc dau, sau dé .

thanh va cham tuyét ddi dan hoi voi vat B Hay xac dinh goe Iéch cuc dai cua

thanh so véi phuorng thing dirng va quang dudng vat B di dwoc sau va cham.
4.17. Mot hinh tru A khéi lwvong mb ban kinh g quay quanh mét truc ¢6 dinh nam

ngang trung véi truc ctia nd voi van toc goc (Ul. Nguoi ta ap sat vao hinh tru

d6 mot hinh tru B khéi lvong m2 ban kinh r2, ¢6 thé quay quanh truc nam
ngang trung véi truc cda no, sao cho hai hinh tru c6 chung mot duong, sinh.
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M¢&i dau mat tru A trwot trén mat tru B, sau d6 A va B lan khong truot Ién

nhau. Hay tim cac van téc goc CUJ va co2 cla A va B lic da hét trirot va lvong
. nhiét tda ra do su truot. . o

1
A B

4.18. Co hd nhuv hinh'4.14. Khéi lvgng cac vat nang la mp m2. B6
qua khdi lvong cla day va ma sat. cat day ndi mj voi diém ™ ©
treo A..Tim gia t6c cta cac vat ngay sau khi cét day 11
a) Bo qua khdi lvgng rong roc. '
b) Rong roc c6 khdi luvong m va ban kinh R. Hinh 4.14 Em?

4.19. Mot khdi tru dong chat khéi lvgng M, ban kinh R, c6 momen quan tinh doi

vai truc la | = . dwoc dat 1én mat phang nghiéng géc a - 300. Gitta

o e n b e . A N o1 .
chiéu dai khoi tru c6 mot khe hep trong do co 161 co6 ban kinh MOt soi
day nhe khong dan duoc.quédn nhiéu vong vao 18i réi vat qua rong roc B

(khoi Itrong khong dang ké). Bau con lai clia ddy mang mot vat ¢ khdi lvong

m - ; (Hinh 4.1'5). Phan day AB song song v&i méat phang nghiéng. Hé s6
o

ma sat nghi cuc dai (cling 1a hé s6 ma sat truot) 1a |1. |

a) Tim diéu kién vé |1 'dé khoi tru lan khong

truot trén mat phang nghiéng. Tinh gia téc ao
cla truc khai tru va gia téc a cta m khi do.
b) Gia sir p khong théa méan diéu kién trén.

Tim gia tdc ao cua truc khdi tru va gia toc a
cla m. . . Hinh 4.15

4.20. M6t thanh AB chiéu dai /, khéi lwgng khéng
dang k&, moi dau gan mot qua ciu nhd cd clng
khéi lvong, twa vao twong thang dieng. -Do mét va _
cham rét nhe qua cau & dau B trwot trén mat san !
nim ngang. Tudng va san déu rit nhén. Gia thist P
thanh ludn & trong mot mit phang vudng goc Voi
twong va san. Tinh van téc cla qua & dau B vao B
thoi diém ma qua & dau A bat dau roi khoi twong
. (Hinh.4.16). Gia t6c trong truong la g.




4.21. M6t qud cau dac dong chat ban kinh R, khdi lvgng m duoc ném ngang

4.22. Co he nhu hinh 4.17. Biét banh rang c6 ban kinh

voi van téc ban dau Vq sao cho nd vira 1&n vira trwot trén méat san nam

ngang. Hoi qua cau di dugc mot quang duong s bang bao nhiéu thi bt dau

lan khong truvot va khi d6 van tdc dai cua né bang bao nhiéu ? Cho biét hé

s6 ma sat 'trvot l1a p. va momen quan tinh clia qua cau ddi véi truc di qua tam
. 2 1 L

bang | = ~mR .

Ap dung s6 : v0 = 6,3 km/h; p,=0,2.i

R2‘ cO Idinh, banh réng bén kinh Ri la mot dia

dong chat, khdi lvong nip Tay quay la thanh déng '
chét cé khéi lugng m. Hinh 4,17

Hé théng chuyén dong tir trang thai nghi do tac dung ctia modt ngau Twc phat
dong ¢ momen khéng déi bang dat vao tay quay OA. Banh rang Ri chiu

tac dung cia .mot ngau lwc can ¢c6 momen la M2 khong d6i. Bo qua ma sét.
X&c dinh van toc cua tay quay OA theo gdbc giiay cla né.

4.23. Mot ro mooc chuyén dong trén dwdng ngang dwdi tac dung cda lvc F nam

ngang. Hai banh xe moi banh c6 khdi lugng m; ban kinh R, bdn kinh quan
tinh d6i voi truc quay la 8. Gia thiét cac banh xe lan,khéng, truot. B6 qua ma
sat lan. Thung xe cé khdi luvgng M.

a) Tinh gia toc cla thung xe.
b) Tim van t6c cla thiing xe theo quang dudng di dugc ke tir trang thai ding yén.

4.24. Mot san xe chd moét khoi nang hinh chit nhat dong chat. San xe dang chay

4.25. M6t co hé gbm hai .khéi 1ap phwong A va B

24

v@i 'van toc v. Trén san xe ¢ mau A dé can khong cho khdi hop truot vé phia
trudc. Chiéu cao ctia khoi hop la 2h, chiéu dai la 2a.

a) Tim van téc goc cua khoi hép khi xe bi ham dirng lai tte thi.
b) Tim van t6c gi¢i han cla san xe tng v&i khoi h.op bi lat nhao quanh mau A.

giéng nhau, cung khoi lugng m, duoc nbi vGi?
nhau bang mot soi day sao cho mét 10 xo khdi

lvong khong dang ké, cé chiéu dai tw nhién Iq va
do cting k, bi nén lai gitra hai khoi d6 (Hinh 4.18).

B ndm trén mét dat.

Hinh 4.18



a) Tim dd co ban dau t6i thiéu A/ - IQ~ 7 clia 10 xo dé cho B dwoc nang lén
khoi mat dat khi dot day néi.
=2 > A A > N v ? - *7m0
b) Gia st d6 co ban dau cua lo xo bang AZ - 1Q -1 = |
| | - - - .- k

Tim d0 cao dwgc nang Ién cla khoi tdm cla hé. '

4.26. Mot tdm ning khéi lugng m dit nam ngang trén hai con ldn, Moi con lan I
mot.khGi tru dong chét, cung'ban kinh, khéi Ikong Hip Tac dung luc F nam

. ngang vao tam nang. Hé s6 ma sat lan gitra cac con lan va san ngang la ii. Cac

con lan khéng trwot trén san va tdm nang ciing khong trwot trén ching. Tim gia
toc clia tdm nang va luc. ma sat truot tong cdng do san tac dung Ién céc con lan.

4.27. Pat trén mat phang ngang nhan mot lang try tam gidc déng chat co géc
nghiéng a so voi mat nam ngarig, khdi' lvong M. Trén lang tru dat mot., khoi
tru tron déng chat ban kinh r, khéi lwvong m. Khai tru bat dau 1an khong truot
xubng theo mt phang nghiéng. Bé qua ma sat 1an: Tim gia t6c chuyén dong
cua lang tru va gia toc twong ddi ctia hinh tru doi véi lang tru.

4.28. Mot con tau vii tru quay xung quanh mét truc (D) di qua khoi tdm cua no, khéi
tdm nay chuyén dong thang déu déi. véi hé quy chiéu quan tinh. Con tau cd mot
banh da c6 thé quay quanh (D) nh& mot dong co. Momen quén tinh d6i véi (D)
cla banh da la I, cda con tau khong ké banh da la g Ban dau con tau va banh

da cung quay quanh (D) véi van tdc goc CUQ. Bang cach nao cé thé lam con tau
(khong ké banh da) dirtng quay ? Tinh cong toi thiéu dé lam viéc ay.

4.29. Thanh thdng AB ddng chat chiéu dai 2a, khéi lvgng m dwoc treo ndm ngang
nhd hai day nhu nhau thing ding. Tim luc cang cla day con lai ngay khi day
kia bi dut tic thoi.

4.30. Trén mit phang ngang nhén ,c6 hai khéi 1ap phuong canh H, cung khdi luong
M dat canh nhau (gira ching cé khe hd.nhdé). Bat nhe nhang mot qua cau co
ban kinh R, khéi luong m - M 1én trén vad khe nhd. Bé qua moi ma sat va
van toc ban dau cla qua cau. Tim van t6c qua cau ngay trwéc khi va dap
xuéng mat phang ngang.

4.31. M6t vat hinh cau ban kinh R dang dirng yén trén tdm gd mong CD. Mat do
khoi lugng cla vat phu thudc vao khodng cach r dén tam ctia n6 theo quy luat:

v 3rh f1 L < . :
m la mot hang s6 duong.
7tIR3 | Ky



I
Tdm go dwoc kéo trén mat ban ndm ngang theo chiéu DC voi gia téc khong
doi a (Hinh 4.19). Két qua la vat lan khong truot vé phia D dwgc doan i va roi
xuéng.mat ban. Hé s6 ma sat trwgt gilra vat va mat ban la p, gia téc trong
trwong, la g.

Mat ban
T77777772777h77777777/777717 .

... D '
Hinh 4.19

a) Tinh khéi lwvgng va momen quan tinh cla vat ddi voi truc quay qua tam
cla no. . I | o

b) Hay xac dinh thoi gian vat 1an trén tdm go va gia t6c tdm o cua vat déi voi
mat ban. v o

c) Tai thoi diém vat roi khoi tim gb van tdc goc clia vat bang bao nhiéu ?
d) Chirtng minh rang trong sudt qua trinh chuyén dong trén mat ban vat luén
ludn 1an co truot. , P

e) Vat chuyén dong dwoc mot quing dudng s bang bao nhiéu trén mét ban ?
4.32. Hai vién bi giong nhau, dugc ndi véi nhau bang mot soi chi khéng dén, chiéu

dai /, khéi lvong khong dang ké, dat trén mot mat phang nhan ndm ngang

(Hinh 4.20). Nguoi ta truyén cho mot trong hai vién bi mot van 'téc VQ c6

phuong thang ding, huéng 1én. Ho6i van tc dé phai bang bao nhiéu dé trong
sudt thoi gian vién bi nay roi mat phang, soi chi luén luén cang con vién bi
kia van khong roi mat phang ? B qua luc ma sat

cla vién bi voi mat phdng. (Ta c6 thé'khao .sat |
strc cang cla soi chi khi soi chi & vi tri thing L
dirng dé tim diéu kién cho vién bi dudi khong roi

mat phang ngang). Hinh 4.20

4.33. Mot thanh dong chat OA dai /, khéi lugng M it /

quay dé dang quanh dau o cd dinh ctia n6. Luc I
dau thanh co vi tri nam ngang, sau dé duoc tha H

vOi van tc dau bang 0. Khi thanh dat t6i vi tri i
thang ding, 'dau A clia nd dap vudng goc vao I

mot vat B cd kich thudc nho va cé khéi lwgng m, ;

dit trén gia do (Hinh 4.21). Hay xac dinh van D%:A
toc cua hai vat sau khi va cham.

Vo

Hinh 4.21
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Xeét hai trvong hop
a) Va cham la hoan toan dan hoi.
b) Va cham la hoan toan mém.
Ed qua ma sat cua truc quay O.
4.34. Mot thanh dong chat AB c6 chiéu dai / - 2a,
quay duoc quanh truc A c6 dinh, con dau B dat
trén san. Truyén cho thanh t6c dd géc ban dau coo
va khi thanh 1én dén vi tri nam ngang thi lién két
tai A bi mat (Hinh 4.22). Tiép theo thanh chuyén-,
dong, tv do trong mat phang ding dudi tic dung
- cla trong luc. Tim gia tri CUQ dé thanh roi cham
san IGc nd co vi tri thang ding.
(Trich deé thi Olimpic Vat Ii Canada - 1986)
4.35. Hai qua cau ran déng nhat, ban kinh bang nhau duoc dit 1én nhau. Qua cau !
nam dudi duoc gitr ¢d dinh, Qua cau 2 & trén, ban dau nam tai dinh qua cau 1,
sau do bat dau lan xuéng (Hinh 4.23).
Chirng minh rang qua cau 2 sé truot Ién qua cau 1 khi :
sin 0 = p(16cos0 - 10) voi 6 la géc hop béi dwdng ndi
hai tdm clia qua cau va duong thang ding ;’Ix 1a hé sb
' ma sat trwot gitra hai mét cau. Cho biét momen quéan
+tinh cia mét qua cau ran khoi lwgng M, ban kinh r doi
v6i-mot dudng kinh clia né’béng 5/l\/|\r | | i
(Trich dé thi Olimpic vat li Vuwong quéc Anh - 1986)

4.36. MOt khéi tru khéi lwgng m0 = 40 g, ban kinh
r = 2,0 cm quay voi toc do goc co. Quay khdi
tru nay tiép xdc véi mat trong cla ong tru A

cd khoi luong MA = 5mqg va mat ngoai cua
6ng tru B ¢6 khoi lwvong Mg - 3niQ (Hinh 4.24).
Cho Ra = 2Rb. Khi dé téc d6 goc ctia A va B
ddi voi truc di qua tam O cla hai 6ng tru la
CUA va C0g. Con khéi tru quay quanh o véi toc

- dd. goc coc. Hinh 4.24
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a) Hay biéu thi Ci va coc qua CUA va COB.
b) Ong tru B quay theo chiéu kirn déng hé véT van téc 3 vong/gidy. Hay xac
dinh'chu ki quay cua khéi tru néu A duoc gilr yén.
¢) Tinh'van toc khdi tam cla khoi tru quanh 0 néu khéi tru nay khong tu.quay
quanh né. |
d) Néu khéi tru chi quay quanh khéi tdm, hdy xac,dinh t6c dod goc clia A. |
e) Tinh co nang cla hé. . / |
| (Trich d& thi Olimpic Vat Ii Italia - 2000) \
4.37. M6t thanh chiéu dai L, khéi luong M dwoc dat thdng ding tai vi tri o trén |
mét phang nam ngang. Do can bang khéng bén, thanh bat dau léch khoi vi tri
can bang. Xét c4c tinh huéng sau :
1. Gitta thanh va mat phang ndm ngang hoan toan khéng cO luc ma sat: Xac
dinh vi tri trong tdm cla thanh khi cham mat phang ndm ngang.
2. Tai o0 c6 thém mat twong thang ding. Thanh bat dau quay quanh o.
a) Viét biéu thirc gia toc hudng tam va gia toc ti€p tuyén clia trong tdm thanh
theo gdc 6.(0 1a goc gilta thanh va mat phdng ndm ngang).
b) Xéc dinh géc 6 tng véi thoi diém thanh mat.ti€p xuc voi twong.
3. Thanh duwoc dit tai vi tri nhw & cau 1, nhung gitra thanh va méat phang ndm
ngang c6 luc ma sat. Lic dau, diém tiép xuic o c6 dinh, sau dé dén mot gia tri
goc 0 nao do, thanh bat dau truot. Xac dinh goc 6 nay.
(Trich dé thi Olimpic Vat Ii Hungari - 2004)
4.38. MOt thanh nhe chiéu dai L, & hai dau c6 gan hai qua cau |

va 2'khGi lugng m. Thanh c6 thé quay trong mét phang thang
dirng quanh mot truc o nam ngang di qua diém cach dau dudi

clia thanh mot doan y/. Luc dau, dé thanh theo phuong thérig
ding roi budng ra (Hinh 4.25). Do cén bang khong bén, thanh

bat .dau quay quanh truc O.

a) Goi 0 1a goc hop bai thanh véi phwong thang ding. Xac

dinh téc dd goc cua thanh theo 0. m
b) Qua cau | dinh khéng chat vao thanh, khi lwc ép chi con

bang 1,8 trong lvgng qua ciu, qua.cau bi tach ra. Goi F 12 lyc
ma thanh tdc dung lén qua cau L Ching minh rang biéu thirc
cua luc hwéng tam va luc ti€p tuyén c.6 dang : !

i
[
|
1
I
|
i
I
[
1
(
I
i
1
!
i
I
Hinh 4.25
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3 :
F, = --mg(4 - 9 cosO) va Ft = : mgsinG

¢) Tinh goc Gd (ing voi thoi diém qua cau bi tach khdi thanh.
d) Sau khi qua cau 1 bi tach ra, qua cau 2 lén dén do cao (rng voi goc cuc dai
I01 Ia bao nhiéu thi qua cau quay lai ? I

i (Trich dé thi élimpic Vat Ii Italia - 2006)

4.39» MOt vanh tron méng co ban kinh r = 10 cm, dang quay s "1

~ trong mat phadng ndm ngang véi téc do goc W = 21 s | - Li) _
quanh truc thang ding tit roi tr d6 cao h = 20 cm xudng -~
m'at ban (Hinh 4,26). " | @
Xem va cham 1a khéng dan h&i va dién ra trong thoi gian rét :
ngan Hé s6 ma sét gilta ban va vanh tron la 11 = 0,3. Hay tim -Hinh 4 26

s6 vong quay ma vanh tron quay dwoc cho dén khi dirng han. ~
E (Trich dé thi Olimpic Vat Ii Hungari - 1995)

4.40. Mot thanh méng thang, déng chét cé chiéu dai /, 1Gc dau dwoc dat hdam ngang.
Tam cua thanh duoc gitt ¢ dinh sao cho thanh c6 thé quay trong mat phang
thang ding. M6t con nhén roi thang ding véi van tdc v0 vao diém chinh gilta
cla doan ndi dau mut va tdm quay. Khéi lvong nhén bang khéi luong thanh.
Khi vira cham thanh, nhon bat dau bo doc theo thanh sao cho t6c do goc cla
thanh khong ddi. Hay xac dinh gia tri cuc dai clia v0 dé sao cho nhén cd thé di
dén tan dau mut cta thanh. Cho rang nhén roi khoi thanh khi thanh ndm thang
dirng.-V& dudng di ma nhén di dwoc trong mat phang thang ding.

(Trich d@é thi Oljmpic Vat li Phan Lan - 1998)

4.41. Banh cua mot chiéc xe dap co6 ban. kinh R, khéi
lvgng m (Xem khoi lwvgng phan b6 déu ¢ vanh banh
xe). Tong khoi lvgng cla xe va.nguoi la M, khoi
tam clia hé nam & dd cao h va cach déu hai diém
tiép xuUc cua banh xe va mat duong (Hinh 4.27).

I Tac durig mdt momen luc T 1én ban dap. N ik e
a) Tinh gia téc cla xe.. ! Hinh 4.27
b) Tinh gié tri 16n nhat T dé banh xe van con 18n ma khong truot (hé s6 ma sat |A
c) Néu IA 16n déh mic banh xe khdng thé nao trwot,‘liéu co gia tri ciia T ¢o

trung voi cuc dai & cau b) khong ?
(Trich @é thi Olimpic Vat Ii Iran - 1998).
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Chu dé 5. TINH HOC

5.1.

5.2.

5.3.

30

Mot Chanh dong chat tiét dién déu, chiéu dai
a duoc -dat vao mot 1ong cbi hinh ban cau ban
kihh R (Hinh 5.1). Gilra thanh va c6i khdéng
cd ma sat.

a) Truong hop thanh cé can bang, xac dinh vi

tri can bang cua thanh (goc hop boi thanh va -

phrong ngang). K

b) Tim diéu kién cla a dé thanh co can bang.
Can bang cua thanh 14 bén hay khéng bén ?

Hai vat khoi lwong riil va m2 néi v6i nhau
bang day khéng dan vat [én mot rong roc rét
nhe va ¢ thé trwvgt khong ma sat l1én hai mat
cia mot cai ném c6 dinh cd ,cac goc nghiéng

so voi phrong ndm ngang al va a2 (Hinh 5.2),

a) Tim diéu kién can bang cta ho hai vat. Can
bang dy 14 bén, khOngxbén, hay phiém dinh ?
b) Giai bang hai phuong phap : phan tich .luc
va tinh thé nang cua ho.

Hai thanh s&t AB=7]=05mvaAC-122-0,7 m
duoc néi voi nhau va véi teong (ding thang),

bang cac chdt. BC = d = 0,3 m (Hinh 5.3).

"Treo mot vat cé khdi lvgng m = 45 kg vao
dau A. Céc thanh cé khdi lvgng khong- dang
ké. Tinh lvc ma moi thanh phai chiu, luc dy

la lvc kéo hay nén ? Lay g = 10 m/s .

. Mot vat khoi lvong m = 10 kg hinhilang tru

c6 tiét dién thang la tam giac déu ABC canh
a = 60 cm, duoc ké trén mét gia d& c6 dinh D
sao cho mat BC thang ding, mat AB tiép x(c
v@i gid do tai E ma EB = 40 cm (Hinh 5.4).

Hinh 5.1 .

Hinh 5.2 -

Hinh 5.3

Hinh 5.4



5.5.

5.6.

Coi hé SO ma & tai gia d& va tai san 1a nhw nhau. Tim hé s6 ma sat gitra
vat va san. Xac dinh phan luc cla gia d& va cla san tac dung Ién vat. Lay
g-10m/s2

M6t khoi hop khéi luong m = 20 kg ¢6 .tiét dién thang

la hinh bin*h hauh ABCD (dwong chéo BD = —2—) :
o
dwoc dit trén mat san nam ngang, mit AD nghiéng

goc a = 30° so v&i mat san va ti 1én mot gia dé E
tai M & chinh gii*a AD (Hinh 5.5). ,
a) Tim luc ép cta khoi hop 1én gia do.

b) Dt vao canh A cla khéi hop mot luc F hwdng thang ding xi6ng dwdi. Tim
do 16n to7 thi€u ctiia F dé co thé nang khéi hop khdi san. Tim livc ma sét gilr chd
khéi hop khong bi truot so véi gia do khi nd bi nang khéi san. Lay g = 10 m/s .
.Mt khdi gb dong chat cé dang lap phuong ABCD,  p C
khéi lvong m - 100 kg, canh bdng a, dat trén mat

dat nam ngang theo canh AB (Hinh 5.6). .Ngudi ta
mudh 1at kh&i gb cho nd nam theo canh AD.

a) Gia sir ma. sat gitta g6 va dat rat 16n, gb khong
thé tregt ma chi c6 thé quay. Phai dat luc vao diém Al IB
nao cla khéi gb, theo phwong va chiéu nao, dé : ‘
cwong do cla luc 1am chuyén dong go la nho nhat,
(vé hinh va giai thich) ? Tinh cuong do toi thiéu dy.

Hinh 5.6

byGia thiét hé s6 ma sat gitta gb va dat la q = 0,3.
Co gi xay ra néu dung lyc da tim dwoc & cau a dé
lat khdi g6 ?

c) Gia sir ma sat rat I16n. -Nguoi ta dung luc F cé
phrong ludn ludn ndm ngang va dat vao dinh c dé _
lat g6 (Hinh 5.7). Tim biéu thirc dai s6 cla F theo

goc a ma canh AB lam .véi mat dat (0° < a < 90°)

sao cho gb bi 14t rdt cham, va néi riéng khong d6
nhao qua nhanh.

Hinh 5.7

E]

V& duong biéu dién F - f(ct). Ldy g = 10 m/s2.
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5.7.

5.8.

5.9.

32

MOt vat hinh hop chir nhat khoi lwvong m = | kg, ¢
tiét dién thang ABCD (AB = 10x/3'cm ; BC - 30 cm),
dwoc dat trén mat MN cla mét cai ném cd goc
nghiéYig a thay déi dwoc (Hinh 5.8). Hinh 5.8

a) Tun géc nghiéng cuc dai do clia. mat ném MN dé vat con chua bi lat. Khi
a = 00, mudn cho vat khong trugt trén mat ném thi hé sdé ma sat p gitra vat va
mét ném phai bang bao nhiéu ?

b) Cho goc nghiéng d -1 a0 va hd s6 ma sat p = 0,2. Hoéi vat co bi trirot trén

mat MN khong ?.Khi d6 c6 thé lam cho vat dirng lai, khong truot trén mat
MN va khong b| lat duoc khéng, bang cach cho ném dich chuyén sang. phal

V6i gia tbc ag Neu ducrc thi a phai co tri s6 bang bao nhleuq Chog=10 m/s
Mot hinh cAu, réng ban kinh mét trong R = 0,5. m

.quay quanh mat truc thang ding di qua tam o véi:

van téc goc (0 = 5 rad/s. O' trén mét trong tai vi tri
A c6 mot vatnhé khdi luong m cung quay voi

hinh cau, ¢.d0 cao h = 0,25 m so voi day hinh cau
(Hinh 5. 9) '

a) Tim gia tri cwc ti€u pmin cla hd s6 ma sat ¢
mat cau dé trang thai dé cé thé ton tai.

b) Néu van téc goc (0 = 8 rad/s thi limin phai bang
bao nhiéu ? Hinh 5.9

¢) Khao sat su virng bén cta can bang khi:

— Vat c6 di chuyén nho k.hdi vi tri A._

-Van toc goc Ci cé bién thién nho.

Xét hai trvong hop (ng v6i hai gia tri tim duogc cla hé s6 ma sat. Lay g = 10 m/s2,

MOt cot cO chiéu dai AB = 1,0 m nang p = 50 N
dwoc dat thang ding trén mat dat nam ngang nham, hé
sé ma sat la p = 0,4. BPau A duoc neo chat vao dat
bang day thép, trong lwvong khéng dang ké, nghiéng goc
a = 37° so v6i cot. Mot luc F ndm ngang tac dung vao
diém c cla cot nhw hinh 5.10, F > 0.

a) ¢ la trung diém cla AB. Tinh lyc F 16n nhét Hinh 5.10

(F = Fmax) ma dawv B cla cOt con chua bi truot.




\ =R s 7 = AB ! ’ - v ~ > s \ >
b) c la diém tng voi n = AC > 1. €hirng minh rang néu c du cao, tirc la n du
Ién thi du F 16n dén may dau B ciing khong truot (gia thiét day thép khong bi
dirt hodc bat dau. neo). Tinh n va BC (rng véi dé cao ay.

c) Chon=3;F=900 N. Tinh luc cang day R. (Lay cos 37° « 0,8; sin 37° « 0,6).

5.10. M6t thanh déng chat, trong lugng Q = 2-73 N cé I
thé quay quanh chét & dau o (Hinh 5.11). Bau A
clia thanh dugc ndi bang day khong dan, vét qua
réng roc s, véi mot -vat cé trong lugng p .= 1 N.

S& cung do cao voi o va OS = OA b, K
Khoi lvong ctiarong roc va day nhé khdng dang ké; ‘ © Hinh 5-1‘1 -
v a) Tinh goc a - SOA (tng véi can bang cla hé
théng va tim phan lyc cla chét o
b) Can bang nay bén hay khéng bén ?

b 7%,
RN RN

5.11. Vat A khdi lugng rrq = 5 kg ¢6 dang khéi lang tru
ch tiét dién thang 1a mot tam gidc déu, duoc chén
sat vao mot bic tvong ding thaiig nho ké trén vat B
khoi lugng m2 = 5 kg c6 dang khdi lap phwong, dat
trén mat san nam ngang (Hinh 5.12). Coi rang hé

| s6 ma sat ¢ tvong va & san nha déu bang |1.

FII77777
Tinh p va ap lyc tai cac cho tiép xdc. Hinh 5.12

. Lay g= 10 m/s2
B6 qua ma sat tai cho tiép xdc vat A voi vt B.

5.12. Mét chiéc thang c6 chiéu dai AB =/, dau A tua
vao san nha ndm ngang, dau B twa vao twdng thang
ding (Hinh 5.13). Khéi tdm c cla thang & cach

i ! R
dau A la ; Thang hop véi san nha mot géc a.

1. Chléng minh rang thang khong thé ding can
I bang néu khong c6 ma sét.

" Hinh5.13"
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2. Goi u la hé s ma sat & san. va @ tvong. Cho biét a = 60°. Tinh gia tri nhd nhét

pmin clia p dé thang dirng can bang.

3. Cho. Ii = |Amjn. Thang c6 truot khong, néu

a) Mot nguoi co trong lwong bang trong lwong clia thang ding & diém ¢ ?
b) Nguoi dy dirng & diém D cach dau A la —? ?

4. Chirng minh rang'néu a cang nho thi mudn cho thang khong truot, ma sat
. phai cang Ion. Tinh jAmin &ng v0i @ =45 (thang'’khong c6 nguoi).

5.13. Kim ty thap Cheops 6 Ai Cép co
chiéu cao H = 147 m, trudc khi khéi
da & dinh roi xuéng. Bay cla no la
mot hinh vuéng canh L - 250 m
(Hinh 5.14). Gia .thiét thap c6 khéi
lvong riéng ddng déu, thi khoéi tam
clia nd & cach day bao nhiéu ?

Hinh 5.14.
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6.1.

6.2.

6.3.

‘ [ -
Mot con lac duoc cdu tao bdi mot thanh nhe, | -
chiéu dai L va vattre6 co khoi lvgng M. Vat treo
dwoc ndi voi 10 xo.c6 doé citng k dit nam ngang,
dau kia 10 xo gén vao tuong (Hinh 6.1). Khi thanh

treo c6 phwong thdng ding, 10 xo c6 do dai tu K .
nhién. Hay tim chu ki dao dong cta con lac @ >7
bién dd nho. Hinh 6.1

(Trich @é thi Olimpic Vat li Canada - 1989)

Trén mat ban nhadn c6.mot con 14c.10 xo nam FQN) &

ngang v&i qua cau cd khdi lugng m = 100 g ; con

lac c6 thé dao dong v6i tan s6 2 Hz. Qua cau nam  2g &

can bang. Tac dung 1én qua cau mdt luc cd hwdng

ndm ngang va cé cudhg dd duoc chi rd trén dd thi 101

& hinh 6.2 ; qua cau dao dong. Tim bién dd dao - ) o

dong clia qua cau. | z 1 2 3 ta?'"'s)
Hinh 6.2

.1 (Trich dé thi Olimpic Vat Ii Extonia - 2000)
MGt thanh AB dong chat, khdi luvong m, chiéu dai z,
chuyén dong trén mat phang ndm ngang véi van téc
ban dau v0 (huwdng doc theo thanh) tir vang khéng
cO ma sat sang vung c6 ma sat vai hé s6 ma sat trvgt E
la |I (Hinh 63). A B e
a) Tim diéu kién vé v0 dé khi dirng fai, .toan bo
thanh ndm trong ving c6 ma séat

4 f

9
4

b) V&i mot tri s6 cho trvdc cla v0, hdy tinh khoang thoi gian ké tlr lic dau B
bat dau cham vao mép ving ¢ ma sat cho dén khi thanh dirng lai. Khi thanh
dirng lai, dau A cach mép vung c6 ma sat mot khoang bao nhiéu ?

(Trich d@é thi Olimpic Vat Ii Hungari > 1986)
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6.4.

6.5.

6.6.

36

Phan A. MGt day cao su nhe dan hoi co chiéu dai I ——————

AB = /qg = 1 m, c6 luc dan hoi tuan theo dinh luat A
Hic : = kx. M6t dau soi day duoc treo & A, dau
kia gan.vat c6 khdi luong m = 0,2 kg. Day dan
doan OB va vat nam & vi tri. can bang o. Kéo vat W -

xuéng doan oc = 0,10'm r6i budng ra. Vat dao B B
doéng diéu hoa thed phwong thang ditng, voi chu kr < I
T=2s. (Hinh 6.4). | ! . ~ Q Y
Hay tim: . >'n

a) Hé sb dan hoi cla day.

b) Van téc cua vat & vi tri Ob - 0,05 m.
c) Thoi gian dé vat di tr c dén b.

d) Bbéng nang cwc darcua vat.

Phan B.

Hinh 6.4

a) Khdi m duoc naﬁ 1én den VI tri A roi dwoc tha roi tw do. Tim thO’I gian .dé

*(hm m quay tréy ial \an i, hat Lo "

b)Vé do thi van t6c clia’ khdi m theo thoi gian trong chuyén dong & cau a). .
(Trich @é thi Ofimpic Vat li Bao Ship - 1989)

Mot thanh khéi lwvgng m, chiéu dai L, duoc dat

thang ding co thé quay quanh mdt truc- ndm ngang.  *

Hai 10 xo c6 do cing giéng nhau, dugc dit nam m L |
ngang, hai dau 10 xo ndi voi dau trén cla thanh h
(Hinh 6.5). Hay xac dinh dd ctrng k cla l0 xo dé 77777 TTTNTTTXA
thanh & trang thai can bang. Hinh 6.5

(Trich dé thi Ofimpic Vat Ii Hungari - 1989)

Mot qua cau ban kinh r, <kh6i lwong m 1an bén trong
mot hdc cau ban kinh R. Hay tinh :

R

a) Chu ki dao ddng (*ng v6i bién dé nho.

b) Lwc ma sat khi goc 0 cuc dai.. Momen quéan

L o e L. X2 2
tinh clia qua cévu doi voi truc élm X(rng l)é Jymr

Hinh 6.6
(Hinh 6.6).

(Trich @@ thi Olimpic Vat lilran - 1989)



6.7. U6n mot soi ddy manh thanh dwdng cong co6 dang dwoc md td bang céc
phuong trinh:; ’
X =b(0 + sin 0) ‘
y = b(1- cos 9)
0x, Oy la truc hoanh va truc tung.

Lubn soi day nay qua hat ngoc trai roi cho hat roi doc theo soi day tir mot do |
cao nao d6. Mo ta chuyén dong cla hat ngoc trai.

. 6.8. MOt qua cau khdi lwvong M, ban kinh R nam trén mat nam ngang. Qua cau co
van t6c ve nho nhan duoc, momen luc tao ra tir mot lwc ¢d phuong ndm ngang
va di qua tam. Hé s6 ma sat gilra mat ban va qua cau lait. v
a) Tim khoang cach tinh tir lic bat dau chuyén dong dén luc qua cau chuyén
dong trwot sang chuyén dong lan. ' ;
b) Luc tac dung vao dau thi qua cau co chuyén dong lan ngay tlr lic dau ? |
o | = (Trich @é thi oiimpic Vat li CHDC Buc- 1998),

6.9. Vat cd khéi lvong m = 0,2 kg khi gan vao dau 16 xo thang dirng thi 10 xo dén
30 cm. Pua vat 1én modt doan y0 = 20 cm khoi vi .tri can bang rdi bubng ra
.khong van toc dau (Hinh 6.7).
a) Tinh chu ki Tq clia dao dong.

b) Nguoi ta dat mot ban clng, ndm ngang cach VI tri
can bang mét doan b. Khi dao ddng vat va cham dan
h6i vao ban nay. V& d6Thi mo ta vi triy cla vattheo y
thoi gian va tinh chu ki méi ctia dao déng. Thiét lap

biéu thitc tinh T theo b (y0 > b > 0 cm). . Hinh 6.7

Y 7777777

(Trich @é thi Olimpic Vat Ii Thuy ST - 2000)

6.10. Mot khoi tru dat trén mot mat van ndm ngang. Mét van nay co thé dao dong

diéu hoa theo phuong nam ngang VOI bién do 2 cm nho vao mot dong co.

a) L0c dad, khoi tru chuyén dong cuing véi van. Hay viét phwong trinh van téc

v(t) clia khdi tru, biét rang tan.s6 dao dong 1a 2 Hz. Tinh van téc ca khéi tru

khi céch vi tri can bang 1 cm. I r

b) Khi ting tan s& dén mot gia tri nao do, khdi tru bat dau truot. Tinh tan s6

nay biét rang hé s6 ma sat gitra tru va méit phang 12 0,6.
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c) Cho mat,van dao dong the6 phuong thang ding véi bién do 5 cm. Voi tan
s6 dao dong la bao nhiéu thi khéi tru vart.con ndm yén trén mat van.
(Trich d@ thi Olimpic Vat Ii Thuy ST - 2001)

6.11. MOt thanh ddng chat AB, khéi ivong m, chiéu dai i dwoc dat trén hai truc
quay nhu hinh 6.8. Truc quay hinh tru c6 ban kinh r, tdam c va D cUa hai truc

cach nhau mot khodng —, hé s6 ma .sét gitra thanh va cac truc quay la |A

1. Ldc dau, trong tdm cla thanh cach dwong trung truc cua doan CD mot

khoang -7 vé phia . Hay xac dinh cac luc cua tru tac dung lén thanh.

'm 2; Cho hai truc quay véi. cung van toc géc va nguoc chiéu nhau. Xét thoi diém
thanh ndm & vi tri sao cho dau mat B nam ngay phia trén diém B (Hinh 6.9).
P&t mot ném gb H dé gitr cho thanh khdng chuyén dong. Tinh lyc cla thanh

' tdc dung lén ném.
/

Hinh 6.8 Hinh 6.9

3. Lay némra . |
a) Chirng minh thanh dao dong diéu hoa va tinh chu ki dao dong.
b) Tinh gia tri cla tan sd géc sao cho thanh khéng bi trwot trén cac tru.
¢) Tinh cong suét clia dong co dung dé duy tri dao dong noi'trén.

(Trich dé thi Olimpic Vat Ii Y - 1997)

6,12. Hai hinh tru c6 ban kinh khac nhau quay theo [ .| oo —N

chiéu ngwoc nhau quanh céc truc song song nam @
ngang voi tdc dd gbc 0)1 = co2 = <0 = 2 rad/s.
Khéang cach gilra cac truc theo phuong ngang
bangZ = 4m. HINho.10
& thoi diém t = 0, nguoi ta dat mot tdm van Ién cac hinh tru vuéng goc véi cac
truc quay sao cho né & vi tri nam ngang, dong thoi tiép xdc voi ca bé mat cla
ca hai hinh tru, con diém nam gitta ctia n6 nam chinh xac trén truc cta hinh
tru c6 ban kinh nhé hon r =5 0,25 m, nhuw trén hinh 6.10. Hay tinh va minh hoa
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bang d6 thi sw phu thudc clia dd dich chuyén nam ngang cta tdm van theo
thoi gian. Hé sd ma sat p = 0,05, gia téc roi tv do g = IOm/s . o

o (Trich d@é thi Olimpic Vat li Nga - 1978)

El:-' 6.13. Mét dia tron c6 khi lvong M = 100 g dugc treo vab 16 xo =—g—=

ly

khoi lvong khong dang ké va c6 do cling k = 10 N/m. Trén * k
dia ¢ dat dong truc mot vanh :[rc‘)n khéi lwvgng m = 10 g. Hé
dao dong tw do theo phuong thang dirng (Hinh 6.11).

a) Xac dinh dd dan cha 10 x6 khi hé can bang,

b) Cho hé dao dong, Hay xac dinh lvc ma dia tac dung lén vanh.

c) Trong qua trinh dao dong, c6 nhiing vi tri ma vanh va'
dia tach khdéi nhau. Hay. xac dinh céc vi tri nay. Hinh 6 11
d) Kéo hé xudng mot doan y! = 30 cm rdi budng ra. Hay xac dinh van t6c clia
hé dia - vanh khi vanh bat dau tach khoi dia.
e) Xac dinh dd cao cwc dai cua dia sau khi vanh dugc tach ra.
f) Viét phuong trinh cda hai vat sau khi hai vat dugc tach ra.
g) Xéac dinh thoi gian dé vanh roi lai vao dTa. |
(Trich d@ thi Olimpic Vatli Y - 1998)

' .6.14. MOt qua cau khdi lwvong M dwoc méc vao soi day khong co dan cé chiéu dai

2R. Pau kia cla day -dwgc mac c¢6 dinh vao diém c. Phia dwodi day theo dwong
thang dirng cach ¢ mot doan R c6 ddng dinh p. Nang qua cau Ién sao cho day
treo ¢6 phwong ndm ngang réi budng ra. -Khi bi mac vao dinh p, day treo rat
ngan con chiéu dai R (Hinh 6.12). Coi nhu kich thwdc qua cau va khéi luong
day treo khong dang ké. I

P

a) Khi chiéu dai day treo con lai R, goi 0 la goc hop
bdi day va phwong thdng ding, hdy xac dinh 0 sao

| 7
cho lyc cang day T - 5 Mg.

5
b) Khi ti€p tuc dao dong, qua cau sé khong lén dén.’ _ >/
diém c nira. Giai thich tai sao ? Hinh 6.12
c) Xac dinh goc 0 (ng vai lvc cang day bang 0.
d) Qua cau sé cat dwdng PC (rng voi vi tri cach ¢ mot doan bao nhiéu ?
e) Tinh gid tri van t6c clda qua cau (ng voi vi tri tim duoc & cau d.
(Trich déthi Olimpic Vat Ii Y “ 2001)
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6.15. MOt con lac don gdm vat khéi lwong m treo vao day cé chiéu dai /. Dau kia
cla day duoc treo vao bd cam bién dé c6 thé do duoc lvc cang clia day treo
theo phuong thang ding. Kéo con l&c ra khoi vi tri can bang mét goc a roi

| bubng decon lac dao déng. D06 thi trén hinh 6.13 biéu thi s bién thién do I6n
cla luc cang day theo phuong thang ding theo thoi gian.

FN) 4
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a) Hay cho biét cac gia tri cuc dai va cuc ti€u trong do thi trén (ng v6i cac vi
tri nao trong qué trinh dao dong ? |
b) Tinh chu ki dao déng ctia con l4c.
¢) Tinh géc a va khéi lvgng cua vat treo.

I (Trich d& thi Olimpic Vat li Y - 2002)

6.16. MOt 10 xo, dai /, c6 khdi lwvong M duwoc phan bo déu doc theo cac vong clia 10 xo :
a) D& xac dinh dd cirng k clia 10 x0' nay, ngudi ta dit hd trén mdt mét phang
nam ngang, khéng c6 ma sat, mot ddu dwoc gitt c6 dinh, dau kia duoc kéo bai
mot lvc F nam ngang. Khi can bang, 10 xo din ra mot doan A/. Tinh dd cing k
cla 10 xo.

b) Treo 10 xo thang ding, 10 xo dan ra bao nhiéu ? N&u mdc vao dau dwdi cla
10 xo mot vat, khéi lwong m, thi khi can bang 10 xo dan ra bao nhiéu ?

¢) Cho con l&c dao ddng theo phuong thang ding. Hay xac diiih tan s6 #ao
doéng cuia con lAc. '

6.17. Ba qua cau dugc xau vao mot sgi day thép 3 a =
cang thdng ndm ngang (Hinh 6.14) va c6 thé ----- —
truot khéng ma sat trén day. Cac qu.d cau | va v
2 giong nhau c6 khdi lugng m dwgc ndi voi Hinh 614

nhau bang mot 10 xo c6 dd cing k va khéi lwong
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khong dang ké Lic dau hai qua cau ding yén, 10 xo c6 chiéu dai tw nhién /.
Qua cau 3 co khoi ltrong —é— duwoc truyén van toc- VQ va va cham dan hoéi vao
qua cau 1. I

a) Tinh van toc cla cac qua cau 1 va 3 ngay sau va cham.

b) Sau va cham, khéi tam G cla cac qud cau. I va 2 chuyén dong thé nao ?
Tinh van t6c cla G. |

c¢) Chirng minh rang hai qua cau 1 va 2 dao déng diéu hoa nguoc pha quanh
cac vi tri c6 dinh d6i voi G Tinh tan s6 goc Ci cua dao déng ay. ; ..

d) Tinh khodng cach cuc dai d gitra hai qua cau, coi cac qua cau nhu nhiing
chat diém. Lo X0 c6 do clrng dong déu.

e) Ap dung bang s6: m - 0,1 kg;;7=0,3 m; k=5 N/m; V0 =3 m/s. Tinh Ci
vad.

6.18. Mot khdi tru gbm .hai nta, moi nira co tiét
dién la mot nira hinh tron, ban kinh R, chiéu
cao h, c6 khdi lvong riéng ian lwot 1a p va p',
véi p' > p. Khoi tru duoc dat trén mot,tam
phadng p. HO s0' ma sat truot gitra tru. va mat
phang p dd I6n dé tru chi co thé 1an khong truot " o
trén p (Hinh 6.15). '~ Hinhg1s
a) Dung phép tinh tich phan, hay chirng minh rang khéi tam ctia mot nira hinh

o 'cﬂaéu’(")’ng tron m?T khloéng 0OG = L;—TF: |

b) Cho mat p nghiéng mét goc a so voi duong ngang. Tinh géoc 0 ma mat

phan each AB clia hai nira khéi tru 1am véi mat phdng ndm ngang, khi khéi tru

can bang'. ,

c¢) Tang dan goéc nghiéng (X. Dén gia tri nao cta a thi khdi tru bat dau I&n

xudng ? Luc d6 gbc (p dat gia tri bao nhiéu ?

d) p hoan toan ndm ngang, va khéi tru dang nam can bang. Ddy nhe cho tru

lan mot géc nhd 9 roi budng ra. Chuyén dong ctia khoi tam khai tru cé thé coi

la dao dong diéu hoa dwgc khéng ? Tai sao ?

e g bt
tron dac, dong tinh, o cach tam

; . B
6.19. Cho vat nhd A cé khoi lwvong m va vat B c6 khéi - /4 .
lvong M. Mét trén cla B 1a mot phan mét cau ban ’ ~'rR 7
kinh R (Hinh 6.16). L4c dau B ding 'yén trén M
mat san s. Ban kinh clla mat cau di qua A hgp v6i  777777777777777777777 S
Hinh 6.16



phrong thang ding mot géc a0 (a0 ¢ gié tri nhd). Tha cho A chuyén dong
vGi van tdc ban dau bang 0. Ma sat gilta A va B khong dang ké; Cho gia toc
trong trwong la g.

1. Gia sir A dao dong, B dirng yén (do c6 ,ma sat giira B va san S).

a) Tim chu ki dao dong cua A.

b) Tinh d6 16n cua lvc ma A tac dung.lén B khi ban kinh qua véat A va hop voi
phrong thdng dirng mot goc a (a<ao).

c) Hé s6 ma sat gitra B va mat san s phai thda man diéu kién nao dé B diing
yén khi Bdao déng ? Tt o N |

2. Gia slr ma sat gitra vat B va mat san s cd thé bd qua.

a) Tinh chu ki dao dong cla-hé;

bj Luc ma A tac dung Ién B c6 gia tri cuc dai bang bad nhiéu ? E

6.20. llianh ciing AB quay d&u quanh truc thang ding AC v6i van B

6.21. D€ do gia toc trong trudng g, ngudi ta ¢ thé ding con lac
‘rung, gébm mot a4 thép phang chiéu dai 2, khéi lwgng m,

42

toc goc Ci. Goc gilra AB va AC la a khéng déi (0 <a<90°. . LD
Lo xo c6 do cing k, khdi lvgng khong dang ké, do dai khi
khéng bién dang la /0, duvoc 16ng vao thanh AB. MOt dau
clia 16 xo dugc gan vao A, dau kia gan véi hon bi khdi
lwgng m. Bi c6 thé truot trén thanh AB nhd mot 10 xuyén

tam (Hinh 6.17). A

1. Ma sat gitta hon bi va thanh khdng dang Kké. Hinh 6/17

a) Xac dinh vi tri can barig ctia hon bi. Vi tri d6 (ng voi can bang bén hiy
khong bén ? -_—-—-——

b) Gia st hon bi dang ndm can bang trén thanh, trong khi thanh van quay déu
quanh truc thang ding véi tc dd goc Ci thi ca hé théng chuyén dong theo
phuong thang ding 1én trén véi gia téc a khéng déi. Hon bi chuyén dong nhu
thé nao ? M6 ta va tim céac ddc trung chuyén dong cuda no.

2. Cho biét hé s6 ma sat gitra thanh va hon bi la p. Hay xac
dinh vi tri can bang cta hon bi.

-mdt dau cla |4 thép gan chat vao diém o cua gia, con dau
kia g&n mot chat diém khéi lwong M. & vi tri can bang la
thép thang ding. Khi 1am 14 thép I&ch khéi vi tri can bang
mot goc nho. G (radian) thi sinh ra momen luc C.0 (c 1a mét
hé s6. khong doi) kéo la thép trd vé vi tri ay (Hinh 6.18).

Hinh 6.18



Trong tdm cua la thép nam tai trung di€ém cda ndé va momen quéan tinh cla

mZ2
riéng la thép doi véi truc quay qua o la

a) Tinh chu ki T cac dao dong nhd cla con lac.

b) Cho/=0,20m, m=0,01 kg , M = 0,10 kg. D& con lac co thé dao dong, hé

sO ¢ phai I16n hon gia tri nao ? Biét g khdng vuot qua 9,9 m/s2

c) Cho z, m, M cb. cac gia tri nhw b), ¢ = 0,203. Néu do dwgc T = 10 s thi g c6

gia tri bang bao nhiéu ? , |

d) Cho z, m, M, ¢ ¢d cac gia tri cho & c). Tinh do nhay cta con lac, xac dinh .

béi ; dT la bién thién nho cta T tng véi bién thién nhd dg cla g quanh gia

g. . ~

tri trung binh g9,8 m/s . Néu & gan g0, gia toc g tang 0,01 m/s thi T tang

hay giam bao nhiéu .

e) Xét mot con lac don co6 chiéu dai / = 1 m cling dung dé .do g. Tinh do nhay

clia con lac don & gan gia tri trung birih g0 : g ting 0,01 m/s thi chu ki T cla

cpn lac don ting hay gidm bao nhiéu ? So sanh dd nhay cta. hai con I&c.
6,22. MO0t thanh cling AB dong chat dai z, khoi lvong M ¢é

thé quay khong ma séat trong méit phang thang ding 3

quanh mdt truc ndm ngang c6 dinh xuyén qua dau A. M H

Ban dau thanh & vi tri can bang. Mot hon bi nhd c6 khéi

lvgng m chuyén dong theo phwong ndm ngang tdi va

A

cham vao dau B cla thanh véi van tdc v0, gan chat vao PR ufc},,_
dau B ya cung chuyén dong cua thanh (Hinh 6.19).

a) Gia st sau va cham, thanh léch khoi vi tri can bang mét goc nho. Ching
minh rang thanh dao dong dieu hoa. Tinh goc léch cuc dai -clia thanh so voi
phwrong thang dirng va tim chu ki dao ddng cda thanh,
b) DE thanh cé thé quay tron ca vong quanh dau A thi
van tdc t6i thi€u clia vt m phai bang bao nhiéu ? Cho
gia toc roi tw do la g.

6.23. MOt hinh tru dac dong chat, trong lvong p, ban kinh
r dat trong mot mat I6m ban kinh cong R (Hinh
«6.20). & diém trén cda hinh tru ngudi ta gan hai 10
X0 V@i d6 cling k nhu nhau. Tim chu ki dao déng nhé
cla hinh -tru véi gia thiét hinh tru lan khong truot.

Hinh 6.20
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6.24. Mot thanh OA dong nhéat tiét dién déu, khoi
lvong m chiéu dai 2R, khdi tdm c va momen
quan tinh déi véi truc vubng gbc véi thanh di qua lg C .
c la Ic'ilmR2 (Hinh 6.21). i

Mot dia dong chat khéi lvong m, ban kinh R ; ¢6
tam dat tai A va momeh quan tinh ddi véi truc doi

‘ A N y - -2
xu;ng gua tam an d7Ta vubng g%c mat dia la } mR™.

Pfa lién két v6i thanh nhy mot cai chot tai tam dia - vy

va vudng goc mat dia. Hinh6.21

Hé c6 thé quay trong mat phang ding (Oxy) va quanh truc ndm ngang Oz di
gua o vudng géc véi mat dia, bo qua ma sat gilta truc quay Oz va thanh OA.

.a) BTa va thanh lién két chat v6i nhau. Tinh chu ki Ti dao dong cua hé.

b) BTa va thanh c¢é thé quay tv do doi véi nhau quanh chét lién két. Tinh chu .

ki T2 clia nhitng dao déng bé clia thanh quanh truc Oz.
6.25. M6t dia bang dong khéi lwong riéng p = 9.103 kg/m3,
cO bé day b = 2 cm, banh kinh R =0,5 m. Bia bi khoét
thiing hai 16 giéng nhau c6 cung ban kinh % duong

vién hai 16 thiing tiép xGc nhau tai thm O cla dia nhu
hinh 6.22.

a) Tim momen quan tinh cla dia da bi khoét déi véi ' - Hinfl 6-22
truc vudng goc véi dia va di qua tdm o clra dia.

b) Dat dia trén mat tru cd ban kinh-3R, mét tru ¢ dinh trén mat phang ngang.
Kich thich cho dia dao dong bé. Tim chu ki dao ddng biét dia chi lan khéng
trugt va g = 10 m/sz. ! |

/

Chu dé 7. DAO BONG LIEN KET

7.1. Mot hé dao dong lién két gém hai con lac 10 xo giéng hét nhau. Trong dé hai
qua cau 1 va 2 ndi v6i hai diém c6 dinh A va B va n6i voi nhau bang cac 10 xo
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c6 do.cing K/k va K nhu 'trén hinh 7.1. Khi cac qua cau nam can bang, cac 16
X0 chua bi bién dang.

- a) Thiét lap phuong trinh dao dong cua cac qua cad.

~ va lién két manh (K = k).

P tan so cua mode. -

e,

- cdi binh tiét d1en S. Vi tf cla cic

7.4.

Xét cac trudng hop lién két yéu (k< K)

b) Tim cac mode (knéu) dao dOng va. ity o A
_ K . "Hink 7.1 . -
TiétdienS - - . x
Hai céi ‘phao hinh tru i difian (7 At g e B
ciing khéi lwong m, tiét dién s) c6 thé
dao dong theo phuong thing ding .|
trong mot kh6i nuéc dung trong mot

phao dugc dénh dau bang cac dich

chuyén doc x,, X5 clia ching so Vi,  Tier dien S Tiét dién S
vi trf can bang (Hinh 7.2). P . Hinh 7.3

»a-i) Thiét lap phuong trinh clia dinh luat II Niu-ton xéc dinh”chuilén, dong cha

hai cai phao. Gia thiét mat thoang cltia nuéc trong binh luén 1a mat ndm ngang
va c6 thé ap dung duoc dinh luat Ac-si-mét.

b) Viét phuvong trinh dao dong cia moi phao. Cho biét & thoi diém ban dau ca
hai-phao déu nam 0. vi tri can bang, phao thi nhat cd van tdc ban dau bang

2v0, con phao thtr hai c6 van téc ban dau bang vo. .
2122227777771

. Hai con lac don i va 2 giéng nhau, lién két voi nhau bang

mdt 10 xo ndm ngang. O trang théi can bang, hai day thang
ding (Hinh 7.3). Tim : -
a) Cac mode dao dong va tan s6 ctia mode dao déng. . .
5 ~ I O™ WVWwWro 2
b) Phuong trinh dao déng cdia moi qua cau trong moi mode
dao d'f)ng Hinh 7.3
Hai quad ndang M va N,. dwgc coi nhu hai chat diém, cé cac khoi lvong trong
tng la va m2. Chuing dwoc néi véi nhau bang mot 10 xo c6 dd cing k2: va

ndi voi hai diém c6 dinh p, Q bang hai 10 xo CO cling do ctng k1 nhu trén hinh
7.4. Cé&c qua ndng co thé truot khdng ma sat trén mot truc nam ngang. Ta goi
X yay lan luot 12 cac do doi khoi vi tri can bang cla cac qua ning M va N
.(Hinh 7.4).
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7.5,

7.6.
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1. Gia slr cac qua nang léch khdi vi tri.
cén bing cha chiing.

a) Hay, viét phuong trinh dong luc hoc
mo ta chuyén dong clia cac qua nang. | '
b) Xéac dinh cac tan s dac trung cua hé. Hinh7.4

c) Tim tiiéu thirc x(t) va y(t) cho do doi clia cac qua.nang theo thoi gian.

2. Gia sir mq = m2 ~ m. Cho mdt ngoai luc diéu hoa F - FOcosti2t hwdng theo
truc, tdc dung Ién N. Gid thiét c6 mot lvc- ma sat nho tac dung lén cac qua
ning, sao cho sau mot giai doan chuyén tiép ké tir khi lyc ditu hoa bat dau tac
dung, hé sé dao dong 6n dinh végi tan s6 clia ngoai luc.

a) Tinh bién d0 dao dong cua cac qua nang theo tan sé Q clra ngoai luc va tan
sodac tiling cla hé.

b) Phac hoa dang bién thién dd dao dong clia qua nang N theo tan s6 cla
ngoai luc. Il

Hai qua cau nhdé khéi luong nij = m2 = m, nam trén mit ban ndm ngang
khong ma sat, dwoc néi voi nhau va ndi v6i hai diém cd dinh A va B trén mat
ban bang cac soi day dari hoi c6 stic cang T khong doi va chiéu dai i (Hinh

7.5). Cho hai_qua cau dich ra. khoi VI tri can bang mot li do la yj va y2 roi
buong tay (Hinh 7.5). i N \

a) Lap phwong trinh vi phan cla chuyén dong mlT oy

clia moi con .lac khi dao ddng nho.

b) '1im phuo’ng trinh dao ddng téng quat clha s
moi con lac. . Hinh 7.5

c¢) Tim céac tan s6 clia mode dao dong va ti s6 cac bién do & moi mode dao
doéng. V& hinh minh hoa.

Cho m6t hé dao dong lién két gbm ba qua cau cung khoi Iucrng m va bon 16 xo
cung do cing K, bé tri nhw & hinh 7.6. Hay tim cac tan s6 rleng ctia hé. Cho
bi€t hé .ba phuong trinh tuyén tinh : "

ajX 4-Diy + CiZ = U, ™
1a3x + béy + C2Z - 0

K K
[a3x + b3y + C3Z =0 o . . Hinh76
Hinh 7.6

chi c6 nghiém khac 0 (x 0, 30, 20) néu théa man diéu kién

al(~2c3 ~ ~3C2) “ ~l(a2c3 ~ a3h2n “t ~Ml(a2h3 ¢ a3h2) =

J



7.7.

7.8.

7.9.

Cho mot hé dio dong lién két gém hai qua cau cung khdi lwvong m va ba 10
X0 nhw trén hinh 7.7. Trong,dd, hai 10 xo hai bén cung dé cing.4K, con 1o
X0 & gilra c6 do cirng K. Lwc ma sat tdc dung Ién hai qua cau la lwc ma sat

nhét, ¢ biéu thirc fms = -pv, véi d la hé s6 ma s.at nhdt, .v la van toc qua

cau. Hay thiét lap phuong trinh dao ! m m

dong clia cé4c. qua'Cau, biét rang luc

t = 0 thi-Xj(O) = xo, X2(0) = 0, 4K K K
X'1(0)= X2(0)=0. .1 Hinh 7.7

Mot hé dao dong lién két gdm hai con lac nhuw |
nhau co6 cting khéi luvgng M (khGi tam cda con
lac cach truc quay rp@t khoang L) va momen
' = «,\,. s = - A ~
qguan tinh B ML dbi vo6i truc quay, lién két
vGi nhau bang mot soi day co6 hdng s6 xoan ¢
(Hinh 7.8). B6 qua ma sat.
a) Thiét 1ap phwong trinh dao dong nhé cua hai con lac.

b) Xét nwdng hop lién két yéu (C < MgL). Gia thiét luc t = 0, GE0 = 00, 020 " 0
va 0f (0)= $2 (0)=0. |1

Hinh 7.8

Hai thanh' dong chéat giong nhad, c6 momen quan tinh |
d6i voi duong tring truc, dugc gan chat vao mot day kim
loai,cing thang ding .gitta hai diém c6 dinh D va E. Hang
sd xoan cua hai doan day trén va dudi 1a c, cla doan day
gitta 1a ¢ (hang s6 xoan bang momen lvc ma day sinh ra
*khi xodn mot goc | radian). O vi tri can bang, hai thanh
song song v&i nhau va day khong bi xoan (Hinh 7.9). Goi
(Cl va ot2 Ian lwot la nhitng g6c quay cula hai thanh tinh tir 7777 E
vi tri can bang. * | Hinh 7.9.

1. Chitng minh (p = oc I+ (L2 va 6 = oq - a2 la nhitng ham diéu hoa véi nhitng
tan s6 gbc Ci va CU' (goi la tan sO chuan). Tinh Ci va co'theo I, ¢, C'. Viét biéu
thirc tong quat clia (Xj va a2

2. Xét trvong hop riéng : ban dau thanh 1 bi quay goc A va tha ra nhe nhang,
thanh 2 & vi tri can bang.

a) Tim biéu thirc cla al va a2
b) Tim 01| va a2 don gian nhat tao thanh cac dao dong chuén (p va 0. M6 ta
ngan gon chuyén dong cda hai thanh trong cac dao dong dy.
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¢) Ching minh néu C' rdt nhd so véi ¢ thi co hién twong phach déi véi moi
thanh. Tinh tan s6 phach ii theo fflvao/.

d) Cho biét Ct = y rad/s, co' = ““ rad/s. Ching minh c6 su luan chuyén tuan

hoan v&i chu ki T cla nang lvgng tir thanh nay sang thanh kia (sau mot chu ki
thi al - 0, a2 = amax sau hai chu ki thi ngwoc lai, a2'= 0, al = ama¥ Tinh T.
V& trén cting mot hinh-dwong biéu dién CC] (bang nét gach lién) va duong biu
dién 0-2 (bang nét gach roi) trong khoadng thoi gian 0 <t < 12 s.

7.10. Hai dia tron A va B dong tinh va giong hét nhau. Moi dia c6 moruen quan
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. bang'K, gidng nhu duéi dia A, chi khac la dau trén

tinh | d6i v6i truc quay di qua tdm cla dia va vudng goc voi mat phang cla
dia. Bia A ndm ngang, tdm cla dia gan vao dad dudi ctia mot soi day manh,
thang di*ng ¢ hang s6 xoan K, dau trén cta ddy gan vao mot diém cd dinh
C. Bfa B cung ham ngang va tam dia gin vao dau
dudi ctia mot soi day manh khac c6 hang s6 xoan

cla soi day nay gan vao tdm mat dudi dia A, khién
cho hai day treo ndam trén cing mot duong thang
(Hinh 7.10).

& vi tri can bing ciia hai dia, hai.day treo khong bi "\

xoan. Ki hiéu 0] va 02 Ian lwot 13 toa d6 goc cla

moi dia (vao thoi diém t) tinh tir vi tri cn bang. P Hinh 7.10

a) Viét phwong trinh vi phan cho chuyén déng cua tirng dia.

b) Gia thiét hai dia déu dao dong diéu hoa véi cung tan s6 gbc co theo cac
phuwong trinh 6] = Acoscot;, 02 - Bcdscot; V@i gia tri nao cda i thi .hai phwong
trinh trén déu dugc théa mén ? Tinh ti s6 A/B.

c) Ban dau dia A.co toa do goc 01(0) = 0Q va van tdc goc bang 0. Can phai dé
dia B & toa d0 gdoc ban dau bang bao nhiéu (van téc goc ban dau cla dia B
bang 0) thi hai dia déw dao dong vi cung tan s6 géc nhw & c.4u b ? Chiéu quay
cua hai dia so voi nhau nhu thé nao ?



Clivone |V

NHIET HOC

Chua dé 8. NHIET HOC VA VAT Li PHAN TU

1 8.1.

8.2.

8.3.

8.4.

Mot xilanh c6 chira khi dwoc day bang pittorig. Pittdng cp thé treot khong ma
sat doc theo xilanh. Pitténg c6 khéi luvong ni, dién tich tiét dién s. Khi co thé
tich ban dau V. Ap sudt khi quyén pQ. Tim thé tich khi néu xilanh chuyén
dong theo phuong thang ding voi gia toc a. Coi nhiét do khong thay doi.

Mot binh chtra khdng khi,¢ didu kién chudn; dwoc day bang mot vat co khéi
lvong 2 kg. Tiét dién clia miéng binh 1a 10 cm3. Tim nhiét d0 cuc dai cua
khéng khi trong binh dé khong khi trong binh khéng ddy nap binhién va thoat
ra ngoal. Biét ap suat khi quyén la p0 «“ 1 atm.

Hai tiinh c6 thé tich bang nhau V va théng véi nhat bdi mot dng co tiét dién
nho, dwgc gilt & hai'nhiét do khac nhau Ti va T2 Lwong khi trong binh cé
téng cdng N phan t. & trang thai can bang (s6 phan ti khi trong moéi binh la
khong d6i). SO phan ti khi trong moi binh 1a bao nhiéu ?

Hinh 8.la 1a so dd nén khong khi vao binh co thé tich V bang bom c6 thé tich
V, Khi pitdng di sang bén phai thi van A déng khéng cho khéng khi thoéat ra
khoi binh dong thdi van B mé& cho khdng khi di vao xilanh. Khi pittdng di
sang bén trai thi van B dong, van A m@, pittdng nén khdng khi vao binh.

A

: Vv 1l v 12 : . A 1l
L .,”BL—.l—-. | A L—|— :

B

) . o b)
Hinh 8.1

a) Ban dau pittdng & vi tri T va &p suat trong binh, 1a p0, &p suét khi quyén pk.

Tinh s6 lan phai an pitténg dé ap suat trong binh c6 gia tri cudi pc. Nguoi ta
an cham dé nhiét do trong binh khéng doi.
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8.5.

8.6.

8.7.
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b) BO tri lai cac van nhu trong hinh 8. Ib thi c¢6 thé rut khéng khi trong binh. Ban
dau pitténg & vi tri 1, ap suat trong binh la p0. Tinh so lan can kéo pittdng dé ap
sudt trong binh gidm di r lan, pc = p0. Ap dung bang s&: r - 100, V = I0v. Tinh
sO lan kéo can pittong.

M?)t pittdng nang co6 thé chuyén dong khong ma sat trong mot xilanh kin ding |
thang. Phia trén pittbng c6 mét mol khi, phia dwéi cling co | moi khi cua cung

mot chat khi Ti twéng. O nhiét dd tuyét d6i T chung cho ca xilanh, ti s8 cac thé
e. . Vin -1 ' S V/ G :

tich khi la __+=n> 1 Tinh i s6 X = ~y- khr nhiét do clia I{Hij cogidti T
cao hon. Dan n& cla xilanh khong dang ké. |

Ap dung bang s6: n =2, T =2T. Tinh X.

M6t mol khi nhan nhiét lvong Q va dan né theo quy luat V = bp, b Ia mot hé
s6 khong ddi. Ap sudt tang tir pl dén p2. Biét nhiét dung mol dang tich cv.
Tinh b (theo Q,.cv, pb p2).

Mot 6ng hinh tru hai dau kin cé chiéu dai i - 50,00 cm, tiét dién s - 80 cm2,
bén trong c6 mot khoi vat truot doc theo thanh 6ng (Hinh 8.2). Khoi vat hinh
tru cach nhiét, c6 chiéu dai i — 40,00 cm, khdi lvong riéng p = 1,60.103 kg.m 3

—  m —

Hai dau con lai cua thanh 6ng .chita khi nito |
dwoc xem la chat khi 1l twédng luvdng nguyén to. —| |

- Khi 6ng dugc dat vi tri nam ngang thi thé tich
hai khéi khi Ia nhu nhau. Hinh 8.2
Khi dat 6ng thang ding thi khéi vat di xuéng mot doan A/ = 25,0 mm.
a) Hay xéac dinh &p sudt chat khi 6ng nam ngang.
Ong duoc dat ndm ngang, sau d6 cho 6ng chuyén dong dot ngdt theo phuong

ngang, khi d6 do quan tinh khdi tru dich chuyén mot doan s = 25,0 mm doc
theo thanh dng.
b) Hay xac dinh cong dé thuc hién dich chuyén nay.
¢) Tinh gia toc cla 6ng.
(Trich Bé thi Olimpic Hai.la - 1997)
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8.8. Mot khi li twong don nguyén tir hoat dong P]

vGi chu trinh sau (Hinh 8.3): 2d1 B c
Pa A D
Hinh 8.3 o ey
| | O Vi Vig=kV;

8.9. Mot xilanh cd thanh each nhiét, tiét dién s = 100 em2, chiéu dai i = 100 em
dwoc dat nam ngang. Bén trong xilanh c6 mét pittong khdi lugng m = 0,13 kg,
chiéu dai khong dang 'ké, trwgt khong ma sat doc theo thanh xilanh. Nhiét,
dung riéng cua pittdng la ¢ = 390 Jkg 1K 1 (Hinh 8.4).

rm TM v Tl

I.’Al’ni.*‘.’.AH.-'v’.nz. e
! LA *4 i«' L .' '

& bubng trai xilanh c6 nl = 2,3 mol khi Ii tvéng don nguyén t&r & nhiét o

Hinh 8.4

tj = -90°C, con & budng bén phai c6é n2 moi khi li twéng don nguyén ti &
t2 = 46°c. Khi do pittdng ndm can bang cach thanh bén trai 53 em.

a) Xac dinh s6 moi khi & budng bén phai.

b) Pittdng dugc dot nong dé cd nhiét do ban dau la 100°c. Cho pittdng téa nhiét
va sau do hé & trang thai can bang. Hay xac dinh nhiét do can bang ctia hé.

* ¢) Xac dinh vi tri cAn bang méi cua pitténg. A Vim®y
8.10.M6t mol khi lwdng nguyén tir hoat dong ' 4 7
A - , A L2 5 - -3 : 3// & ~
theo moét chu trinh kin dwoc m6 ta boi d6 210 ! > DI
thi T - V2 nhu trén hinh 8.5. 4/ .
W ,:/:1 :
Hay bién d6i thanh db thi p - V tir d6 tirih - L~ .
ra cong va hiéu suat cla chu trinh. 0. 300 - 600T(K)
Hinh 8.5

(Trich dé thi Olimpic Italia - 2000)

8.11. MOt vach ngan moéng khdi lvong dang ké co thé truot bén trong long xilanh
cé tiét dién ngang la hinh vudng. Vach ngan va thanh xilanh 1am bang vat liéu
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cach nhiét, Ngan bén trai c6 chtra khi li twéng don. nguyén tr, M6t nira ngan
bén phai chira thdy ngan, phan con lai chira khdng khi ¢. ap. suét thuéng thong
qualé A Véch ngan di dong

v

a

|
I
I
1
1
1
3
i e K So ey R
| "_ ’ . :'. ;
‘ . ‘ 1 e 8 -ey- X i
. : | ® .
Hinh 8.6 o el e diaie
: ¥

: i . e i ;
a) Khi vach ngan nim ngay chinh gitra xilanh, hé & trang thai can bang. Tinh,
ap -suat cua'khdi khi 1én vach ngan. !
b) Dung dién tré R dun néng khéi khi. Khi dé vach ngan dich chuyén sang
phai. Xac dinh mdi lién hé gilta 4p suat va thé tich khai khi.
c) Xac dinh nhiét dé khéi khi khi vach ngan di dén cham thanh bén phai.
d) Tinh cong ma khéi khi thuc hién dwoc. ' 1, v
e) Tinh nhiét lvong cung cép cho khéi khi.
Ap dung bang s6 : a - 4,00 cm ;i =5,00 cm ; patm = 101,2 kPa.
Nhiét do ban dau khoi khi: to = 27,0°C.
Khéi lvong riéng cua thdy ngan : p - 13,6.103 kg.m 3,

8.12. Ngu0i ta bom 10 m3 khi néng & nhiét d6 T = 300 K vao khinh khi cau. Nhiét
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dd va ap suat khi quyén khi dy la To = 279 K va Po'- 1,00 bar. Khoi lwong
khinh khi cau la 240 kg. Khi d6 khinh khi cau chuwa thé bay 1én duoc.

a) Hay tinh lvgng khéng khi chira trong khinh khi cau khi ay.

Mubn khinh khi cau bay Ién nguoi ta phai tang nhiét do ctia khéi khi 1én bén
trong khinh khi cau ma khong thém vao hodc lay bot khong khi ra. Bay la qua
trinh dang ap. Xem khong khi la phan t& ludng nguyén t&r c6 nhiét dung riéng
dang &p 1a crap = 7”. Cho biét hang s6 khi Ii twéng 1a R = 8,31 J/mol.K va

khoi lvgng mol cda khong khi la MA =29 g/mol.
b) Tinh thé tich clia khinh khi cau dat dwoc dé cé thé bat dau bay 1én.

c) Can phai cung cdp nhiét lvong bang bao nhiéu trong qua trinh dun nong
khoi khi? / "

(Trich @é thi Olimpic Thuy Si- 1996)



8.13. Trong pha d4u tién cla chu trinh 6t-td, ngudi ta cho hon hop xdng va khong'
khi vao trong xilanh. Khi do cac thong sé clia hon hop la nhw sau : thé tich
.V =1/ apsuat Po - 1 bar, nhiét d6 323 K. Trong toan b0 cac qua trinh thi ti

s6 — lay= 1.3.
a) Trong giai doan nén, nguoi ta nén doan nhiét khoi khi con i thé tich ban

dau. Tinh nhiét do hon hop khéi khi vao cubi qua trinh nay.

b) Sau d6 déh giai doan chay.n6. Vi qua trinh xay ra rat nhanh ta c6 thé xem thé
tich dwong nhuw khdng thay doi. Trong qua trinh nay so phan t& tang 1én 10% va
nhiét do dat dén 1500 K. Tinh ap suat cua khdéi khi vao cudi giai doan nay.

c) Sau giai doan chay, khdi khi ddn nd dodn nhiét dén thé tich ban dau. Cudi
cung, dén giai doan thoat khi, Tinh cong thuwc hién duoc trong ca qua trinh.

d) Néu cac ban khong giai dwoc cau c) gia st pittdng nhan dwoc 400 J moi
chu trinh.

+ MOt xe c6 dong co bon ki hoat dong theo nguyén tic va cac thong s da tinh
toan & trén. Gia str van téc clia xe la 100 km/h, pitténg quay 3500 vong/phdt,
hiéu suat la 33%. Tinh lvgng xang tiéu thu (kg) trén doan duong 100 km.

(Trich dé thi Qlimpic Thuy ST- 1996)

8.14. Khi co gidng, gi6é di xuéng nhanh t&r dinh ndi vi vay s nén khong khi co thé
xem nhu qua trinh doan nhiét. Lic dau khong khi c6 nhiét d6 10 c va di
xudng 100 m. Nhiét dd khoi khi tang mot lwong la bao nhiéu ? Sy tang ap suat
thed dd cao-((*ng véi 10°C) biéu thi bang cong thirc sau ;

| . . h
p(h)«pl.e—"

trong d6 h-la dd cao (ng voi ap suat PQ. Lay Y = 1»4,
‘ ’ (Trich d@é thi Olimpic Thuy ST- 1997)
8.15. C6 hai khéi cau bang nhdm gidng nhau, mot qua ndm trén mat phang cach
nhiét, qua kia duoc treo -vao sgi day cach nhiét. Truyén cho cac qua cau cac
-nhiét lvong nhu nhau. Hoi sau d6 qua cau nao sé c6 nhiét dé cao hon ? Tinh
toan do chénh léch nhidt do gitra hai qua cau néu moéi qua cau co khdi lvong

100 g, nhan duoc nhiét lvong 25 kJ.

(Trich @é thi Olimpic Canada - 1998)
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8.16. Mot khoi 1ap phwong canh / dwgc xem nhu mot hop den. Bat mot ngon den

cong suat Q(J/s) tai diém o cach mdt mat cda khoi 1ap phwong mot doan L.
Xem dén phat xa lién tuc, va khéi lap phwong hép thu toan bo budc sdng, bd
qua st mat mat nang luong.

a) Can bao nhiéu thoi gian dé tang nhiét do cla
khoi 1ap phuong Ién 1°C.

b) Diéu gi xay ra néu khéi lap phuvong blrc xaiai . ,./ ! >
nhw vat den tuyét doi. Tim thoi gidn dé nhiét do y “
gidm xuérig 1 K. | ‘ Hinh 8.7

c) Hay tinh nhiét do cudi cung cta khoi lap phwong sau mot thoi gian dai.
(Trich d@é thi Olimpic Canada - 1999)

8.17. a) Tim &p suat bén trong bot xa phong ban kinh r, néu suat cang bé mat la o.

b) Diéu gi sé xay ra néu cho hai bot xa phong ti€p xic nhau (cho biét bot nay
Ion hon bot kia va man ngan gilra hai bot chua bi pha v@).

c) M6 ta hién tuvong ti€p theo néu man ngan cach bi v .va hai bot nhap chung lai.
d) Piéu gi sé xay ra-néu hai bot xa phong nam & hai dau ctia mot éng hat.
(Trich dé thi Olimpic Canada - 2000)

8.18. Mot thanh c6 hé s6 nd dai 1a A, chiéu dai ban dau L. Nhiét d6 ban dau cla

-thanh la Ti. ' ;

a) Tang nhiét dé thanh 1én nhiét dé T2. Tim chiéu dai m¢i cla thanh. Néu cho
nhiét do ha xudng Tj, tim chiéu dai cla thanh sau chu trinh nay.

b) Tang va ha nhiét d6 n lan. Chiéu dai clta thanh cuéi cung la bao nhiéu ?
Ban hay li giai diéu gi khién ban thay la phi Ii.
(Trich d@é thi Olimpic Canada - 2000)

8.19. Mot binh hinh tru ban kinh r chira n mol chat khi Ii tuéng don phan ti. Dat
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mot pittdng mong khéi lvong M Ién miéng binh sao cho pittdng vira khit véi
thanh trong cua binh. Nhiét dé cta khi la T. Xem pittébng va binh ia hoan toan
cach nhiét.

a) Hay tim do cao cuUa pittdng so véi day.

DPit mot vat nhod khdi lvgng m 1én pittdng. Pittdng bat dau dao dong.

b) Néu dao dong la tit dan thi do cao cubi cling cla pittdng la bao nhiéu ?
Néu dao dong la khéng tat dan thi vi tri d0 cao & cau (b) la vi tri can bang.
Pittdng sé dao déng quanh vi tri cadn bang nay.



c) C6 thé mo hinh hda dao dong trén nhw quéa cau gén vao 10 xo. Hay xac dinh
cac théng s6 twong (rng cla hai dao dong.
d) Tinh vi tri thdp nhéat trong dao ddng nay. !

8.20« C6 bao git cac ban nghi dén van toc chuyén dong clia cac phan tir khong khi
trong budng phdi 16n nhu thé ndo khéng ? Khong khi trong bau khi quyén
chtra nhiéu loai khi khac nhau, ddng nang cla chiing phu thudc vao chuyén
dong nhiét. Cac, phan tlr chét khi nay va cham lan nhau, khién van t6c cla
.chiing anh hwdng lan nhau. Khi noi dén' van téc cac phan tk, phai noi dén tap
hop rat Ién cac phan tlr dé tim xac suat phan bd gia tri clia van toc. Con van
toc ciia mot phan tlr khong c6 y nghia nao do.

( M. > y2e 2RT
k2nRTj 1

Theo Mac-xoen, ham sd phan bo van toc 1a : p(v) = Ak
Trong do : M la khéi lwvgng mol cua chat khi.

T la nhiét do tuyét déi.

R 1a hang s6 chét khi.
T ham so phan b6 nay sé xac dinh dugc xac suat dé mot hat co van toc trong
khodng tlr V dén V + dv.
a) Hay tinh, xac suat phan bd ctia van téc phan tir khi O2 & nhiét 6 T = 300 K. .

'Biét M = 0,0320 kg/mol, R = 8,31 J/mol K.
b) Hay vé do thi ham phan bd Mac-Xoen.
(Trich dé thi Olimpic Canada - 1999)

8.21. M0t khdi ciu bang dong & nhiét dd 100°C. Khi d6, duong kinh khdi cau la
25,4508 mm. Sau do dat khéi cau 1én mot vanh tron bang nhdm c6 khdi lwong
m - 20 g dang ¢ o°c. 6 nhiét dd nay, dwdng kinh trong ctia vanh la 25,4 mm,
vi vay khéi cau khong lot qua vanh. Mot lic sau, hé & trang thai can bang/
khoi cau bat dau lot qua vanh dong. Gia st khong c6 méat mat nhiét ra moi
trweong xung quanh, hdy tinh khéi lvgng ctia khoi cau.

- Cho biét

- Hé s6 n& nhiét Cu =431,8 nm.K [ : Al =548,2 nm.K \

- Nhiét dung riéng : Cu = 386 J.kg AK. {;Al-900J.kg \k *

(Trich dé thi Olimpic Canada - 2000)

7

55



8.22. Mot binh c6 thanh bang thép mong, dung tich 1 | chita khi He & diéu kién
tiéu chuan. Hay tinh ap suét cuwc dai va nhiét do khoi He trong binh khi do,
xem khf He la chéat khi i twdng va binh c6 hé s6 dan nd. dai 1a a. Biét rang
khong Cili ¢d khéi khi ma.binh cling dan n& khi nhiét do ting. Hay xac dinh

thé tich cua binh & nhiét do nay.

Cho biét phwong trinh dan né nhiét theo chiéu dai la : Ax - 0CXAT, trong d6 Ax :
do dan n&; a : hé sd dan n&; x ; dd dai ban dau ; AT 7 do bién thién nhiét do ;

I a= [,1..10~5K

" (Trich'dé thi Olimpic Canada - 2001)

8.23. Trén hinh vé 8.8, cho chu trinh thwc hién bdi ri

mol khi Ii twdng, gdm mdt qua trinh dang &p va
hai qua trinh c6 ap suat p phu thudc tuyén tinh
vao thé tich V. Trong qué trinh dang ap 1 -2, khi
thie hién mét cong A va nhiét dd cla né tang 4
lan. Nhiét do tai 1 va 3 bang nhau. Cac diém 2 va
3 ndm trén duwong thang di qua gdc. toa do. Hay
xac dinh nhiét do khi tai diém 1 va cong ma khoi
khi thuc hién trong, chu trinh trén.

8.24. MOt may nhiét, voi chat cong tac la khi li twéng

don nguyén ti, thuc hién cong theo chu trinh 1 - 2 -
3-4-2 -5- 1 duogc biéu dién trén gian d6 p~v
nhv hinh 8.9. Cac diém 1, 2 va 3 nam trén mot
dwong thang di qua gdc toa dd cla gian dd, trong
d6 diém 2 la trung diém clia doan 1-3. Tim hidu
suét ctia may nhiét trén, biét rang nhiét do cuc dai
cta khi trong chu trinh nay Ién hon nhiét dé cuc
tiéu cta n6 n l1an. Tinh hiéu suét voi n = 4.

8.25. M6t mol khi He thuc hién mét chu trinh nhuw
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hinh 8.10 gbm céac qud trinh : doan nhiét 1 - 2,
dang &p 2 - 3 va dang tich 3 - 1. Trong qué trinh
doan nhiét hiéu nhiét do6 cwc dai va cuc tiéu cla
khi 1a AT. Biét rang trong quéa trinh dang ap, khi
tba ra mot nhiét lwong bang Q. Hay xac dinh
cdng A do khdi khi thuc hién trong chu trinh trén.
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8.26. Mot khoi khi He chira trong mot xllanh cé pittdng di chuyén duoc. Nguoi ta
dot nong khoi khi nay trong diéu kién ap sudt khong doi, dwa khi tir trang
thai 1 tdi trang thai 2. Cong ma khi thwc hién
trong qua trinh nay la A] _ 2- Sau dé, khi bi nén _
theo qué trinh 2-3, trong do6 ap suét p ti 1€ thuan 1 : .
V@i thé tich V. Bong thai kh6i khi nhdn motcong - T = 2
la A2_3 (A2 _3 > 0). Cudi Cung khi duoc nén | | \//
doan nhiét vé trang thai ban dau. Hay xac dinh | _~" 3 '
cong A3l ma khi nhan dwoc trong qua trinh nay . T
(Hinh 8.11). I, el

pd

8.27. Cho hiéu suét ca chu trinh 1 - 2 - 4 - 1 bang pt
T|I va cla chu trinh 2 - 3 = 4 - 2 bang rj2 (Hinh
8.12). Hay xac dinh hiéu suéat cta chu trinh 1 -

2 -3 -4 -1 biétrang cac qua trinh 4 - 1,2-3
la dang tich, qua trinh 3 - 4 ia dang ap, con
trong cac qua trinh 1 - 2 ;.2 - 4 &p suat p phu
thudc tuyén tinh vao thé tich V. Cic qué trinh
noi trén déu dwoc thuc hién theo chiéu kim dong 0
hé. Biét ring chal.cong tac & day ia khi If twéng. | Hinh 8.12

8.28. M6t mol khi Ii twéng thwc hién chu trinh gébm cac qua trinh sau : qua trinh'
doan nhiét AB, quéa trinh dang nhiét BC & nhiét d6 Ti, qua trinh dang tich CD

. A I . Va
va qué trinh dang nhiét DA & nhiét dd T2 = ofTp Hay xac dinh ti s6 theo
' ' VC
a va hé s6 Y dé cong ma khi nhan dugc trong chu trinh trén bang 0. Biéu dién
chu trinh trén gian do p - V. Bién luan theo a.

8.29. Khi li twéng & trong mét xilanh.co dién tich day la s & dwéi mot pittdng duwoc
gitr can bang bdi mot 16 X0 c6 mot dau dwoc gan cd dinh (Hinh 8.13). Bén
ngoai xilanh la chan khéng. Nguoi ta doi héi cho khéi khi do thwc hién chu
trinh 1 - 2 - 3 - 1 nhu duoc biéu dién trén hé toa do p - V. Dé lam diéu do,
cho phép nung noéng va lam lanh cham khoi khi dong .thoi cé thé thay 10 xo
moi khi chuyén sang doan ti€p theo cla chu trinh. Hay xéac dinh do cing, do
bién dang ban dau va cudi cung cla cac 10 xo can thiét dé thuc hién duoc, chu
trinh trén. Céc gia tri clia ap Sudt va thé tich khi & cac trang thai 1, 2 va 3 cho
trén hinh la da biét.
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‘Hinh 8.13

8.30. Mot lvgng khi Ii twgng don nguyén t&r chuyén tlr trang thai i sang trang thai
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2 theo hai cach trong ho toa d6 T-V di theo duwong cong | a 2 la mét phan
clia parabol véi phurong trinh T = aV2 va theo hai doan thang | - 3 (dang tich)
va 3 - 2 (doan thdng qua gdc toa dd). Hai khi nhan mdt nhiét luong bang bao
nhiéu trong qua trinh 1 -3-2, néu trong qua trinh 1 a 2 nguoi ta-cung cap
cho khi d6 mot nhiét lwgng 2200 J, biét Ti = 250 K va T2 = 360 K.
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HUONG DAN GIAI VA PAP SO

Chuong |. Co HOC CHAT PIEM

Chu dé 1
1.1. Pat AD = d; CD = X (Hinh 1.1G)
Thoi gian dé nguoi nay di tir A dén B :
nwh2 + X2 _ nwh2 + X2 -X+d _y+d

+ N
Vil Vi Vil Vi

Xety = nd/ll2 2 x

d-X
t—

Bién doi ta dwoc phuong trinh bac hai theo X :
(N2 —Xx2-2xy+ NV -y2=0

A -y2-(n2- DNV ’y2)

XN 7 "2 222
Bai toan co nghtavol A'>0,suyra:y >h (n - 1).

Hinh 1.1G

* Trudc tién ta thay X (vi tri C) khong phu thudc vao d (vi tri cia A)

Bién luan: . 1 ' '

* Néu v2 =Vj =>n =1 thi t(x) la mét ham gidm don diéu cla X.
Nhu vay sé co lgi khi nguoi do chay vao canh dong ngay tai A.
« NEu V2 tién vé 0 thi X tién vé D - phai gidm dwong di trén canh dong.
1.2.Chon hé quy chiéu dirng yén la dong tir 2 : v12 = V] - v2,
Khoang cach cuc ti€u gira hai dong t& la : /min = BH.
T hinh 1.2G ta c0 : /m|n - (/2 - /jtancc)cosa, Véi
V2 Vl
tana = — ; cosa =

\Z vlz +v3
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1.3.

60

o RTT | ,

Tong quat 1a/min= —? ~"74,2' - 'X |
J - Ovf + vl 1 i
Bién luan : by~ -
* Néu Xl k y I I
- S tWImm=0:1gap2taio. O > ol
v2 120\ ] A
* Néu — > y- thi/=/min khi 1 d4 di qua o. Hinh 1.2C
v2
i /1 <a 1<
* Neu — < — thi | = Imin khi 2 da di qua o
\V/Z
*Néu/2 = 0thi./min- e .
Vv Ii+\v2

a) Gia st luc t cac dong tir & Aj, Bi, Ci va luc t 4 dt ching & A2, B2, c2. Vi li
do ddi xing nén AiBiCi va A2B2C2 la cac tam giac déu, véi ApA2= vdt,
OA| =g va OA2 =12 (Hinh 1.3G). /

Xét AAJA20 ta co .

—2 1T ——2
OAIl = 0Al 4-AiA2 - 20Ai.AjA2cosa

2 = q * v2HE — Srjvdt.

B
Bd qua V6 cung bé bac hai v2dt2 ta duoc : ’

Hln'h 1.3G

-T]vs/adt=ri -Ti =(r2 -TPD™ +Tj)« 2tjdr

0 0 .
Suy radt = => jdt 2_ fdr= OAI (1)

. v*3 0
0 OA|

Ta phai tinh OAI : Bubng cao AjH = 1 OAI = => OA]j =

T 2 ! -X/3



*

Thay vao (1); t= ———=
y (1) vu3 x/a 3v

' e 2.0.
' Thay sOt = 203 = 10s.
3.0,02
b) Vi v-constnéns = vt = 2.10 = 20cm.
1.4.Quy.dao cla hai tau dwgc vé & hinh T.4G. A' la vi tri tau thi nhét luc 12 h, Ao

I3 vi tri cla tau nay lac 8h, AgA' = 60 dam ; Bg la vi tri tau th hai Iuc 8 h.
Chon 1 don vi d6 dai = 20 dam va lay thoi diém 8 h lam thoi diém ban dau.
Vi téc dd hai tau nhir nhau (15 dam/gi®), cho nén ta co :

OA + OB = AqO + OBo = 10 (don vi do dai).

f v .
~"Quy dao tau thd nhat
By . *C& lao nhé
(ge8h) -~ = = SR
= YT | e

m Quy dao tau thi hai

(Ikc TIN)

. Hinh 1.4G

Khoang cach giira hai tau :
AB2 = OA2 + OB2 =20A2 -20.0A + 102 = 20E2- 20.0E + 102
’ : 7 e : 2 . : b
Vé phai la cac tam th‘l]’C bacllhai dang ax + bx.+c, dat_ CU’_C t_ri khi X = - 94

nén suy ra AB dat cuc tiéu khi OA =5 don vi, hodc khi OB =5 don vi, tirc 12 khi
tau thir nhat & A' thi tau tht hai cach o mot khoang bang 5.20 didm = 100 dam.

' cho

Khoang cach ngan nhat gitta hai con tau 135 yfT .20 » 141 dam, vao ldc 12 h trua.

1.5. a) Gia st hai xe gap nhau khi xe di tr A dang chay véi van téc (k + I)vj va di voi
van téc nay duoc At gio (0 < At A(h))(1). Quang duong xe tir A di dwoe 14 :
' 4
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SA * vl 2VJ) — 4 . 4- kvl — 4- (k4 T)VvIAt

= Jkk s 1) + (k& 1)i0At (km) (2),

Quéng duong xe tr B di duoc la .

SB-v2 g (1_ A 4- At = 10k + 30At (km) 3)

<12 4,

SA 4- SB =81 (km) . (4)

23
15

Vi tri gap nhau cach B la : SB - v2t = 46 km, cach A la 35 kin.

Dé dang kiém tra lai rang khong xay ra trwong hop hai xe gip nhau khi xe di
tr A dang nghi.

b) NEu coi hai xe xuat phat cing mét Itc thi ban dau hai xe cach nhau :

s=81+ 30 = 87 km
60 .

va hai xe gap nhau .khi SA 4- SB = 87 km (5)

Gia st hai xe gap nhau khi xe di tr A dang nghi lan th k va xe da nghi dwgc x
At gio vGi: 0 < At < -1- (h) ' (6)

Khi dé quang duong xe A va xe B di duoc tvong tng 1a :
SA= 4k(k+ 1).(km)
4 11 (7)

vasB=v2 kL) 1 . Al =10k- 25+ 30At (km) 8)
J2 4

Tw (5), (6), (7) va(8) ratra: 4,98 <k<508=>k=5=>At=-"h.



1.6. Nguoi chay bo trén bo mot doan AC roi

\

Thoi diém hai xe gdp nhau ké tlr iGic xe di tir A xuat phat la :

(b i At %3,h Th 39 phat :
+ + = T™M~h =
123 12 o0 Ty oY P

5.> |
Vi tri hai xe gap nhau cach A la: SA - 2 k(k + 1) = 37,5 km.

Khong xay ra trvong hop hai xe gap nhau khi xé A dang chay- |
'B : 2 .‘ t D .

boi theo hwéng CD (CD tao voi AB mot
géc a) sao cho ddi voi bd nguoi chuyén
dong theo huwdng CB (Hinh 1.5G).

O AC 1 |
v HIiNh1.5G
AB AC  =>AC=AB. —g.
v'cosa

t- ) +12

- AB i
t= (Vv + u - V'sirta) (1)

vv'cosa

Vi AB=750m :V=25m/s:u=1.m/s;:v' =15 m/s

—1,5sina?
. 200(}__5" ,53|na, )
cosa . |
Paty = 3,5-15sina 3)
cos a

=> ycoscc + I,5sina < wy2 + 152 =>y24-152 > 3,52=>y > VI0 |
Ymin= Vi0 «3,16 1 1

vay tmin = 200 ymin « 632 s.
Thay Ymin = VI3 vao (3)

V16 cos + 1,5sina = 3,5 => 0,9cosa + 0,43sina = |
DB bai cho : c0s25,4° = 0,9 ; tan25,4° = 0,47 ; sinl5,40 = 0,43,
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»Vay suy ra : (X = 25,4°,
Thay vao trén, ta dugc AC = 198 m.

ulf

1.7. Goi Vi, y2, v3 1an lvot 13 van t6c cta vat & thoi 'diém dau ctia moi doan duong, |

ta co . vl
. Boan duwong cudi :-V3 = 2as o (D)

Poan duong thtr hai: V3 - v| = 2as =>m-v2 -4as m, (2)
Poan duong thr nhat, v2 -  =2as =>-yi = 6as I (3)
Theo dé bai ta co: !

C mt2=Zir22 =1.s=>3@apl/2_D=|=>A =Nl I J

a a a
o 3 = = (V2 +1)s
a

=V2AVL=3@®(73_ ) = (M + DN\

(=

' a a
o t| =7(V6 + S

Thoi gian vat di ca ba doan dwong noi trén :
t—tj +t124-13 (VO 4" >3 4-yl0, +2) « 7,59 s

1.8. Theo dé bai van t6c dau va cubi déu bang 0, nén giai doan .dau chuyén dong la
chuyén doéng nhanh dan déu, g|a| doan sau chuyen dong Ia chuyén dong cham
dindéu: - - . o .

C6 hai cach giai. "
e Cdch 1 : Dung d6 thi véan t6c (Hinh 1. 6G) ” e

0 e Sl e il |

me—altl—az(t“‘l) e A g |

t]=
'a1+a2

Hinh 1.6G

vay vmax= V2 i | (1)
31 + 32

Dién tich AOCD biéu dién quéang dwong di duoc.
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1.9.

Vay I's — 2 (vmax*t) (2)

Trong biéu thirc (2) twong (ng v&i vmax ta cé t la thin.

Tw (1), (2)suyra: t<n =Zs™2. => (3
\ . ala2 Vv ala2

Thay (3) vao (1) ta c6 : vmax = y-S.

y_
yal + a2
« Cach 2 : Ap dung cong thirc vé dwong di: yi - VQ = 2as. | .
Theo dé bai ta c6 : vi*ax = 2a;Sj.. =2a2s2 . \ '

Sl +S2 =fS"—'AB

a C ~  2aa
Suyra:s;= 2 ¢ \/_,2mx = 12 g
S aptay T a4y
2a;a4 . . -
%2 s = Vmax = 12,9 m/s.

Vay @ vipay = :
' max a;.+ap

Thoi gian cuce tiéu di hét quang dwong d : t=tj +12 - vmax

Chon hé quy chiéu gan véi budng thang may, géc toa dd o ngang voi san
thang may, goc thoi gian I lGc chiéc buldng bat dau roi.

a) Khoang thoi gian roi ctia chiéc buldng

Taco :Vg- at=2,4 m/s

. A o . a 2 2
Phuong trinh toa dd cla san !'yj = vt + —2-t =24 +t 4))
Phuong trinh toa do cla chiéc buléng

y2=h+vot+ I gt2 =247 + 2,4t - 512 )

5-BD..JW/ETHOC ni 65



Khi buléng cham san : Yi - y2
Can bang (1) va (2) ta.c : 6t2 = 2,47. Suy ra t~ 0,64 s.
b) D6 ddi cla chiéc buléng la :
- d = Ay200) = y2(Qy-y2(Q ~ r-2,4t 4-5t =-2,4.0,64 4-5.064 =0,512 m
¢) Quang dwong chiéc buldng di duoc .

Khi chiéc buldng vira roi tran thang rhay, theo quan tinh chiéc buléng. chuyén
déng Ién phia trén cho t6i lGc chiéc bulbng dat dd cao cuc.dai.

ti'=¥3= 2% —024s m
Il g 0

11

Thoi gian tlr do cao;cuc dai roi dén san :t2 —1 - tf=0,64 - 0,24 =0,4 S.
Quang dwong buibng di dwoc : '

$=3S] 4-s2 = — 4-—qt2 +5.042- 108 m
"29 2 2.10
A i CA P27 1 hImax
1.10. C6 hai cach giai. e :
Cach T. Phuvong phap do thi !
h
D0 cao cuc dai ma cac qua bong dat toi (Hinh .1.7G). |-/ ..._-__:‘____ .
' '
ERESANAN NN
° | - > 081 15t
all max 29 u2 max 8 k ;

66

Hinh 1.7G

* Vi VQI = 2v02 ; hj max = 4h2 max ; qua bdng tht hai lai ném Ién sau qua bong'.
I nén hai-qua bdéng chi c6 thé gap nhau trong khi qua bong ! di xudng, qua
bong 2 di Ién. Mudn hai qua bong dap vao nhau sau khoang thoi gian la nho
nhat thi qua bong | phai dap vao qua bong 2 khi qua bong 2 & vi tri cuc dai.

2
Vay vi tri hai qua bong dap vao nhau : h = h2 max = 2 0,81 m.

89

* Thoi gian qua bong 1 di 1én: s=2.91 = hi max - hamax = 3V
2 I 8é

5-BD...NHIETHOC*



29
 Thoi gian qua bong-2 di 1én dén dd cao cuc dai: t = N

* Khoang th&i gian tlr Ilic ném qua bong 1 dén Itc ném qud béng 2 .

I (1 +-a/3)Va
T = tmjm.-t—:-__ -2 —his

29
Cach 2 : Goi T la khoang thoi gian tir lic ném qué béng 1 cho dén Ite tung
qua béng 2 ; t la khoang thoi gian tir lGc tung qua bong 1 dén ldc hai qua bong
dap vao nhau.

Phuong trinh cho qué trinh di xuéng cuia qua bong 1 va di Ién clia qua bong 2:

y'=7>_7Tg9 (1)

2g 2\
(2)
3)

dt (29T - vp)(2gT +'Vp) - (gT2 4- vpT).2g _ O
dT v 20T - VA2« 1

(4)
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(V3 + 2)vg - 1
min 29 (5)

' 2
Thay &b (1) ta dwoc vi tri hai qua béng dap vao nhau : Y1 =y? = ““fe
s _ : . L 8g.

1.11. a) Chon gbc tda dd o trung vi tri xuat phat ctia thuyén. Géc thdi gian ldc

68

thuyén xuat phat (Hinh L8G)7

Phuong trinh chuyén dong : X = ut (1).
Lién hé gitta van toc dong nuéc vy theo X WX b ! o B
. ; | R
toa do X : W = kx; voi X -2 thiw=Va - | yA1 !
y B I 1
:-—» 1
= Vaz k™ => k=20 | i 11
2 [ - ¥ .
LA Hinh 1.8G 0 ,
X _2vn | : - o : )
Vay< Vy/_—- i X E T e (2)
Lién hé givavy voi thCriv giah L
x . . . 2
Thé (1) vao (2) taco Vy - t=atvlia= =il Vo

‘ 1
Phrong trinh chuyén déng cua thuyén theo truc Oy @y = at? = -‘%‘i’tz (3)
viiu 2 Vn/

. o
Khlxg-%- th||t|— va yc - [oaw 4y

2U
Khi sang t¢i b& bén kia tai B thi thuyén bi nuwéc dua trdi mot khoang la

L =2yCc= -
2U

b) Quy dao cla thuyén

RUt t tir (1) thay vao (3), ta dwoc : y = 3j-x2. Suy ra quy dao.chiyén dong
u/

dang parabol.
Ta c6 hai nhanh parabol (Hinh 1.8G).



1.12. Chon g6bc thoi gian lGc tai trong p bat dau roi (Hinh 1.9G) :

%

” Tai trong roi nhanh dan déu voi gia toc ao nén bat ki diém M nao trén mat
truc cling co gia toc tiép tuyén bang a0.

ce Hq " |
. = Van toéc dai cia M & thoi diém t; Vt = aot.

V7 a%t%. .

_'Gia toc phap tluyé'n cla ﬁA :' aj} = = R :

- Sau thoi gian t, tai trong roi duwoc quang dwong la h, vay
2_2h

h = -a'p‘>t2hayt = —
2 al

Suyra:an= 2?7‘“—
‘ R

Gia t6c toan phan 1a = ylai 4 ai; .

g v

a= "N-a/r2 + 4h2. | " Hinh 1,9¢
R -
1.13.a) Xac dinh van t6c cla cac diém A, B, ¢ (Hinh 1.10G).
8 Van toc cla truc O sau t =2 s. ‘
Vg=at=2,572=5mls A

¢ Van toc cla cac diém trén dwong tron
ban kinh R : VM = VMO + vOd.

V&i vMO = vOd = v0 (Ian khdng truot)

8 biém A : VMO cung phuong cung R
Hinh 1.10G

1 chiéu vdi va nén : '

va = VMO + vOd = 2vO = 10m/s

« Diém B vco vudng géc vOd nén : vB =vOV2 =7 m/s.
Piém c : Veo néuoe huéng vOd nén : vc = 0 (C tdm quay tuc thoi).
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b) Gia tdc cla cac diém trén :
2V

y <2
* Gia toc hudng tam : aht = =“T =25 m/s2

R R 10
Vay : alt = a-att. ' . '

« Gia toc cua diém M d6i voi tam o : AMQ = aht' + Att.

« Giatoc M doi véi dat aM = amQ + ~Od
= aht 4-att + 30d

DPiém A : att cung phuong chiéu véi aOd hén

aA = Ma2 + a2 =auT =5,6 m/s2

« Diém B : ilit nguoc hwdng &kl nén : aB = att = 2,5 m/s2,

« Diém c: aht nguoc hwdng 4Qd nén i ac = aht = 2,5 m/s2,

Gia st cho bat dwoc tho tai M. Cho phai chay trén
duong tron tdm o, ban kinh R véi van toc khdng
doi (Hinh 1171G).

2 By =
VC‘ .
R T

Diéu kién'dé cho bat dugc thd la: Vg, 2 v

Tai M : vex = vecosa >V, ' 5 2)

Mat khéac : cosCc = —l—

= | (35

Cach 2 : (Hinh 1.12G)
Xét khoang thoi gian At nho
* Tho chay dwoc quing duong BM' = x,.

3 M c X
7' »
/
// ia\
// y o\
1
/ P
;1 I ' R
i | \
[ i \
t | v
1 r o\
1 ! \
i 1 \
| i 1
| X
| A O
A
Hinh 1.11G
o LI
B v M’
s 4
| AXI TN 4
o ot
| H
! /
! !
| /
‘ v
|
v/
M &
->
Ve is

A Hinh1.12G6 °



Ta co:

AvC VKVC-

At /

1.15. Goi a la goc & thm ctia moi hinh quat

Ap dung phuong trinh chuyén dong tron  (p = iyt2 4- (irot

Voitj=4svat2=4+5=9s,

Ve

1 -2 .
Icc=~y.4 + 4c00

ta CO;
2a = 7~y 83 4 9i0q
2

5 8y'aBog = 1y 2o st =Ly

Van tdc goc ngay luc hinh quat thi hai vira qua khéi, kim
(2 = yt2 4- CUQ = 9y 4- (U0

Ap dung cong 'thiec : Cb = d)g - 2y.(p,

1)

(2)

3)

(4)

(2)

3)
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| 312 4 Co6n g
Pip Bbe e =1 S s i e (T radl
TR | TSRS, s

1.16. Tai thoi diém t; day dai / = L + Vt va con kién céach tvong mot doan X. Dé
dang thay-rang phan day ngay dudi chan con kién sé chuyén dong véi toc do :

V Je A A b "‘-'A’) ' s = v ~ ~ v
V= —X. Do do van tdc cua con f(len SO V@i, mat dat sé bang :

\% vV 1
vk d=v~u= _ x~uw-Twwdéidx= —X-u dt. 1
‘ L J
=/ T
X+1|1—X—u dt
paty-Xtacd Jy=>*" G- X co-)
1 7+ d/ i i + Vdt 1

udt udt
i+ Vdt L + vt

y=-

Lay tich phan hai vé, chi y diéu kién ban dau y(0) - L
1

taco:y=1-¢ -In 1+_LtJ
Con kién dén duoc twong khi 'y = 0, hay
o V-,

L Lt [ Donte o0 oy
T it Tl Y

Nhan xét : ' o |
; V y s 4 L ) [ s .
—Néu VKL uhay — << 1 tdcdt=~ — : con ki€n dén duoc twong sau thoi
. u u oo v »
. L :
giant=x —.
u

—~Néu 'V > uthl trat 16n : Vé mat If thuyét thi con kién vin dén duge tuong
sau thoi gian rat 16n. Nhung thuc t€ thi fic d6 do dai chaday / =L + vt 1a vo
cing 16m, nghia 1a day s& bi- dut tru'éc d6, -nghia 1a con kién khéng thé dén .-
dugc tu'dng :

117, a) Néu gi6 thdi doc theo AB thén gian tdng cong cha hanh trinh (di va vé) :
L L = 2VL
V+V V-V V27V
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b) Néu gi6 thdi vubng goc voi AB, van téc cla
gi6 va may bay hop thanh van téc twong doi u

cla may bay va mat dat (Hinh 1.13G).
. 2L

J T rr——
' V2 — V2

¢) Trong tredng hop tong quat, huéng gidé hop
voi AB goc 0 va huéng clia may bay hop véi AB
goc a (Hinh 1.14G) | 7 .Y

&

VCOS0 + Vcosa - Vi | B
vsind + Vsina=0 . o ' Hinh 1.14G

- < - ]
“Khi bay di th i t; = — = —

: V. |l - —T-sin2 0 + V cosd
V2

- Khi bay veé : vcosG - Vcosa =-v2,

vsinO + Vsina “ 0

t2 i V2 T2q

VJ1 - —ysin2 0 - vcosO Vo

S N TI vl | VR 8,
Tong thoi gian clia hanh trinh : T =ti +t2 = —r—TJI - —5In" 0,
V -V V V

1.18. a) Xét'mot con rua trong hé toa do cuc, tai thoi diém t; xac dinh r ; (p.

Ta co, X =rcoscp ; y - rsino.

dx dr . . dtp
VX = —- = —- cosip - rsincp
dt dt dt
W ~ dy dgéin'c')"%"'rcoso—
y

2 2
V,—Vx+Vy

ar)? 2(@)2 'dry ddpy
= | o | g o + r—-
dt dt Adt> 1 dtj



14

dr dtp
dt

Trong dfc..vr = E'E : van téc xuyén tam

F y
Vo = = wr. van toc phuong .vi '
. ~
, \\ s
/ S ‘
’ e S0
’ W
/ Wi %
’ o g
'
Vi y —————— :’ ..._‘.-.\
/ - - V. - /1
3 - r —
A II 3 A I/v
/ & = i
: 9 Vi s
3 2 71
O R
,f
\\\ /
N /
~ y /
>N /
\\\ I
Hinh 1.1SG e

Vi r ; V ludn tao v&i nhau mot goc 45° (r quatam hinh vudng).

N

Do.dé : vr = —vcos 45° = 2a = const; v(p = vsin 45v = V-2— = const.
2

- Khi b6n con rua gap nhau IGc chdng tién dén tdm va thoi gian :
yi
a_

t=-r-4-=2

\

b) Phwong trinh quy dao : r = r((p), (<p c6 chiéu (+) la chiéu kim ddng ho)

Tw:vr = dr
YTt T:% a2
n 5
2 )
2____2 0— aVZe A
c 4 2 |



t .
4 1 day 1a phuong trinh qu§ dao ciia con ria 1.

0 a
Vay . r = ce’Q/ = -~etl
I <2

- Vay cac con rua 2, 3,4 c6 quy dao lan luot la ;|

imro— & S P2) e B a Hr=ma

Voi (p2 = 0 + 721 (=@ +T1; (M=0+ - Vay quy dao la duong xoan
iogarit.
Cha @é 2 ¥

2.1. Trong qua. trinh chuyén déng, van toc clia vong A ludn vubng géc véi day, do
do lwvc cang day tac dung léri vong vudng goc véi van toc cua vong. Vi vay do
I6n van téc cla vong la khong doi:

Gia st tai thoi diém ban dau, diém ti€p xuUc gilra soi day va mat tru la B. Sau
khodng-thoi gian dt rat nho, diém tiép xdc gitra soi day va mat tru 1a Bi (Hinh
2.1G). B0 dai cung BBl Ta nho. P4t BB1 = d/, tir hinh vé ta c0 :

BOB1 = ABAl -de:

t h
Tich phan hai vé& Rv odt = |/d/..
0 0  Hinh 2.1G
' 12
-Q~, hayt = - .
2 ' 2RVO0

2.2. Tinh thoi gian roi cla giot nwéc.
Khi bén ra tai diém A, giot nwdc tham gia hai chuyén dong
> Chuyén déng quan tinh vgi van toc V theo phwong AM véi V - coR.
- Roi tw do v6i gia tdc g.

Goi t la thoi gian giot nuwdc roi tr A dén B.
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+ Trong chuyén dong quan tinh, giot nwéc di dwoc
AM = vt -
Ta co OM =r= a/r2 + v2f2; (1)

Trong chuyén dong roi twv do, giot nwéc roi duoc
quang duong

V.. ' s=27 | 2)

Theo dé bai thi: r=H -s. Sty ra:

IEQZ 4- Vz’[2 = ﬁz - gﬂt2 + ! gzt4 |

HIinh 2.2G

Do d6 : g2t4 - 4(ci2R2 + gH)t2 + 4(H2 - R2) =0
A' = 4(co2R2 + gH)2 - 4g2(H2 - R2) = 4[R2(2>4R2 + 2<B2gH + g2)]

£ = T ((02R2 + gH + R 7ci4R2 + 2gHffi2 + g2)

g m- I
tmin = —1 (®2r2 + gH - Ru(04R2 + 2gH<02 + g2)
g

Vi tri A xac dinh béng goc or: tan a - Amin*

2.3. Xem hinh 2.3G.

Phuong trinh toa do . X = vOcosat (D)
T . L s i »4.2 "
y = H + visin at ” — gt (2)

i
Khi hon da ,cham mat nuéc tai B
X=L;y-0

Tr(1):t=—L. . thél vao (2) taco:
VoCosa

Hinh 2.3G

eL2 2 gL2
N-7-.tan a - Ltana + “H=0

2v0 2vq
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2.4,

1 ]

-

A=T72- 4gL? faE.
2V(’j \ZVGI - HJ >0=>L< : T,ng

Lmax =  wva + 2gH

3)
8
trng voi L = Lmax thi goc nem a la:
" ! b Vi)
tana = ~—=>tana = ) V0 v (4).
2a  ghmax Vvo + 2gH
Thay s6taduwoc: H=20m; Vq= 14'm/s
Jhax - 34,64 m.
tana = => a = 30°.
V3 .
Xe phai bay qua hai dau mep A, B cua vat , '_ ' -
can (Hinh 2.4G). £ ox B, d .é_,__);.]?__:--‘l
. [
Tamxa;/= A" . —7 E
9 i
VA cuc tidu khi (p = 45°.1 {
« ' T VA 2' ' . s ;
Suyra:L= = VA = gL (1) * Hinh 2.4G
g
Chon truc toa dd nhw hinh vé thi phuong trinh quy dao cua xe |a :
! 3|/ = tan<px - —7—g—7-. X°
2va c0s4 (p
o o- I X2
V&i (p=45 ; VA =gLtadlgc:y=x L (2)
Parabol (2) di qua diém M - vi tri m6 t6 bay : ym = -(H - h); xm = a.
2 2
Tacdé:.-(H-h)=-a- . . +a-(H-h)=0 (3)

7
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. 2.5.

78

Giai (3) lay nghiémthuc:a= Ji + — <1

2V L
Tinh géc cc, d6 doc cliavQ tai M : tana= — =1 -
g . Qte Ix L
TaiM:X=-a tana =i+ — =>tana- J1 +———— 4)
/ L V L

e Tinhvantdéc Vo:1. .. 1

Theo dinh luat bap toan co nang :

2 mvé - | mvA =mg(H-h) =>v0= ug[L + 2(H - h)]

Phuong phép toa do ban doc tvw tinh theo cbng thirc : vx = V9Cosa = vacoso.

Céach thir nhat v A
Vi Ii do d6i xting ving roi 1a mot vong tron v
c6 tam I3, hinh chiéu cltia bong den (coi nhw ‘/Z:/’"“\\
mot diém) trén mat dat. 1 oS
Xét mot manh v& bén ra theo goc a sovei  h | \\ )
mat phang ndm ngang,-trong, hé toa do nhu _‘\‘
hinh2.5G. w i | ! "
\ = v(cosa)t X A
Hinh 2.5G
Iy ?gt2 + v(sina)t + h
Phwong trinh quy daoy =----- --- --- — + xtana + hJ

2V2 c0S2 a

Mudn cho manh v roi xuéng dat & diém cé hoanh do Xi, ta phai c6 goc a
théa man phuong trinh :

2 2 2
0 =----- — 4- xtana 4 h => -|~irtan2a - Xjtana + -h=0Q

2vzcosza EEVAVAR 2V?2
néu phwong trinh c6 nghiém thi voi van toc ban dau V manh v& ¢6 thé toi duoc
diém Xi, néu phrong trinh vo nghiém A < 0 thi manh v& khong t6i dugc diém Xp |1



A= X2 _4gX? X7 h' _ 29x2|<4Z — E=+h
2v2 V2|J V2 wg' 2v2 1]

' 2 2
Tir d6 suy rarang : A <0 (¢ng voi cac gia tri cha Xi sao cho % —2-2— h <0.
‘ . | o g Y

2 v 2h s V2

xf>-T-+2v —haylal Xi>— /1 + ~ R thi v& nghiém.
92 g gV W

Cac manh v& roi xuéng mat dat trong mot vong tron co6 ban kinh R

1+~y- =105/2 = 141m 1. "'

Cach thtr haiChon hé toa do roi tv do, lic bong den nd 't = 0,. g6c toa do
trung v&i thm bong deén ltc bat dau roi. Trong hé toa do nay vao thoi diém t,
cac manh v& nam trén mot dwdng troii -tim & gdc toa do, ban kinh r = vt.
Trong hé toa d6 ding yén, gbc & mat dat, dwong tron trén co phwong trinh
) (, 1120112 a2
X"+ vy h-““gt =(vt)
K 2 )
giao diém cua duwdng tron y&i mat dat (y - 0) la diém roi cia manh v& vao thoi
diém t. ' X

Diém roi ay cd toa do Xj(t):

x2=-h_Igt2 + (vt)2 =-Xg2t4 + (v2 + hg)t2-h2

v 2 7 4
do la mot tam thrc bac hai clat , cuc dai cia tam thic la
, 2X .2, (v2+hg)2 V4 2 h
(X! )max “ h + 2 ~ 2 +2V
' 92 02 g

Tir day ciing suy ra rang gia tri cuc dai ctia X] 1a
,H +2v2— =10V2 =141 m

N/ S

nghta la manh VO roi xudng dét trong pham vi mot vong tron ban kinh R = 14,1 m. |

—_——,— =
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2.6. (Hinh 2.6G).

i i i m
a) Trwong hop P4 [L12 + Fms o E o1 i EL
Luc kéo F- dit vao nt| , AT T I S T I T T T
| | _ Hinh 2.
. Fl - (Hint] + g2m2)g inh 266 (1)
ifl] + m2
T - m2a + [42m2é (2)
Thé(D) vao (2): T- --1-- [F-mlg(m - n2)l d. 3)
nil + m2 1 L

Dbiéu.kién day-khong dit: T<TO
Tw (3) suy ra : F cuc dai
mi + reg |

FlImax" | To+ (R-"2)mig (4)
* m2 b

Liwc kéo F dat vao m2. Tuong tw ta' co .

p2max = m’. * ro2 To + (fe - H)m2g . (5)

) - ml - 0

Néumj >m2va > p2 thi Fimax < F2max. Vay dé kéo hé vat di thi lvc kéo LE

F nén dat vao mb khi dé kha nang lam dut day kho hon.

b) Truong hop. Pi =.|A2:

mi + m2 Hi] + m2
' Imax 10" '2rmax 1

m2 mr ;
Néum! > m2 thi FImax > F2max.

Luc F dat vao m2 thi kha niang day dirt dé hon, vay lvc F nén dat vao nt].

¢) Trwong hop khéng c6 ma sat; "

Giong trwong hopb. | .

2.7. a) (Hinh 2.7G)
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I maj "P N g +F" _
1 <M32=P2 + N1+N2+Frnsl+Fms2 + F
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e 3

M —

w7777/ 77777T—- )

. Hinh 2.7G

Chiéu Ién céc tryc toa dé,; ta cd: ¢ -

imaj = ~mg ; . (1)

[Ma2 = F - JAImg - [12(M + m)é (2)

| 3)
M (4)

Diéu kién M truot khoi m : a2> U|
T (3) va (4? suy ra. F > (gj.+ +m)g (5)
)

“ Néu (y,j 4- iu2)(M + m)g > F > [12(M + m)g thi m ndm yén trén M va ca hai

—HgiM +
cUnb chuygn déng voi gia 't(\)/e ra= F——WM---T)Q

. M +.m
- Né&u F < j2(M.+ m)g thi hé hai vat nim yén. M
b) Hinh 2.8G.
Hinh 2.8G
(1)
2
Y (2)
Diéu kién m trwot trén M ; aj > 0 =, F > |iimg va aj > a2
= F> (1] - pA(M + m)-—- 0)
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2.8.

82

V6i P] > n2.
Bién luan :
- DPiéu kién M truwot trén san, m trugt trén M : 1 t
F>nImgvaF>(lii.-p2)(M + m)"|
! . S M
~ Néu F > llgmg con pgmg <J12(M + m)g thi M nam yén trén san, cén m
truvottrénM. b

- Néu F < mmg con F > [12(M.+ m)g thi m ndm yén trén M va hé trugt trén
san voi gia tée : - I !

M+m 1

— N&u san nhan p2 = 0 thi diéu kién vat m truot trén vat M, ai > a2 1a-

F-Fimg . Fi"rg __

>F>glm + 1
m M gimg J

Goi M la khéi Luong cua soi day xich. Giastt ¢ A B_ C,EL,
thoi diém t, dau trén A cla xich dich chuyén t6i |
B, v&i AB = X (Hinh 2.9G). !

Theo dinh i biéh thién dong luvong ‘ .o
: [
dp - d(mv) = mdv + vdm = Fdt (1) |
trong d6 m la khoi lwvgng phan xich BOD :. D i
m- —(@{-x)=>dm= dx Hinh 2.9G
i

con F la trong lvong clia phan xich OD : F -

/hgdt )

(3)

@)

! 9e-BD...NHIETHOCU



2.9.

Sau mot vai phep bién doi, phuong trinh (4) tré thanh ; ™——=

, v7+gh J-X
z-h.-
.- d
Lay tx’ch phan hai v€ : f iy = Jh %
G 7 0v +gh | 0_‘1""‘
VCu'di cling ta tim dudc‘ Ly = \/(12. = 52)% -
Ap dung sc’) v= \/(0 52 2 10,3%), 90831 ~2.3 m/s
* Kh1 ban dng yén e
Gia tOc hai vat: a= LLL B ‘“_“2)3' B (1)
my + my ‘

a=2m/s2 1

« ) Xét chuyén dong hai vat trong hé quy chiéu gan vai ban :

Pé hai Vit c6 gia toc d6i voi ban 1. a' = % a thi lyc quan tinh F - -maTc_)lphéi
huéng Ién, tic 40 hudng xudng.. d

, = m.I(g - aQ) - [am2(g - a0) = (toi - gm2)(g - a0)

M1l =+ M2 TT'I + m2
(3)
™ ’ : 1 1
So sénh (1), (2)tacézg—a0=—2~_g = ag -——E.g (4)
a0=5m/52

- Ban chuyén dong nhanh dan déu di xuéng a0 =5 m/s2

- Ban .dang chuyén -déng déu voi VQ phai chuyén dong di 1én cham dan déu
voi.gia toc aqQ.

b) Tim 4Q dé cac vat dirng lai (so voi ban) .

Mubn vay : a' = 0.

Tw (2) suy ra: a0 - g = 10 m/s2. Vay ban roi tv do.
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2.10. a) Xét khi vat nho trwot trén doan AB, ném cé gia toc &j. Trong hé quy
chiéu gan véi ném, vat co gia t6c 41 hwong Xudng theo méit AB ; vat chiu
thém lyc quan tinh Fgt = -maj. Ap dung dinh luat Il Niu-ton va .chiéu Ién
phuwong AB
mgcosOj 4-FqtsinQi =mai => ai = gCosO| 4-alSindp (1)
Gia t6c cla vat déi 'voi méat dat trén phwong Ox 1a : aix - al = aisin0l - af.
Vi san nhan, khéng cé ngoai luc trén phiong ngang doi voi hé nén :

"' m(a'lx~ ai) - 2maj = 0 => aix =3af (2)
gsinOiCosOl _1073 2.1|57rt|/52?

Thay (i) vao (2) suyra: aj = , 4-=:
y (.)|y . 3 -sin20J ¢ 11

Twong tw, khi vat truot trén doan BC, ta c6: a2 - JS3C° -2 =2 m/s2
3 -co0s202:

b) Goi s, sx la quang dirong ném truot dwoc va do dich .chuyén theo phuong

ngang clia vat déi véi ném. Do san nhan va cac ngoai luc hwdng thang ding
nén c6 bao toan dong lvgng theo phwong ngang, suy ra .

m(sxm-$) - 2ms =9 =>s=.1sx - 1 DC

=> s = m|(ABsinOi 4-BCcosG2) ~P>20 m.

2.11. Van téc cua tdm bang la V

Van dung cac dinh luat bdo toan.ddong lvong va bao toan co nang cho hé ..

zmv = mv' 4 MV : (1)
4mv2 = -i-mv'2 & AmV2 4 Q )
2 2 2

<Q = A=Fcd (3) |

 Fc khéng phu thudc van téc dan nén Q la nhu nhau véi moi V.

- Truwong hop V = Vq la gia tri nhd nhat dé dan di hét chiéu day d cuta bang.
Khi d6 dan va bang c6 cung van toc la a. )
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rmvQ = (m 4- M)u (4)

) i-mvﬁ = i‘(m 4- M)u7 4- Q (5) 1
Suyra:0= rnMvn ©)
Yra-e= 2(m + M)
. Thé (6) vao (2), roi giai hé (1) va (2) nay, ta duoc :
V2- 2mv Vi 2mQ =0
m 4 M M(m 4 M)
V= mv + m2v?2 . 2mQ
m 4 M

V=-2Mv=x7/v2—-v2 ' . (7)
m+mVy oy,

D0 bién thién dong lugng clia dan ciing la cua bang :
Ap =Fc.At=m(v - V') = MV.
Hién nhién rang van tc ban dau V cta vién dan cang 16n thi dan xuyén cang

nhanh qua bang, nghia la thoi gian At cang nhd. Do d6 van téc cla V cang
tdng thi van toc cua tdm bang V cang giam. Vay trong (7) phai chon :

V= C 8
m4- M\ ®)
mvQ
) & 4™

2,12. Xét mot hat bat ki nam cach tam dam may mot khoang R.
v . ' ‘ T4 3
Khoi lweng ndm trong hinh cau ban kinh R 1a M = -*tR p' Sau khi d&n cach

tam r < R, hat c6 van téc v xac dinh theo dinh luat bao toan nang luvong :,
mv2 GMm , GMm dr dr 1/ L
= ,' 2GM

VIV=— nén:
2 r R dt dt
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dt = | dr ] f” dr |
MI TV "3 oM Toj
rJ v u Ry

Vir <R, nén ta c6 thé dat: r = Rsin2<p ; dr = 2Rsin(pcos(pd<p.

it J Tt

I R.2sin2 cpcosgxkp 1 2Rsin2(pcoscpd<p IF2R2sin2<pd(p
0 72GMRCI - sin2g®) 0 V2GMR(l - sin2<p) 2 a/2GMR

ity

Thay SO: t - 6,64.1015 s « 2,L108 nam.

2.13. Phrong trinh quy dao clia qua béng (Hinh 2.10 G).

y = Xtana - -g‘i(‘%-(tanzé + 1) (I) Yf 9

2

2va

Diéu kién dé quy dao di qua muc tiéu
xX-a+b;y=0

0 = (a + b)tana— - (tam2ar) .
2va Hinh 2.10G
2 1 I V4 ,
tana’ )
tana (3)
X
4
2+ b, (4)
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*

« Néu h < h() =>" <1 oomax = 45°%.
< ho

-~ ~

, . 1 L . o
Tl (2) ta thdy Vq cuc tiéu khi tana + ——  cuc tiéu, suy ra khi do
< tana’

| w=45°=am=>tana=1; vOmin =g(a +b) '

£ ' X

Quy daokhidé la :/1 =X —— _
| a+bhb

Phai ném voi géc a = 45° dé c6 Vq cuc tiéu. L
*NéGh>h0=>tana>1 0 >45°;

Xét trvong hop : y = h,

) Ya+ b
Tw (4) taco : tana = @+bh a - arctan’ ho.
ab vy ab J
Il ' x WVa*b)h
¢ a+t ab

#

- 2
ab . - +b) R} |
Thay tana vao (2), ta dwoc gia tri v0 cuc tiéu: VOmin = g2h-|_l + (E—ag.)———J J

2.14. Ta hdy tim vomjn dé vat m dén dwoc diém B
thi dirng lai (so v6i ném) (Hinh 2.11G). Khi dy
ném va vat c6 cung van toc Q. .

Ap dung dinh luat bdo toan dong luong theo
phwong ngang :

mvOniincos0 = (m + M) u (1)
Ap dung dinh luét bao toan co nang : L Hinh 2.11G
I mvomin = 2 (m + M)“2 + mgh (2)

Giai hé phuong trinh, ta dwgc : vOmin - 12gh(m 4 M)
M + msin2 9
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thi vat vuot duoc B.

MSL~AT72777777T7777T77INTTI777~ 'n
Hinh 2.12G

=> a2 = 1 (2)

Diéu kién dé M thoéat khoi, m : a2 > al

T (1), (2) suy ra: F> (>l1.+ + m)g- )
COSa + u2sina
F cyc tiéu khi mau s6 cyc dai. v '
Pat |A2 = tanp = Sm”- thi mau s6 tré thanh :
eosp
y cosacosp + sinasinp _ cos(a - p)
, COSp cosp
Mau sd cuc dai khi: a = pi=>tana - g2 ' a ~ arctang?2.
Fmin = (N + wvaXM + rn)gcosa
- _ (P-1 + hiXM + m)g
rmin
V + M2
Fmin (ng vGi trang thai gi¢i han dé M truot nhanh hon m. .
'_I_
2.16. (Hinh 2.13G). [ , 1>
- m
Pé ra cho Il1] khong trwot trén m2 :
) <
I(M + m| + m2)a = Mg |
(M =mi +m? I
Hinh 2.13G
Suy ra : a=i
; 1)
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- Xét trang thai gi¢i han HI] c6 xu hwéng trwot ra truéc m2
2
(3)
Ty (3) va (2), chota: T= M2 4)

t T.

Chon vat 2:lam hé quy chiéu thi diéu kién vat 1 khong 53 ! )
P 7 A s \ . : E . |

truot duoc ra phia trlu%\ga} JZ }g' W 2.14G) | mé 2

STeTYTTTrrrer Treere TrTYrrer

T<Fms+ Fqt => T< Xpmj + ) )g (5) | Hinh 2.14G .
f

Thé (4) vao (5) bién goi, ta dugc : ., <1+4)1  (6) .. :

- Trwong hop vat 1 ¢6 xu huéng trwot ra sau vat 2 . m2a = T —-pmjg (7)

................................ m2 g (8)
X 2 7 i
oiéu kién vat 1 khéng truot duoc ra sau vat 2 - T "
(Hinh 2J5G). ) <’F>
T+ Fms > Fqt we
mi .. ? . Hinh 2.15G
Suyra; T> — -pm) ¢ 9)
X 2 )
Thé (8) vao (9), suyra: "2- >1 - 41 (10)
m2

Pé vat 1 khong truot trénvat 2 1a: 1 - 4)1 < <1+4)1.

N

mi

2.17. a) Goi VA va VA lan lwot la van téc clia qua cau A ngay tredc va ngay sau va

chamgdc thé nang la vi tri ban dau cua qua cau B, chiéu duong tir trdi qua
phai. Ap dung dinh luat bdo toan co ning ta co:

mAgh - “ mAVA =>VA = y/igh - «2.10.0,8 =4 m/s
«

mAgh' = YmAVA => VA = J2gh' = 5/2:1002 ,_
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Trong va cham gilta hai qua cau c6 su bdo toan dong lwong .

. MA<VA — VA)  °'4<4 — 2) =4 m/s
MAVA““mAVA +mBvB => VB =

K, [ I mB | °-2
Sau khi nhan duoc van téc do va cham, qua cau B chuyén dong va kéo xe lan
chuyén dong theo, qua cau B va xe lan hop thanh mot hé kin nén c6 sw bao
toan dong lwong cho hé nay. Chuyén dong cla B la cham dan trong khi
chuyén dong cla xe lan :la nhanh dan, B sé khéng di qua phai nira — nghia la
khéng Ién cao nita - khi B va xe ¢6 chung mot van toc la v'TTa co hé thic :

mBvB= (mB4-M)v" => -

mB+M 0,2+0,6

Goi h” la dd ién cao t0i da clia qua cau.
Ap dung dinh luit bao toan co nang cho hé B va xe 1an :

=1 tn/s

I'rngVvg = 1 (tnB+ M}vg + mBgh" =>h"=0,6 m
= .=

b) Goi VB la van t6c cla qua cau B khi xudng trd lai téi diém thap nhat, vx la
van toc cla xe lan khi do.

+ Ap dung dinh luat bao toan déng lwvong : mBVB = Mvx + mBvB.
Ap dung dinh lut bao toan co nang 1 mBvg mB Vg + —2~Mxx

Ta tinh duoc : vB = ““2 m/s dau trir vi. lGc do6 B di sang bén trai.

2.18. a) Xét hé bao gom< cad ba b6 phan, khdng cé ngoai luc tdc dung trén phuwong

chuyén dong, dong lvong cla hé dwoc bao toan, goi v la van tdc sau cung cua

hé, tacd . tiliVqg - (Mj 4- m2 + m3)v tinh dwgc V=1 m/s.

b) Do day ndi khéng co dan nén thoi gian dé kéo cho day cang rat nhd, ta cé

thé bd qua xung clia lvc ma. sat gitta m2 va m3. Nhuw vay, dong lwong cuta hé

bao gom va m2 coi nhu dwoc bao toan, goi v' la van toc lic day vira cang,
z ~ l - g Va7 3 i ' ’l *

ta c6 . mtvip :X (mj + m2)Vv", tinh dugc : V' e= ] m/s,

c) Lwc ma sat githa m2 va m3 c¢é do Ion : f= pm3g =0,2.15.10 = 30 N.

Luwc ma sat do m3 dat vao m2 nguwoc chiéu chuyén dong, gia téc cta.(ml + m2)

la : aB (mj_'+mrh_ ): 3 m/s .



Lwc ma sat do m2 dat vao m3 cé chiéu duwong nén : a3 = 13 =2 m/sl.
m

Trong hé quy chiéu co dinh, do dich chuyén tuvong (ng ctia (ml 4 m2) va cla

m3 la: L
1_&,2'
L R
Ry 2 e I & RS M 55 2 e )
_2(3) 1277 2a3 220 4

Quéng dudng mj truot trén m, cho dén khi dimg lai : s =545 - s3<"= % m

2.19. Ki hiéu U la van toc tén Itra (so vai ho quy chiéu c6 dinh) ¢.thoi diém t.
Gia slr trong thoi gian dt tén Ira phut ra sau mot lugng khi nhién liéu -dm (c6
ddu “-7i vi khoi lugng nhién liéu cta tén Ira giam dan di), lwvong khi nay c6
van toc u + V (d6i v6i hé quy chiéu cb6 dinh). B6 bién thién dong lvong cla
he (tén Ira + khi nhién liéu) la: dp = (M + m)dd - dm.v

Q,_

V1 khong c6 ngoai lic, nén tir do suy ra phwong trinh : (M + m) dt V.o

Chiéu phuwong trinh vecto nay Ién truc toa do dat doc theo phuong quy dao va
c6 chiéu ctia 0 (chG y rang U va V nguoc chiéu), ta thu duoc phwong trinh

sau : (M + m)— - vgE
dt dt
w1 e - —kt, du _ —ktdm -2kt

Tu'do, tacd : (M + mge )-——- =~ Vgt i movgke (1)
Date*kt=x, ta co :‘du _dudx: —kx‘—jg

\ - dt dx dt dx
va'thay vao (1) : iM + mgpX) # - évorriox = din = ——000" gy (2)

; dx M + mgx

Cha ¥ réng, khi t = 0, u = uban dfu, X = 1, va khi t - +co, u = Ucud'i<x “* 0.
L&y tich phan (2) ta duoc:

“ usUGi VOMox P M‘h’l[ M )
Ubar M+uiQXy O m T M+ my
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i
V6i 1MQ «« M tacé : In
X

AAA ~ban dau — \VE
oM 1 |
2.20. Goi M, L, m la khéi lugng, chiéu dai cta cong rom va khoi lwvgng cua con
' rubi. Hé gom corig rom va rudi la hé kin vi mat ban khong c6 ma sat. Khoi
tam cla hé khong thay doi khi con rudi di sang phai. Khi rudi di dwoc quang
dwong a sang phai, cong rom dich chuyén quéng dworig b sang trai. Vi vay :

' Mb = ma M
I Ru6i di déh cubi cong rom,vivay : a4-b=L (2) .
. Tl phuong trinh (1) va (2) ta co b-. . . 1 (3)
I M+ m

a) Néu M <m, b > <<, hau nhu toan bd 6ng sé.nam trén ban => rudi' thi hai co

khéi lvong bat ki,
b) Néu m < M. Goi khéi lugng rudi thir hai 1a m. Diéu kién can bang 13 :

| Mab 5 ( '+ ) /1 b
m+m — -
J <2 1 J - @
T 2) va (3) : m'< ma_m 5y
M-m |
Néu M m thi m' c m, khdi lwvgng con rudi thir hai phai nhé hon con rudi

tht nhat.
2.21. (Hinh 2.16G)
a) Phan tich lyc tic dung nhu hinh 2.16G.

- Hinh 2.16G = Lo /Y

b) Theo phwong ndm ngang: F—N'sinf =0
N'sinO - N" =0

Theo phwong thang ding N - m2g - N'cosG - 0
N'cosO - mjg =0
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c) Hé khong can bang ; v 2F - N'sin0 = m2a2 t
N - m2g - N'cosG =0
; Nxsin9““N" =0

' v . N'cosO - n™*g-nilal

Do: AL =SN0 anzg= 1,
a2  co%$9 tan 0
N'= 2F m2al  _.2mjg ' m2aj
sinG  sinOtan® cosB  sindtanO X
_ N'cos0 'mlitg20 -2
Twdo:a2....—g = g------- =35 m/s .

ml mj tan2 0 + m2

d) Do a2 = t’& 0 la hang s nén yat chuyén dong nhanh dan déu
v tan

Vao thoi diém t, van t6c cla vat ja VvV - a2t..

VI vay, biéu thirc cong suét cla luc tac dung la 2Fv = ing
. : i sin
e) Goi F/s la luc ma sat gitta khéi m2 va mat phang nam ngang, F~s 1a luc

ma sat gitta kh6i ni] va mat thang dirng.

Vatm’l can bang nén :  N'sinS - N"=0 (1)
' N'cosO + F*)S- mig =0 (2)

Vat m2 can bangnén: F+ F/nS- N'sin0 =0 (3)
Fms—_m%g - N'C0OS0 =0 (4)

Ngoai ra . Fj*s= pN va
Tw(D:N"™ = N'sin9.

Tw (2): N'cosO 4- LgN sin9 -mjg-0=>N = 059 + [ising
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COS0 + psinO

2.22. &) Ap dung dinh luat I Niu-ton cho giot nuéc 7 i - mg
| Il

V&im - ’3\nrp (r 1a ban kinh giot nwéc & thoi diém). Ta co

i<4 KT3 VA
dt <3 P J
] 2 df4_.3
3 bai - = -2-"""7r
Theo dé bai: ot kS = k.4.7ir JtU . p7
:>£:£:const rI:(I—t+In
d p p
T (2) va (3) taco ---~-(r3v) = ?2g
f p dr
-107?
Ty do:V =
4k
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2.23. a) Phan tich lyc (Hinh 2.17G) |

b) Goi a la gia téc theo
phurong AC cla p va Q so Vvoi

ném. Chon chiéu duong nhu 1

hinh vé:
2 XF
a~ <“7

3mgsin53° - mgsin37° i

4m

. =>a=4,5m/s2. .. .
Luwc cang day T : 3msin53° - T - 3ma.
T - 3m(gsin53° - a) « 10,5m "

Céac phan luc clia mat phang :

N2 = 3mgcos53°; N] - mgcos37°

Hai luc cang day T tao lwc ép Ién rong roc - S

F="Tal/2

3mg

Hinh 2.17G

Hr~ .0
-*e TN2sIn8

£

- /
\ kd
~¥o0/i"

Hinh 2.18G

Lod nay hop voi phuong thang diing géc 8 (Hinh 2.18G).

Thanh phan TV2 sin 8° tham gia tao ra gia t6c cho ném.

G0i a3 la gia tdc nay, ta cé (Hinh 2.19G):

N2sin53° + T>/2sin80 - Ntsin37° = 5ma3

a

~3mgcos53°sin53°+10.5my2sin8°-mgcos37°sin37°

a3 = 2,333 m/s2.

Gia toc clia Q d6i véi mat ban 1a :

a2 - 3,62 m/s2 ; (2 = 84,2°

Gia téc cla p doi voi mat ban (Hinh 2. 9G).

al = 2,98 m/s2 ; (0] = 64,9°

5m

{
t
I
1
1
|
I
!
4
i
|

Hinh 2.19G
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. 3mgcos53°sin53° + TV2 sin8° - mgsin37°cos37°

c) Néu ném ding yén, tong ngoai luc tac a=45ms”
dung I&n ném bang O: : i

ZFe=I-

- : — 3 =
-li(3mg + 3mgcos253° + mgsin237° 4- T5/2 cos8°) = 0 R s O
(p 1a hé s6 ma sat). Hinh 2:206
Giaira L= “"777'=0, 142.... R e T ™
819 . S - h 't : ‘
2.24. (Hinh 2.21G). ' - ST T e
" I

96

a) Trong thoi gian At, thé tich nudc chay ra.
khoi 15 : S(v.AY).
s la dién tich 16

I
|
|
|
k
t
1
V la van téc dong nudc khi ra khoi 16 - 1 U :

Khi d6 muc nivéc trong binh giam mét luong : SO(v0.At). 'Hir;h 2.219
s0 12 dién tich day binh ” |
Vo la vén toc ha clia muc nuéc,
Phu’(yng trinh lién tuc : SvAt = SolvoAt V0 - -E-V.
' . S0 |
Pong nang khéi nudc chay ra bang do giam thé ning lvong nudce trong binh.
[JMV2 = Mogh A T T

*1 (pSVAt)V2 = (pSoh)g(voAt)

p la khdi lwgng riéng cla nuwéc.
DPon gian biéu thirc trén, ta tinh dwgc van toc nwdc luc ra khdi binh : V2 = 2gh. -

Thoi gian dé nudc cham dat xac dinh bé&i: t2 =
g
Pay cling | thoi gian d€ dong nwoc di theo phwong ndm ngang dugc 5 m
vt=5m => (vt)2 -25




T d6 : 4h(20-h) = 25.
Két qua : h =32 cm.
<b) Khi bubng vat 2, vat 1 chuyén déng nam ngang vé phia rong roc, vat 2
chuyén dong doc quanh truc va day éang ltc cang dai. o,
° Gia toc vat f1a :Iaj :-J- <7 luc cénglcfja Héy), '
m ’ v

. N . TcosG =
» Gia toc theo phuvong nam ngang cuavat2 : a2 =
m
0 12 goc hop bai day va phuong nam ngang.
Suyra:a2<al. . co L
Vi vay vat 1 dung vao rong roc trwdc khi vat 2 cham vao thanh ban.
2.25. a) Khi qua cau chwa xudng tdi diém thap nhat thi xe chuva chuyén dong, co

| nang duoc bao toan : mgR “ mv2 v = wigR (1)
Khi qua cau Ién t6i diém cao nhat trong quy dao, van tdc thang ding bang 0, |
qua cau va xe c0O cung van toc V theo phwong ngang. |

Ap dung dinh luat bdo toan dong luvong ta co :

mv=M+m)V V=7—— 2
(M +m) o | @

Ap dung dinh luét, bio toan co ning ta co :

“mv2 =mgh + ~ (M + m)V2 (3)

T (1), (2) va (3) ta tinh dwgc do 1&'n cao t6i da clia qua cau trong mat cong
o I ’ M D
v h - —R
M+ m

b) Khi qué cau tir diém cad nhét trwot xuéng, dong lveng va co nang cla hé
bdo toan, xe sé dat van téc toida khi qua cau xudng toi diém thap. Goi V' va
V' lan lwot 1a van toc clia xe va qud cau trong tredng hop nay, ta co :

(M +m)V =MV' - HiV (4)
Va mv2 “ MV 2 + mv 2 (5)

Tr (1), (4 va(B)tasuyra:V'= _2m ~"gR.
| M+ m
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2.26. a) Khi mdi dwgc phéng ra, day ndi chuva cang nén qua cau chi chiu tac dung

cda trong luc, chuyén dong cda né la chuyén dong ném ngang. Goi t la thoi
diém dé day noi bi cang, ta cé cac phwong trinh (goc la diém B noi qua cau

dwgc phong ra):
. QR — X
vBt = /sindo® va ““ gt2 + -ii - /cos60° =>t - i-I— =>Vv0 - 4
° 2 . 4 .. P9 0 2V s

b) Goi V la van tdc qua cau khi day vira bi cang : -

V= Uvqg + g2t2 => V= yfzgi ;!

Vecto V hop véi phuong thang dirng goc (p, ta co : tancp = — => (p = 60°.
gt

Do < = 60°, khi day treo bt dau bi cang, ta thdy rang van tdc V cla qua cau

c6 phuwong trung voi phuong soi day ; sau d6 qua cau nhan duoc mot xung cua

lec cdng day nén van t6c sé bang 0 : trong thoi gian do,, diém treo o ciing

nhan dugc mot xung iwc cung gia tri véi xung do qua cau nhan duoc :

Ft = mv-0 = myigy
¢) Ap dung dinh Ii ddng ndng dé tinh van tdc v' khi con lac xudng tdi vi tri
thap nhat.

mv'2

Lwc cang day . T- mg =

X} T =2mg.

2.27. a) Ap dung dinh luat bao toan dong lwong :

98

m v
Z\~1'Tg.mvovE

V 14 van t6c ctia A ngay sau va cham, Iic d6 van tdc cha B bang 0.

b) Sau va cham, khoi tdm G cla hé c6 chuyén dong tinh tién, goi VG la van
t6c cla khdi thm hé wong chuyén dong tinh tién. Trong hé quy chiéu gén véi
khoi tam, hai khéi A va B cé dao dong diéu hoa. Khi A va B cé cung van téc
(bang VG), tirc la van toc trong chuyén dong tuong d6i bang 0 thi 10 xo c6 do
bién dang I6n nhat.

H'V= fi1 + IImVG=>VG = ~ ">VAB = VG=

4 <4 )y ° G 9 AB G 9

*7-BD...NHIETHOC =



Thé nang dan hoi toi da cua hé :

n= mv 1A 7 T
= — — - — + = —

022 2 y ™R = v

Goi VA va Vg lan lvot 1a van téc clia A va B khi 10 xo co lai d0 dai nhu ban

W

dau, ta c6
m 5.
—V = «JmVA + mvg.
my ZE ~1-~1 V/&H
2 4 25
“Tinh duoc | VA = —v: Vg =2 -
inh duoc A=V ‘§V'

Pong nang toi da c.ta B la : WdB = ’\mv@ =

2L

Dong nang t6i thiéu cha A la: WA = 4,—mvA =—1—mv2

2.28. a) Sau va cham cac qua cau sé roi khoi thap va thuc hién hai loai chuyén
dong : chuyén dong tinh ti€én cung véi khdi tdm va chuyén dong quay quanh

- khoi tdm. Chuyén dong tinh tién, dac trung bdi chuyén dong cla khoi tam.
Van toc ban dau VQC cua khdi tdm duwoc xac dinh nho dwa vao dinh luat bao

toan dong lugng (xet theo phwong ngang):
Va
movo = (mj + m2 + m0)voc => vocC= - 2,5 m/s

Vecto van toc dai VOC cla hé huéng theo phwong ngang.

b) Van toc gbéc clia hd quay quanh khdi tdm duwoc xac dinh dua vao dinh luat
bdo toan momen dong lvong :

/2 Va
movol = (m! + m2 + m0)~* () => U) = -*y = 16,67 rad/s
2 4 21 |

c¢) B0 dich chuyén clia hé theo phuong ngang la : s = Vgct va thoi gian bay la :
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Nhu vay : s = 19,55 m. Khi cham dat hé cach chan thap 19,55 m.
d) Van t6c cla khdi tm cla hé khi hé cham d4t bang :
A2gh + VQC « 76,72 m/s

e) S6 vong quay ma hé da thuc hién trong thoi gian bay 1&

=

N = 7 20,75 vong.
[ g ' o :

. z

Ta nhan thdy chi c6 thé xay ra -bon tinh hudng ddc biét khi hé cham dat, do la :
 Hé & tu thé thang ding véi cac qua cau 1 va 3 & trén. D6 ciing 1 vi tri cla
cac qud cau trwdéc khi ching roi thap va tinh hudng nay xay ra khi s6 vong
quay la mot s6 nguyén. .

« Hé & tu thé nam ngang, khac voi tu thé th ba do tdng thém mot phan tw
vong quay.

« Hé & tw thé thdng ding voi cac quéd cau 1 va 3 & dudi, khac véi tu thé ban
dau do tang thém nira vong quay.

« Hé & t& thé ndm ngang, khac véi tw thé thir ba do tdng thém mot phamtlr
vong quay. '
RO rang la can cir vao dir kién cua dé bai thi tv thé khi cham dat clta hd' gan
VvOi tw thé thik tw bdi vi s6 vong quay xap xi bang 20,75 vong.

'Chuong II. CO' HOC VAT RAN

Cha dé 3 | _ yd
~-3.1. a) Tai t = 0 diéni M = O (Hinh 3.1G)

Hinh 3.1G

100



4

Tai t * 0 diém M & vi tri (x, y).

. . .V
X = vt - RsIno = vt “ Rsincot = vt - RSIn-I;’t

ol Vo ( | -
T (2)=> Wt = arccosll ¥J -->t— —arccos 1, X)

Thay (3) vao (1) ta cé phwong trinh quy dao tla diém M |

y Rarccos 1 - C_ASyR -2
\ R/ "

bay la phuong trinh dwong cong xycloid.
b) Quéng dwong cua M di dvgc wong 1 chuki ia :

= Ru(dt = Bk + y2 .t
0 -0

G Vi, .. .V
x—v—VCOSEt,y—vsnh—t

X'2 +y'2 2 v2fl - 2cos™t + 1T = 2v2[l - cosyf't)
A R J R

phurong Ox (Hinh 3.2GA).

Hinh 3.2G

(2)

(3)

(4)




3.3.
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dv . ) , .
at = -a V*ua gia téc phap tuyén an

Néu Y la gia toc goc thi Y = dt Cl 1a tbc dd goc ; YCO > 0 tng v6i su quay

nhanh dan déu, Y<0 < 0 (rng v&i quay cham dan déu.
dv L
T¢V=Rcosuyra: y- -at= gR;
Mat khac an = Rci2. Géc a ma vecto gia toc & lam véi Ox dudc xac dinh bdi

at Y o L | V
tana = — = -y #= const, khong phu thuéc R.

Do 16n cua giatoc a = wa™ 4a, =RUY™4 cu 1 16 véi R. Vay cac vecto

gia tdc cla cac diém khac nhau trén Ox dugc biéu dién nhuw trong hinh 3.2Gb.
Céac vecto van. téc V cling ti 1€ v&i R va sorig song nhau, nhung vudng goc
voi Ox. Truwong hop vé trong hinh la quay theo chiéu kim déng hé va cham
dan déu (at nguoc chiéu v). Néu quay nhanh dan déu thi cac vecto &' & cling
mot phia vdi cac vecty V. ;
a) a va b la cac diém cla rong roc ti€p xUc véi cac day, \
va=V, vb=V'. Ta vé cac vecto V, v' (Hinh 3.3G) va tim

duoc tam quay |. Goi ¢ la van t6c goc cua rong roc. a

V = laco, V' = Ibco. Cong lai ta duoc :

Vi ¥
Vi4-v' = 2Reo, (= — @ :
2R Hinh 3.3G
' ; 1 2 A 210
| chia trong dwong kinh ab theo ti le — nén — - “* = —— -
% VI V V V 4_ Vl V _ V"
V=Y
Vay: 10= R----- 5
Y Vi (2)
V —
v0 =¢0.10 = A 3)

Néu V > v' thi o di 1én (nhu trong hihh 3.3G)



3.4.

1Vay : VB = ReoSM”™ +.E) = Rtu(sing 4- cosdtanp).

'b) C4 avab di Ién. | chia ngoai dwong kinh

NEéu V < v' thi o di xudng.

Néu V = v' thi O dirng yén.

theo ti 16 .Thay V' bang -v' trong (1 < 3)
v |

., V=i mV+V ' . N -
ta co ;o= R I0=R V—7v' L ~ Hinh3.4G

K&t qua cudi kha hién nhién VI-o 14 trung diém cda ab (Hinh 3.4G).
a) A quay tron nén VA vudng goc voi OA va VA = Reo.
Goi a va p la cac goc ma VA va Vg lam vai bién AB
(Hinh 3 5G). : ‘ -

Céc hinh chiéu cia VA va VB xudng AB phai bang nhau : V

VACOSa - VgCOSp
Mat khéc : oc = 90° - (<p + p).

cosp
Tam gléc OAB ché smp P
R Z
Suy ra: 'tanB - --,:gséng%:: - Hinh 3.6G

1022 — R2sin2<p
b) Ta tim tdm | cdc van tdc (tim quay tic thoi) cla AB bang cach vé céc
dwong vudng goéc véi VA va Vg. Giao diém la L
Cac van toc cua cac diém M cua AB déu vudng goc véi Ml va c6 do lon ti Ié
vGoi MI: vM = coMI.

Hién nhién chan H cua duong vubng goc ha tlr | xuéng AB c6 van téc nhd
nhat (Hinh 3.6G).

3.5. (Hinh 3.7G)

a) Bau B : (xB, yB): Y =cosct (1)
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Ya

= since (2). v
X =n Y2 y2
' TE M@ B IXE =1

=> Elip c6 ban truc, I&n 2/, ban truc nho /
b) Luwu y gitta diém Tva B cé quan hé :
yB = 2yi (4)
<5)

2v0Zt

. Thay t vao biéu thirc VB va a ta
duoc két qua.
Chu dé 4.

4.1, a) va b). Ta dung dinh Ii dong nang dé tim van téc V clia xe khi da di duoc
quéng duong /.

Pong nang clia san wdi = |mv2
MO6i banh xe c6 momen quan tinh | = —2~ MR , R la ban kinh banh xe.

104



. « . 1.2 . Y 12
Pong ndng quay la ~1(w, C I)é van tac gcz)c Ch - —, vay wdj m- ~mv .

i 2 1 727 -
Pong ning cta 4 banh xe : w2 =4 g-?:mv 4 Zmy y wdj = 3mv2

E)C)ng nang claxe ! WA = wd| + WQZ = M—‘I—éHyZ .

Cong cla lvc F vacuatrong lwc (NJ44m)g : A=F/ - (M 4 4m)gsina./.\

Théo dinh li vé déng nang : wd = A o |
HF - d\/l"4 4m)gsina] = MV%
2  2/[F - (M 4 4m)gsina]
M 4- 6m

Chuyén dong cua xe la nhanh dan déu tir trang thai nghi nén ta c6 : Ve = 2al,

suy ra gia toe a F - (M4 4m)gsina . 6’3

(2)
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AV mly2 L 1®2 <v  m2y2 !

Taco : wdl = wid? =
- ! atz 7 = \ =7 ~ 2> A \ ~ m r2
h = /sina voi a lagiatoc cuahé; V=rct ;1 :/ -----
- . - 2

atz m ' 1
' Atns = Fms./ = pN2/ = pm2gcosa. ™=-

Thay vao (1) tacd .

(m{z + m9)gat2%ina (mi + m9)a2t2  la2t2 at2
B € ————------- i + pm2gcoso™ (3)
v 2 2 . 212 2

-Giai phuong trinh (3) va loai nghiém a = o (vi ho Vét chuyén ddng c6 gia toc),-

rat ra '

Twdo:t= 2—/« ?l,l S.
d .

* Cach gidi 2 Kihiéu T la luc cang cla day ndi, ap dung dinh luat 1l Niu-ton
cho vat B va vat A va chiéu,phu’crng trinh ién phwong chuyén doéng va lén
phuong vubng goc véi mat phang nghiéng

m2gsina + T - pm2gcosa =m2a (1)
m'lgsincc - T - F' = - (2)

voi F' 1a lvc ma sat 1am cho hinh tru quay. Ap dung phwong trinh clia chuyén
. ' m Y a

dong quay quanh truc hinh try : M - ly => F'r - m%r - (Via=ry)
| | ! r

@)



4.3.

Ngoai ra, ta cO: T = m2[a + g(pcosa - sina)] « 0,1 N.
Ta hdy so sanh gia toc trugt cla vat (khi khdng co A) voi gia toc tinh tién cua |
hinh tru (khi khdéng c6 B). Dé dang tinh duwgc: a2 = g(sina - pcosa)« 3,27 m/s?2

Pa6i v6i hinh tru, ap dung phuong trinh chuyén dong quay doi voi truc di qua
dudng tiép xdc cta hinh tru voi mat phang nghiéng : M. = ly, véi M = nggrsina,

m,r° +r”nr2_.3m1r2'su s iy
I = — . .yra.al—ry—3g'smoc-3

=>aj =333 m/s">a . b
Nhung néu ot - 45° thi a2 = 5,64 m/s , va &y = 4,7 m/s < a2 : Vat B truot
nhanh hon hinh try va thic vao hinh tru. Khi do6 lvc cang T = 0 va thoi gian
hinh tru 1an dén B sé nhd hon 1,1 s. |

Ta thdy ngay vi dong luvgng bao toan nén hinh tru di
xudng, sang phai, thi ném se di sang trai.

Hinh tru chiu tac dung cua trong luc mg va luc ma

sat Fms huwong sang trai (Hinh 4-1G)..N6 c6 gia téc

d ddi véi ném va gia tbc kéo theo a0 cé phuong Hinh 4.1G
nam ngang;, sang tréi. ’
mg + E . = m(@ + &) (1)
Chiéu (1) xudng truc X gan véi ban va song song voi méat nghiéng ctia ném :
mgsino - Fms = m(a - alcosa) (2)-
a0lamodun.
Phuwong trinh quay cla hinh tru la: FmsR = - .Y,

x4 a
Gia toc goc 7:7a? suy ra Fms = ‘q]—.

Thay vao (2), ta co : a= ~ (gsina + a0cosa) (3)

Mat khac, van téc vb cla tdm c hinh tru doi

vOi ban bang van tdc déi vai ném V, cdng voi Vo N
v
van tdc cia ném ddi véi ban VQ : e
- + 1
vb - V + v0 (Hinh 4.2G). Hinh 4.2G
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Néu chiéu xudng truc (t) trén mat ban thi vbt = vcoscc ~ UQ (Uqg la mddun).
Ta c6 su bdo toan dong lwgng theo phuvong ngang . mvbt - MUQ = 0.

(Chu y rang dinh luat nay va cac dinh luat Niu-ton. api dung cho hé quy chiéu
gan voi fean chang han). /i, .- .

m(vcosa - Ug) ~ MUQ = 0 hay mvcosa = Ug(M + m) 4)

LAy dao ham (4) ta c6 lién hé gilra hai gia téc a va a0

macosa =ad(M 4 m) suyraa=-" - ... (5)

(6)
Gia toc dai s6 cua M la : -a0.

Thay (0) vao (5) ta co sau khi bién doi: a = M£sin 72—/
3M T 2m - mcos2a

~ Con l&n B c6 van tdc tinh tién 1a VB = “* nén van tdc goc ctand la <UB =

2 2R
Ta cO do bién thién dong nang cla hé : O
AWrAnv? jlo<k + fmass- (eoE
v Trong do | fo= é—mzﬁ iB—Em3H2 A\/k/d— --T-f?g--i-}-z-mg\/z | !
Cong cla cac ngoai luc khi A di xudbng mot doan s trong thoi éian t
A = m-jg.sina.s ~ m39.sinp.~2— = A= (2mls»ina —m3sinp)géSi (2)
BPinh li dong nang : AWd = A 1 3)
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T (1), 2), 3) ' co: V2= 8(2msin  mup - o
e G g )

T4 cbn co : V2 = %as (5)
A 4(2misina - m3sinP)g

'I
So sanh (4) voi (5) suy ra’ a= . —
(4) voi (5) suy 811 + 4m2 + 121113

4.5. a) Phuong trinh tinh tién cda hai rongroc 1 va2 la:2mg - Ti - 2mal ; (1)
,mg~T2-maz2 (2)

Phuong trinh quay cla chang la : Tjf] = 1iY] ; Tjr2 = 12y2

rb r2 la cac ban kinh ; If, 12 1a cAc momen quan tinh ;
Yb y2 la céac gia toc goc (Hinh 4.3G).

r
Thay I| =mr2, 12--t-mr2.

Hinh 4.3G
Phuwong trinh quay cua rong roc o voi | = r2n R9 la (ZI'U— T2)R - r;] 7
hay Ti ” T2 =-"-Ry (y la gia téc géc cua O) (5)

Cac rong roc | va 2 cé chiéu quay nguwgc nhau nhu trong hinh 4.3G.
Gia thiét Ti > T2 rong roc O sé quay theo chiéu cta rong roc 1.

Néu rong roc o quay theo géc a va rong roc | quay goc’al thi | di xubng

| doan duong Si = tioi+ Ra.
Suy ra ai = riYi+Ry-. (6)
Tuwong tu ta cé (O quay trai chiéu 2)
S2 = rja2-Ra
a2 = r2y2 - Ry (7)

Ta c6 7 phuong trinh dé tim 7 an : aj, a2, T|, T2, Yi, y2,y
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(8)

(9)
b) Dung (1), (2) ta cé cac luc cang day : Ti = 2m(g - a}); T2 = mg(g - a2).

Pua vao (8), (9) ta di dén : Ti = ~2—7~m6 T2= =M <T] nhv gié thiét va -
T

!

' 20 : 6 ¢
al '27'g a2—.]2'7g»Y— 27 R

Phan lyc cla truc o khi cac rong roc 1, 2 chuyén dong la :

Q=T] +r2samg X Iémg« 1,9mg

Khi chrra chuyén dong : Q' = 4mg> Q.

. Chuy :Takhbng coyi = — ;y2=— maco (6), (7) vi:Y2- . chang han,
. 12 '

rl

la gia toc goc khi day ding yen, & day day di ién trén.
4.6. a) Ap dung dinh'luét 11 Niu-ton cho hdp A ta tim duoc gia téc cua hop
aj “ g(sina - pcosa) (1)
Phuong trinh chuyén dong tinh tién cuda hinh tru :
m2gsina - F - m2a2 ' (2)

Vi F la lvc. ma sat giir cho hinh tru khéng truot, dong thoi gay ra sw quay cla
hinh tru quanh truc cta né theo phuwong trinh :

M=Ily=>Fr=mar2Y (3)

voi Y = — (vi lan khong truot). Tk do ratra . a2 = ) (4)
r |
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4.7.

Mudn cho khoang cach, gitra hop va hinh tru gitr khong thay doi thi phai cé
aj =a2 Tw (1) va (4) ratra | tana = 2p (5)
'l

b) Lwc can chuyén dong hinh tru duoc suy t)lgj’ (3) va (4)‘: = NdeIna (6)

Lwc ma sat cwc dai gitta hinh tru va mat phang nghiéng la

I Fms = p'm2gcosa | (7)
Pé van c6 chuyén dong nhu trén thi phai co; F & Fms, do do, theo (5) phai co :
valL
(Hinh 4.4G). |
an - PO N i R -Ra?
m o

o -mRa'N “mmgcosa '‘Q) -

at =-Fms + mgsina
<> mRa" .= -Fms + mgsina (2)"

— Ap dung dinh Ii momen dong lvong doi
vOi truc quay A

la— - mgRsina (v0i IA=mR2+ 1 mR2 - mR2)

Hinh 4.4G

dt
=> ““ mR2a" - mgRsina (3) *
12
. 1 r.
(Nhéan hai vé cho a") <=> ‘j‘ mRZa".a' = mgRsina.a/ (a".a' = -2-(&'2);

sina.cc' = '(-cosa)i) <=> iMmRZd(a'23 = mgﬁlé/(-cosa)‘

Ldy tich phan hai vé ta duoc . Smr%a = ng:eZ(—cosa + 1) _ NG
T (1), (2), (3), (4) khtr &' va a", ta tim dwoc : Fms = —mgsina 5) .

N = “mg(7cosa - 4) - (6
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14.8.

4.9.

4
- V6igiathieBt N>0 7cosa-4>0=>a<otj (COSOl =77

-Mat khac:  Fms <} N (7)

Thay (5), (6) vao (7): =>sina2 < |x(7coaa2 - 4) => 00 = |[a2 - 0'47 = 27°.
I L “
Phuong trinh.chuyén dong ciia khoi tam céc tru . |

mat.==P + T + N.
?c “ &éd
V6i a la gia tbc cua day.
Chiéu’lén phwong chuyén doéng ctia moi tru ;
mj(ald - a) =m”sina - T (1)
v m2(a2d + a) = m2gsinp - T - (2)

- Phuong trinh quay ctra vat ran : lcp = RT.

Véi:lc=AmR =>Rp= — | (3)
2 m
Tacd : vCd = Reo ; aTd - Rp (4)
- ~ ¢ = - > 2T - = |
Tw (3), (4)'suy ra gia toc tru | doi voi day | aid = — —mjajd—2T  (5)
m
Thay (5) vao (1), taduwgc : 2T - nga - mjgsina - T . (6)
Tuwong tw, 2T + m2a =m2gsinp - T . A 7
T (6), (7) - o (mZSlnp - m;sma)g
tW| + m2

mlni2g(sina + smP)
3(ni||+m2)

vA
a) Thanh chi chiu cac luc thdng ding :
trong luc mg va phan luc N cla Ox,
nén khéi tam G chuyén dong trén duong
thang dirng di qua vi tri ban dau Go, Vq "

cling & trén dudng ay (Hinh 4.5G).

Hinh 4.5G
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H)A‘V dy —|du ina) _ =aifcosa (1)
' dt t

fit
ra' = dlt De/tlm a' ta dung dinh Ii dong nang Bong nang wid cua thanh goém
o I ‘ .

o . Pt

!

c6 dong nang tinh tién cla khﬁll' tam 'Z‘mv& va Id(“)n‘clj ang quay “‘qui) vm

m/2 ,
1= —— va(r=ce. _

Vay . wd = T m(a'Zcosa)2 + ~-m/2a/2.

Cdng cua trong lwc khi thanh roi tir vi tri a0 xudng vi tri a la;
A = mg/(sinoi0 ““ since)

W - é—mlza"za +.3c0s a) A= Wd chota:ce - 155-9-(-3-'9-61—0‘— sina)
|

' .1 7(1 + 3.COS2 cx)

Pua vao (1) dbirh phuong, ta co v _ .Bg/(sincen Ism§e)cos ®

1 +3C0S a
I LAy can s6 ta co : VG,

c) Trwdng hop a0 = 90° : Luc sap dapvao Ox thi a = 0.

Véisinal= 1, co'sa-1(2) cho: VG = VG =

4.10. a) Chon chiéu dwong hwéng, xudng. Khdi lpong cac
rong, roc A, B bang O thi lvc cing day & hai bén va &
‘gitta bang nhau: T= T'(Hinh 4.6G).

Céc phuong trinh chuyén dong ctia mb m2 la :

1)
(2)

Hinh 4.6G
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) o
111, m2 chuyén déng ngwoc chiéu nhau va m2 di deoc quing dwong gdp doi

mb nghia la: a2 = ~2al , (3)
Thay vao (2) va giai hé ba phuvong trinh véi ba an al, a2 va T, ta di toi;
. mt-2tn2o . 2(2m2 -m:) B
1 m. X Am- a2 m. I-Am- ' " 1 I
mj 4-4m?2 Uil + 4mz2
m2> thi a2 > 0, m2 di xuéng, mq di 1én. m2 < {— thi nguoc lai.
2 f 12

b) T# T céac phwong trinh 1a (ta van c6 a2 = -2hi) :

(4)
-T' + mg = ma2 (5)
Phuong trinh quay cllarong roc A T
(T-THR = (Er i4 giat6c goc cla A)
2 R R 6 “
T-T — WE ma? (6)

Ba phuong trinh (4), (5), (6) gilp tatinhbaana2 T, T
2, 1
a2 = y 0> ai = ”’-§g, m2 di xudng, np di lIén.

T=|mg,T'= émg)Q =2T' + T=ymg<2mg =P |

4.11. a) Khdi tam cda thanh AB nam & trung diém o. Ta chon mét céach tuy y goc
clia truc X trung vé6i trung diém o cla thanh AB. Sau khi vién dan cam vao
dau B cua thanh thi vi tri khoi tam G cua hé thanh va dan dwogc xac dinh boi

. cbng thtec
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XG=—-n — = > "WVOIX0 = 6 !

" Trwdc va cham, thanh ding yén, dong luong cliia hé bang dong lueng vién dan
PO=mvO0'1 + 7. . N VAN

Sau va cham, hé thanh AB va dan chuyén dong véi van toc vG la van toc cla
khoi tdm cta hé: P1 = 2mvG. [ ;

Gia st tdng céac ngoai lvc tac dung vao hé bang 0 (hé cb 1ap) thi dong luong
toan phan cla hé la khdng doi.

. \q ~ | Va 1. e e
Ta co : Po=pj hay mv0 = 2mvG => VG = -~ T
b) Ap dung dinh luat bao toan momen dong lwong.

Momen dong lvgng clia hé d6i voi G ngay truéc va cham bang 1

M = [{_YL:mVOZ | I

Ki hiéu Cr la van téc géc cua hé quanh G ngay sau va cham, momen dong
lvgng cla vién dan la:

mvZ m/ f m/2co

| Eg—ud |

1 2V2J 4

va cuathanhla: IGO0 = (Ig + m.OG ki -  mZ20)

va tng momen dong lugng ctia hé ngay sau va cham bang :

m/2co |, 7 5 '/2
Mo = —7— + —mrw = -~mZ [l
| 4 12 6
mvA

c) Bong nang cua hé trwdc va cham : wd
Sau va cham toan 'bo hé tinh tién v&i van toc vG, dong thoi quay quanh G theo
chiéu nguoc véi chiéu kim déng ho véi van tdc goc Cl, do do tong dong nang

clia hé bang :
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In® m 2 2
2 2 ?mv"”

(1)

Hinh 4.7G

T'wv iam c ctaya «,, d«tag w» «m 0. H« M,,h » 1.

1 a2c02 ma2l 2 ma2 2

AL A —— b __ = |
vay: wd 421m T +12 279) =5 Clz (2)
Ap = mg(h0 - h) = mg|(sin <0 - sin<p) 3)
T (1), (2), (3): 02 = —(sincpo - sino) (4)
a

DE tim gia tdc cua thanh 1dy dao ham (4):
3 ‘ 3
' 2cl.0l = —?coscp.(_)' - —g(ul.coscp
a a

a3
=0 -p= r COSCp (5)



=>x& = Nj (6)

b) -P + N2 (7)

myé

*C -a-sincpxp ; Ye = '?’Coscp.cp’z
2 ) 2
-““ssincp.cp ““ ““COSipx 8
*G posinep.cp = 7COSipxp q (8)

y'c  —coscp.cp —@siri(p.(p52 9)
-1 Thé (8), (9) vao (6), (7): '

"'N| = r<<*“(sino.off + c0s0.cp'2) (10)
x
| I\]Z =mg + pL;-('C(I)scp.cp” “ Sincp.cp’7§ (11)

Vaicp'2 = c02; <" =p
Khi dau A roi tuong : Nj = 0 => sincp.cp” + coso.cp' - 0

=> -sintp”-cosd + —coso(sin<p0 - sih(p) = 0
y o 2a a

(12)

4.13. (Hinh 4.8G)

) | ; b)

Hinh 4.8G
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Giai doan i : Hé di 1én (Hinh 4.8Ga)

Do van téc dai ctia moi diém trén mép tru vd = t’R ién hom van tdc tinh tién
cta khdi tam hinh tru nén hinh tru vira idn vira trugt. Khi d6 lvc ma sat nghi
trén hinh tru bang ma sat trwot va la luc phat dong : .

2maj = -2mgsina - Fms2 4- Fm$|

=> 2al =-2gsina + (iij - li2)gcosa
=>al = (p.] - p2)gcosot - gsincc => &l = gsina

Hé chuyén dong nhanh dan'déu.
- Van toc khéi tdm cua hinh tru : vt = ajt = gsina.t (1)
— Chuyén dong quay cla hinh tru cé gia toc goc :'

c_ M _FmsIR _ iilmgcosa.R _ 10gsina '+ |

1/ LmRﬂ »

Lwc ma sat Fmsni cé tdc dung lam tru quay nguoc chiéu vai Cio nén hinh tru
quay V@i van toc goc () nhé dan.

| in
Cit ~ coOt + st = CU -gF-j-l- it

Van t6c dai ctia moi diém trén mép hinh tru : vd = t)tR (2)
Giai doan nay ngung khi: vt = vd.
T (1) va (2) suy ra thoi gian tj:

IOgsina.tj R => @)

gsina.g = U R~ ] [ llgsina

9 1
2U 11 ) gsince

Giai doan 2 : (Hinh 4.8Gb) Hé tiép tuc di Ién.

1
Quéng duong he da di dugc @ Si =

Hinh tru 1an khong trwot, lwvc ma sat [én hinh tru la lwvc ma sat [an : Fmsni < Fmstl,

f



X

f2ma2 = -imgsina - Fms2t -FmSnl
[IE = Frnsni.R

2ma2 = m3mgsina Prnsnl

“I'mR2T1 =p J_R
mxX — = rmsni.K

La 4 XX

6 .
a2 -ygsina

Hé chuyén dong cham dan cho dén luc dirng lai

t - vtl a 5<4R V 2,yA
a2  66gsina . h
/ % - 5°"R2

' - 2a2  1452gsina
Giai doan 3 : Hé chuyén dong xuéng dudi
2ma3 = 2mgsina-Fms2-Fmsnl

[Is - FmsyjjR
=> -mR ““ = FmsnIR => Fmsnj = ””Hia3

Thay vao trén, giai ra : a3 - — gsinoL

v 4.14. a) Phuong trinh dong luc hoc :

< (1)

S

Giai hé phuwong trinh (1) thu dwgc : a =" 1,63 m/s2
nil +m2 +y/

Khi rong roc quay duwgc 1 vong, cac vat ri), m2 chuyén dong'dwoc quang
duwong s - 2kR
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4AnR(rn.2 ~ mt)g

=™
ml +m2 + 2

V:v2as=4

b) Cac phuong trinh dong luc hoc :
?2 —T2 = m2a’ (2
> . - ©3)
'Do c6'ma sat gilra day v6i nira vong tron cla rong roc (ma sat trwgt) nén
Ti T2 Luc cédng tai cac diém trén doan day AB tiép xuc v&irong roc co do
Ién tang dan tir A dén B. Can xac dinh quan hé gitta Ti va T2,
Xét doan day d/ chan cung dtp, do bién thién luc cang dT cua doan .day nay
dT = kTd(p ’ !

. 1fdT - %E
do do : = Jkdcp suy ra: T2 = Trexp (kw) , .
. Ti 0

KEt hop véi cac phuong trinh (2), (3) ta cé hé phuong trinh |
P2—~f2= m2a'
Ti -Pi = nila’ |
T2 = Tioxp (kft)
Giai hé phwong trinh nay thu dwoc
t=to2-")e=-i.os6mss; I
m2+mle
TI=ml(a' +g)=8,7N
T2 = ml(a'+g)ekre=16,3N \]|
¢) Van toc cac vat duoc xac dinh bdi : vt = Vo + a't (véi v0 dugc xac dinh &
phan trudc tai thoi diém day bat dau bi truot theo biéu thirc va két qua P

4ttR(m2 - mj)g

Vn =
0T 1 71 M [ h
ml + m2 + 2
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AMR(M2 - nil)g (M2 - miekrt)

Suy ra; i
| M m2 + nliekn

V ml + m2

Nhan xét : do biéu thic gia toc @ -  —.17—l-g 6 thé. Ia dwong, am,
T2 + HIiCK71

bang 0 (rng véi tirng bo dif kién dau bai khac nhau, nén véi cac truong hop cu

1thé cla bd gia tri (mj,uri2, k, t) ta c6 cac gia tri van téc khac nhau.

+ THI : Khi & > 0 ; vat chuyén dorig nhanh dan déu, gia tri V duoc tinh theo
cong thirc ¥* ‘ ‘ |

. +TH2 : Khi a'=0;V=v0.

!

+ TH3 : Khi a' < 0 ; vat chuyén dong cham dan déu ; ta tinh V theo cong thirc
* va nhan két qua van téc vat'sau thoi gian t 1a V khi V> 0 va V = 0 khi gia
tri tinh dwoc la gia tri am.
Ap dung bang s6 v&i: m2=15kg ;MM -1 kg k=0,2;
t=2s;M=1kg;R=0,1m.,g=9,8g/m2

Tinh dwoc a' = -1,087 m/s2.-=> vat chuyén dong cham dan déu sau thoi gian
t = 1,35 s thi dirng lai. Vay tai t - 2 s cac vat cé van toc v = 0.

4.15. (Hinh 4.9G).
a) Goi Vj, v2,V la van toc cua khoi

o
tdm Gi, G2 va G cla hd ngay sau khi X
vira va cham. AT
top CU2 V3 1a van t6c goc cla thanh

AB, BC va van toc cla chot B.

X+ R =mvl .
- Xét thanh AB : < _’i‘_ m/2> ()
uI (2)
<12 -
m/2a>2 (3>
- Xét thanh BC : 4
(4)
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- Xétcahé: X =2mv (5)

/
. VB -°22+W2 (6)
- Xét ch6t B : « /
VB=  +V (7)
oX -X X | -X
M2 am YV Tam VP T

9 —3X

b) Twong ty ta tim duoc (0L = @2 = —

1 2m/ v 2m

4.16. - Momen quan tinh d6i voi truc quay o :

122

~ T 1 ,,€ ._<|7\?- N L
— cc_ :em
I 12mL +m 15 2 _

-\VVan téc goc cla thanh OA trwdc khi dap vao'vat B 1a (U]

1la2 10rad/s '
2 | 2. .1 VL

-Van t6c goc clia thanh va vat B sau khi vira va cham la <»2 va Vv : Ap dung cac
dinh luat bao toan 'momen déng lvgng va bao toan co nang trong thoi gian tuong
tac ngan:

TOU2+.wivL — ICU|

i | 2 1]JK2
- +T- =
%ﬁtdzn 'Iémv zlﬂf)l1
N Cl . L. Y
Twdosuyra: ©2 = , =-5 rad/svaV =§LAu! - U2 = ‘Z‘Ql =1,5 m/s.

Ap dung dinh luat bo toan co nang va dinh li déng nang :

ilco? -NMiN(1-cosd)
2 . 2

<

1 2
~mv~ = pmgs
2

Tw dé suy ra : COS0 = 0,75 hay 0 =41,4°vas =0,75 m.



*

4.17. Vi A va B 1an khong truot 1én nhau nén van toc dai cla cac diém trén A va B
ludn luén bang nhau : 1

V = auwiTl = co2r2 N )
khi hinh tru B ap sét vao hinh tru A luc tvong tac (tai cho tiép xdc) gitta A va

Doi voi B, lvc F ¢c6 momen M2 = Fr2, nh& do van tdc goc clia B tang tir 0
dén (62. Theo phuwong trinh chuyén dong quay cla vat quanh mot truc tacd

|\/|:|y:>|\/|:: 1477 | -

| At
Ap dung cho hinh tru B ta c0 :
10A© = M2At => M&% - 0) = FroAt =5 o'z — 2T A )
2 ‘ m2r2

DPoi vbi. A, lvc F ¢6 momen M2 = F.rp do do6 van toc goc clia A giam tir coo
dén Cil- Tuwong tu nhutrén ta co .

.mir?. _ L e ~ 2F.At
%1 (CUQ - Coj) = Fg.At hay (00 — COj = (3)
[ |

T (1), (2) va (3) rutras

oo | iiCu _ " i
o = —2500 - va ez = — MR (4)
.ml + m2 r2lml + m2)

Lwong nhiét tda ra bang hiéu dong nang ban dau cta A va dong nang luc sau
claAvaB:

Q -
2 4(mf4- m2). m2 + m2

(WdQ la ddng nang ban dau cla A)

4.18. a) Cac phwong tnnh dong luc hoc clia cac vat ngay sau khi cat day

TUjg + T = mqaj (1)
| m2g - 2T = m2a2 (@)
ai - 2a2 3)
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Amj 4 m2 1

b) Ngay sau khi cat day :  mig +.Tj = mlal (4)
m2é —-01 4 T2) = m2a2 (5)
(T2-T1)R=I" ©)

v Voi Il = 1 mR2; a) = 2a2

o 4(2m] + m2)g 2(2m1;4- m2')g

Giai hé, taduwoc : al =8 ----F-----mm- — a2 -
8mj 4-2m2 4 m 8tili 4 2m2 + m
4.19. (Hinh 4.10G). ‘ | ¢ B

a) Diéu kién cua ii va gia toc cla cac vat.

Khoi tru lan khong truot, diém tiép
xuc | gita khdi tru va mat nghiéng
ding yén- tlrc thoi va déng vai tro
lam tdm quay tlrc thoi. Ta goi.gia téc

goc cua khdi tru quanh truc cua né P,
la £, cling la gia téc goc quanh tam
quay ttrc thoi I. Ta coO: : HinE 1106
a0 = R.s
R+ 1 '

a —

;3 (y oo
| 2/"  2-@a° g
Mt khac, phuong trinh dinh luat Il Niu-ton cho chuyén dong.tinh tién clia cac
vat khi chiéu trén céc truc v6i chiéu dwong nhu da chi ra trén hinh vé-;

T-mg = ma

Mgsina - T - fms = Ma0 (2)
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D0Gi vbi chuyén dong quay quanh truc cta khoi tru

=le= |mR2\/ =T =2.fms - M.al

‘R-T. 2 3
U-R-T.2 bR 3)
Tr(2) va (3) ratra: 1[ms Mg?ﬂ
2Msina —3m A9
3(3m + 2M) 39
3 2Msina - 3m __2g
=> - = f S=
2% T em 2w
Y S Msina-3gn 2 +sina i 5 Wa:
=21 =g Mmoo 87 3m+om VMY T e MY
Vay hé.chuyén dong theo diing .chiéu,ta chon. - I
Diéu kién dé khoi tru lan khong truot
r Mg35ina | Xr tana 73
©ofms = - M-Mgcosct => p > ; 3 = -é— :

b) Gia tbc cua cac vat khi khoi tru
trwot (Hinh 4.11G)

Theo cau a), khoi tru sé vira lan vira
trwvot khi c6 diéu kién :

tana \i3
p. < LLELL L C : -
3 . 9

Lic do, lvc ma séat co do 16n bang :

fms = ii.N = p,.Mgcosa w o, ~ Hinh 4.11G
Ta c6 quan hé vé gia tdc cac vat: |

a~ a0+ 8% => MRe = 2Ma - 2Ma0 4) -

S.R <ait (vra lan vira trugt)’
Dinh luat Il Niu-ton cho chuyén dong tinh tién cla cac vat

T-Hig=m.a=>T=ma+mg

125



Mgsina - T *“ fms = Ma0 . (5)

Va chuyén dong quay quanh truc cta khdi tru :

fms.R - =le= 1 MR2e => M.Re=2fms-T (6)

Két hop voi (4) => 2fms - T = 2Ma - 2MaQ

hay 2fms - ma ~ mg = 2Ma - 2Mal (7)
. Cong hai'vé'ctia (5) véi nhau ta duoc :

Mgsina - fms - m.a + mg + M.ad (8)

Nhan (8) véi 2 rbi cong véi (7):
.2Mgsina = 3ma + 3mg +2Ma <=> 2Mgsina - 3mg = 3ma + 2Ma f

St BT
Mgsina - fme- m.a - mg 7—1§>/3u 49
A = -eon mememmeeeey 1Y, I —— 1> 39
le 2fm -T  2p,Mgcosg - (13™ - 3)g
MR MR . 13R

4.20. O thoi diém ma quad cau A khong twa vao tuong nita, thanh AB Iam voi

126

phuong ngang Ox mot goc a. Goi cac van toc clia A, B lic do 1a' VA, Vg. Lac
dé A da tut mot doan /(1 -sina).

Pinh luat bao toan co ning cho :» | a""\
= !/‘ - oYy
y(VA + v[) =mg/(I-sin®) v T

VvV X

VA + VB =2gZ(l -sina) (1) Hinh 4J2C
AB I thanh ctng nén hinh chiéu cac van téc VA, Vg xuéng AB bang nhau
(HInh4.12G): X

vAsina = Vgcosa (2)
Thay (2) vao (1) ta cé . Vg = 2g/(sin2a - sin3a) (3)



Giai doan dau, khi A chwa roi twong thi lwvc ndm ngang duy nhét gay ra cho
khéi tdm'G cla thanh gia t6c va van tc nam ngang vGx la phan lyc N cla
twdng co6 phwong ndm ngang, VAX tang dan.
Lac A roi twong thi N = 0, vAx khong tang nira tire la.dat cuwe dai.
Do do6 VB = 2vAXx cling dat cuwc dai. DE. tim cwc dai cla vB, ta xét ham : /

y =sin a-sin a =sin a(l-since)
Vit I8 dv6i dangy' = 2% &' - sincef. © !

t * 1

Téng 3 thira s6 & cudi V& phdi bang 1, khong ddi, nén tich cta ching la cuc
dai khi chiing bang nhau.

sirca = | - sino., since =-i-' oe = 41,8°. Thay vao (3) ta dwoc VB - 897,
2 3 | | V 27

4.21. Ap dung dinh luat 1l Niu-ton cho chuyén, dong tinh tién ctia khéi tam G cua
qua cau va chiéu phuong trinh 1én phwong ngang :

ma = Fms =-pmg => a =-gg
Van tdc tic thoi G ;. VG = v0 + at = Vg - pgt (1)

Lirc ma sat gay ra chuyén dong quay cuia qua cau quanh truc di qua-khoéi tam 1
vGi gia toc goc Y theo phuong trinh :

M = ly => pmgR =-|mR2Y =>Y = “““ = hang s0

| I S
I Suy ra van toc goc : 0) = Yt = 7‘g

t (2)
DPiém'tiép xdc gita qua cau va mat ban cé van téc déi vi méit ban bang
V = VG - Reo | 3)

Ban dau it con nho, VG con I6n nén V > 0 : qud cau vlra trvgt vira lan. Bén khi
vG = Reo thi V - 0 nghia la qua cau. lan khdéng truot. Diéu do xay ra & thoi
diém tl, dwoc xac dinh bdi :

Vgoi) = R«(t!) => Vg - ngt] = vy jxgtj
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Suy ra (4)

: 2V(
LTl
LUC do<y.4n t6c dai cha quéa cau, tirc la van toc cta G co gia tri:
S vl Lt
S vGCt]) = vGl = 'yv0=I1,25m/s 1
‘Va ké tir lic dau, qua cau da di duoc (ﬂuéng duwong Sy xac dinh theo cong thic

VGl -v0 = 2as . n I

12vVA - - o
‘Suyra:s= ~ 37 5 ctn.
49Mg t

4.22. Ap dung dinh li dong nang:
Wd -Wd0 = EA (1) VOIW0 =0
| Wd = WAJOA + Wil
Trongdé: = o
WIOA = Y I® véGil= 3

1> 111(Rj + R2)2<B
WIfOA ““ 6

‘wd = |mvA + Jiag? véi k = | miR?
W I mv2 . nijRfo2
=  wd = AmVA + -

Vay dong nang cla hé la:
M(R] +R2)2 c02 + idiR2 c02 + mtvA

I wd=
3 2 2 2 2
* Tinh CO] va VA theo (0 :'
0 = i Reo s va = (R] + Rt
RI '
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Thay (Oi va VA vao biéu thirc wd, ta duoc

.+ Tinh SA theo (0 : .

EA = Ml<pl -M2R2 = Mj -M2 -3-"-- g,

m A ‘ Kl
AT K — 1+ RN _
Mi - M2— ' "2 . = Mtadwoc SA = Mcpi
Ri
2
Suyra: ()=

Ri 4- R2 y2rn 4* 3mj

Tay quay nhanh dan déu véi gia toc goc
L} 6M

E || —ZTTT
K (2m + 3ral)(R1+R2r

4.23. a) Bong nang cla hé thung xe va hai banh xe ..

| mv2 2"
2 \2 )
: Y
| .
wd=— M+2 rs. P2
2 [r2
r J
Cong nguyén t6 cla luc bang : dA = Fds = Fv.dt
Ap dung dinh H’ déng nang ! awd _ dA’.
< )
Faco: M Mtom '52""1 va = Fv
dt Ir2 J

9-BD...NwerHOCM

2)

(3)

1)

(2)

129



Thung xe chuyén dong nhanh dan déu voi gia toc khong doi la

F
a —------- — = const
A r 62

M+2MKR) +1]

b) Van téc thung xe theo quang dwong di dwoc s .
v Ap dung : 2as = v2(y0 = 0). ta duoc :.

2Fs

/824

"IR(
4.24. (Hinh 4.13G)

a) Do su va cham tac dung vao khéi hop ngay tai
A, do d6 momen dong lvong dbi véi mau A duoc
bao toan.

rAX(mv)= 1AQ]

=>mvh = —1 m(a2 + h2)(jvi (1) e
12 | e e AU

% : ;
. - Hinh 413 *

Do d6 khoi hép quay quanh A véi van toc goc Cil :

0 _ /\lll r
~ 13(a +h%
. b) Sau va cham khéi hop quay. cham dan do tac dung cla trong luc.!

Khoi hop sé lat nhao khi trong tam C cla no da Ién vi tri cao nhat ma van toc
goc cta né van con. khac 0.

Ap dung dinh Ii ddng nang cho khdi hop ngay sau va cham cho dén khi khéi
tdm c & vi tri cao nhat

|A(cof-<£>2) =2mg(H - h) véi H2 = a2 + h2 '
la”™?2 = 2mg(H - h) > 0 (lat nhao)

2mg wa2 + h2 - h 2mg 7a2 + h2 _h

=> 0)2 > 1 _ \V4 _ ) @
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T (1) va (2) suyra:

v_\/w(d +h2 (J_hz h)

6h?

2 —_
- \/13(a + h%) (\/—hz h)

,6h

Dé khoi hop khong bi. 1at nhao thi can : V < vmin.

| 4.25. a) Ta ddt van dé nguoc lai. Tim d6 cao ban dau tdi thi€u AZ clia 160 X0 dé khoi
B khong bi nang lén khi d6t day. Khi d6 chi c6 A chuyén dong lén xuéng :
(dao ddéng) quanh mot vi tri can bang xac dinh. Tim dd co cta 16 xo khi A & vi
trfcan bang, tai d6 trong luc ctia A can bang véi Tuc dan hdi cta 16 xo |

p = Fdh => mg = kA/0 => Alo = (1)
Luc dan hdi cla 10 xo kéo B Ién dat gia tri cuc dai khi A & vi tri cao nhat kha
di, cach vi tri can bang ctia n.6 mot khoang a. Khi dé ta cd :
[2-mg

k(a - A/q)-mg—scryra-a— gk’+A/ . 1 (2)

Vay dd co cuc dai cua.lo xo (rng v6i A & vi tri thdp nhat la :

A/=A/0 + a="TE
K

mNhu vay la néu AZ < y thi B khong bi nang Ién. Nguoc lai mubn nang
I .

duoc B 1én khoi méat dét thi do co ban dau cuta 10 xo phai bang AZ > . (3)

b) E)o co ban dau cla 10 xo A/ = . y nghia la B duoc nang khoi
! |* rn | !

mat dét khi dot day néi. Ap dung dinh luat bao toan co nang dé tim van téc v0
clia A khi B bat dau roi khoi san :

mgV¥Y _ kf3mgf +/\+ mgh

k J 772~ k J (4)

v 131



()

\ | V.. mv0 vO:
EmM+m 2

Vi lyc dan hoi 1a ndi lvc nén khéng anh hudng déri chuyén dong clia G, va G
chuyén dong sat d6 nhw mét vat duoc ném thang ding lén céo véi van téc VG. . |
I Nh& d6 khéi tam G duoc nang thém mét do cao bang :
h =VG vb _4mg . d
G 29 8 .k | S
Vi khi B bat dau roi khoisan, A da dwoc nang Ién mét doan h, nén khi dé khéi

A ~ R R " 1l
tam G cling dugc nang Ién mot doan —,
2 )

Nhu Vay do cad tong cong dugc nang lén clia khoi tam G (so voi khi chua dot
| day ndi) bang :

4.26. (Hinh 4.14G)
. Ap dung dinh Ii bién thién dong nang dang vi phan : dWd = XdA (1)

nace2s

M, M1 |

Hinh 4.14G
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Cong suét cla cac luc sinh coéng : luc F, cac ngau lwc ma sat 1an cd céc

momen la Mi = pNit; M2 = [iN2r

ZdA = Fds - ii(m + 2ml)grdtp

veidp % ds=vat
SdA = [F - p(m + 2m|)g]vdt
ok Ay dv 1
Giatoctamnang :a= — , (4)

v T (2), (3) va (4) suy ra gia téc chuyén dong cud lang tru la .

| F ~ |i(m + 2mj)g

a—{ )
4m +3m[_

Phuong trinh chuyén dong cta khéi tam'hé ;

().

4.27. (Hinh 4.15G)
Ap dung dinh Ii bién-thién déng nang dang dao ham

- dt N(mg)

Bong nang cua hé
L Wd=|MvVi3+|rn(yl12+v23)2+-|lco2

04
T777777777777777777777

Hinh 4.15G

Voi: (V12 + v23r = (vi2.cosa - v23) + (v12.sina)

= v?2 + v23 “ 2v12v23.cosa
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T= Elmfz 60 = —L%

> [
ni'a co r I21 A + m)v§3 + i—mvgz ~ mvi2v23-cosa
[

'dWd i .3
—Xt = (M + m)v23a23 4- —2~mv123i2 “ mv23ai2-cosa - mv”~a”™.cosa, (2)

0 dil . _
I Cong suat cua trong luc : N(m-~) = J = meév!2-sina (3)

Thay (2), (3) vao (1) ta duoc ’

(M + m)v23a23 + 4myl2al2 - (mv23al2 + mvi12a23)cosa = mgvl2.sina (4)

Dinh Ii chuyén dong cla khoi tam hé: |

SFX - 0 nén vi tri khdi tam khong doi va vi VQ - 0 nén ¥

v -M.a23 + m(al2.cosa - a23) =0 (5)
__m.cosa

AN TmMV?2 . (6)

Thay.(6) vao (4) va gidi ra dugc !
"y = _ AM+m)gsina,,
~ 3(M+m)-2m.cos a

mg.sin2a
3(M + m) - 2m.cos2a
4.28, Khéng cé ngoai luc nao nén momen ddng lwong cla hé dudc bao toan.
(g + )CUQ - const ! (1)

Néu cho dong co chay lam banh da quay theo chiéu cta (00 nhirng nhanli hon,
tdi van t6c goc mai <i > co0 thi con tau phai giam van téc goc, co coi) < CU0
1 dé bao dam.
TqC0q + Ico' =. (lo + N)(UQ (2)
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4
Vay can lam cho van tc goc clia banh da ting mot luong :

+ -
cu' — cuo =P—(L)J I r- 1I 1>

\ ! J

Cong clia dong co bang hiéu cic déng nang :

A=wa-wd=wv.-11kMN

S

- ~ . Ipo+ 18-~ 1+10fi)? T la+).2 '
A 2IN\/J t6a 2 g(g )’c’oQ-.

4.29. Sau khi mot day dut, gia thiét day kia v:ém cang. .
‘Khi dy thanh AB chuyén ddng song phang; con

dau mat A chuyén dong theo dudng tron (Hinh 'R
4.16G). Phuong trinh chuyén dong cua thanh i
ngay khi day BD dut 1. t TA
mxo =Px +Tx =0 [ (1) AEZWFDB
1inyé = P-T 1 (2)>
lof = T.a | 1 (3) Hinh 4J6G

O la trong tdm thanh AB.
Gia t6c khéi tdm o d6i voi hé quy chiéu gan véi mat dat 80 = 8A + 40A

Piém A bat dau chiiyén dong tron, vay : 8A = 8A 4 a4A

Vi )
Trong d6 : « 4A = 2X==0vIVA=0
OA .

dt ,
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Suy ra: 80A = a0A hudng theo tivc Ay.
Vay (2) va (3) viét thanh .

maeAB = p-T (4) viy"

a2 ™ \ / ;
“Ta (5) Vilo~ 3

Gisi hé (4) va,(5) ta duge : T= ~ = rgg
' I

4.30. (Hinh 4J7G) ? |
~ Xét thoi diém qua cau roi xudng khdi 1ap phuong, té can xac dinh goc a.

Lién hé van toc : .

hY

ViCosa = v2$ina => - = tada " C e
I V2 J L . L ' —V, ) -
> \ v . ‘ s I
— Bao toan nang lvong | RV AN
' AT | W e L B
71rhvj?f 4 BAmy3 - mgR(l - coscc) e VM
2- 2 ///)//////d'/////////A'//‘//‘///// .
2r Loar : Hinh 4.17G

vf | + 2—L— = 2gR(l ~ cosa)

v2 _ 2gR(l - cosa)tan a

- Cach 1 : Tim v2 r6i xac dinh cuc dai v2.

2 V2 20R(lI “ cosa) (1 - cosa)cos2cx
V2 = ----= ZgR----- e
tan a 24-tan a 1+ cos a

Ly dao ham theo cosa.va cho dao ham bang 0 ta nhan dwoc phwong trinh

cos o + 3cosa -2 = 0.

~ Céch 2 : Trong HQC chuyén dbng véi van tdc v2 thi qua cau chuyén dong
tron quanh diém tiép xdc, tai thoi diém roi nhau thi hé quy chiéu (HQC) tré
thanh HQC quan tinh, lic nay phan trong luc déng vai tro lvc hudng tam :
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mv?2

= mMgcoscc

) since - T!Rﬂ = mgcosa f

sin2a
Thay Vi bang biéu thirc & trén vao ¥  dwoc phuong trinh

2 ZgR(I - cosa)tan2a 2'
! —_— N gRcosot.sin a
"2 +tanZa

> cosda + Bcosa- 2 = 55" coda K6 506!

: Thay vao . ‘Vf = lq\%c'osa.'sinza = gRcosa(l - coszlaf.‘
[ ' O | |
Con qua cau cach mat dat. h-H- R(l1- cosa). 7 '

° Bién luan : . !
- Néu H < R(1 - c6sa) -0,404 R thi qua cau cham dat trwdc khi roi cac hinh
lap phuong, lic cham dat thi goc U thod maén :

Van toc ngay trwdc cham dat xac dinh theo dinh luat bao toan nang lwgng va
lien hé van toc ;

VZ ., '1+cos2a | + cos2a
| =2gR ——1 -(1 - cosoc) = 2gR

J 1-cosa ( ) =29 f+cosa
2R2+H2-2RH

(2R-H)H?2

“ Néu H > R(1 - cosa) « 0,404R thi sau-khi roi, qua cau chuyén dong roi
tw do .

ZgHu’—O,Zlé(’:. I
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44 2

Momen quan tinh : lg = R-r" <<ic MR
03 . 105
b) Ki hiéu vat la 1, tdim gb ia 2, mit ban la 3 (Hinh 4.18G).
< m> v/.
4 M\ F | om
O
Hinh4.18G . 3) .
[TZYZTZYTTT1ZZTZXTZTT7ZZT7ZZZ7Z777Z777777771771/2Z2772Z27Z27Z77----
B 1 . . D 11. \

Xét hLquy chiéu gan voi tdm go. Vét chiu tac dung cla luc quéan tinh huwéng
vé phia D : F = -ma va c6 do 16n F = ma. Xét truc quay tic thoi di qua B.
Chon céc chiéu chuyén dong la duong.

iB=To+ mR = 4“%fmiP? R =By, maR = ygmd%y 7 = 1052

105a [
149

=> al? =-yR =
|

(yR la gia toc tiép tuyén do6i véi tam quay B, al? la gia toc tam O cla vat doi
"v6i tdm go).
Thoi gian dé vat chuyén dong trén tdm go cho dén.luc roi xe :
t- 22
—\wal2
Xét hé quy chiéu gan v6i mat ban. Chon chiéu chuyén dong cta tdm gb la
duong. Gia téc cla vat d6i voi mat ban 1a &j3, gia toc cla. vat déi voi tdm go

la ai2, gia toc cla tdm gb d6i voi mat ban 1a 423 : 3j3 = &j2 + 42%

S=0 '
al3 - —al2 + a23 .
149
Trong luc vat 14n vé phia sau' cGia tim g0, vat van bi “kéo” vé phia trwdc so voi
44a A................. *
mat ban voi gia téc : al3 = « 0,3a (Hinh 4.19G).



R S € 6 |
v\/ ) Mat ban
TTTTT 777777777777 7777777777777A 77T T7777777777777777777-
Hinh 4.19G : F
CTIS

Van téc'theo phwong ngang cta vat khi cham mat ban bang van tdc theo
phutng ngang ctia n6 khi roi khdi tam g6 '

7 7 e '
O A 219:;1 ~05J—

dyan tdc cua vat theo phuong ngang déi vai tdim go ducrc tinh bang cong
thirc A Lo

| /. ?7 1O5a [298/ 105 77 .
I v,2—~ai2t ~ 149 V 105a ~ 44 v°

298a1 105 Vo

R
d) Chon thoi diém vat cham mat ban la thoi diém ban dau. C
Céc chiéu dwong nhu hinh vé. Ching ta cd nhan xét ia ngay tir thoi diém nay
vat da lan co truot, vi v0 * RO0. Gia slr dén thoi diém T nao dé vat chuyén
dong tinh tién véi van toc v'yva quay véi van téc géc.©'.

Van toc goc clia vat c6 do lon CUA = -71< "Tﬂﬁﬁ

- Sl dung cac dinh Ii bién thién dong lvgng va momen dong luvong

JFmsdt = m(v' - v0)
| 0

|[FmsRdt = 10(ffl' - coo) => 10(ct. = 0J0) = mR(V' - v0) ¥

0
Thay biéu thirc clia Iqva ©0 vao §;,  ta thu duoc :

. 1o~ 1 ' l/\ l/\
V'= ~ﬁ_ PQ@'EVf’eR@) khlv. R© Q |
105 [V'=RO©'khiv'=0,©'=0

Ldc vat dirng lai, dong thoi cling la lac vat khdng quay nita. Vay vat lan co
trwot trén subt qua trinh chuyén dong trén mat ban.

Vo _ T936a ;

e) St dung dinh Ii bién thién déng nang : s -
2pg -154645pg
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4.32. (Hinh 4.20G).. Vit ez
Chuyén dong cta hé gobm chuyén dong cua khéi tam G I
'va chuyén dong cla vién bi quanh G. . ‘ G

- Khéi tam G chuyén dong thang ding (téc 1a van téc
dau thang ding). | :

- Vién bi duéi chuyén dong thang trén mat phang ndm
ngang, vién bi trén chuyén dong theo duong cong. Hinh 4.20G

¢ & vi tri thdng dirng clra soi chi, gia téc vién bi trén ,aj vasic cingday 1a T

T + mg = mai T=maj - mg ' L /(DH)m
« & Vi tri cang cao, stric cang cang nho. DE soi chi ludn luén cang thi T>0. /|
« D& vién bi dudi khéng roi mat phang thi T < mg.

0<T<mg (2)
Tinh . &m = + &m
G .
Voibitrén: 4l = 80 + 8 =>aj =ab + ai
> V6i bi duti: a2 = a0 + a2 +a2 =0 =>al - a2

(Ilvc theo phuong ngang bang hé)
=>al = al +a2 = 2a) = 4ravl. Mat khacta cé - 2~ = mg/
Trdo V' =--- «——m " - 4g 3)
Tw (1), (2) va (3) suy ra diéu kién cua van toc v0 : 2,59/ < VQ < 3gZ.

233 - Mc|)m|en quan tinh cua thanh déi voi truc o :|T0 :' ] M/ .

. N s v , 1 2
- Theo dinh luat bad toan co nangtacd . =~ tqle - i\/lg"/-
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— Ap dung 'dinh luét bao toan momen dong lwong cho hé khi va cham, ta co
lgio = Il + mvis

(co' la tdc db6 goc cua thanh sau khi va cham, Vi la van téc cla dau B sau

va cham)
Am/200 = i-M/un' + mvi/ =>co= (U + 7**-7-1 (1)
\ 3 o3 L M i "

a) NEu va cham gilra vat la hoan toan .dan hoi, ddng nang dwgc bao toan :

- ‘iantozf_: -]ZE-]r)to'Zl-l- 'i-nii}’z =3 (:/02 = Cl]’z _|_/3'\T Vll. {/. | )
Tr () va (2) => Vi = —) > /- (@)
1+ !
Y
' [ ‘ (b)
M +3m .

Bién luan: '
T (b): Khi M =3m thi: Cif = (I V] =6)7 = 7sg/, saw va cham thanh ding yén.

Vét B chuyén dong nhr mot chat diém dugc ném ngang voi van téc vj.

t)) Néu va cham mém : Khi d6 : v1 = 0)7.

g
K Vi . Cr o=
Thay vao (1): — - t& - —---- i
1 1+-3é& | +3H
' M M [

Nhan xétSau va cham, vi bang nlra gié tri cla Vi & truedng hop trén.
4.34. Chuyén dong cla thanh gdm hai giai doan )

“ — Giai doan ! : Thanh tir vi tri thdng dirng dwoc truy@n van tdc goc coo quay
quanh truc cd dinh qua A va két thac khi thanh & vi tri nam ngang va Hén két
tai ,10\ bi mat.

- Giai doan 2 : Lién két tai A bi mat va thanh chuyép donglsong phang. :

I n /1471
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Luvu y : Diéu kién cua cudi giai doan dau chinh la diéu kién dau cua giai
doan sau..

Ap dung ainh li dong nang : “1A ° ' lacd - “Pa (1)
" 2 . == 3
voi 1A = Zma® . '
| 3 L
Tu()=> Cif =c~ 2a - @

Trong giai doan 2 : Thanh chuyén ddng Song phang nén phwéng trinh chuyén
déng c6 dang : maGx = 0 ; maGy ==-mg ; IG0"= 0 )

g3t

véi diéu kién dau: XG =0; yG =0; yQ —acul ; 6°=0; 0° = CO{
Lay tich phan cda (3) ta nhan duoc
XG = a;yG:—72-gt + al)it; O = colt (4)
Thanh cham san & vj tri thang dirng néu cac diéu kién sau dugc thod man
Yg = a
e (2k 4-1)-|;k = 0,1,2,3...

A2
-t-gt 4-al)it=a 2
2 X =-£-64-77-
(2ka-15% = gt 4 @

Bién luan
Gia st thanh cham san & vi tri thing ding khi:
- Quay duoc mot vong (k8 tr vi tri thang ding ldc dau) k = 1 ;

r 9rc?
F L 6r7—7
3714-2

— Tir vi tri ndm ngang, thang roi xa6ng ngay va trd lai vi tri dau : k - 0
64 712
_ ﬁg_g_ ______
4a 114-
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4.35. Ap dung dinh luat Il Niu-ton cho su truot clia qua ciu 2 trén qua cau 1, va
cho sv quay cla qua cau 2 quanh truc 02 (Hinh 4.21G), ta c6 :

= mgcosS - N 1).
2r y . (1)
/2"
v |lmr & =Fm$r )
X5 7 - 1 TITTTTT T~
véi m 1a khéi lvong qué cau ; Hinh 4.21 G
4 EE o E4a . n _ KT
1 0 é? " ezéz ;. Fms = mN,
cau 2.
Tir (1) va (2), ta cé . N =amgcosQ - 2mrd2 (3)
' | 2 X
! Fms=2|er:uN (4)
Ap dung dinh luat bao toan co nang :
iTE 2102
mg(l -ycos0).2r = ~-(2r0)2 ow 3 Y AmS - (5)
Vé&i Am$ la cong cla luc ma sat.
1 2mrd 1o
\5 J
‘““ms (6)
Thay (6) vao (5), sau d6 lay dao ham hai vé theo t, ta suy ra :
X-gsin9 = rd )
12 |

Tw (3), (4), (5) va (7), suy ra:

Fms = -§~mro_:j‘g mgsinO = JIN = |i(mgcos0- 2mr6<92)

=> Fms = jLimg[cos0 - 27 (1 — COS0)] = (16C0S0 - 10)
6 6
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Nhu vay : Fms = *mgsinO - -t(16co0s0 - 10) '=>sinO - p(16cos0 - 10)
6 =6

Dbiéu phai chirng minh. !
4.36. a) Taco: RA - RB = 2rva RA = 2RB nén RA = 4r va RB = 21\
Goi V la van toc khoi tdm cla khoi tru :

V = C0C(RB + r) - 3(0(5

VQ' - (0BRB - 2(0Br.
Trong do : '
p la diém tiép xdc cla Ong tru ngoai A ved diém P' clra khoi tru,
Q' la diém tiép xlc cla Ong tru trong B v&i diém Q cla khdi tru.
Vi Vp.= vp> vaVo =:Vq' (khéi tru lan khong truot)
Nén: (3coc + (0)r=4(0Ar
(3(0C ““ (o)r = 2(0Br

Suy ra
(1)
b) Chu ki quay cuta. khoi try = T - —
©c
Néu A duoc gilt ding yén thi tir (1), ta co : (6c = > T- s

c) Néu khoi tru khong tv quay quanh no thi (0 = 0.

(U3 = 2co0a ; Clc = ; V = 3(0cr = 2(0Bl' = 75,4 cm/s
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d) Néu khéi tru chi chuyén dong quanh khdi tam, toq = 0. T (1)

toA = : = - 9,42 rad/s ; (0 = -2toB = -37,7 rad/s
z .

e) Co nang clia hd : w = ilgtog +~la>2 + AlAtoA
2 2 2.

trong do IA, Ig la niomen quan tinh ctia A va B dbi voi o.
| 1a 'momen quan tinh cta khoi tru d6i voi khoi tam.

(V&i khoi tru thi | = ““ ma2 cua hai 6ng tru thi T= ma2)

Taco : w = | mbROO>3+1mor2tt)2 + | maRAcia

W = -14; m8r2t02— 96,6 J

4.37/1. Vi khong ¢ lvc ma sat, khong c6 thanh phan nam ngang lam thay déi vi
tri trong tdm cla thanh theo phuong ngang, do dé khi cham dat, trong tam cua
thanh tring véi diém.o (Hinh 4.40G).

Hinh 4.22G

e i X L . . . . . ik
2. a) Gia toc tiép tuyén : aT = .y? va gia toc phap tuyén : aN = (uz—z-

Momen cua trong lwc P ddi voi o : Mp = Mg € COS0
2

. 2
- M
| Duwa vao phuwong trinh déng luc hoc : MgI?COSO =lYval = ---——3L
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Suy ra: aN = — g(l-sinG).

b) Thanh phan ndam ngang cua cac luc ma thanh tac dung Ién diém o trong
v gua trinh chuyén dong : F - FTsinG — FNcosG = MaTsinG - Ma“cosG ~

I ~3 Y S Jd  3)J s . JHEEe
F= -ZlgcosGS|nG—Eg(f'-sm.G)cosG = TAh,A MgcosG(3sinG - 2)

Thanh mét ti€p xGc voi tuong khi F - 0, tir d6 sind = — va 6 = 4.1,8°..

Khi do6 toc do goc va van toc dai cua trong tam la
(02; 1 ’Qg(l—sinG) = Fg(l -sin®)= -PEg(l —— = &
L 2 2 A 2 k ' 3L

0 ““ vav=~"JOL
L 2V
'3. Khi ¢6 ma sat, khac véi cau 1, sé xuat hién luc ma
sat F co phuong ndm ngang. Khi thanh chua trwot 1a -
lvc ma sat nghi, khi'thanh trwot la ivc ma sat truot. |
Lwc ma sat ti 18 véi thanh phan .thdng ding clra luc . =
N ma thanh tac dung Ién mat nam ngang.

Theo phwong thang ding (Hinh 4.23G):

Hinh 4.23G’

Mg - N = Ma”*cosO + Ma”sinG = fl\/lgc'osz% +23’IVIg(I - sinG)sinG

Bién doi: N = Mg(l “ ~c0s20-i-sinG + f-sin20)
4 2 2
= ~(9sin2G + 6sinG+1) = Ma(3sinG-1)2
4 4

N = 0 khi: sinG =-7 =>0 = 195°
3
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4.38. a) Van dung dinh luét bdo toan co nang : do tdng dong, ndng bang do giam
thé nang:

) (2’|._ G>‘ h 2 I:Y - C"‘;L A +11 2@
mg<§ COS +2—mco ) @g cosg Z_me J
Twdo ' Ci= J-~-(1-COS0Y;
' 5L

b) Goi F la lvc ma thanh tac dung Ién qua cau phia trén. Theo dinh luat n Niu-ton :
P+ F=ma.

i mgcosd 4- Fn = man v (1)

mgsinG 4-Ft = mat X (2)

V&i an = C@ZE) = 77 (7 ~ c6s0)“-L = ~g(l  COS0), thay vao (2) ta duoc :
5L 3 5

Fn = man - mgcosG = m = %}é
Mat khac, momen quan tinh cua hé ddi véi truc quay :
Y |
1=mill 4-m(ﬁl;f —g-mL2 (3)
1 2

va khoang cach tir khéi tam ctia hé dén truc quay la :
/\ N\
m <—2|’_ -m n—I’_I
37)Man)
4)
2m 6
Phuong trinh chuyén dong quay cla hé : 2mgdsin0 = ly.

Suy ra Y = —-sinG.
5L

Lwc tiép tuyén : Ft - mat - mgsinO = --'g-mgsinG.
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¢) B0 I6n ci.a lwvc ma thanh nén Ién qua cau
F="F2+F2 = |mgw72c0s20-72cpsd + 25

I Qua cau tach khai thanh khi: ¥ mg”~72cos20 - 72cosé+25 = 1,8mg.

Twdo : 9c0s20 - 9cos0 - 7 =0 =>0d = 121° Co
' d) Khi qua cau bi tach, qua cau‘2 dang c6 van toc |
=<«w ] 1= (A -C0S0d) y = *2-Lg(l-cosOd)

Lén dén do cao ng voi goc 0l cuc dai, theo dinh luat bdo toan nang lugng
—mg;l/‘cdséd+ )1/mv2! :—mgycos%)j' ;

Tw do : COS0l.= ~0,817 => 6j = 145°

4.39. Thoi gian roi: t0 = @@
(2)
3)
— Mo LA e oy MV
Khi roi, lvc xuat hién gitra vanh va mat ban la Af lrc ma sat la At
Al

L7imrv ‘ |
momen luc +H——.
At

Do thoi gian va cham la rdt ngan, c6 thé bd qua trong lwc so véi luc ma sét.
V4 Ve kd \ 2
Momen quan tinh cta vanh | = mr .

Vi vay, gia toc goc |a _y_ptrmv ¥ -

4
IAt  rAt )
Trong thoi gian va cham At, tc dé géc da giam di mét luong :
AO - YAt=— -65 | (5)
r
(6)
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Vanh tron chuyén dong cham dan do lwc ma sat pmg.

Giatoc goc la:Yi = =305 2 (7)
T r . ‘

Vanh tron ngirng quay sau thoi gian : tj = =055 (8)

Tong goc quay trong thoi gian nay la = 3,75 rad.

Nhu vay, goc quay téng .cong tir khi bat dau roi dén luc dirng lai 1a :
(p:42+375:795rad |

'/ > xi 79 . '
Twong tng v?ﬁll 1,265 vong quay. / " ,

4.40, Goi khdi lvong cua nhén va thanh
la m, tbc d6 goc cha thanh la Cr.
Momen quan tinh cta hé :

12
12

2
+ MX I

X la khoang cach tir nhén dén tam quay. Luc

. dau, t=0,X= / .(Hinh 4.24G) ' "Hinh 4.24G
Theo dinh luat bdo toan momen déng lwong, trwdc va sau khi nhén roi:
1
L = mvox = Ico = (—i—-z-mlz +mx2)m‘

. N N 12Va
Tw phwong trinh nay, tim dwoc : co = i

Phuong trinh cGa chuyén dong quay : M = gt dt Cl (1)
Tw hinh v& : M = mgxcoscp voi (p = cot

Y o dx .
Céan bang hai vé cua (1) » mgxcos(cot) — 2mx—at- CUl.

I I | ' i.49-



Giai phuwong trinh trén, tim dwgc nghiém ‘ oha

4
4972 | A
X=  eme-- sin(lzvot] +C.
: 288.V0
Tir diéu kién ban dau t.= 0, X = -j: ta,rﬁvt ra:
C=.~Z~. '
Nhén roi khi : ,_—’-vzup‘_l‘-
- . 2 2 | |
FUDEAEE & g g R 120
Khldé:%:—\/:- ' , T o Hinh 4.25G =~
6\ 2 g e
28
=.[=5¢
o=yt

Duéng di ctia nhan duéi dang tham s : <
luc nhu hinh 4.26G. Ta cé6 :

T-R =

 fsR - la voi T= mR™, tim duoc:

-
::_R
M +2m -
Hinh 4.26G
M1
b) Vi Mg ™ N + N'va Tn2 = (Tne la momen cla ngoai luc), ta phai xac

dinh momen ngoai luc va tong momen dong lwong doi véi khoi tam.
Hé ¢ cac phan : banh trudc, nguoi, banh sau va suon xe.

Momen dong lugng cla ba phan nay bang momen dong lwgng khéi tam (vi
ching chuyén dong tinh tién).

L=ngrj XV +m2f2 XV -+ m33 XV =.mi?! +mz2rz +m3f3) xv = MRg x v
(RG la toa dd khéi tam)
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Trong hé toa dd khéi tdm, tdng momen dong lvong bang 0, vi vay ta chi can
tinh momen ddng luvong cla tirng vat trong hé doéi véi khéi tam. Chon chiéu
chuyén dong cua xe la chiéu dwong, ta co : r

T 2mR2v XX
0= A = 2mRv

f
L

Tng = NZ - foh - N7 4- féh

Va: (N-N)Z+ if'l,)h = it =2mRa

<N_N':D-Ma4-_ - _hM“+2Rma hM"‘?_I?_T_Tl
Z . I M 4“2m
JJ+N'-Mg
TO d6: N=y hM+2Rm T'
, Mg+ M+2m 'R,
it hM+2Rm T"
N'= Mg
A Mi4-2m [R;
m T

Trcaua, taCO: fi = ma=
ms M+2m R

f = +R(/Ia—(m4 K/I)a- M+{n__~ |
M+2m R

Xe khéng truot néu ; f'< pN' va fs < pN

w IX. M+m T ! kK . hM4-2Rm TA
6 M+2m R 2 M4-2m  /RJ
jr(M4-2m
J( ) RQE\ M =TIm
f 4-1%2 ~-2iiIm
hM4-2Rm T :

Mat khac . —“—A < ,g Mg -
M4-2m R 2 M+2m ZR;
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«< T<MgR g(M +2m)
|UE/|\/| +1 2+2}i-y; m
|

- NEu.T < Tjm va T2m, banh trudc cé thé bi truot, vi vay T phai nhd hon mot |

trong hai gia tri Tim hodac T2m.

- Néu T2m < TIm, ldc dau banh trwéce bi trwot, khi do :

gl\/l 'I:]M +./2—2pR m
| k

Ihay : RM +hM N§w<\’]?c %% thi banh sau sé

¢) Néu lvc ma sat 16n dén mirc T khdng lam banh xé truot thi khéng thé tang

mai T duoc, vi khi tang T, N' ti€én dén o va toan bd trong Irong xe don vao

banh sau. Khi do6 c6 thé xay ra treong hop xe bi giat, phan trwdc cla xe chong |
Ién va quay nguoc vé sau. Xe quay quanh khoi tam.

1 iC i N
Ta phai co+ N'> 71 Mg hM+2Rm T >8=>T<MgR (M +2m)Z

2 X hM + 2RM*

Chu dé 5

5.1. (Hinh 5.1G).
a) Khi can bang, thanh chiu tac dung clia cac
luc : trong lwc p va hai phan lvc Ni,N2. | la
trung diém cla thanh. Ta c6 : AB = 2Rcosa

IB= AB-- = 2Rcosa-
2 2

HB = IBcosa = 2Rcos2a - 4 cosa o : :
2 ] Hinh 5.1G |

OH = Rcos2a = 2Rcos2ct - R.

a
2

wvuuuL

Ma: R = OH + HB = 2Rcos2ct - R + 2Rcos2a

<=>8Rcos a-acosa-4R =0
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a+yja2 +128R
Tw dO suy ra: €oSa =...... ccoemreeceerrnennn (1)
a 13 goc hop bdi thanh va mat phang ngang khi c6 can bang.
b) Piéu kién d€ c6 can bang :
Que chi co thé cin bang néu khdi tam | (trung diém) ctia thanh luén nam trong
. khoang AB, hay : Al = £ <AB = 2Rcosa

1 a a-Hya +1 atya +1/0
=7 <2R +\Y ﬂ_ V Y
2 16R . 1 8.
* Truong hop. 2R < a < 4R can bang 1a b.2n.
* Trwdng hop a < 2R thanh ndm ngang trong long c8i va c6 can bang bén;
a) Hé can bang néu cac thanh phan cua trong |
lugng doc theo cdc méat phdng nghiéng bang
nhau (Hinh 5.2G). .

mjgsincq =m2gsina?2

D sinoii  m?
Vay dieu kién can bang !21 ; I ! _ (H
sincx2  .mi

Hinh 5.2G

Can bang nay la phiém dinh vi néu mb m2 dich chuyén thi cac thanh phan'
trong lvong khong doi. |

b) Goi /b /2 la chiéu dai cac doan day : /i + i2 = | (const)

Lay mdc do' cao la dd cao clia dinh ném, thé ndng trong trwdng clia héla .

U -(m~g/jsince] + m2g/2sina2)

Pat /i = X, tacd : U = -gtmjxsinal + m2(/ - x)sina2]

= -g(mjSinai - m2sina2)
dx**

ft

Can bang tng voi: _c;y_ = 0 nghfa la mlsina,! = m2sina2.
X

J213
Ta thay lai (1) ey ludn ludn bang 0, can bang 14 phiém dinh.
X

153



5.3. Ch6t A can bang dudi tac dung cla trong lwong p = 450 N va cac phan lyc cla
cac chét F3 co phwong AB va Fc c6 phuong AC?
Ta vé tam giac lvc (Hinh 5.3G) va .thdy ngay
la thanh AB bi kéd, thanh AC bi nén. Goi a
va p la cac.goc ma cac thanh AC va AB hop
‘voi twong. Cac goc cla tam giac hop luc
duoc ghi trong hinh, ta co :

B

p - FB _ FC ; C
sin(p-ot). sina sin3 ‘ Hinh 53(;
Yy -Ce- SiNA ¢
sinp

Goi a la khoadng cach tir A dén twong thi : sina - -;i ;. sinf} = li

2 ' .

" Hé thic lvong trong tam giac ABC chota: 72 = i1 + d - 2/2dcosa

Suy ra cosa = 0,785, a = 38°.

~

é + d2 + 2/jdcosp ; cosp =0,5; p = 60°
Ta c6 lién hé thir hai gitta FB va Fc néu chiéu dang thirc vecto: p + FB + Fr = 0 - |
xubng truc thang ding. .

" p + FBcosp - FqC0So .

Thay (1) va céc gia tri ctia p, cosp, cosa, taco : 450 + 0,5&Fc =0,100r¢v

Tinh dwoc Fc = 1051N va FB =751 N.

5.4. Vat chiu tac dung cla trong luc P dat tai trong tdm G ; phan luc 'vudng géc

Ni va lvc ma sat F1 cla san tac dung ; phan lvc vubng géc N2 va luvc ma sat

F2 cla gia d& tac dung.
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Chiéu phuong trinh can bang luc 1én truc Oy thdng ding va truc Ox. ndm

ngang :

N] + N2cos30° + F2sin30° - p=0 , (1)
-VOiF2=gN2 1 1 . I

N2sin30° - F2cos30° - Fi = On (2)
VOiF]=(XNj - e, 1y

Phuong trinh can bang momen ddi véi truc qua B : N2.BE - P.GH =0

VOIiGH=--~ \' /) ;
° 6 ' jor o !
Tw (3), thay s6 rut ra; N2 = 43,3 N.
I Thay gia tri cia N2 vao (i) va (2) rut ra phwong trinh;
| [ 21,65}?-100"+ 21,65 =0 '

V6i didu kién X < 1, ta tim dwoc 1A= 0,22. T db : Z

1] Nj- 35,49 =57.75 N.

55. a) Vi BD = 4. va a = 30° nén tam giac BDC vuong tai D, nghia la BD

vubng goc voi AB va CD. Khi CD con tiép xdc véi san thi dwong thang ding
qua trong tdm G cla khdi hdp con roi vao trong mat chan dé, khéi hdp con &
trong trang thai can bang, khi do phan luc vuéng goc N cla san can bang véi
trong luc P cua khdi hdp. Luc nay khdi hop con dirng virng ma khdéng can téi
gia d. Luc ép cta khdi hop Ién gia d& bang 0.

b). Khi tac dung luvc F dé nang khéi hop, ké tr lic mat CD bat dau tach
khoi san thi phan lwc N cuia san khong con. Khi d6 cac lvc tac.dung Ién
khéi hop gom: . |

Trong lvc p; phan luc vudng géc Q cua gia Ao,
Lwc ma sat Fms cua gia d& (chéng lai sv truot cla khéi hop déi voi gia do) ;

Luc tac dung' F.
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5.6.
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Chiéu phuong trinh can bang luc 1&n phrong thang ding va 1én phuong ngang : vy
Qsind00 + Fmssin30° - F - p=0 . (1)
Qgos600 - Fmscos30° - 0 (2)

Khi bi tach khoi san khoi hop quay quanh truc di qua M., - '

Phuong trinh can bang momen déi voi truc quaM : Fecii - Pd2=0Q 1+ (3) VE

voi d! va d2 la cac canh tay don cua F va p. ,

Vi MA = MD=>dt =d2 =>F - p=200 N. . ' | |

Thay F=pQ vao (2),suyra: p= CQS™ - L ~Qb5gt J 1

cos30° v3 1
Thay vao (1) ta dwoc : Q = 346 N.

Va lyc ma sat gil* cho kh6i hop khong trvot doi véi gia do la : Fms = pQ - 200 N.

a) Luc tac dung ,F tao ra momen cuc dai (mdc du c6 cwdng d6 nhd nhat), Vi
vay F phai co phwong vubng goc véi AC (Hinh 5.4Ga) va F.AC - P.AH. -

17

Suy ra: F = =354 N.

Hinh 5.5G
b) Ap luc Q & A laténg hop cla P va Fy (Q c6 phwong vudng goc voi mét .
ddt nam ngang).
Q =p - Fcois450 = 750 N ; A
Luc masatd Ala: Fms ~uQ - 225 N
Mat khac : Fx = Psind5° => Fx = 250 N > Fms, nén khéi go sé truot sang trai,
c) Néu a < 45° tacod p = 45° - a (Hinh 5.4Gb).

Khdi go dioc 1at rat cham nén cd thé c6 : momen F = momen p,



5.7,

suy ra biéu thirc cua luc F 1a

F = ~-tan(45° - a) = 500tan(45° - a)

Néu a > 45° thi phai doi chiéu luc F va

khi d6 p'= a - 45°.

Vay F' = 500tan(a - 45°) (Hinh 5.5G),

Lay chiéu dvong ctua F (dai s6) huong , .
.sang trai, ta c6 thé gbp ca hai trwong hop | “IN T
lai va viét: . - 0.,
' 1
_ o _ S . P 2 5 -
F = 500tan(45° - a) S __\__, |
Trén .hinh 5.6G la dd thj biéu dién F theo (X, .. Hinh 5.6G

a) Khi duong thang ding qua trong tdm G cla vat con nam trong chan dé thi
vat con ding virng trén mat ném

MQ=p T r»xg> kK> =30° 00=230°.
BC 3 .

Vay vat chua bilat khi mat ném MN nghiéng goc cuc dai 60 = 30°,

Khoi hdp khdng bi trvot khi Fms = Psincto, véi Fms - pN = |imgcosal

Suy ra : itQ = tana0 = tan300 -
" v3 .
Vay khi géc nghiéng a = otQ, muén vat khéng bi trwot thi hé s6 ma sat phai
l6n hon hodc bang UA= —U = 0,577. ¢ ' !
<3 ,
b) Khi ct - CCQ - 30° ma k = 0,2 < k0 thi vat sé bi trwot trén mat MN.

NEu ném chuyén dong sang phai véi gia toc a thi phdn lvc N do mat ném tac
duhg Ién véat sé phu thudc vao a, va ap lwvc Q do vat tac dung lIén.mat ném

cling phu thuéc vao a (con thanh phan phap tuyén cua trong lwvc mgcosa thi
khong phu thudc vao a).

Phuong trinh dong luc hoc ctia vat chiéu trén truc Oy thang ding va truc Ox
nam ngang, khi vat khong truot trén mat MN, c6 dang :
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Nsin30° - p.Ncos30° = ma (1)

NCOS30° + p.Nsin30° = mg (2)
. 2ma 2mg
T do su ra:N= 3
YN e ©
:>—aTgl_ =3,4 m/s2
SR

Nhuw vy mudn vat khong triot trén mat ném phai cho ném chuyén dong sang
phdi voi giatéc a =3,4 m/s . '

Mat khac, theo (3) phan luvc. N cia mat ném sé tang theo a. Néu phan luc
N > mgcoscc thi vat sé bi nang Ién, A sé roi khdi mat ném ; khi do phan luc N

sé c¢6 gia di qua B, va trong lvc p sé gay ra mét momen lam vat bi 1at qua truc
quay B. Biéu dé xay ra khi N > mgcosa '

2ma - V3(1-33)
4

P op
2 mgcos30 = a2 ~g=28m/s
w3 | A

Nhu vay voi goc nghiéng a = 30°, k — 0,2 thi vat sé truot trén mat ném.

~

Néu cho hém chuyén dong sang phai voi gia toc 4 tang dan thi vat sé truot . E
trén mat ném khi ném chuyén dong. Khi.gia toc a dat t6i gia tri 2,8 m/s2 thi <1

vat bi lat. . | ,

Nhu vay vat sé bilat trwdc khi ném dat dwoc gia toc 3,4.m/s2 da dé gilr vat 1
dirng lai trén mat ném.

a) Vat m chiu tac dung cua : Trong lvc p = mg; Phan lyc R cla hinh cau ma
thanh phan tiép tuyén la luc ma sat Fms,.'co thé hwdng Ién trén, hodc xudng
dudi : [Fms/< pN, N 1a thanh phan phap tuyén (phan luc vudng goc), p la hé
s6 ma sat.

Hop lvc F=P+R chinh la lvc hwdng tdm trong chuyén dong tron véi ban
kinh r = AB = Rsina. L

[F
- tanp.



Hich57G . . a) . s o B

-

l:Pmrng' dc’)ltanB =1 tan(a —7% g Bnatany S . . For va o = 60°
'l +tanatany P g
r- N » J5/3 1 2
tana - V% ;0 =5 rad/s ; r|: Rsina=0,5 5 m;g= 10 m/s
T d6 tanp - 0,2259 « 0,23. Vi |Fmg| < kN nén suy ra k > 0,23.
b) Vi it = 8 rad/s, tinh toan nhv & cau a, taco :
3731 IX a
tanp = — nghta la cos— = V3 cosa, hudng xudng dudi, Y > a, p > 0,18.

c) - Xét trwong hop b

+ V0i (D =5 rad/s : khi Cl tdng thi F ting, p giam, van c6 can bang. Con khi co
giam thi goc p phai ting méi co can bang, nhung khéng thé dwoc vi tanp < 0,23,
nhu vay vat phai tut xuéng vi tri can bang mai.

+ V@i co -8 rad/s thi nguoc lai.

— Xét trwong hop a :

+ V&i Ci = 5 rad/s thi vi tri can bang Ao khi khong c6 ma sat Gng vai (Hinh
5.7Gb):

2
P —— nghta la : cosa0 - 9 _ ®,§ =>al = 370
p (02Rsinal <02R - - -

cotal =

Vi tri nay thap hon vi tri khi c6 ma sat. A.
Vay néu vat tir A tut xudng thi n6 van can bang & vi tri moi (n6 dirng can bang

trén- cd doan AAO0). Néu vat dich ftlr Ao Ién trén thi né tut trd vé A.
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+ V@i Cl = 8 rad/s thi twong tw nhw trén, tinh ra ta c6 ctd= 72°, Aq0 trén A,
vat cd thé diing can bang trén doan AAq.

5.9. a) Fms =Ap + Rcosa) = 200 + O.32R

Diéu kién can bang gidi han d6i véi s quay quanh A : Fmax (2)
Cot khong chuyén dong tinh tién : Fmax = Fms + 0,6R | (3)
Ba phuong trinh cho ta ba an : Fmax ; Fms va R.

Gidi hé : Fmax = 857 N ; Fms =428 N ; R = 714 N.

b) Ta CO cac phwong trinh (1) va Fmax - nFm$t(2’j va (3).
Fmax = n(200 + 0,32R) = 200n 4-0,32nR

R= 200(n~I) .

(4)
0,92-0,32n
" 120n '
FmIV =
max  0,92-0,32n (5)-
0,92 N D . . n ~ Com
n- = 2,875 thi gi¢i han cua F lam B trugt 1@ 00, nghta la B Khong truot

.m)

du F Ion déh may, BC ~ 0,65 m. :

c)n= 3 > 2,875. Khong dung duoc (4), vi R > 0. Bay gi0 thanh khong quay

2 T |
quanh B F“ AB = R.ABsina.

5,10. a) Goi R la phan luc ctia ch6t o. Chiéu Ién hai truc cua hé toa .dd Oxy (co
phuong trén hinh 5.8G), ta duoc :

Rx= PsirA
2

A) S
2 7 Hinh 5.8G
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X .
Xét cdc momen lyc ddi véi o (OH = /cos% Jila chié5u dzvsu thanh OA), ta dugc

phrong trinh momen khi c¢6 can bang (luvu y rang luc cang cla doan day AS
bang P).

(X
P/cos—-Q—C0SCC =0
2 QZ

hay ' Pes—=r%osa 1 . W

‘Y—xgt C'E)Js,<x =X, taduwoc : Px=a(2x2- 1) @)

' 21 2 L \
ThayP = | N, Q - 2V3 N vao (2), ta cé phwong trinh : 45/3 X2 ““ 2x > 2-5/3 =0.

Phwong trinh nay co nghiém : ~ -,
4V3

Ta chi ldy nghiém dwong (vi0 <a < ™N)Ttaco

Tr dd : Rx = -Psin® =-6,5N
' 2

Ry =0 - Pcos™-="y- NvaR = *Rx +Ry =5/7 N

b) Can bang phu thudc vao phwong trinh vé cac momen luc (1)

Pcos—=** cosa hay cos-"=4/3 cosa
2 2 2

Ta biéu dién do thi hai ham s67) = cos|* va y2 = 5/3 .cosa trén cing mot hinh
2

5.9G ta thdy can bang xay ra khi a = 60° (giao diém clra hai do thi yj = y2) va

néu ct tang thi yj - cosz gidm cham hon'y2 = 5/3 coso. Ta cé yj twong (*ng

véi momen luc cang day SA, con y2 twong (ng v&i momen trong luc cla thanh.
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Nhu vay néu a tang thi lvc cang day thing trong luc cta thanh va kéo thanh
tré v@ vi tri can bang'. Do do6 can bang cua thanh 1a can bang bén.

V . y y §

Y2

Y

\ECOSO. .

Hinh 5.9G

5,11, Vat A chiu tac dung : trong lvc Pi (déat tai Gj); phan lwvc vudng gocNp

162

Lwc ma sat F] cua twong (Fi hwdng Ién. trén).
Phan luc vudng géc Qj (vi bd qua ma sat) cua vat B. Ta c0
P+ Ni +F] +Qi =0 (1)
Vat B Chiu ltxélc dung : trong lwc P2 (dat tai G2j ; phan luc vubng géc N2 va
lvc ma sat F2 cla san (Fi hwdng sang phai).
Phan luc vubng goc Q2 cla vat A (Q2 - Q1). Tacd
p2 +N2 + F2 +Q2 = 6 (2) .

Chiéu cac phuong trinh vecto (1) va (2) Ién truc Oy thang ding va truc OXx
nam ngang, suy ra : Pi = Fi + QjCos30°

voi Fj=JN  ...... .. (3)
Nj-QjsinSO0 (4)
p2 = N2 - Q2cos30°

VOi Ql=0Q1 (5
Q2sin30°= F2 = gN2 (6)

Tl cac phuong trinh trén thay s6ta ratra: p2 + 3,464ii - 1 =0

Ta lay nghiém duong : p = 0,267.

ot-a0...NMfrHOCH



Tir d6 : N? = 1,869Q2 = 1,869Q!; Qj = Pj = 50 N.

N, = &—-=25NvaN, =935 N.
2
5.12. 1. Néu khéng c6 ma sat thi cac phan lwc & A va B déu vudng gbc véi san va
tvong va cd hop lvc & D, do dd ching khong thé can bang voi trong luc p cua
thanh dat tai ¢ va c6 phwong trinh thang dieng xudng duéi.
2. Ki hiéu Ni, Fi va N2, F2 twvong ¢ng la phan luc vubng géc va luc ma sat
cla san va twong tac dung vao dau A va dau B cla thang.

Ap dung diéu kién can bang vé Ivc va momen (ddi véi 0), chiéu phuong trinh
n. lyc 1&n truc Ox ndm ngang va truc Oy thang ding ta c6 :

7 1 11 N2=El . 11 ; 1 (1)

" P=Nj+F2" "' (2)

voi Fi = |1N|; F2= pN2 ; p~-co%$a + N2/sina - Ni/coso, =0 (3)
3

TU cac phuong trinh trén rdt ra phuong trinh tinh ki 2p + 3ptana-1 =0 (4)
V6i a - 60°, tana = Vs ,taco:2p2+ 3J1yfi -1 =0

Ta chi l1dy nghiém dwong : |1 = 4(~35-3Vs) » 0,18.

Do 1 gia tri t6i thiéu pmin cla pdé c6 can bang, bdi vi néu |A > pmijn thi luc
ma sat diéu chinh dé cac hé thic Fi = pNp F2 =-pN2 van thoa mah. Con néu
|l < limin thi c&c dang thic (1) va (2) khdng con dwoc thod man nira.

3. a) Can barig trén day (gia tri ctia p.) khong phu thudc vao do 16n cha p, nén

néu c6 nguoi ding & trong tdm c cua thang, thi twong dwong véi trong lugng p
clia thang tang, va thang van can bang.

b) Néu ngudi dé ding & D thi twong dwohg voi thang chiu luc c6 dd Ion
- p4 p=2P datd trung diém | .cla thang (vi IC = TD nén hop luc dat tai 1). Khi
dé ta co6 cac phwong trinh tuwong tu nhw (1), (2) va (3), chi can thay p = 2P va

chi y dén diém dat cla lwc 2P tai 1: N2 = F] (4)
2P = Nj+F2 (5)
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vdiF™njN] ;F2 = H]N2

2P~2— cosa + N2/sina ™ NI /cosa = 0 (6)
Tw cac phuong trinh trén ta tim duwgc phwong trinh cho Pimin trong treéng hop
nay . |12 + 2u3p.l -1=0 ' . ||

Ta chi 18y nghiém duong : |Al- 0,27
Ta thay lic nay plmin = 0,27. Do d6 voi grain = thi thang bi trwot.

4. Xét truong hop thang khéng cé ngudi va xét sw phu thudc cliia P vao géc a
Mudn vay ta xét phuwong trinh (4); giai ra ta dwoc :

Pmin - 1(79tan2a + 8;~ 3tana)

Pat X = tana, va xét ham y = "9x2 +8 - 3x.

Tal _ 3(3x-"9x2 +8)
Ldy dao ham clay tacod | y'=:zw==l.......... — <0
YOX2+8

Suy ra : pmin giam khi X ting, nghta la limin cang Ién khi géc a cang nho.

Muén thang khéng trwot thi ma sat cang phai Ién néu goc a cang nhd.

V@i a =45° taco tana=T va pmil) = “*

5.13. Chon hd truc Ox.yz, c6 Oz la truc d6i xing
cCa kim tu thap, Oxy ndm trén mat phang
ngang nhv hinh 5.10G. Khi dé vi tri khéi
tam cla kim tu thap la

*G=0iyg="°.; ZG=hG

““ Xét mot diém M trén truc Oz cd toa do
ZM = z, ta hay tinh thé tich dv cta hinh
hop day AiBiC”Di chiéu cao dz (rat bé).

Hinh5.10G

dv = (AjBj"dz 1) A / s
X .
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Vi :'ALI%X_%H'_ ’ AiBi= . Lthayvao (1)

-t-(H-z)2dz
H?2 I |

=> v =

Khéi luvgng hinh hdp nhé nay la (voi p 1a khdi lvong riéng):

/7

dm =pchv- p-—u)—(H —2) da1

Theo dirih nghia : Zq —
; | | . xXdmM m

Chuyén tong cac phan tl roi rac sang tich phan ta duoc |

1 H Il H \21 .
7G= — izdm = L fz0—(H - 2) dz
mo H2 .

vOi m = SdmM la tong khdi lvong ca hinh chép ctia kim tu thap.

pL2
pVH2L 2 4

H2 2114  H4 N

p[12hh2L2 3 4. 4!

Chwong 111. DAO PONG co

chu dé 6

6.1. Gia str lGc dau, thanh la dai nén momen quan tinh
.cla vat déi voi truc quay 1a ML . Ngoai ra ta cling KLsinO

gia thiét do dai 10 xo la dang ké dé khi dao dong,

10 xo0 ludn & vi tri ndm ngang (Hinh 6.1G).

Phuong trinh chuyén dong cua vat doi véi truc quay :
-(mgsinO + kLsinGcosO)L - ML26"

Y mg
Hinh 6.1G



6.2.

6.3.
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Néu gbc 0 la nho : 0" +

m
Chu ki dao dong T= Zﬂ\ﬁm KL

Do chu ki dao dong riéng cta qua cau bang 0,5 s, 1a rat 16n so voi thoi gian
tac dung ctia ngoai luc, nén co thé xem rang do dich chuyén clia qua cau trong
thoi gian tac dung ctia luc 14 khéng dang ké. Vi vay, sau thoi gian bat dau dao
ddng voi van téc ban dau V, bién do dao dong clia qua cau dugc xac dinh tir
diéu kiénz

o kA2 mv2 1/ . FAt

A-=122— =>A=-NT. |
-— meo

V@i co = 271f=4%rad/s; m=0,1 kg; F=20 N; At=3.10 3 s
Thay s0, ta tinh duvoc : A =4,8 cm.

Khi dau B cua thanh dé di vao vung cé ma sat, ap dung dinh luat Il Niu-ton ta
co:ma= INX=>X""+"N-=
I I

voi X 1a khoang cach tir dau B dén dau mép ving cé ma sat.
Phwong trinh chuyén dong cla thanh la: X = Asincot, voi ¢c6 =

i
Chon géc thoi giant = 0 la ldc B vira cham vao mép (t = 0 thi X = 0), ta ¢0
Ve = x'g = coAcoscot
Theo de bai: vBmax =VQ, néntacd : A= —=Vv0

c0

Ta xet cac truong hop sau :
a) Trwong hop VQ > wpgZ. Khi do A > /.

Lic XB- / (thanh bét dau lot hoan toan vao ving ¢ ma sat), ta co :
7= Asincotj =>1t] = - arcsiH - .LQFEQfH' A'

tj 1a khoang thoi gian ké tlr lic dau B bat dau cham ,vao mép ving c6 ma sat
cho dén khi dau A bat dau cham vao mép do.



2>

_____ /
+ Néu v0 = Jug/7 thi A=11] = —Iarcsml TQ
m 2VMg

' 7 .
va khi do Vg - Xg = coAcosi)t| = 0)ACOS““ =0 : thanh dirng lai.

Nhu vay, néu VQe= s/lTg/, thi khoéng thoi gian ké tr 10c dau B bat daur cham
P

vao mép vung c6 ma sat ché dén khi‘thanh dung lai bang tj = I J— vakhi |

S 2V>Q
do dau A & ngang mép vung co ma sat (XA = 0).

+ Néu v0 > viligy 'thi A> L
Trong trvong hop do, itrc thanh dirng lai dau A sé & bach mép (& bén trai A)
mot khoang XA * 0. !
DE tinh XA ta &p dung dinh luat bdo toan nang lvong :
/Td=J ™2+gmgXAXA=A_ .
2 2/ * A £ 2pg 2
Khoang thoi gian ké tir 1Gc A bat dau cham vao mép cho dén khirthanh dirng
lai la t2:
= Kf__ 1
ylktgJ

2xa =

. Pg
Nhuv vay, khoang thoi gian can tim la; t=tj + t2,

b) Trwong hop vé < pg/: trong trvong hop nay khi thanh dirng lai chi cé mot
phan thanh ndm trong mién c6 ma séat

Khi thanh ding lai, tacd . 2<<- = -Kfi
vOi XB la khodng cach tir dau B t6¢i mép vung c6 ma sat

Twdo . XB = ‘vO
g

77 vs.
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' Thoi gian can tim : X3 =. Asincot3,

6.4.
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/. 13 => 3~ 7,(2-
—sin
I . 2\p.g
Phan A.
a) 'Chu kidao dong . T =
vl 4TE2ni v 47t2.0,2 KT,
k = =>k = ——— =2N/m
| . CT? - 22 .

E 1 |
b) Van téc trong dao déng diéu hoa la: v - Cliuxd — X2

VGi X = OC-0,10mvaX=0D=0,05m; Ct= T (s-1)
_ 71u’o,i02 - 0,052 = 0,27 m/s
c) Thoi gian tj d€ vat di tir o dén D ia : X = XoSincirt
0,05 = 0,10sin7tf

sinTut:i=>t:—s
2 6

Thoi gian vat di tr o déhc la ““ chu ki tirla & S

Vay thoi gianvatdittDdéncrix=T1 “08 =1 §

2 6 3
y o™ 1; |
d) Pong nang cuc dal widmax = Ymvmax = 0 =0,01J.
Phan B. (Hinh 6.2G) N
a) Khi vat I1én dén diém A roi roi xudng, goi L 0
la vi tri thdp nhat ma vat di xuéng duoc, K la vi B _
tri can bang (tinh). |
L X'=Im
Pat BK X' KL = xi) K —!-
e Tinh X" il Yo = 173
™ kv 0_mé, 0200 _ A
K 2 Hinh 6.2G



*Tinh x)
Theo dinh luat bao toan nang luvong, thé nang tai A = thé nang dan hdi tai L :
mg(/0«+ x'+ x0) = Ik(X"' + Xq)2 => Xq.= 5/3 m

2
Thoi gian vat quay lai A la:t=2(tAB + tBK + tKL). |
) o 2h (2/7 : |
Trong d6 : tAB la thoi gianrod twdo : tAB = — — PO =0,447 s,
g Vg

tAB 14 thoi gian vat dao dong didu hoa di tir B dén K : "= XQSiniirt
?-"le= | 73sincOt .

b) PO thi van.téc (Hinh 6.3G) .

Vi

: -

Hinh 6.3G

. Ban dau thanh & trang thai can
bang, néu bi"ddy nhe ra khoi vi tri
can bang thi xudt hién lyc kéo v& |
dua thanh tré vé vi tri ci. Ay
Goi h la chiéu dai 10 xo, d la do - ‘ 2
dan (néu 10 xo bi nén thi d < 0),
Cho .thanh 1éch khai vi'tri can bang
goc Aci (Hinh 6.4G).

Hinh 6.4G
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Néu Aa rdt nho, 10 xo van nam ngang. D06 dan 10 X.0 thay d6i mot lwong Ax,
cac luc tac dung Ién thanh

Fi =k(d + Ax) - (1)
F2 = k(d - AX) (2)
Gac luc tac dung 1én thanh gdm trong luc va luc cla gia do.
Thanh tr& vé vi tri can bang néu t6ng momen céc luc nay thod man

k(d + Ax)l.. k(d Ax)L - InE—>0 (3)
2

Tw phwong trinb nay ta suy ra: k > mo .

6A a) Goi 0 la géc hop béi ban kinh quay cla qua
cau voi phwong thdng ding va o 1a géc quay
cla qua-cau quanh no.
T hinh6.5G: .
(R-nN0=ro=» (R-1d rd

Hinh 6.5G

Dong nang clia qua cau :
1(2 _iY-R-f?|2
— —0
2\5nin A T 7

170



Qué cau dao dong diéu hoa véi tan.sé goc : ti) -

. [7(R-T)
vachuki :T- —=271 ° = _
. B ) -
b) Lwc ma sat ia lyc. tao ra momen lyc lam qua cau quay quanh khoi, tam
 (Hinh 6.6G) ’ o .
AVAVACE I/ .=
N

fmsr = pmrl R- rlel

r

418 = |mM<R

7R -1

=i;‘-m(R;r)5 E_Jg

4is = ymglel

Hinh 6.6G

A

N . 2 l_. ' 2
Néu 0 — Omax thl ;: fmsmax 7 méPmax

6.7. (Hinh 6.7G)

' | dt b s
pat tana.= — :
dx | :
~ Luc tac dung 1én hat ngoc trai, c6 phuong d g - s
+tiép tuyén vai day va do Ién mgsinoc. |
e im gae s o Hinh 6.7G
Gia toc dai cua hat ngoc trai la gsinoL
- Thanh phan cla gia téc nay theo trucy la -gsiriza. D06 chinh la dt2"
Vi:sina- | tana®—, dy = bsinOd@, dx = b(l.+ cos9)d0
vl + tan2a
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Do la phuong trinh dao dong diéu hoa.tan s6" f= 2tr Zgb,

6.8. a) Chuyén..dong cla qua cau gdm chuyén dong tinh tién va chuyén dong quay.
Vao thoi diém ban dau, goc quay bang O vi luc di qua thm qua ciu. Nhu vay
lvc ma st tao ra chuyén dong quanh tam. .

Momen cua lvc ma sat la : MS = [iMgR (1).
- ax . X Me . |
Gia toc cua qua cau : corC = | :SI-U%- . (2)
(I la momen quan tinh cla qua cau déi véi tam). |
5 ‘ '
Van tdc géc qud cau : Cic = E—u-l:%-t ’ (3)
Phuwong trinh chuyén dong tinh tién : Ma = -y,Mg (4)
Van toc va quang duong di trong chuyén dong nay..
- vs=Vv0 - 1mM;s="¥ - Cd2 (5)
Néu diéu kién : vs - {ioR (6)

dwoc thod man thi chuyén dong tré thanh chuyén dong lan.

Tw (3), (6) va (b) tatim dwoc . t =
[ 799

- 1 7 NN 7 > A ~ 12V
Khoang cach ma tw do, qua cau bzﬁ daulan:s= ~ rQ

b) Goi khoang cach tir diém dat clia lvc.dén ban IaR + h.
Néu luc dat & vi tri nay, qua cau lan ngay ti lGc dau.

Momen lyc tao ra momen dong lvgng . L - Mvoh = Ico (7)
Van téc goc qud cau : co = ’5-\5’h— (8)
2 R2

T (7) va(8)=>h=| R
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6.9. a) B6 cleing clia 16 xo0 : k =

271
Chu ki dao dong cua vat. To= — = 2n,

(U
b) B0 thi (Hinh 6.8G) va phuwong trinh chuyén dong trong truong hop nay la

| y(ti) = yOcos(<ot) y y(m)"

Thoi diém ti ma vat va cham voi ban la ;

y(t) =-b = yOcosl()»tl)

-> tj = —arccos —
lvoJ

M arccos (J = 0,423 s *
Hinh 6.8G

Chu ki dao déng T- 29 =0,85 s..

6.10. a) Phuwong trinh dao dong x(t) &= Asin(27ift).

Phuwong trinh van toc v(t) = 27if. Acos(271tt);
Tir 0 ta tinh duoc thoi gian dé vat di tir vi tri can bang dén noi co i dd 1 cm 14
Xj. = X(tj)- Asin(27tfti) =>t] = 0,417 s
Van tdc tai vi tri nay co gia tri. '
V] = v(t0 —(2tc.2).0,02c0s(21i'2.0,0417) = 0,218 m/s
b) Lwc ma sat nghi cuc dai Fmax = gmg. '
Do la lvc duy nhét tao gia toc cho khdi tru :

max ~ mamax Vi*l amax — (27tfmax) A.

Gia tri cwc dai clia tan sO dao dong dé vat con c6 thé dao dong diéu hoa trén
mat phang 1a :

pmg - rnamax - m(27ifmax) A  fjpax — A ~ 0 02 2>8Hz

c) Khi hé dao dong theo phuong thing ding, gia téc ctia hé.khéng duoc 16n
hon g. Vi thé, tan so cuwc dai cua hé 1a :

: 2 A ] |_ / 9.8
8 ~ — ~ = 3,6 Hz.
é ~ amax — (21lfmax) A fmax ot | g - 50\ 0.02

17.3



6.11. 1. Chon gdbc toa do la trung di€ém o cla thanh CD. Goi Rc va Rd la hai luc
cla cac tru tdc aung Ién thanh, X la toa dé trong tdm cla thanh so v&i dwong
trung truc- Qiia CD, Mp va MD la momen cla trong lwvc va cla Rd dbi voi c.

Khi thanh ndm can bang thi: Mp - Md

| '° (i l> = /3 o _ o
v +'Xymg = Rd”?- va Rd + Rp = mg
lal ) 2

Vi X = —5~ tinh du;(yc Rfy- —9—mg Rc = -1%6

| | '|_ " |
.2, O vi tri nay thi X _L,_ Rjj - 0, Rc = mg do do lyc cla thanh tac dung Ién
ném la . Fc = JIRC = itmg.
3. Lay ném ra

[ — 4x
a) Cac'luc tac dung Ién thanh la : Fc = uRc = n—*““—mg

. Ep=nro= TP

.4
Hop lwc tAc dung 1én thanh la : F(x) = —||—y)—(mg.

' L 4||mg
bay la mot dao dong diéu hoa c6 dang F = -kx voi k = ——
,Emmmm J+
Chu ki ciadao dong : T = 2n
V4dpg . Hg
b) Vantoc cuwc dai clia thanh : vmax = 2tC i 2“_1_
il
DPé thanh khong trwot trén tru thi; vmax < cor => co > 2I'TI'
.
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Suy ra cdng suat toan bo : '‘o»c+ TAD = |i<or(Rc + Rd)

pmgcor
6.12.G6c toa dd (x = 0) duoc chon M A2,
sao cho n6 trung voi khéi tam L .
cla t&m van khi né ndm chinh | pee —a—
gila cac .truc-cta hai hinh tru. ° V
Ki hiéu X la toa do khoi tam cula %
tdm‘van theo truc nam ngang. S
s .y N ~rmg
Cac hinh.tai tac dung Ién tam van 29 | fi2
cac phan luc NI va N2 va cac luc ./
masat Fi va F2 (Hinh 6.9G).. Hinh 6 9G

T6ng hinh chiéu cac luc trén phwong thang ding bang 0 : Nj + N2 ~ mg = 0

Trong dé m la khoi lwgng tdm van. Vi tdm van khdng quay trong mat phang
thang ding, nén :

mg -4-X
V2 ]
Tw hai phwong trinh trén ta tim dwoc :
Nt:mg% +TF.  N2= mgrl' )§> C@
\ 1, <2 0)

DBau tién tdm van trwot déi voi cac hinh tru va do d6 Fj - pNj va F2 = pN2

Phuwong trinh chuyén dong cuta tdm van
(2)
T phuong ninh nay suy ra rang, dau tién tdim van dao dong diéu hoa X = x0cosQt

fgu_g =055 [vabhiendd Xn=4 “2m
I ‘ 2 ;

Tuy nhién tdm van sé chuyén dong nhu thé cho tdi thoi diém tj, khi gia tri
tuyét dbi clha hinh chiéu van tdc ctia tdm van : Vj = (or. Sau d6 tdm van sé
ngirng truot trén hinh try' do, luc ma sat nghi can bang voi lwc Fi, con tdm

van sé chuyén dong déu véi van téc V = Vi = 0,5 m/s,
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6.13. Chon truc toa do cé gbc toa dd tng véi vi tri clia dau 10 xo khi.chua co tai,
chiéu duvong hwéng Ién trén.

'a) DO dan cta 1o xo : (M + m)g = -ky0 =>y0 = -0,108 m.

; b) Goi F la luc ma dia tac dung'lén vanh :

' , - ® 1 2 2
Tai vi tri y = 0, vanh bat dau tach khoi dia: Wg= (M + m)v
R ] 2.

Ap dung dinh luét bao toan co nang : ‘; (M + m)v2 = é‘ky% + (M +m)gy .

Suy ra Vantoc cta hé : V - 1,52 m/s.

e) Theo dinh luat bao toan nang lugng

“Mv  — —Kkymax 4° Mgymax. ~ Ymax ”” 8>24 cm
- f) Vanh s& chuyén dong cham dan theo phwong trinh : ya = vt - -|~gt2

Pia sé dao dong voi chu ki T - & —1:(-4—

toadOyPO=

Bién d6 dao dong : A - ymax “ ypo = 0,I81 m,

" Phuwong trinh dao dong clia dfa ; yp = Asin(éot + (p) &

12-BDNHIETHOC9 | \ I 777



g) Khit=0, y -0, van tdc cé gia tri duong nén (p = arsi'nl\ill(g = 0,573.
a

Vay :yp 0,181sin(10t + 0,573) - 0,098 I(m)
DEé xac dinh thoi gian vat roi lai  y(m).

vao dia, ta gidi hd phuong trinh : 02+
ya= 1,52t-4,911t2 ~
yp=0,187sin(IOt +0,573) - 0,0981 1T . "\A
Ding phuong phap dd thi, sé Sl e
tim dwoc thoi diérh khi ya = yp L1 6L

' thi t = 0,438 s (Hinh 6. 11G). ot
02+

Hinh 6.17G -0,3+

6.14. a) Theo dinh luat bao toan nang lvgng . mg.2R = M+ MgR(l + COS0)

V = 72gR(l + cosO)

T - MgcosG = M”™-= 2Mg(i + cosO) a1y
=> T = 2 4- 3cos0
Mg
““ =2+ 3cosO0m=> COS0 = — => 0 = 60°
2 l 2 I y

b) Theo dinh luat bao toan nang lwong thi qua cau co thé 1én dén diém C va'
van téc bang 0. Tuy nhién khi vuot qua vi tri nam ngang'mét géc nao dé thi
day bi ching. Vi vay, qua cau sé khong ién dén duoc diém c.

¢) Luc cang T vatrong lvong p tao ra gia toc hwdng tdm cé gia tri an = 2—,

Tw (1) =>khi T=0thi: 2+ 3cost =0 =>e = 132°

Tl day, qua cau chuyén déng nhu mot vat dwgc ném di v6i van toc ban dau
nao dé va khdng bi rang budc bdi day nira.
: \ . \
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<or = x0cosQt| => t( = -i-arcsin” ©r T

S

3

| Toa do X]cua khoi tdm clia tdm van tai thoi diém do bang

176

Xi - xgCosQt] = Y/Z m
Khi khéi tam cua tdm van téi gan goc toa do, luc Fj tang Ién; luc N2 gidm
odi va F2 < pN2 nén sé toi thoi diém ma luc F2 dat toi gia tri cuc dai clra nd
va sau do sé khong thé can bang véi luc Fi. Khi do : F2max = pN2 ; Nj = N2
Tw (1), ta thdy rang diéu nay xay ra véi X - 0, téc 1a sau thoi gian
f t2 = ti'H— -n + 25/3 «4,4 s

VI

Sau khi tdm van bat dau chuyén dong, bat dau tir thdi diém t = t2 tdm van sé
trwot d6i voi cac hinh tru va chuyén dong cla tdm van sé lai dién ra (ng voi
phuong trinh (2). Tam van sé lai dao dong diéu hoa voi tan sd Q. Bién do
dao dong véi xj) cla tdm van co6 thé tim duoc khi biét van toc cuc dai cua
tdm van bang Vi.

. R Vi
Vi Vi =xqQ nén: XQ - -1m.
Van téc tdm van sé ludén luén nhé hon van téc dai cta hinh tru 16n. Do dé
tdm van sé luén ludn trwgt ddi véi hinh tru nay. Sau dé né ciling sé truot ca
d6i v6i hinh tru nhd vi rdng van tdc clia tdm van sé chi dat t¢i gia tri Vi luc
kh6i tam cla nd di qua vi tri can bang (x = 0). Do do tir thoi diém t2, tim
van sé thuc hién dap dong diéu hoa véi tan s6 o va bién do Xq = 1 m.
Do thi phu thudc etia toa do khéi tdm clia tAm van vao thoi gian (Hinh 6.10G). ¢

m 4’

Hinh 6.10G



d) Quéa cau dwgc ném Ién véi van toc ban dau Vg ing voi 6q = 132°,
V=v0=uw2Rg(l - cosOq) = J-2Rg
3

Phuong trinh chuyén dong ctia qua cau (chon c 1a gbc toa do): x(t) == XQ 4- vixt

I ' i9. , - . ‘
y(t) =yo+vOyl 2 trong do vOx = VOCOS00 va vOy = vosinQo

Giao diém cua qua cau va duong PC céch diém c vé phia du¢i mot doan zg R.
|

7 2 .- [|7TR
e) Theo dinh luat bao toan ning luong : -l-éMg'R M = /—éﬁ

6.15. a) Khi dwoc tha tir vi tri goc a, lvc cang’day lic tha vat la mgcosa, thanh
phan luc cang day khi 8y theo phuong thing ding 1a : T = mgcos2a (dat gia
tri cwe tiéu la,Fi.- 0,1 N)

H‘IV2

Khi qua vi tri can bang, luc cang day dat gia tri cwc dai: T' - mg 4 )
(gid tri cuc dai khi qua vi tri can bang lan dau l1aF2 = 1,6 N).

b) Chu ki con lac vao khoang 2,0 - 2,1 s.

c) h =/(1 *“ cosa)

Tw dinh luat bdo toan nang lwong, ta suy ra: T' = mg(3 - 2cosoc).

. . 13— 2cosit ' -9
Kétqua: 7— - --—---« 16 16cos a 4- 2cosa -3-0.
" cos2a L
Trdéa-120° m= - -—-- =73 ¢t
g(3 - 2cosa)

179



6.17: (Hinh 6.12G). 0

180

k=~

s +ds
b) Tinh dd dan gay ra bdi trong lwong cua 160 xo
(Hinh 6.12.G). Xét mot phan ti cta 16 xo ndam trong
khoang s va s + ds (0 < s < /). .Phan tir nay coi nhw 13

-_

Al O
mot 16 xo cd do dai ds, CO do cing la ks.<LO xo nhd f

nay bi kéo dan bdi trong luong cha phan 10 xo. nam &
dudi nd. Goi d/la do dan cla phan tlr nay, ta c6 :
Lo M1 . I
ksd/ “ y(/-s)g -1 ; (1)

Hinh 6.12G

Mat khac, do cling clia cac phan cta mot 10 x6 ti 16 nghich véi chiéu dai cla
. s I k/
phan do : ksds = k/ => ks = ds’
I 1ds

Thay vao (1) ta dwoc ai = IJE(J - s)ds (2)
[ | '

Tich phan phuong trinh (2) theo s, ta dwgc d6 dan cua 10 xo gay ra bdi trong
lwvong cla no

I AlO <=
AZ0 = Né.
Lok (:3)

Niu moc vao dau dudi cta 10 xo mét vat co khai, lwong, m, thi khi can bang
10 xo ddn ra mot doan bang :

(M A

AZ = AZO+AA A—-J. |
| | k k (4)

¢) Chon géc toa do cla truc X tai vi tri can bang. G'id si., tai thoi diém t, vat
m & li d0 X va c¢d van toc la V (Hinh 6.13.G). Sau thoi gian dt, dau duéi cla
10 xo dich chuyén dwgc mot doan dx - vdt. Néu dd bién dang A/ cla 10 xo

A/
rat nhd so véi dd dai / cua no, tiec la nfu — O 1, thi phan .t cta 10 xo &
Z



cach diém tréo 'mot doan s sé dich chuyén mot

doan la Suy ra & thoi diém t, phan tl nay co S

vs
van toc vs - yv. Bong nang cua phan, tr 10 xo nay. ¥

la:- ' SRR -+ O (VTCB)
o X
Hinh 6.i13G
wloxo= JdW = i™M\27N2ds = _py? NP
6 111
Ap dung dinh luat bao t6&n co ndng cho toan thé con lac ta duoc:
w = ikx2 4 -mv3 4 193 = const
2 2 6
1 ¥
W = J7kx2 f }fm + V% = const (6)
2 2\ 3J
IPhuong trinh (6) ching t6 con lac dao dong diéu hoa voi tan s goc :
\ k '
0~ -— 7 .
M .
Ym+ _

Can luu y rang trong cach giai & cau c, ching ta da thira nhan do dan ti & voi
khoang cach dén diém treo. Nhwng diéu nay chi ding néu luc kéo dén ia nhuw
-nhau tai moi diém doc theo 10 xo, tirc la chi ding khi 10 xo di*rng yén. Con
khi cac phan tr clia 10 xo cé khdi lwgng va dang chuyén dong cé gia tdc thi
ta khéng thé ap dung diéu kién dan tinh dwoc. Vi thé cong thic (7) chi la
gan ding. Tuy nhién, néu M. 0 m dé cho luc kéo doc theo 10 xo0 gan nhuw
khong doi, thi cong thirc (7) dwoc kiém ching la dung.’

6.17. a) Goi van toc clia qua cau | ngay sau khi va cham la Vi va ctia qua cau 3 la

VQ. Binh luat bao toan dong luong cho ta : -*VQ = mvj 4- “““Vq, va dinh luét

bdo toan co nang (dong nang) cho ta

m wvn v? .. m /2 . |

f 2 2 2 2
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Rut gon cac phuwong trinh do ta duwgc © VQ =v0 - 2vi hay VQ = 2v2 + V(2.

Cubi cung ta c6 phuong trinh : vi(3vl - 2v0) =0 vi Vj 0, nén ta duoc cac
nghiém la:”

| | ‘

" L2 L L,
Goi vG la van toc cla G thi: m-*VQ = 2mvG = dong luong cua hé.

Vay G chuyén dong thang déu voi van téc vG =
c) LAy hé quy chiéu gan vai G. Xét trong hé nay thi

quacau i covantéec: VL

S 30 3 31

-quaCau2cédvantoc: V2 =0 g
G 3 3

Hai qua cau & hai dau 10 xo dwoc truyén nhitng van téc bang va nguoc chiéu.,
mOi cau coi nhu gan vao mot 10 xo c6 dau G cd diph, co chiéu dai -Zy nghfa
la c6 do cing k. Vay hai qua cau dao dong nguwoc pha quanh cac vi tri can

bang cach G mot khoang -1-
2

2k
Tan s6 goc dao dong : Ci = .1
m

d) Trong dao dong diéu hoa cé cac phwong trinh d doi . X = Asincut va van |
toc chuyén dong : v - Atocostilrt.

Lac t = 0 thi v = Aco =-"7-vay . A .
3 3 3 v2k

Vay khoang cach maxiad=z7+2A=/+ —
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e) v0 = 3 m/s=> Vé_: L m/s; (D~

6.18. a).Xac dinh vi tri khoi tam.

|~~- - 10 rad/s; A=0,1 m=>d=05m.
V01 |

| ' 4

Xét mét dai song song voi dwong kinh chia déi cac dia, & cach tam duwdng
tron o moét khoang x (Hinh 6.14G).

Goi 7 la dd day cula dia, 2y la d6 dai cla dai, p la khoi lwvong riéng cua dfia,
dx la do rong cua dai, khéi lvong dm cia dai la :

YA

dm = 2p.yJ;dx = 2p7r2 - x2dx . Tl 3 "
am| dx\
Hoanh do Xq cua khoi tam la : 2 ‘
R = S —— — 0 | T T
jxdm “R2 - x2xdx - .
=0 = O - 3 ’ : |
R M s il
fdm | Hinh 6.14G
0 : .

2 Fer
Ppat X =u => 2xdx = du

p( J'\/.R‘2 ~udu
- :

1
XG=--12 4(r2 "fu2 R  4RS
‘ 3tcR2

J7tR 3 0

XG=7-R« 0,42 R.
3t
b) Tinh goc o

Goi V 12 moi nira thé tich hinh tru, va a la
khoang cach ti' o dén hai trong tam G',
Go cua hai ntra hinh tru, XG la hoanh dd
khoi tam G cla hé, ta c6 (Hinh 6.15G).

(Vp + Vp')XG = Vp'a - Vp.a -

XG(p + p’) = (P'-p)a

Hinh 6.15G
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voi ca= ~~R» 0,42R

" XG Ar
pi + p 3rc

Hinh tru can bang nén méit phang nghiéng
p, thi dwong thadng ding qua trong tam G
phai di qua diém.l (Hinh 6.16G) Do d6

OIG = a va: OGl ~ T - (p

Trong tam giac OGl, ta co ..

oG = Ol _ Ol R
sina  s'inOGI  sin(7t - (p)  sino Hinh 6.16G
 Tlr d0, suy ra : sincp = ----.sina = 3(p"+p) 71.sina
, 0G 4(p' - p)

c¢) D& can bang cua hinh tru 1a bén, gdc < phai nhd hon

Hinh tru bat dau lan xudng khi ¢ = A

Vay gia trm‘)’i han cdfa a &ng VoI sihcp = 1, ttec la sincx = L/‘O).
" 3ti(p' +p)
dj Khi hinh tru lan thi truc O c6 dd cao khong doi R. Khdi tam G cua hinh
tru cach tru o mot khoang : a = AIEL R.
3%(p’ + p)

Ban dau G. & cach mat phiang nam
ngang Po di qgua o mot khoang a. Khi
hinh tru da lam mét géc 6 thi G cach
mét phang do khodng a(= acosd, va
cach méat phang nam ngang'P mot/
khoang R - acosG (Hinh 6.17G). Thé
nang cda hinh tru tinh tr p 1a :

wit = Mg(R - acosG).

Hinh 6.17G
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wit qua min khi 6 = 0 chirng t0 d6 1 vi tri can bang bén. Ta tinh déng nang-
wd clia hinh tru. N6 gom hai s6 hang : o
- Bong nang tinh tién cda khéi tam G.

Chi xét nhitng dao ddong nho thi c6 thé coi nhv G quay quanh diém ti€p 'xuc.
B vai van toc géc Ci = 0",

widi(.= --Mvqg = | m(Bg.c0)2 = | m(R - a)2<02
- B06.ng nang quay cua hinh tru quanh truc .di qua G song séng véi truc o
cua hinh4u—~ eee:
'"Wdq = -§1gC0 , Ip la momen quan tinh d6i véi 'truc G.
Goi lo la morrien quan tinh déi véi truc o thi: IG = Ig ~ Ma2,

Néu m va m' la khdi lvgng hai ntra hinh tru thi:

_ l 2mR2 1 2m'R2 ln2/_ . X _ Ixym2:

Om 3" 1+ -2 . =Z=¢tR (m+ m)=EMRz

u 2 2' 2 2 2 2 ‘ e
= IG = IMR2 - Ma2 = (R2 - 2a2) |

| 2 2

widg =2jt(R2 - 2a2)<02

Pong nang wd cua hinh tru

wd = widtt + wdg = MN[2(R2 + a2 - 2Ra) + R2 - 2a2]

wid = = (3R2 - 4Ra) = A02 v6i A = *-(3R2 - 4Ra)
4 4
Co nang cula hinh tru dwgc bao toan : Ad2 + Mg(R - acos®) = const.
Lay dao ham d6i voi thoi gian : 2A06 + MgasinO.é = 0.
Bon gidn 9 va thay sin6 « 0 ta cd : 2A & + MgaQ = 0.
Biéu thirc trén chirng té hinh tru dao dong diéu hoa véi tan s goc :
pMga = r 2ga- |
co =
V 2A . VR(3R-4a) |
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649. (Hinh 6.18G).

186

1.a) Khi ban kinh CA léch goc a : N 4 mg — ma (1)
Chiéu (1) trén truc Ox ;. -mg— = mx

X"+ U)2X = 0

VGi' () = \/g.A

Vat dao dong diéu hoa véi chu ki T = 2n Hinh 6.18G

Vg <

b) Chiéu (1) trén phwong ctia ban kinh va phwong vuéng goc véi ban kinh :

2
N - mgcosa +

N\

m

—E— - mgR(co,sa - coscco) => N - 3mgcosa-2mgcosa.

c) Ap luc clra M 1én san 1a : Nx - Nsina = 1,5mgsina ““ 2mgcosalsina.
Q = Mg + Ncosa = Mg 4- 3mgcos a - 2mgcosa.cosa.

Diéu kién dé B dirng yén la; Nx < J1Q v&i moi p < ao0.

Véi a nhd : Nx « (3mg - 2mgcosa0)a ti 1€ véi a nén cé gia tri cwc dai khi.
a - 0Q.

Nmax = (3mgcosa - 2mgcosal)sinal = mgcosalsinal

| 2(cosoq - 3cosa)sina < 0 ludn co gia ui &m nén Q nghich bién voi a..
|

mgda
Vay . Qmin = Mg 4 mgcos (Xq khi a = ag
N, Ny max
| Q

mcosoQSInao

Mrnin 2
M 4- mcos a



N&u thay COSCCO - 1 63% thi Pmi moe
eu thay -1 - I PMIN = | ~
f' 02y

M 4 myl -
I 2]

2 Khi b6 qua ma sat
a) Theo phuong ngang, dong lvgng bao toan.. '
Vi a nho nén c6 thé coi van téc ctia m ¢ phueng nam ngang,

mv+ MV =0 e
rmv2 MV2 1/
Bao toan co nang cho ta,; P 4- o = mgR(cosa —cosccq)
‘ I

Vi a'R “*(v = V) = v(l 4

' mR2a’2 Mm2R2re2 1 2 2X.
/ \2 4 —— |ng(ao -a );
Y e T 2M21+
)
P_?Z@E/l ﬂ -|g(«06 —«2)

| mi

M>
cC.

hay chu ki : T = 2Ti

b) B&i véi.m : N 4 mg = ma. Goi Xj, x2 la li d6 dao ddong ciia m va M.
Chiéu hai vé phuong trinh trénlén Ox

K, ........ m(v-V)?2
= mgcosa 4------- R

mv 4 MV -0
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Fdh = k(/ - /0), Fqt = m /sin ct, ta c6 :

D, . mv2 , MV2 ~
Bao toan co nang : > +

= mgR(cosce - cosoq). |

. nO
Vv 2gR(cosa - cosal); V-V !4 —7 nénkhia=-O.
<m 4- M/ kK °ml.

cosa va (v-r V) cuc dai nén N cuc dai:

2 . / m
m 5 — =mg 4- 2mg !
ax mo g gk mJk
o . Hi |,, m
Nimax = 3mg + @mg —2mg II + M C0S0.0.
J

N 4 mg 4" Fdh + Fqgt = O (1)
Chiéu (1) theo phuvong Ox véi chl'y :

-mgcosot - w - /q) &-m /sin a-0 (2)

I k/0 ** mgcosct
“ 2 2
k- mé¥ &nr a

Bién luan ;

(3)

Hinh 6.19G

— TOn tai vi tri can bang khi / > 0, ttrc 1a tir va mau cua (3) phai cing dau.

- Néu tr va mau cla (3) khac ddu thi khéng ton tai vi tri can bang, trir diém A.
Khi I&ch khoi vi tri can bang, hop. iuc tic dung Ién bi trong hé quy chiéu gan
voi thanh . F - N 4- mg 4- Fdh + Fqt

Chiéu th'e'o phuwong Ox : Fx = (meozsinzot ! i()/ 4- k/lg - mgcosa %
dFx = (mco2sin2o - k)d/ (5)

— Néu dFx trai ddu v6i d/, thi can bang l1a bén (Khi vat dich chuyén doc theo
Ox ra xa vi tri can bang + d/ > 0 thi dF < 0, hop lwc kéo vat vé vi tri can bang).

L



— Néu dFx cung ddu véi d/, thi can bang la khong bén. |
Nhin vao (5) ta thay dong thoi :
mcii2sinza - k < O.,. . C
I‘ { thi can .bdng la ben ; hodc dong thoi
k/0 - mgcosa > 0 n .
L2 2 Ik>6 | Lo !
n - T A > A .
il g sn-a thi can bang I:zliﬁﬁorrg b‘én/
k/0 - mgcosa'< 0
b) Néu diéu kién * duoc thoa man thi khi vat chiu tac dung cta mot ngoai
Ilvc nhd sé l1éch ngay cang xa vi tri can bang.
Phuong trinh (3) cho thady néu 'thém vao g moét lugng a > 0 thi i giam. Vat sé
chuyén déng vé phia A. o
NEéu diéu kién ¥ thod man thi vat s& dao ddng quanh vi tri can bang.

Khi thanh chua chuyén dong 1én trén thi vi tri can bang cach A 1a /b véi

/ ~O “mgc®sa

B >.2
kK meo™sin a
dé cung la vi tri ban dau clra vat.
Khi thanh chuyé&n dong Ién trén, vi tri can bang cach A 1a :

, 1 k/0 - m(g + a)cosa
<2 - 2 1+ 2
k — meo sin” a
N ATyttt ,'\"I Lt ) macoSsa
Bién d0 dao dong laz — 2= — 2 2
k — meo sin a

Phuwong trinh : dFx = ~(k — meorsin a)d/ cho :

-

"« meo®sin®a
t k X (coi d/ = x)

m

Tan s6-goc cua dao déng la :

J—lf— = i sinzo_t
m

21tu 2ic
Chukidaodong la: T= — -~fFp——

a x - w?sin® o
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2. Néu c6 ma sat (Hinh 6.20G)

Khi hon bi & vi tri thdp nhat, n6 cé xu huwéng |
truot 1én,-'do d6 luc ma sat huéng'xubng :

N 4- rng.4- Fdh + Fgt = 0 (1)
Chiéu (1) theo hai .phuong Ox, Oy v6i chiy :
FmS-N, Fdh = k(Zm~/0).

Fgl = m2/sin.

Tacod: N “ mgsina “ m /sinacosct = 0 2 - | }Hiﬁb 6.20G
-mgcosa - N - k(/m - /g) & m /sihna“0 (3) .-

k/Q - mgcosa - pimgsinoc

min - més siit"a + pimgtd sinacosa
) k/g - mgcosa 4 pmgsina . oz
max ] J P g7 (coi nhu pi doi dau) . (4)
k- |mto sin a - pimgto sinoccosa
' I ‘
min — — ANJT13X

Bai toan c6 nghiém nhuw trén khi :

kz0 - m%:osa — plmgsma

Anin ~ >0
k - mto sin a4 plmgto sinacosa
NIA,. . _ k/0 - nigcosa + ||mgsma
iNeu : /max 7.2 v

k - mto sin a - Jumgto sinacosa
Bai toan v6 nghiém, khong ton tai vi tri can bang (trir diém A)

NEu /min < 0, /max > 0 thi 0 </ < /max.

miIn o mA
6.21. @) Momen quan tinh cuaconlac : | = ~y~4 Mr - r "M 4 3 l.

Momen lyc v M = mg’\ Sind + Mg/sinO - C0«0 g/ M+ — _c
‘2 Vv 2

Phuong trinh : 10" = M.

n
1 —_ M+_/\_ _
22|\/|4 30 Og/ ) C
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Hay 0" +

f M+ 1g
I m g
Véi.diéu kién : c> g/ M 4----éJ , con lac c6 dao dong nho vai chu Ki:
| L3 | - \ !
,,22|\/\ mV.
P
‘ T=2n (1)

. G, M\
1b) Biéu kiénc > g/ M + , Vibi gmax = 9'9
k 2/

cho : ¢=9,9.0,2.0,105 hay ¢ >0,2079

N\ Art z zszx

c)bat a=/2 M+V- =0,004132 .

k. 3;
C .
| M +. = 0,021 (don vi SI)
k
: @
T2 _  a
4n2 ~ c - bg .
V6i T = 10 s tinh.dwoc g = 9,83 m/s2
d) Lay In hai vé cta (2)
INT = In271 + -7 Ina - ~ In(c - bg)
2 2
Layg/ dao ham ddi véi g, v6i T laham cuia g _I_d7L &7 G bg)
=> (0 nhay : T = —_bT 7 (3)

dg  2(c - bg)



e) VGi con lac don T

: , i g —— Len n /2
6.22. a) MOU’IEI’{ cua thanh doi voi truc quay di qua A la: 1A - “*M/ .1
Sau khi va cham mém, momen quan tinh cia hé la | = -jM/2 + m/2

Phuong trinh dao déng clia thanh : M = iy

- ¢ Mg/sinO + mg/sin9 «<g/(“* __g_l\/‘IIZ m/ng
3 )
' Y 2/(M + 3m)

Phuwong trinh dao dong di€u hoa : 0 - Oosin(clit + (p).
Chon gbéc thoi gian ngay sau va cham (t0=0) suy ra (p =0

00 = Cl‘%Q = Z(: (van toc g6éc ngay sau va cham) .

Binh luat bdo toan momen dong lwgng : mv0/ = 10Q =
t
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Vay phurong trinh dao dong diéu hoa la: 0= /my0Q";. sin.cot

(M + 3m)/co
iwa + 3m)
Voi co =
y3g(M + 2m)
Jmv
Géc iéch cue dai: Omay = O (M + 3m)Za>
0.. =1 3mv0 2/(M +3m) * vomvo 1 :

" T smyysg(V+am) (M + 3m(M + 2m)g

b) Khdng c6 ma sat nén co hang dwgc bao toan
Chon géc thé ning tai B (Hinh 6.2iG) . -

- Conang lai-Bla: WB=WiB+WJiB= Mg|+ L_qg2
2 2

Voi il = 1TZ2 + mZ2=> liei) = :
3 2 " 2(M +3m) M

C . -1 '3m2v8§ oo
Wn - M%— —— —
o 2(M +3m) ¢ LIB

Tai B : chi pan WrfB = 0 thi hé c6 thé’quay toi B

Hinh 6.21 G

-, WdJB =WaB

[]

.»J . 3m272 (3M + 4m)gZ
Mgg + “7“ —_

2(M + 3) 2
2(M + 2m)(M + 3m)g/

3m?2

)

s

~— e

-

8
(o

-

6;23. Goi 0 la gbéc quay quanh truc.C cua tru,
)l la van téc goéc cla chuyén dong quay k.
quanh truc Ya V la van téc tinh tién cla

truc (Hinh 6.22G) : (0i = 6' = “
r

'Mat khac, taco: V=1t (R -r)

o)

|
I
r
' -

=
——
‘o "

B - B
"= CHr=pPR-1N=r=R 1) Rcp Hinh 6.22G

13-BD...NHIETHOC B g, b, A ) ; 193:



(R-r)V«

Conang : w - wd + wt = const. Ldy dao ham hai vé

:I [ ,I ’n

2 mg o 2(R-r) _ 6k  Zg
4 %m' I3m I 3(R-r)

VvV uy VIAVI Pkl vi-valil Lu 4 A — — [ e

© 2 g | J6k
V3R-r 3m

2.0
Trwong hop riéng : Khi k =0 thi Ci =, —1
3(R-r)

Khi R 8> 00 thi: & = 2%
| 3m ] . |

6,24. a) DBTa va thanh tao thanh mét vat'ran c6 momen quan tinh d6i véi truc quay
. Oz tinh theo dinh li Huy-gen : |

o ‘mR2 +2mi? *IMERIZ +IMRZ-= ymRo
A 3 ) 6
Ap dung dinh Ii momen ddng lvong (dinh luat 1l Niu-tén cho chuyén dong
quay).
<" = -HigRsincp™mgRsincp = _3ingR(p (<p 0 ) T]. - 2kW
() ..V 18¢
v b) D6i voi dia : Phan Iyc thanh OA va trong luc qua truc quay A nén van toc
gbc cla dia doi véi truc quay qua A la khong doi va co gia tri Clio = const nao do

- Momen dong lwgng cla dia va thanh dbi véi truc Oz la :
Lgz ~ (r0z)thanh + (-*0z)dia

= 13*BD...NHieTHOCU



- [ .0A 4 -—-p-~/
4- Thanh (i-OxXhanh |mR9 + 3 / Ppr= émR%(F/

+ Pia : (LOz)dia= m(2R)2ip' + liclQ = 4mR2¢y + [MR2ra0..

Suy ra: LOz = m*mR2¢p' + 4mR2(p' + IMmR20>0
3 2

(-

- Ap dung dinh Ii motrien dong lwong : % !

| d/LOZ (-rngRsino - 2mgRsin<p) = -~3mgR(p (¢ D')'-' :
t :

<> —mR2(p"..==-3mgR(p => (0" + 9 %® =0
3 . 16R

Q

Pt Q2 = nén o" + Q20 = 6

16 R

\ . : R -
Vay vat dao déng diéu hoa voi chu ki T2 = %n\[—;

6.25. (Hinh 6.23G)
a) Dau tién ta xét mot dia ban kinh R co bé
day b va khoi lvong riéng p. Momenguan
tinh cda dia nay do6i véi truc quay di. qua tam
O va vudng géc mat dia la .

lo = ijjr2dm =.[Jr2pdv = bp[jr2ds

R r2 : ' $
lo = bp Jr22iirdr  npb-~— (*) : _:‘i;‘_
0o . 2 . e Hinh 6.23G

* Momen cula dia nay doi voi truc‘A di qua mép dia va vubng goc vGi mép
dia la 1A

Theo dinh Ii Ste-no

1A = lo + md2=2IPbRI + (npbR2)R2 = 3iPbRI @
2 2
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* Ta quay lai dia dic chua khoét, bé day b, ban kinh R, khdi lwong riéng p
thi momen quan tinh ctia n6 ddi voi truc qua o la

e | 1 | |
Theo biu thic (1) : Io i anR _ i * - (3)

L= Momen quan tinh cua mot d~ a tam 01 bén kinh rl & %— d6i vén truc quay O lé s

L=1= 3npb 4.-—' 2 7rpr“*-” <, e '(4),
= Ta coi dia tron tam O bén kinh R bl khoét 2 18 n61 trén lé su Jap ghép 3 d"a

.+ Dia tam O bén kmh R dac chua bi khoet

‘R |
+ Dla tam O, bén kmh rj = ; dac cé khm lucmg am va momen quén tmh

+ D.ia tdm 2 ban kinh r2 - 71 dac c6 khéi lwvgng am va momen quan tinh

17 = ~h- o

Vi momen quéan tinh c6 tinh chat cong, do d6 mome.n quan tinh clia dia bi

khoét2 ro la: =10+ Ij +1'2 = lo - 21] =-“npbR4

b) Luu y do dai cung 77 = do dai cung T'M', nén ta c6

(P3R = (p + (PR => p = 2(p - g m
(Hinh 6.24G) o

Lwc ma sat nghi cé tdc dung bién
dong nang chuyén dong quay thanh
.déng nang chuyén dong tinh tién
cht* khoéng lam thay déi co nang cta -
hé.. Chi c6 trong lwc sinh céng lam -

thay do6i dong nang vat vada luc thé VI [
nén co nang vat bao toan. ’ |

[ g Hinh 6.24G

‘2—1(1)2 +'5r'nv8 + mgho = (2)
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Trong do ()

2 4
(4).
2(1 + IT1R.2)
chu dé 7. M m
7.1G. Truc toa dd cd phuong trung (Di 2)I
véi 'AB, moi qua cau déu chiu luc . ! |
tac dung cula hai.ld xo gan véi no. <10+ X,
Qua cau (1) chiu tac dung cla luc o
X
F] =-K(x, -a0) ;
Hinh 7.1G

Va ft =k[(x2-K|)-bol |
(Gia sl khi cac qua cau ndm can bang, cac 10 xo.c6 dd dai bang.do dai tu
nhién twong ng la a0, b(j va a0).-
Qua cau th hai chiu tac dung cua céac luc
f2 = -f] va F2 = K[(L - x2) - a0], v6i. L - AB
Ap dung dinh luat Il Niu-ton ta c6 :
mx'j = -K(xj - ao) + k(x2 - X] - b0) (1)
mx” = -K(x2i- Xi  b0) + K(L - x2 - a0) (2)

Ki.hiu Xj ="X| - x10 va x2 = x2 - x20 la li d6 cla hai qua cau so v&i vi tri can
bang, c6 hoanh dd twong ng 1a Xiq va X2Q. Cac phuong trinh (1) va (2) trd thanh ;1



I mX|= -KXj - k(Xj - x2) 3)
i:A jnX2=-k (Xj-X2)-K X2 ' (4)

*Patu = X] + X2, v=X]| - X2, tr (3) va (4) tarat ra hé phuvong trinh :

mu" = -Ku . 5)
mA A, mv=-(K+ 2KV [ (6)
Nghiém cla cac phuong trinh nay c6 dang :
u(t) = umcos(wlit + <pl)hayu = Acos®lt + Bsin<a]t . | (7)
v(t) = vmcos(co2t + <p2) hay Y = Acps<oz2t + Bsincoit ;  ? (8)

Chung biéu thi cac dao dong diéu hoa véi cac tan so goc :
“1-\Vm ] 9)

Twr d6 tim duoc phuong trinh dao dong clia qua cau :

" Xi = Acosicojt + (pl) + *“Lcos(cir2t + 02) (10)
u . Vv
X2 = -:cos((Ojt + () - --cosil™t + (52) (107)

Khi cho biét vi tri ban dau va van téc ban dau clia moi qua cau (X10,Xlq,
X20, X20) ta sé tim dwoc ura, vim va <pb <2

* Gia sl & thoi diém ban dau cac qua cau & vi tri X10 = Xq, X20 = 0 va khong
cd van téc ban dau, ta co ;

Xio = X0 = ~-COS(<P]j + ~Lcos(<p2)

x20 = Xo = 7 -C0s6pi) - ~cosCtpj)

1

Xjo =0 ‘U—zm_colcos('(pl)w Hg”-tGZCOS((pZ) ='0

X50=0 :> u—;“—mlcos(‘cpl -A-<jo2cos(<p2) = 0
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j[COSl]l‘J’it +. C0S(02t] - XqCOS 031 + 032 t7cos|'<01 ;<02/

v "]

X9 = AQL 71 xz o, _ + 16271 7(0i - <»2tv
~ Z-MTOSCOIt -COSCu2t] :Xg\?ln .I2 —1 sIn

- " 2 7

* Ta xét hai trvong hop riéng
+ Truwong hopiién kétyéu (kO K) | |

Cactan s6i2 = 031 +032 vdco 031 | sé rét khac nhau.
' =2
COp~C02d co , X4
Cac nghiém tré thanh : \|
XJ = X0cos(Qt)cos(cot) | T

va X2 - X0sin(£2t)sin(cot) * 1 .
Khi d6 cac qua Cau sé dao dong
“nhanh” voi tan s6 £2 va bién do cla
ching bién thién (dao dong) “cham”
vOi chu ki bang |

T ~3L= 2it [
pco co2 — COi

Do chinh ia hién twong phach. Do thi dao déng duoc vé trén hinh 7.2G

Hinh 7.2G

+ Trwdng hop lién két manh (k = K)

Khi dotacod: Ol = J—:052 = J— = cuix/T
Y'm V'm

| va cac phuong trinh dao dong cta hai qua cau la :

|F " X | (73-1)7
| uvo ----——(C0t
oz e I
d

X2 = Xo0sin Sm )
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7,2.
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b) Cac tan sd goc (U va u)2 & trén duogc goi la tn s6 goc riéng clia hé dao
dong lién két. Hé co6 thé thuc hién dao dong véi chi.mot trong hai tan so riéng

do. Cu t.hé,.nhv sau

e Hé co thé chi dao déng véi tan sd goc <0j;

néu v(t) = 0, tc la khi Xj(t) = x2(t).
Trong truong hop nay ta c6 mot ki€u dao
dong riéng véi tan sé goc (1. thg voi kiéu
dao. dong nay la nhitng d6 dich chuyén
nhu nhau clia hai qua cau (Hinh 7.3Ga)
Pay la mot kiéu dao dong doi xirng.

« Hé cling c6 thé chi dao dong voi tan s6 goc
t62 néu u(t)>= 0, tlc la khi Xj(t) = ~x2(t).

Khi d6 ta c6 ki€u dao dong riéng véi tan .

sO goc (2. D6 la moét kiéu dao dong phan
doi xirng (Hinh'7.3Gb).

.b).

Hinh 7.3G

a)'Khi cac phao .chuyén dong, muc nuwdc trong binh thay doi. Chon truc Ox
hwdng thang ding 1én trén (gbc o tng véi muc nwdc khi phao ndm yén (Hinh
7.2)). Ki hiéu X la do dich chuyén dai s6 clra muc nudc do. Bdi vi thé tich cla

khoi nwéc khong thay doi nén'cac li do Xi, x2 cia hai phao lién hé véi X theo

phuong trinh
(Xj + x2)s = -X(S - 25s)

(Néu X] va x2 la dwong nhu trén hirih 7.2 thi X la am).

(1)

Moi phao déu chiu tac dung cta trong luc va luc .ddy Ac-si-mét. Ki hiéu m 1a

khéi lwong ctia moi phao, p la khdi lugng .riéng clia nwdc va vo la phan chim

clia moi phao & vi tri can bang, ta cé : .

m = pV0

Ap dung dinh luat Il Niu-ton cho 2 phao, ta co :

mx" =-mg + pg[VO-(Xj-x)s]

mxj = -mg + pg[vo - (X2 - X)s

2)

(3)
(4)



7.3.

Kht X trong cac phuong trinh (3) va (4), chG y dén (1) va (2) taratra :
IXj =-<B2X] - 0"X2

1 2 = -(bix1 - o|x2
AZ.,2 s(s-5s 2 S2
nong do : Pl(1 ( ) va “2 = P9

Ta nhan thay co! > 0)2

b) Tl (5) va (6) ta dugc ¥ xi' + x2 = -11"MIXi + x2) o2
i ¥ = ‘X2
Trong do - =>Qi= )

va Qo — ClI* — (02 02 — yili)2 4 (2

hay (chu y d.én (7))
ii = |£é. J8 0q = g i ]
Vm(§1~25) va (A v m
Theo d& bai, ltc t = 0 f Xig = X20 = 0 ;-x'I0=2v0O; x20=Vv0

LI "3vn .
TW do ta tim dwgc | X] 4- x2 = ---"*sinQit

2

i
a) Gia st tai thoi diém t, qua cau | cé li do Xp
qua cau 2 cé li do x2 (Hinh 7.4G)
Vi dao déng nho nén ta co .
TICOSoi - mg  Ti «mg
T2C0S0C2 = mg => T2 « mg

()
(6)

(8)
9)

(10)

(11)

(12)

Ap dung dinh luat Il Niu-ton cho mdi qua cau :

mxj = -TISInal + k(x2 - Xj)

mxj' = -mgy + k(x2-XJ)




7.4,
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Twong ty: mx2 = -—"x2 " k(x2 - X|) (Ib)

Goi co laxtan s6 clla mode ta 6 : x| = -0r2Xj va x2 = -CO2X2

Thay vao hé phwong trinh (1) ta duoc :

23 T ¢
(ng 4k—n|1e0 '/Xl|= kx2' (a)

~ 2).
4 kK - mco x2 = ka (b)
11U |

A2 1Y

Tw (2) suy ra: O »V

) _
Ta dwoc .hai nghiém : Cj = ! + A
1 m

b) Thay C0] - g/vélo Iphu’o’ng trinh (2a) ta 'dwoc X] = X2 ~ Acoscoijt.

Thay {u2 = ™y 4 — vao phuong trinh (2a) ta dwgc Xj = -x2 = Bcosco2t.

1. a) Phuong trinh déng ivc hoc cho M :
miX =-(K] + ko)x + kay => x = LEKO ke O
va cho N: m2y =~(k] 4- k2)y 4- k2x =>y = + y +JS2 X @)
: m2 m2
b) Bat X = Acos(cot 4- (p) vay = Bcos(uut4 <p) thi (1) va (2) cho :
to 4- |x -—y =0
11
l2<£ X + y =
X m2
Pé hé cé nghiém khac 0 thi:
6 —
G)Z 2 ——==0
l m A 2 . mim



O 2+ (K[ *KD2 _ k2 0

rl
hay C°- (k] +k2) —+

) +
m2> 1 mim?2 mima2

Phuong trinh trang phuwong trén cé .

k mim2 7 mjm?2
‘m: -m2x
3)
V mim2 )=
Suy ra nghiém cla phuong trinh ; (<i2)i 2 = M— --(kf+ k2) + VA.
2mjm2
Dé dang ching minh dugc i~""~~~(kl + k2) > VA,
mrm?2
Vi vay ton tai hai gia tri Cv i CU| = . * ~2(ki- + K2) - ““Va (4)
V 2mjm2 2
02 (I 2mim2 (5) .

c) Hé phuong trinh (1) va (2) la tuyén tinh, chdng chéat hai nghiém riéng Ia'
md&t nghiém cla hé, vi vay c6 thé viét nghiém cua hé dudi dang

X(t) = AjCos(cDjt + (p) + A2cos(co2t + (p) (6)
y(t) = BjCosCco”t.+ 0) + B2cos(co2t 4- (p) I (7)

Al, A2, Bi, B2 va <p dwoc xac dinh tir diéu kién ban dau va chiéu dai PQ.

2.a)Tr(3), (4 va(c)tasuyra: = ki“;mz = JE-U%; (8)

>kj=mif ke = 2-8) TRt =2al+ad) @
Phuwong trinh dong iwc hoc : mx + (k| + k2)x - k2y = 0 .(10)
F
my + (ki + K2)y - k2x = —cosiat (12)
m
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Thay (9) vao (10) va (11) ta duwoc

=2 2
o+ G Q?E_‘QJAy =0 ! (12)
2 2
va. llﬁflﬁﬁy 4 tT 2x = Plcosot 13
9 2. n (13)
, 2 2
D&t (A = Y"-"- 2 0)2 © X = CcosQt ; y = Dcost => X = -T112X ; § = -Fi2y
Ta thu duoc hé phuong trinh détim cva D :
2 2
Al + 20 g2 C 4+ --L- -
. .qC|L2‘ 0 (14)7
2 ‘1 D
- s
2 | 2 m. (15)
T d6 rat ra cac bién dd cia M va N la ;
_ Fo D2 oy
c= 2N G>i —QZJ >2 — Fi2j (16)
Fo O>/& _ Fi2
MCTE g e (1)
Cyj 4 Cu2
AV 2 | | .

Nhw vay, bién d6 D cla qua nang N cé gia tri 16n tai cac tan 's6 cong hudng
Cil va (02. Bién do nay bang O tai tin s6 cong huwdng Q)A. Voo
b) Phac hoa su phu thudc cta D vao Q (Hinh 7.5G).

AD
20+

15+
101
5..

Hinh 7.5c
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7.5. (Hinh 7.6G)
a) Theo dinh luat Niu-ton' ta viét:
Vat 1 . myi - -Tsina + Tsinp
vomyT=">F—(y27y2)
L 71 i
y =A(y2-2yi) 1)

Vat 2 . Twong tv nhw trén :
y2=T(yl-2y2) . . (2)

i o Hinh 7.6G

b) (yi -y2)”“" 27 i+ y2><yl - y2>” = —(Y1 -y2) .

Datﬁ)] ‘/—'— Vé(l) —‘/3]

Y]+y2 = Alcoso>1t

yi-y2 = BICOSiir2t
Suy ra Yj = A COSW|t + Bcosco2t
y2 = Acostuit - Bco$o2t

¢) Khi B - 0, hai con I&c dao dong cung pha vgi-tan SOX0] va.voi ti s6 hai bién
d6 bang | (Hinh 7'7G&). Khi A =0, hai con lac dao dong nguoc pha véi tan s6
€02 va V@i ti s hai bién d6 la ~i (dau chi ngugc pha) (Hinh 7.7Gb).

2) o - T b
Hinh 7.7G , . o :



7.6, Ki hiéu cac li do cla cac qua cau so véi vi tri can bang cla ching la Xp %2 va
X3, ta viét dugc phuong trinh
- MXI=-KX1-K(X1-X2)
HIX2 = K(Xj - %2) - K(X2 - x3)
mX3 =K (X2-X3)-KX3

Theo phuong phép s6 phirc, ta tim dwgc cac phuong trinh dao dong cua ba qua
cau du¢i dang '

Xi TABET R Rae ™ Ky = K38

Thay vao cac phuong trinh trén ta dwgc hé phwdng trinh tuyén tinh .
(00 4" 20)0) X10 — (00 X20 — 0 \
-®@OXI10 + (-<D2+2{1)8)X20-®&xJ0 = 0

—c0g X20 + (—( + 2<0q) X30=0

Theo toan hoc, hé phuong trinh nay chi cé cac nghiém khac 0 (Xi 0 ; x2 ~0;
%3 0) néu théa man diéu kién :

(-U)2+2i08)[-<D?2 + (2+w2a>8)][(-«2 + (2-V2<0a)]=0 . !
T d6 ta tim dwoc ba tan sé riéng clia hé:

®i=roouw2-V2 ;«2 =®0V2 ;®o72+V?2.

* Poi voi kiéu dao dong 1 : Ci = (I)! ~.* 3 %
Do d6 : VTXj =-X2 = Va3 : Cic a) ®—= —~ 0~
qua cau ! va 3 dao dbéng cung pha voi “| 2 3

cling mot bién dd, trong khi qua cdu 2 h) D » (D <—E). ¢
& gilra nguoc .pha voi hai qua cau bén ! o )
canh (bién do-ctia né Ién hon \iT lan) ¢) @D » -2©_ e>
(Hinh 7.8Ga). ' 7|
Hinh 7.8G
* Poi voi kiéu dao dong 2 : (0 = (02
Do d6 : x2 =0 va Xi = -X3 : Qua cau 2 dirng yén con cac qua cau ! va 3 dao
déng cung bién dd nhung nguec pha vai nhau (Hinh 7.8Gb).
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7.7

* POi voi kiéu dao dong 3 : co = Cli3, |
Do d6 V2 Xi = x2 =.V2 x3 . Ca 3 qua cau dao ddng cung pha, qua cau 2 co .
bién d6 l6n gap V2 lan cac qua cau ! va 3 (Hinh 7.8Gc).

Tién hanh 1&p iuan va tinh toan twong tw nhw bai 7.1, ta thu duwoc cac phuong
trinh vi phan sau day

mX| =-4KXj - K(Xi ~ x2) - ixX| =-5KXj + KX2 -jiXi .
MX2 =-4KX2 - K(X2 - Xi) = pX2 .= “5KX2 4-KXj “ pX2 /

Pat u = X]+x2, v=X) -X2. (A= vap = 7
V'm 2m

Cong va trir tirng VE cla cac phuong trinh trén, ta dwoc
u"+ 2pu’ + 4coQU==0.
v'+2PVv' + 6¢coqv=0

Cha y dén cac diéu kién ban dau cho trong dé bai va van dung két qué cla bai
toan vé dao dong tat dan ta tim dwoc cac nghiém sau

u(O = X0 cosw t+p™WV e pt
cw
- v(t) = Xo cos<B2t+p ™11 e-fit
i 02

VGi : C0i = ~4(0q -p2. ; c62 = yoilUQ ~p2.
(DT nhién chi ¢6 dao dong tat dan khi 4cog > p2 hay p < 4 VmK)

Tw do ta rat ra duoc

I Xl(t)=a . -fsinwit sincont'i ,
COSCUIt+COSC02t +P Fad &P

Asincojt  sinco2t 11 p”pt
e

< tol "2 )

cosut-cosa™ +p
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7.8. a) Ap dung dinh 1i momen dong lwong cho hai con lac va gia 'thiét dao dong
nho (sino « 0), ta dugc hé phwong trinh

Y ML20| =-MgL9] +C(02-01)

mi1206 =-MgLO02 + c(Gj - e2).

———— ta dwoe phuon
ML e p g

'u(t) — (0]Q + 92qg)coscoit + 291(0) + 970 smo>Jt

< ®l >
@i(0)-02<0)i,,.....

v(t) - .(01Q - 020)cosa)2t + * — L sina2t-
C® J

Tl d6, ta cd : GilO = ; [(G10 + 020)COSCU]t + ($10* &20)co$(:02t

+ ?6J(Q)£e;’(o)YSince]t+ 9I](Q)_gz(o)\gi:ncD"t]
7
02(t) - l [(Olb + SACOSO)]! - (01,0 - 020)cos<02t
I 15"9:i(0)+€>2(0)\s-i 07t - "9'1(0)-92(0)Y .; . o
+ égl | \] .I \ on | /smco )

b) Trong trwdng hop lién két yéu (C O MgL), cac tan sb col va' Ci2 xaP xi.
- bang nhau. V&i diéu kién ban dau cho trong dé bai, ta tim duoc

0
0j(t) = ==<-(COSCO] + COS®20-

02(t) = = = (costitrii — cosa>2t)

Khi do6 ta lai c6 hién twgng.phach.
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7.9. 1. Néu thanh | quay gdc ctj, thanh 2 khdng quay, thi thanh | chiu tac dung
cla momen xodn Ca|+ Cal. Néu thém thanh 2 quay géc a2 thi thanh 1 chiu
' tdc dung momen luc Co™+CYoq -O'2) : con thanh 2 chiu tac dung cula
momen Ca2 do doan day 3 va chiu moruen -C'(a.i** «2) do doan day 2,
‘nhwr vy thanh 2 chiu tac dung momen (C 4 cY)a2 “ ooci. Ap dung phuong
trinh chiyén dong quay cla vat ran ta thu dugc cac biéu thic sau :
lai + (C+0)al-Ca2=0
-la2+(C+o)a2-oal=0

Cong va trlr hai biéu thirc nay theo tlrng V€, ta thu duoc hai phwong trinh cho
pw=al+a2va0.=0] - a2:

=0

~C+2C
I
Nghiém cla hai phwong trinh do 1a

eH4 0-0

C
<p = al 4 a2 = acos(cot 4- (pp, V&i 0 = 3—

va: 0 =0Qj - a2 = bcos(co’t 4-<p2), vdi co”’= J{C+20

Suy ra biéu thirc tong qiat cla al va a2 :

aj = [acosfcot 4- <P1) 4- bcos(co’t 4 (p2) (1)
2

L .
a2 = > [acos(cot 4 O]) - bcos(co’t 4- <p2)
{

2. a) Theo dé bai, diéu kién ban dau: al0=A; alQ =0;0t20=0; 80 =0-
Tr(l)va(2suyra:a=b-A;l-(p2=0.
Vay ta c6 biéu thirc clia Ol va cc?
oci - -?coscot 4€osU) t 3)
I
, fr§ -5 >0SCut—="—CO5co—t (4) 1
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b) Céac trwdng hop don gian nhat la :

A
+ 0Ci = aZA— 5 cosco’t, tir d6 6 = al + a2 = Acoscot: hal thanh dao dong cting
V.

pha (lubn cung chiéu) véi tan.sd goc co =

+ aj = -a2 - -“-coscot, tr dd6 0 = 0Ci a a2 = Acoscot : hai thanh dao dong

' | /c+2c'.
ngufoc pha (tral chiéu) voi tan s6 goc .co’ = J- I

c) Bién doi va viét lai (1) va (2) tacod: /

fco.+'o/f I'A
1 2 J |

: fco+ Cop\ (co-co'

az= Asin —— -t

A2J

vGi O Clco’. CO. thé xem Acosiat .= A| va Asiniit = A2 14 bién dod bién déi .
thi ta co: |

+Cl' A

T—t

2 A

4“rn

Cu'-co
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+ Xét thira s6 c6 chira bién ““t u thay :
12

“ & thoi diém t = nfTj, véi T| = 6 s va nj la sd.nguyén lé thi ta c6 CC| = 0 va
a2(max) = -A. i

& cac thoi diém t = n2Tb voi n2 1a s6 nguyén chan thi ta co cc2 = 0 va

aj(max) ==+A.
+ Xét thira s6 c6 chira bién s6 —t ta thay. » ;|

— & thoi diéfm t = n2T2, v6i T2 =2 svan2 =1, 3, 5... thi <Xi = 0 va
a2(tnax) = FPP-A. A . |

- O céac thoi 'diém t = n2T2, v6i

n2=20, 2, 4, 6... thi a2 =0 va

a2(max) :IA-, A. |

Nhu vay, ¢6 su luan chuyén nang
lwong v6i chu ki T = 20 s D06

thi biéu dién &l va a2 theo t (v6i

0 <t< 12 s) nhw trén hinh 7.9G. ' o
: ' Hirlh 719G

7.10. a) Ta c06 cac-phuong trinh :
10) =-KO! + K(G2 - 01) (i)
62=-K(02-el) (2)

b) Theo dé bai: 0] = Acoscot, 02- Bcoscot

dodo: 9] =-Ci Acoscat =—ca 0J (3)
02 = -0)*Beosiut = *“C6°02 (4)

Thay (3), (4) vao (1) va (2), chia hai vé cho costot, ta duoc :

(-lca2 + 2K)A-KB =0

A A “lo*+K K
KA+ (o’ -KB=0o2 =2 2o 2
~. B K ~lo” +2K
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Mudn cho hé hai phwong trinh dugc nghiém ding dong thoi ta phai c6 .
(Ico2 t K)(-to2 + 2K) = K2 => i\/ - 3KIffl2 + K2 =0

IX. 2_ 3K1£7SKI x [78K

Nghiém cua-phwong trinh la: co = T ( 3 £ v5)- 2

Nhu vay, véi mot trong hai gia tri sau day cua (¢ thi hai phwong trinh '(1) va
(2) déu théa man : |
< m; . _ 1(B+75)-/k .fO_ fXF75) /k .
2 NI I

n A X g ol ____I_"—' S.
Néu (% = 0l thi -22_11 %Co? = '2;%' A‘
]
KBuci=citthf £ -1 ' 2=.713%8
B K >_
¢) Néu 01(0) = 00 thi 02(0) = 4 01(0) = & €0,
e B'- A .7

Theo két qua cau b) thi:

. B 2
-Néu— 7—77 hai dia sé dao.ddng voi cung tan s goc :

€1 A 1+V5
0Q « —0/11800
1+75
- Neu — - 7= hai dia s& dao déng véi cung tan sd goc
5 A -1+V5

3-Vs (k (K
I I

m/% ~ 1 61800

"ori
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Toém lai, néu ban dau dia A c6 van téc bang 0 va co toa dé goc 0Q thi hai dia
A va B s& dao dong voi cling tan so géc néu & thoi diém ban dau nay :
'* PTa B ¢ van tdc bang Or co toa dd goc 02(0) ~ —0,11800. Hai dia ludn
chuyén dong quay nguoc chiéu.

* PTa B ¢6 van tdc bang 0, cé toa dd goc 02(0) » 1,6180Q. Hai dia luén chuyén
dong quay cung chiéu. o

Chwong IV. NHIET HOC

> 4 '+ Pria
Chu dé 8 ks ®
. f
8.1. + Xét pittdbng khi & trang thai can bang no6 chiu tac dung cta. ;
g
ba lwc dd la : Trong luc p, ap luc cla khi quyén fl va ap luc ;%i’ig%!%{
cta khong khi trong xilanh ?2 (Hinh8.1G). ‘fgi‘“is; ;:g:;a{
=> P-4fi +?722=0 Hinh 8.1G
=>P + f] =f2<=>mg + p0S = pS=>p = pO+ (1)

Do nhiét d6 khong thay ddi nén ap dung dinh luat Boi-lo - Ma-ri-0t

pV = pV' Vo (2)
p\ V' la &p suat .va thé tich cla khi xiianh chuyén dong, Gia st xilanh chuyén
doéng nhanh dan Ién trén, khi d6 pittdng chiu thém luc quan tinh Fq,
Phuong trinh can bang luc lGc nay 1a : P+fi +12 +Fq =0

=>p +fr+ Fq - i2<>m(g,+ a) +PaS=p

=>p=po+ S 3
Thay (1) va (3) vao phuong trinh (2)

_ > ~1 N\[\/ .- V.= mg+poS v
> (po+ 3 Vv | pos’ !V m(g+a)+pos
+ Néu xilanh chuyén dong nhanh dan déu di xubng thi lvc quan tinh cé chiéu
nguocdai, khi d6 | V' —... .+PQ?.V. '
m(g-a) + pos '
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8.2. Luc tac dung Ién nap binh gém cé ap tuc cta khong khi F1 ‘1"5:)
trong binh, trong luc P, éap. luc cla khi quyén Fo (Hinh 8.2G). \ i
DE nap binh: khdng bi bat ra thi ta c6 diéu kién sau : | r. G
é *
v P+ Fg™Fj <P>mg + p0S>P|S-»  +Po>Pi 1 ; (1) | TE

! Khi nung binh thé tich khong thay doi, ap dung dinh' luat Sac-lo  Hinh 8.2G

R=FR =pi=fpo = 0

Thay (2) vao phwong trinh (1), ta dwoc': o
T1 n of mé T fmg s _/mg A|O B
~rPo- +Poc> 1A " THMAX

ho 5 AS °Jpo ro

Thay s0, ta tinh dwoc . TIMAX = 329,6 K => L ='54,6°c.
8.3. Ta phai xét hai truong hop (Hinh 8.3G)
+ Ap suét thap

4- Ap suét khdng thap

Hinh 8.3G

a) Khi ap suat thap : .
Trang thai can bang dwoc thiét 1ap khi trong mot don vi thoi gian s6.phan tir Z|

tir trai sang phai bang s6 phan tir z2 tir phai sang trai.

TwZj =22 =n|VI=n2V2 (19
trong d6 nb n2 1d mat dd phan tir khi trong binh bén trai va trong binh .bén
phai. Vi VI~ , V2 ~ va Ni = njV va N2 = n2V, nén tir phwong trinh
(Dtaco:

Ni N2 NI1+N2

\Z 7,&

NNl

Tw do, suyra *N| =N



+ 8.4.

nl=n2Jdnl+n2 N

2 t tl+e? ti+t?

T dd, tasuy ra: Ni =N ' No =N

tl+t2 ti+tl

a) Goi m la khéi lvong khi trong xilanh (thé tich V, ap suat PK) p ; khéi lwong
mol cta khéng khi. Ta c6 phuong trinh trang thai cho khéng khi trong Xilanh
(T la nhiét do khong khi)

pPE=—RT .(D

P

Tai mot thoi diém nao do, néu M la khdi lvong khdng khi trong binh (thé tich
V, ap sudt p), thi ta cé phuong trinh trang thai cho khéng khi trong binh :

z

M I ‘ ’
pV = —RT; b (2)
p ,
MOi lan &n pitténg, ta dua vao binh mot khoi lwong khong khi nhét dinh, béang
m, tirc khoi lvong khi trong binh tirM thanh (M + m) va ap sudt tang thém Ap.
Vay ta c6 phugng trinh trang thai sau lan an pittong :
(p + Ap)V = -M+.-RT . (3)

Pat (1), (2) vao vé phai cla (3), ta co .
(p +Ap)V = pV + pKv=>ApV = pKv=>Ap=-"~" (4)

Ttc 1a sau méi 1an &n pittdng, ap suét ting thém Ap = —y-. Suy ra s8 1an can

an pittdbng.dé ap suét trong binh tir Po thanh.pc bang :

Nn~Pc-PoJPc"Po)v ! (5)
Ap pKv .

b) Goi p la ap suat trong binh truéc khi kéo pittdng, M la khdi lvgng khéng
khi trong d6. Ta co: pV = —RT Y (6)
Khi kéo, thé tich V thanh V + V, p suat thanh p’, khéi lwvong khong khi van
laM. Vay tacod:p'(V +v)=—RT C . Q)
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| Pat (6) vao véphai cla (7),taco . p’(V +Vv) =pV => —= (8)
|

p (V+v)
Ttc sau moi 1an kéo pittong thi ap suéat iai gidm theo ti s6 V-—J NéEu pn la
1 1 +V

(9)
Po LJ++
|l 1+ VY Vv+vY
=>r =
r \\V+V, T V
/\V+V/\
log r—nlog vV ] logr (10)

Ap dung bang s&: n = —
p dung bang 1Outun
log

Iov J

8.5. Goi P] va p2 la cac ap sudt & nhiét dd T, con Pi va P2 la cac ap suét & nhiét

do 7’ Iucrng (’ng v&i phan trén va dudi cta xilanh. Tho tich cac phan la Vi, Vi

va V1i,VI
Taco: P2 -p] = P2 -pi - ap suat do pittdbng gay ra Q)
va: Vi + v2 = Vj+v2 =thé tich xilanh (2)

Phuwong trinh trang thai & nhiét do T

Phanl: PiVj=RTI

=R Y pIVi=p2v2=RT 3)
Phan2:p2v2=RTJ | | K2 2

Phuong trinh trang thai & nhiét do T' .

Phan 1. pIM/=RTL 4, Vi Rt
Phan2: P2V2 =RT | | F2 2 (4)

216



T (3) => N2-="-=n

5
Pf V2 ©)
T (4) => 77-="- =X ©)
Pl w2
© Thé (5), (6) vao (1), (2) => Pj(n - 1) = Pi (x -1) (7)
*(8)
. r, (@]
Nhan (7) va (8) vé v6i v& P]V](n -1) 1+ "rz%_—PI (X=1)el+— 1 @
. . I r /
Thé(3),(4)vao(9):RT(n-i; 1+- =RT(x-1) 1+-
\V4 n,
;T m(n-1) 1+4- = - Tr n_ !
X-1) (L4 => — N— = X—
T Cone DT T L. x
TF c
= Tl_J’T\TAn) -
! a2  <0(loai)
[ Ti N T2/ . 1Y
Koo it o, 44
Il nJ
T Ti=2

Apdungsé:n=2.T =2T=>a= -

r i1=
20y 22-4
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8.6. a) Theo nguyén liiciaNPLH : AU = Q-A. (1) (4
Quy luat dan né cla khi cho ta : Cong sinh ra la dién tich

hinh thangXphan gach chéo hinh 8.4G): Py i =pp
Ai = PJAViI'
A - XAj = X dién tich hinh thang p!

v = |(P2-P?) ! | <2). - .
Hinh 8.4G

Mét khac ta co phuong trinh trang thai: pV = RT => bp = RT

A(RT) = (T2 - T)R = b(p| -p?j => AT- £-(pl = P?)

Qua trinh dang tich : AU = Q - CyAT "'
AU_Q-~P2-P1) _ RQ= =(P2-Pi)

CAT= =) b

RQ ' 2RQ

=h Cv(P2-PI)+|(P2-P?) ~ (2CV-R)(p5-p?)

8.7, a) Khi 6ng nam ngang thi chiéu dai moi cot khi la; /g - —- = 5,00 cm
Goi Po va VG - S/q l1a ap sudt va thé tich khi 6ng riam & vi tri nay thi khi dit
thang ding :
P1S(/0-AZ) = POS/0
p2S/0 + AZ) = pos/o
p1S = p2S + pg/S

&p(lo A2
21N 4

Giai ho phwong trinh trén ta c6 : Po =
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8.8.

8,9.

b) Theo nguyén li | Nhiét dong lvc hoc: Q + A - AU
Do chi cung cép céng nén Q = 0. Cbng bang sw bién thién ndi nang cuia cac
khoi khi. ] '

. PoVo (voY~

V-1 L v

Do.. A =2.va ~-=1 vapovo- 1,881J,Y=
AV w V2 3 1 e '

c) Vi . EL=2yva—=F|Y nén:a= —=-
'Po . Po k3J m

Hiéu suat ctia chu trinh : Tl = — .

Q
A la cong ma khoi khi thuc hién;
Q la nhiét lwvgng khoi khi nhan duoc.
Trén d6 thi p - y, cong cd tri s6 tinh bang phan dién tich gi¢i han trong duong
cong chu trinh : A = pAVA(k —1).

Goi Ta la nhiét do tai A thi Tg - 2TA, Tc = 2kTA, TD = KTA
Nhiét lvgng thu vao : Q - nCyTA + nCp2TA(k - 1) (n : la s6 mol khi).

v R(<-D

"HA A" ¢ A ><<[Cy~Cpik-i)]-

Vi chat khi l1a don nguyén t& nén Cy = va Cp = k=
guy y L 2 ‘ P ) 1.+Z5?Ic‘)n)

Néu hiéu suéat T]-0,15 thi k - 1,9.

a) Phuong trinh trang thai cua khi Ii twédng & hai buong
p'Sx = nlRT! PH(Z - X) = n2RT2 .

Khi pittdng ndm can bang : p' = p”

T d6 n2 = 1,2'mol.

b) Goi T la nhiét dd cudi cung cla hé :

njCyCT-Tj) + n2Cy(T-T2) 4-cm(T-T0) =0
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V6i Cy = w— la nhiét dung riéng dang tich. Vi n0 = = 4,1 mol.

2 T
T = frjcvTl +n2CvT2 +cmTQ = aiTi+n2T2+n0T0 _ 3471 = 3400
njCv 4 n2Cy +cm nj+n2+nQ

¢) Khi pittdng nam & vi tri can bang méi I'p'Sx' = nIRT ; pfS(Z “ x) = n2RT.
Twdd : X = 0,66 m. '

Vay pitténg da dich chuyén vé-phia phai mot doan Ax = x’ - X = 0,13 m.

Y2 N o . :
8.10. Trén doan | — 2,-i—= const, twdo v2 = a/IVj vap2= V2pj. | r

] | | | ‘
Trén doan 2-> 3, Tj = | €2=.T, nbnp3= |p2=J 1 . /

Ta lap bang c6 cac thong s6 trang thai nhu sau
Trang thai Ap sudt Thé tich Nhiét dé.

1 " V1. T

2 VPE” I V2V 2Tf
flvV
Ur. | T

: (@ w =

Ta vé lai chu trinh trén theo so d6 Pl
-V nhu hinh 8.5G.
P VBp, |

p] ———————————

T
(4

|

!
|

v, \3v, v

Hinh 8.5G

i
i
I %
i

Y

. - 0'
Cong cwa chu tiinh :

w = |[(p2+P)(V2- Vi) - |(P3 + p4)(V3 - vd) = XnRT,
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Khoi khi nhan nhiét lvgng trong qué trinh | — 2 va 4 1. Do day la-khi

ludng nguyén tir nén Cy = gR, Vi vay :

—nRT,
4

8.11.a) Goi dFHg la ap suat cua I&p thdy ngan c6 dd cao dh tac dung Ién thanh
4 2 1 3
v dFHg - (Patm + pgh)adh = Y palma™ + j pga

Ap suét wung binh cta khéi thiy ngan tac dung lén yach ngan :

a> &
- Patm~y+ PS— |
R 2:— = patm + X pgh (dinh luéat Stevino) ;
.. S al_
2 . . 1

f

Ap luc cla khi quyén tac dung 1én mét nira con iai clia vach ngan :
p'a Patrna

Ap lyc toan phan tac dung Ién phia phai cua vach ngan :

F = Fa + FHg = ptima2 + 1 pga3
Ap luc nay can bang véi ap lvc cta khéi khi tdc dung 18n bén trai cta véch
ngan, vi vay ap suat khéi khi la : p0 = F palm + ]87 pga - 102 kPa.

a2
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b) Khi vach ngan di. chuyén Véch ngan di dong

doan X sao cho 0 < X <1thi thiy g - A A
ngan dang 1én c6 do cao b. : ‘ ‘
Thé tich knGi Khi bay gio: ~ 4=
! (]
2 . V4 5
Val+x)=>X=—-y “I £ ot
‘ a2 < i 5 ._'. .
x > A PR B Py S — HI
Néu X <y, thay ngan chtra tran R |
. Hinh 8.6G
ra ngoai 16 A .
7 - 0 = .
= (I-x)ab=>b = a, A4 trong d6 Vg = a2/ :
2 . . (/-x2) ,2 V 2.- 1 . o
- ~= i
i Y
N /
. T do p(V) = patm + v
!2_6& n
x L 3 N /.. 1
Néu X > ) thc V > }/vo thi thdy ngan tran ra ngoai p(V) = patm 4-5 pga.

222

T6ém lai, néu: VQ<V < wvothi p(V)=pam+ |[pga |
2 0 2-4
1 vol

1 vo <.V <2V0 thi P(V) = patm + 1 pga

O Povo ,,'P1V!
To- 1 T1
=>Tl = Tq PIvl =To 2 2V0 =612 K = 339°¢
peVve. (paim+|pga) v°

d) Céng ma khdi khi dung dé .
- Day lvong khong khi bén véach phai ra ngoai: Ai - PatmAV = patrnVQ.



- Cung ¢8p thé nang cho khol r.huy ngan dé dua toan bd khoi thuy ngan d1 qua
16A:

o Ia? a_ 3
Ay = 'mgAh = p——-g(a - —)=-— pgaVo

‘Ahla do cao tmh ti kh(‘n tam khéi thay ngan dén khe A
Vay céng ma khéi khi thue h1én dugc: A=A, + A2 = 8, 26 J

e) KhOl kh1 1a khi 11 tu'ong don phan tr nén CV = -:%i DO tang n(’n nang,.

khoi kh1 | . . |
3 '3 B e s T o
G nCvAT = Eplvl = ”Povo = 2 YolPam + o P8 = 12,7 ],
| 'Nhiet' lugng da cung cédp cho k_h@i,k_hf Q=AU+ A =21 4J.‘
' 8.12. 2) Khdi lugng khong khi ¢6 trong khinh khf cdu khi chua bay 1a :
' _poVy 1,013.10°.10
‘RT}  831.300
Téng kh6i luong khinh khi cAu 1a :
© mg= mn+mA—24O+1 16.10° = 1,40, 10° kg.

=4,01.10"%mol = m, = 1,16.10° ke.

- b) Goi: p; =pg; Vi = Vo, = 1000 m® ; T, =300 K lan luot N ap suat thé tich,
nhiét d6 khoi khi chita trong khmh khi cdu sau khi bom va P2 = Po: V, va Tz la
chc gid tri tuong ung khi khinh khi céu bat ddu bay. Lic 5y luc dﬁy Ac—31 mét
F, 10n hon trong luong ctia khinh khi céu : i '

Fa =Fghay poVpog =mgg

n0 Po
| v0 RT,

5 : K t
pOMA 1013.10 .29=1;25kg/m3. | | ..
RT,  $8,31.290 o,

Ap dung phu’dng trinh trang tha1 khi If tuong : pgVg = nORTO =

Tacd:pg=

. 3 |
Ly, Mp_14010° 12.10° m’.
pO ‘ 1,25



c) Ap dung phwong trinh trang thai khi Ii tuong : pjVj = njRTj va p2V2 - n2RT2

- Voi ap suat khong doi (Pj - p2 =1 Pq) va s6 mol nhit nhau (n2 = 01 = n) taco :
! T \V4

N ! = => =
1 TV ].'312. T2 = 336K

+ Nhiét lugng can thiét. AQ = nCpAT = n— RAT =4,2.i07 J = 42 MJ.

V V1]

b) P1 = Po - 14,9 bar
V,T0 .

c)A= pO\,/] I VV.T.l_\BHYZ

A =-289+ 791 = 502J.
d) Véi déng co bdn thi, mo6i chu trinh twong (ng véi hai vong quay cla déng
co. Trong mot gio dong co thwe hién mot cong

w=4.60502 =211.108I.
2

Lwong xang can dung trong 1.00 km dwong di:
- _2,11.i08 o '
M=~ = 14,9 kg. -

0,33.4,3.107

8.14.,Phuong trinh cua khi li twdng va phwong trinh trong qua trinh doan nhiét cho
__h
hay piN"p™ ;p2 = p(h) = pl.e8300tn

Hai phwong trinh trén cho ti sO cac thé tich :
é | Jidp3
| Val i
Vv _pzﬂl hay i p>2,
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Cudi cung : *

P2

IOOm
Po ~m"'s300m %

<P2e )
Vay nhiét do tang mot lvong la 1 0,98 K.

¢ 18.15. Néu khdng cé ngoai luc tdc dung lén hai qua cau thi nhiét dd cudbi cung cla
chung sé nhw nhau. Tuy nhién do c6 trong lwc, khi qua cau né ra thi trong tarti
' cla ching thay d&i vi tri. Trong tam cta khéi cau nam trén ban sé tang 1én, vi
vay mot phan nhiét luong chuyén thanh, thé nang cla vat, vi vay qua cau nam
| trén ban sé cd nhiét dé thap hon qua cau treo. f
Gia st khéi lwvong moi qua cau la 100 g, nhiét d6 ban dau la Ti, khéi lvong
riéng cla nhom 1a 2,7.103 kg/m3t, mdi qua edu rihdn mét nhiét lvong 25 kJ.

Goi ArA, ATa la do Bién thién cha ban kinh va nhiét dd clia qua cau nam trén
ban. & |

ArB, ATg la dd bién thién ctia ban kinh va nhiét d6 ctia qua cau trén.

Ban kinh ban dau cta moi qua: m>  Ter* ----K — n nom —

T (I00g) = 90,3704-2

Nhié Jjia 101 hom: c = 22,4
iét dung cua 100 g nhdom : c “* kmolr27g/mol; K

Khéi tdm clia qua cau A sé di 1én doan ArA, con cua qua cau B di xuéng doan
ArB. Nhiét lvong cung cép dung dé Iam thay déi thé nang vanhiét d6 qua cau.

f5-BD...NW/ETHOC»



i vbi qua cau A
250000 = mgArA + €ATa = 9(4,777:‘%. -ﬂ'A‘ra +90;3704ATa
Vi thé& 250000 = [4,777.10~7)ATa + 90,3704]ATA
Tuong tw véi qua cdu B : 250.000 = [-4,777.10 7 + 90,3704]ATg
Hiéu nhiét do cudbi cung cla hai qua cau :

' o | 1] 1
90,3704 -4,777.10 7 90,3704 +4,777,10"\

® 250000[1,170.17710J-2,952.10_5K.

8.16. a) CO 4.6 = 24 rriat bao quanh ngon den. Vi vay mot mat cia khoi'lap

phuong hap thu -i nang lvgng clia ngon den phat ra.
4

214 Qt:ma&(t) =>t= .M(%nc (s)‘

b) Mét don vi dién tich cia mot vat den & nhiét dd T sé blrc xa cdng suat oT4
(W); vi vay khéi lap phuong bic xa 6L20T4 (J/s).

Phuong trinh cin bang : -6L.20T4t 4 1 Ot - mcAtd vai At = | K

m9
1= -6LL20T4

¢) Khi can. bang nhiét, ning lwvong hap thu bang ning lwong bl xa trong mot

l
‘4

0 |
| . 24 \1440Lz) |

8.17. a) Coi bot xa phong géom hai ban cau cé cung ban kinh r. Chiing day nhau
bdi luc F = Ap.s = Ap.TU2

s la tiét dién ngang cla ban cau, con Ap = Po - p la dd chénh, Iéch gilra ap suat
bén trong va ngoai.

Hai ban cau nay bi kéo bdi luc cang bé mat. Nhv vay luc cang tong cong cé
gia tri: F ='2(2nro) (o : la suat cang bé mat).'
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Twdo: Ap7tr =47iro

(pQ - p)7tr2 - 47tro v . *
40
P=Po+-%°%
r |
b) Ap suét ti. 1& nghich v&i ban kinh, vi vay bot nhd sé& c6 ap suét Ion, day
mang ngan cach vé phia bot 16n.
c) Néu mang ngan cach bi v&, hai bot hdac bi .vd theo, hodc nhap chwng thanh'
bot 16n hon.
Ap dung dinh luat Boi-lo - Ma-ri-6t pV = pj Vi +p2v2

(40 ' Vv3 <do -1, . f4o

+Po,r - —+Po.

+Po
Vor ) - j U2

)

Ve Ii thuyét c6 thé gidi phuong trinh nay dé timr.

d) Hé khong can bang. Bot nhd co ap sudt I6n hon sé ddy khong khi vé phia
bot Ién. Cubi cung ta sé cd mot bot Ién & mot dau dng hat, con bot nhd co lai
thanh mang & dau con lai.

v 818.a) T2-T) =AT>0.
Khi d6t néng : Li = L(J + XAT).
Khi 1am lanh tré lai dén nhiét 6 Tj: L2 = [L(L + XAT)][1 -AAT] = L(1 - A2AT?).
b) C& mbi 1an ting va ha nhidt do, chiéu dai cla thanh dugc nhan véi (1 - A2AT?).

Sau n lan nhu thé: L2n = L(1 “ ~"AT2)1L

XAT nhé hon 1, vivay . lim (L2n) =0.

X—>00
Diéu nay khdéng ding vi dinh luat bao toan khdi lvong bi vi pham.

Li do 1a SO hang vi phan dL = LXdT chi c6 gia tri v6i cac AL va AT vo clng
nhd. Vi Vay, cac s6 hang (AT2, AL2,...) co thé bo di. Vi thé 1 “ A2AT2 « 1

nghia la chiéu dai cua thanh tré vé gid tri l4c dau. '
Néu A lahdng s6: & =LA =>dL = XdT => j~= jkdT
L = LoeXAT ~ LO(l + XAT+ AAT)2 + ...)

Bo6 qua cac s6 hang nhd bac hai: L w LO(l + XAT).
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8.19. a) Trong qua trinh doan nhiét thi : pVV'7 = const.
nRTo _nRTO
Po""70__" 8ho

I Pl = Po. + S (S:latiét dién day binh).

ho . Pos Y

LP1 . WApos+Mg_
pos LpoS + Mg.
b) Gidng cau a.
PoS
p=p2— M2
(h2 +x)Y
Néu: X DO h?:
- 1N yX
— X v F=pos+ (M +m)a “p2A i ..
p = p2 54h2 pos + (M +m)g " p2A 5

F=Yp2_ELx - kx.
h2

Pit-tdng dwoc xem nhu vat co khéi lwvong (M 4- m) gan vao 10 xo c¢6 dd clng

k - Yp2~§-_ Tan s6 dao dong cua pit-tbng la : (i = |
h? m yh2(M+m)
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d) ©6 cao cuc dai cua pittbng trong qua trinh dao doéng : h2 - hp
D0 cao cuc tiéu cla pittdng trong qua trinh dao dong: hmin= - (h2 - hj) =2hp

8.20. a) Van toc clra cac phan ti c6 gia tri 16n nhat tugng (rng voi dinh cla dwong
cong phan bé (Hinh 8.7G). '

L4y dao ham clia ham sd phan bd Mac-xoen

1 p(v) 4

d f2RTA i

PO) — g sy - TR )

dv < M) :
voi T =+ 300 K, M = 0,0320
kg/mol. I
Ta tinh dwoc : V - 395 m/s.
b) P36 thi ham phan b6 Mac-xoen . : , 3 — -y
nhu hinh 8.7G. 1 0 200 400 600 800 . 1000 Vv

Hinh 8.7G
8.21. Khi xay ra su can bang nhiét tirc nhiét do cudi cling cha hé 1a Tg, dwong kinh,
vanh sat hoic qua cau thay d6i mot lwong : AD = (Tf - Ti)Doc.
a la hé sb nd dai.

Khi d6, qua cau lot qua vanh dong, nghfa la dwdng kinh qua ciu bang duong
Kinh trong cla vanh,

DCu““DAI I

DCu + ADCu = DA/ + ADAL ‘ S

(Dqu va DA/ la dutng kinh lac dau).

TUr phuong trinh trén ta tim dwgc nhiét d6 cudi cung la . Tf = 50,38°C.

Néu khodng c6 sy mat mat nhiét: Ccu.MCu(ATcu) - CA]Mai(ATal).

Giai phuong uvinh nay sé tim duoc khoi lwvong qua cau nhém : MAI = 8,71.10  kg.
8.22. Su thay ddi chiéu dai theo nhiét do : Ax = aX0At.

tircla:x = x0 +Ax = xo[1+a(T -t0)l (1)
Vi.tho tich : V = X3 . (2)



Suy ra cong thirc cho sw dan nd khéi: V = X3 = Xq [1 + a(T - Tq)]3 (3)

V =[l +a(T-TO)J3 |

Tw phuong trinh trang thai cho khi li tuéng : p = n_RT (4)
 h RT ,

Suy ra ap suét khdi khi tron%ﬂnh p=—— v )
VO[l+a(T-TO)J3

Pé im nhiét dd6 ma ap suét la cuc dai, 1dy dao ham p theo T va cho bahg O :

dp _ nR 3ngRT _ nR[I - q(2T t Tq)] '
dT>’vO[l +a.(T-T0)]3 ” vo[i+ a(T - To)]4 "™ vo[l + a(T -T0)|4 m

TUd6:T= 4 --Ta = I 300 =453.r04K 6)
oU o | m-5

SO mol chia trong binh :

aaJ101325).(..«>;10"> _ 0IJMO6moL
n=
RTO (8,31451).(300)
Thay céc gia tri tim diroc vao biéu thirc tinh ap suat, ap cuwc dai la

nRT 1 (0,0406).(8,31451).(4,53.104)

p = 4,58.105.Pa = 45,2 atm.

Thé tich .ing v&i ap suat cuc dai: V = vo[l + a(T -.Tq)]3

8.23. Cong do khi thic hién trong qué trinh dang ap 1-2 bang :

230

A =pl(V2-V])

Vi PiVi = nRT; vap2V2 = nRT2 = 4nRTj nén,A = 3nRT|. Suy r&: T] 3R’
o n

Cong ma khi thuc hién trong ca chu trinh duoc tim bang cach tinh dién tich

tam giac 123 va bang : Act = “* (pj - P3)(V2 - Vi).



TU cac phuong trinh trang thai & trén ta tim duoc :

nRT A 4nRTi 4A
V)= —- ~ va v2 =
Pl 3P1 Pl 3pr
Do do : Act
Pl/

Vi cac diém 2 va 3 ndm trén dwong thang di qua gdc toa do nén Vi
1 P1 V]

Mat khéc, cling tir phweng trinh trang théi ta co :

v3 = 'nRT| = _ﬁ_ ya Vo = ﬁ
23 '3p3 3p1
hay>X=i

Tedosuyrai — =
Pl v 4p3 . P12

e - A
Congdkhdi khi thyc hién trong chu trinh : Act = —

8.24. Theo d@ b.ai, 1,2/3 nam trén duong thang di qua goc tod do, ta co :
Pj=p5=aVl (1); p2-p4=aV2 (2).;p3 = aVv3 (3)

voi a la mot hang s6. Mat khac, theo phuong trinh trang thai khi 11 twéng va
ba phuwong trinh trén ta duoc

PjV! = RTt => aV]V2= §1V]2: RTf Suyra: Tt = %\7’1? (4)

(6)

Vi Vi <v2 <v3 tu (3), (4), (5) suy raTj <T2<T3

Vi qué trinh 3 - 4 1a dang ap, nén : >1  T4<T3 |
T4 pd p2 Vi
N T. ¥. Va
Vi qué trinh 4 “ 2 |a dang tich, nén : >1 => T4 > T2, nhu vay
T2 V2 W2
, T1<T5<T2
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Twong tu, tir cc qué trinh dang tich 2 - 5 vadang ap 5. - 1, taduoc ;. Ti < T5 < T2
Suyra:T1<,T5<T2<T4<T3..

Nghia la T3 1&' nhiét do 16n nhat va Ti la nhiét d6 nhd nhét cla khi trong chu
trinh nén theo dé bai T3 = nTp Thay (6) va (4) vao phuong trinh vira nhan

duoc, ta co: '

“AVi2 = nN-vi2 => v3 =nV2 => v3i= VO V] (7)
R + R

"1 Vi 2 la diém gilra cia doan 1-3, tacd: |

r ' V2-V(=w3-Vv2=>Vv2=T1(V2+Vi) 1l

Thay (7) vao ta dugc : v2 = -i(Vn +1) V] (8)
2

'Nhuv d4 biét, céng A thuc hién trong mot chu trinh c6 gia tri bang dién tich 1.
clia chu trinh do, & day do l1a dién tich hai tam giac bang nhau 1 - 2-5 va
2 - 3 - 4., Tl hinh vé& va diing (1) va (2), ta c : !

A7’ (p2-p)(V2-V1).=a(V2-V))2
Thay (8) vao ta duoc

ﬁ‘z—gvnﬂ'\'/j-vz =aVf 2 \]
' -

. J

Dé thdy rdng cic qué trinh dang tich 3 - 4, 2i-5vadang 4p 4 -2 ;5 - 1
déu téa nhiét, nén nhiét lwvgng Q may nhiét nhan dwgc chi trong cac qua trinh |
1 - 2 - 3, ap dung nguyén, li I Nhiét déng luc hoc, ta co :

Q= IR(T3-Ti)+ [(P1 +P3)(V3 - Vi)

' Thay (1), (3), (6) va (7) vao ta duoc :

Q= IRiI-»V2-"11 +i(aV]j + OV3)(V3 - Vi)
2 tR R J 2 1.

= y(nVV2-V2)+la(nVV2-V2) =2a(n-1)V]2
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8.25. Trong qué trinh doan nhiét 1 - 2, Ti la nhiét d6 cuc dai, T2 la nhiét do. cuc
tiéu, bai vay cé thé viét Tj - T2 = AT.
Trong qua trinh dang ap 2 - 3, &p dung nguyén ii | nhiét dong luc hoc, ta co :
-Q - CV(T3 -T2 + P2(V3 - v2). — (1)

3R Tw (1) va céac bhuang trinh trang thai cla cac trang thai 2 va 3,

r Q _2Q
2 3 Cy+R 5R

vOiCy =

Trén doan dang tich 3 ~ 1, khi khdng thuc hién cdng, con dd ting ndi nang
ctia khi la.do nhiét lwvgng ma khi nhan duoc :

5RJ
Ai-2 = Pi(V2-VV1) = nW2-T1) (1)
Trong qua winh 2-3, c6ng do chét khi nhan vao co tri s6 bang |
1A P2+P3 zw  A/A  P2V2+P3V2_P2V3_ P3V3

A2-3 - —y— (V2 - *3) —

Vi trén giadn dd p-V hai diém 2 va 3 ndm trén dwong thang di qua gdc toa do,
nén ta co . |

hay p3wv2 - P2Vv3 = °
P3 w3



P2V —p3Vs _nR(T; ~Ts)

Dodd: Ay 2= ' ‘
2-3 - - - * | o
Trong qua’ trmh doan nhiét 3-1, dé ting noi nang cla khfn khi bang céng ma
thSx khi nhan duorc A3 1= 51_nR(Tl T3) : & _' G
B T ey
Tu(l)va (2) suyra Ty ~Ty= 2-3771-2

nR .
s Thay bzéu thuc trén véo (3) ta duorc '

3
A3 1 = —inR(Tl T3) = "‘(2A2_ = Al 2)

8,27, Xeét chu trinh 1-2-41 "Trong qud winh 1-2, khi i b ta

ki hiéu 1a Q,. Trong qué trinh 2—4, khi tda mot nhlét luong 12 Q,. Trong qué
trinh dang tich 4~1, khi nhan mot nhlet lugng 1a Q3. Cong do khi thyc hién |

trong c4 chu trinh 12 A,. Theo dinh righ?a- hiéu sudt: n =
: . QI + Q3 3

Mat khac, ny = 1 -  Suyra: Qz (1— 1)(Q1+Q3)

Ql

Xét chu trinh' 2-3—-4-2, trong céc qué trinh 2-3 va 3—4, khi ~,ci.éu tda nhiét. Khi
~ chi nhan nhiét trong qué- trinh 4~2 va lugng nhiét nhan vao-nay hién nhién

bing Q,. Vay hiéu sudt cia chu trinh.-nay bang : 1, - %2- ‘trong dé A, 1a -

2
| cong do khi thuc hién trong chu trinh nay. Dt‘-mg‘biéu thitc clia Q, nhén duge
5 » A2 E J R
{1 m)(Q; +Q3)

trén ta ¢6 thé viét : 1, =

A +Ay
CoQ+Qs
Rit A; va A, it cde bidu thitc ciia Ny VA 7, 16i thay vio biéu thifc trén, ta
dugc : 3 =N + M~ N M2 | |
8.28. - Vi€~ Dl qua trinh déng tich nén VC Vp va Acp = 0.

Hiéu suét clia chu trinh 1—2—3.-—4—1 béng : 3 =

234



- Vi qué trinh A-- B la doan nhiét, do do :

Giai hé phuong trinh (1) va (2) ta co :
Ian _a(Zna-1)4-1 . In™A_ o-1““/na

T XY —nr vY

VvC VB.VD

Af;\llo = AU=.1 ].y

Pé cong ma khi nhan dugc trong ca chu trinh bang 0 thi
VA A A ‘KA . A

£A - Aab + ABC + ACD # Ada - 0<=>In

VB

* Bién luan:

. V,
4~Néua>1 = —C,<lv‘a
Vg

P4

Ve

P

'1,VC .Sj\VVA.a-I|

VB- + a.In-vC——y—7

(@)

(2)

a<l

<y '

Hinh 8.8G
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8.29. Pittdng va cac 10 xo cé khdi lvong nhd, khong dang ké. Goi k|, k2, k-3 lan
lwot 1a d6 cing cla cac 10 xo dung thuc hién qua trinh 1-2 ; 2-3 : 3-1 ; AZ] ;
AZl  A2? AZ2 ; A3 ; AZi lan luot la do bién dang cta 10 xo kI ; k2 1 k3 ban
dau va cubi cac qua trinh 1-2 ; 2-3 ; 3-1.
Céac 10 xo ludn @& trang thai bi nén, cac phwong trinh can bang luc.

plS = klAZr = k34g / Q)
! 1 ,p2S= kiIAZ[ =k2AZ2 2)
I p3S = k2AZ2=Kk3A/3 |, .4 (3

T (l),(2)taco: (pl-p2)S = kI(AI1—AZ) ! —e/.

ma: AZ] - Az;=i(V, - Vv2) =ikl = «p2,~p*‘"s

rreger et vl PiCvy-Vi) A4=pP2~..~..
Thay vao (1), (2) taco : AZ] = )
o/ (P2-Pi)s (P2 P2IS

Tuwong tw ta cling co :

k = (P3-P2)S2 ., = P2(V3-V2) . _P3(V3-V2)
2 V3-V2 ' 2 (p3-p2)S ' 2 (p3-p2)S

= (p3~P])S2 . p3(v3-Vi)
Aly="p3pp)s -
- V3-V1 - (P3-pi)S
8.30. * Qua trinh 1-2: T =aV2
ma pV = nRT =anRV2 P - anRV
Theo Nguyén li | Nhiét dong luc hoc, ta co :
Qn=A+AU«mQ, = fpd V + |[nR(T2 - Tr)

1
a

= jA2anRVAV + [NR(T2-Ti) = ynR(T2-T]2)+|nR(T2 - T])
- — 2 2

= 2nR(T2-Tj)
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-s nP ~ inr — 2200 —10

2(T2-Tj) 2(360-250)
* Quatrinh 1-3:V =const Ai3=0

Mt khac, AU, 3 = |.fR.(T3 - Tj) => Q13 = 1 nR(T3 -Ti) => Q13 >0,
2 l 2

* Qué trinh 3-2 : Trong hé toa d6 T - V qua trinh nay 1a mdt dwdng thdng qua
gOc toa dd nén : T = pv => pV = nRT = pnRV =>p = pnR = const, '

~N

. E?
- Ti

=> A32 = p2(V2 - v3) = p2v2 I Y (

/: nRT2|

~ Mt khac, AU32 = I nR(T2 - T3)
f

=> Q32 >0
t2]-

VayQ123—hR(T2-TO + nRT2h T1
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