Chuyén dé 13: CAC DANG CAN BANG
41.Mo6t thanh méanh, dong chét khdi lugng M, d6 dai b duge gin bang
mot soi day nho, khong co dan véi mot 16 xo c6 hé s6 dan hoi k. Soi
day dugc Vat qua mQt rong roc rat nhé va nhan ¢ dinh tai O. Thanh
ménh ¢ thé quay tu do quanh A khong ma sat trong khoang goc
- 7 <0 <& nhu hinh v€. Khi ¢ = 0, 10 xo & trang thai tu nhién. Gia st
b < a, OA thang dung. Tim cacgia tri ciia @ dé hé théng can bang tinh
va xac dinh trong mdi trudng hop néu hé théng can bang bén, khong

bén hodc phiém dinh.

Bai giai
Goi 6, 1a goc hop bai thanh véi day ndi.
- Cac luc tac dung Ién thanh: trong luc jD ; luc cang %‘ ; phan luc uQ cua tryc quay tai A.

- Momen cua trong luc thanh dbi véi truc quay qua A:
M, =P§sinH=MTgbsin6 (1)

- Momen ctia lyc cang diy ddi véi truc quay qua A:
My, =Tbsin 6, =kcbsin 6, (2)

- Theo dinh li ham sin trong tam giac AOB, ta co:

c

sinf sing,

= csinf =asinf
Do d6: M, =kcbsin8, =kbasin 6 (3)

‘ Mgb . .
- Khi thanh can bing: M, =M, < Tgsmﬂ =kbasin 6.

= %sinﬁ =kasin 6

- Néuka :Tg : thanh can bang v4i moi # va can bang l1a phiém dinh.

. M, .
- Néuka < Tg: thanh cén bang khi & =0hoacé =x.
+ Xét truong hop:@ =0, coif =0+etrong d6 £>01a mot goc nho. Khi do, tong momen luc:

M zib[¥- ka | e

= M <04dbivéi 0 =&, M >0436i v6i 0 =- .

Do d6, M ¢6 xu hudng 1am ting € trong c hai trudng hop va cin bang 1a khong bén.



Xét truong hop: 0 =x ,coif =x *etrong d6 £>01a mot goéc nhd. Khi d6, tong momen luc:

M :ﬂ)[%- ka|e

= M <04d0ivoi 0 =m;M >0306i voil =x +¢.

Do d6, M ¢6 xu hudng lam giam € trong ca hai truong hop va can bang 1a bén.
I Mg A 1Y . <
- Néuka > B thanh cén bang khi& =0 hoac 0 =x :

+ Xét truong hop: € =0, can bang 13 bén.

+ Xét truong hop: @ =7, can bang 13 khong bén.

42.M6t hop hinh khéi 1ap phuong d@)ng chat,mot canh cua
hop tya vao tuong nhén, mot canh tua trén san nha, hé sb

ma sat giita san va khéi hop 1a k. Xéac dinh goc @ dé khoi

hép can bang.
(Trich d@é thi Olympic 30/4, 2002)

Bai giai
- Piéu kién can bang ctia khdi hop la:
+ Gi4 ctia trong luc phai di qua mat chan dé (1)
+ Luc masat F,, <kQ, (2)

- Xét diéu kién (1):
+ Khi CA4 1 OAthi gié cua trong luc di qua A, ta co: BAC =90°.
= BA40O =45° - vat can béng.

+KhiB4C >90° = BA0O > 45° :vat truot.

Do d6 didu kién (1) 1a: @ <45° 3) f
- Xét diéu kién (2): ’f
+Taco: P+0, +0, +F,, =0 @ 07
+ Vit cin bang (chiéu (4) 1én Oxy) ta duogc:

Q P QB - ms (5)
+ X¢ét truc quay qua trong tim G, goi canh khdi hop 13 a, ta co:

©,-0,) "f  =F, “fcos/f ©6)

+ Thay (5) vao (6), ta duge: (P+F, )sin f =F, cosf3



=> k>
= k>
= tana =

- Tur (3) va (7), diéu kién dé khbi hop can bang 1a: @, <a <45° v4i a, =arctan

_ Psinp

ms

<kQ, =kP
cos 3 - sin o,

sin f3 _ sin(45° - &)
“cosB-sinfB cos(45° - a)-sin(45° - &)

_cosa- sina _1-tana

2sina " Jtana

= .., =0, =arctan

(7)

2k +1 2k +1

2k +1°

43.Mot mat phiang nghiéng goc @ co thé quay déu véi van tdc goc @ xung quanh truc thang dimg qua chin

mit phang nghiéng. Hoi phai dat mot hon bi khdi luong m & vi tri ndo trén mang dé né dung yén d6i véi

méang? B qua ma sat. Cho biét vi tri d6 1a can bang bén hay khong bén?

Bai giai

(Trich d@é thi Olympic 30/4, 2008)

Goi r 1a khoang cach tir truc quay dén vi tri trén mang nghiéng ma tai d6 hon bi nam can bang.

Xét hon bi trong hé quy chiéu gin véi mang quay.

Cac lyc tac dung vao hon bi: Trong luc jD : phan lyc O ; lyc quan tinh (li tim) F, véiF, =ma’r.

Hon bi nam can bang trén mang nén:

P+N+ jﬂu}, =0 (1)

Chiéu (1) xuéng cac truc Ox, Oy cua h¢ toa do Oxy, ta dugc:
Qsina- F, =0 © Qsina- mw’r =0 (2)

Qcosa- P=0< Qcosa- mg =0 3)
Tir (2) va 3) ta duge: 7 =§tana 4)

Nhan xét: Tir (4) ta thdy, van tdc goc @ clia mang nghiéng
cang 16n thi vi tri cAn bang tuong tmg ctia hon bi trén mang
nghiéng cang & gan truc quay, tirc 13 cang thap.

Vi tri c4n bang d6 13 bén hay khong bén?

+ Gia str ta dich hon bi ra khéi vi tri can ba‘ing O cta hon bi mot

QU o

chut vé phia dudi dén vi tri 4". O vi tri 4'ndy, hop luc F =P + N ¢6 d6 16n 16n hon F, can c6 dé giir hon bi

trén vong tron quay ban kinh »"(vi "< ). Vi thé qua cau s& truot vé phia dudi.



+ Gia st ta dich qua cau ra khoi vi tri cAn bang O ctia hon bi mot chit vé phia trén dén vitri 47. O vitri 4”7

nay, hop luc F =P + N cb dd 16n nho hon F, can co dé giit qua cau trén vong tron quay ban kinh »” (vi

r”>r). Vi thé qua ciu sé& truot 1én phia trén.

Vay: A 1a vi tri can bang khong bén ctia hon bi trén mang nghiéng.

44.Thanh OA quay quanh tryc thing dung Oz véi van toc @, g6cZ04 =q

Z

()

NN 22

khong d6i. Mot hon bi nho khéi lugng m, xuyén qua thanh va trugt khong ma A

sat doc theo thanh OA. Mot 10 xo nhe c6 do cung k, chiéu dai A tu nhién /,,

mét dau gén hon bi m, dau con lai ¢b dinh tai O. Truc 16 xo trung v6i thanh

OA nhu hinh vé.

1.
2.

Tim vi tri can bang cua hon bi va di€u ki¢n d€ c6 can bang.

Can bang nay 1 bén hay khong bén?

Bai giai

Chon hé quy chiéu gin véi thanh OA, / 13 chiéu daicta 16 xo khi
quay.
Céc luc tac dung 1én hon bi: Trong luc ;); luc dan héiﬁ ; phan
luc UQ: luc quan tinh (11 tAm) IUVUq ,
Diéu kién cin bing ctia hon bi:
P+F+Q+F, =0 ()
Chiéu (*) 1én truc OA, chiéu duong huéng vé O, ta dugc:
Pcosa+Fg- F, sina =0
e mgcosa+k(-1)- ma’lsin® o =0; AT
R =lsina
- Vi tri can bang ctia hon bi
/= kl, - mgcos a

k- ma’ sin’ a

Ban dau khi chua quay, vi m nho nén 10 xo bi nén

O

(Trich d@é thi Olympic 30/4, 2011)

f;

mot doan x </, : O
mg cos o - kx =0

= mg cos & =kx <kl, hay ki, - mgcosa >0

Diéu kién @€ ¢6 cAn bang 1a: [ >0 < k- mw’ sin’ a > 0.



[k I \/?
= W< .2 = . —
msin o Sina m

- Dang can béng: bat f, ) =mg cos o + k(- l, ) =k + mgcosa- kl,; f, () =ma’1 sin’ a.
+Dd thi £, (D, £, (Dtrén hinh va.

+ Theo d6 thi ta thay khi / ting thi f, ting nhanh hon f, nén hon bi bi kéo vé vi tri can bang. Do d6 can bing
nay 1a can bang bén.

45. Mot dng x'x duong kinh nho duoc gin cbdinh vao truc quay
thang dung Oz tai diém O. Ong hop véi truc Oz thanh géc @ nhu
hinh v&. Truc Oz quay véi toc 6 gbc @. Trong dng ¢ hai hon bi
nho A c6 khdi luong M va B ¢6 khdi lugng m, ndi v6i nhau bang
thanh ctmg, nhe chiéu dai /. Hai bi c¢6 thé truot khong ma sat trong
6ng. Trong qua trinh quay A va B lu6n nam trén O.

a) Diatx = OB, tinh x khi hé can bang.

b) Tim diéu kién vé @ dé h¢ can bang.

¢) Tinh lyc cing thanh AB khi c6 cén bang. X
d) Can bang cta h¢ 1a bén hay khong bén? Giai thich.
(Trich d@é thi Olympic 30/4, 2012)

Bai giai
a) Tinh x khi hé can bang

- Chon h¢ quy chiéu gan véi ong quay.
L g oy ool

- Céc luc tac dung 1én h¢ hai hon bi gén véi nhau: Cac trong luc P, P, ; cdc luc quan tinh (i tam) F,, F, , ;
oy oy .

cac phan luc Q,,0, , voi:

F, =M’ (x- Dsin a;F, =mw’ xsina.

- Heé can bang dbi véi dng quay nén:

B+P+F, +F,+0,+0, =0 (1)

- Chiéu (1) 1én truc xOx ', ta dugc: - B cosa- P,cosa+F, sina+F ,sina =0.

e - Mgcosa- mgcosa+Ma’ (x-1)sin® a+ma’ xsin’ a =0

< -(M+m)gcosa+[M(x- l)+mx] o’ sin” a =0 )

o= Ml L _geosa (3)

- 2 .2
M+m w sin® o




Ml L _gcosa

Vay: Khi hé can bang x = ——
M+m  sin®a

b) Diéu kién cuia @ dé hé can bang
- Vi trong qua trinh quay A va B luén nam trén O nén ta phai Z

co: x>1.

- Tu@@)suyra: @ =

1 \/(M +m)gcosa
sina

M +
bat: w, = .] \/( m)lgcosa thi w <w,.
sina m

ml

Vay: bicu kién ctia @ dé€ h¢ can bang la

<

=w,.

1 \/(M+m)gcosa _
ml 5

sina
¢) Luc cang thanh AB khi ¢ can bang
_ XéthonbiB,taco: P +0, +T, +F,, =0 @)
- Chiéu (4) 1énxOx, ta dugc: - T~ P,cosa +F,, sina =0.

2 .2
4 T2 =mw xSin - mgcos«.

Ml gcosa

- Thay x = ,
M+m o’ sin’a

Ml L _gcosa

2

;i — sin’ a - mgcos a
+m W sin”a

ta duge: 7, =mw’

Mm .
=T, = o’ sin’ a.
M+m

lo)’ sin’ a.

. M,
Vay: Luc cang thanh AB khi c6 can bang 1a7, = m
M +m

d) Tinh chét can bang
Néuw > w, thi F, Z[M(x -1+ mx] o’ sin’ a tang 1én, F, =(M +m)g cos & vin khong d6i nén A, B s& dich

chuyén vé phia trén. Do d6, can bang cua hé 1a khong bén.



