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HE CHAT PIEM — VAT RAN

TS. Nguyen Kim Quang

Chuyén dong cua hé chat diém — vat ran

Chuyén dong cua hé chat diém rat

phuc tap so voi chat diém, dan dén i
khai niém khoi tam ctua h¢ chat diém.

Chuyén dong bat ky cta vat rin c6 thé xem 1a sy két hop chuyén
dong quay quanh khoi tdm vai chuyén dong tinh tién cuia khoi tam.

il ... rotation about ... plus translation
X f the center of mass ...
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This baton toss can be represented as
a combination of ...
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As the skier flies through the air, most parts of his body follow complex
trajectories. But one special point follows a parabola. What’s that point, and
why is it special?
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CO HOC HE CHAT DIEM — VAT RAN TS. .\'Qujmfn Kim Quang
1. Khdi tam cua hé chat diém (Center of mass)

Hai chat diém m,, m, dat tai M, M, v G} M
s€ co6 mot diém duy nhat G sao cho: Imlg

ZI\_/I)=GM1Xm1§+GM2 szg): 0
m;+m

- (my+my)g

=> mlMlG + szzG = 0

G duoc goi la khoi tam ciia hé chat diém.

Hg¢ n chat diém, c6 mét khoi tim G:

mlMlG + szzG +--- +mnMnG = O

n
Z miMiG =0
i=1

CO HOC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
1. Khdi tdm cua hé chit diém
Vecto vi tri khéi tAm ciia hé chit diém

S d*t;  d*(mity)

- Luc tac dung Ién chat diém 11 F; = m;a; = my;

ez~ dt?
- Tng ngoai luc tac dung 1én toan bo n chét diém:

Lo e dimE)  dA(Emid) d? (X mf;
i=1

£ dt? dt? dt2\ m
1=

n

= d?(7c) g Z

F=m , Vol m = m;
de? i=1

Vecto vi tri khoi tdm cua hé chat diém:

n
5 —1Zm?
G m ili
i=1

CuuDuongThanCong.com https://fb.com/tailieudientucntt

04/10/2017


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

04/10/2017
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1. Khdi tam cua hé chat diém (3)
Vecto vi tri khdi tAm ciia vét rin
Chz:a vt ran khoi liwong m th’dnh n phan tir dit nhé, sao cho méi
phan t duwoc xem la mot chat diém.

n
> . 1 - ¥
i=

1
&=;fﬁm

m=Jdm=dev
(@]

Céc thanh phan toa do khéi tam:

1 1 1
XG:EJX'dm;YG=EJy'dm;ZG:EJZ'dm
———E]

CO HQC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
Thi du Khéi tdm cua hé chat diém
Xac dinh khdi tim mét thanh dong nhit dai L, khéi lwong m

Chon truc x // thanh, gbc O tring véi mot dau thanh. Toa d6 khdi

tam xac dinh boi: x
7
0/ M | L
1 /L L _»I /((U [0]
= — e T, m
(1.3)—> Xem mj;x. dm 5 dm=fdx
L |
Phin tir dm cita thanh dai dx:  dm = %dx
L L
B 1[ md B 1x2 L
Xem = XL TL2 T2
0 x=0
‘
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CO HOC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
2. Vectd van toc khai tam

Khoi tim G dich chuyén véi vén toc V!

L dig v diy 1w
o E Z“”l =m0, ™ = m ™
i= i=

n =
. 121_5 . P =
Vg = — i - = — = mv
G mlll Ve = — hay |P = mvg
=

Shell explodes

Tong déng lwong cia hé bang
dong luong cua mot chat diém dat
tai khéi tam c6 khoi lwong bang
tong khoi ZLfO’ng cua hé va co van
tc bang vdn toc ciia khoi tam.

CO HOC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
3. Phuong trinh chuyén ddng cua khdi tam
Gia tbc ctia khoi tAm G:

R dVG 1dP ldzﬁ_l dl’i_lz:ﬁ
T4t T mdt  mdt 11_m_1dt_m,11
1= 1= =
. F |- daP
—>aG=a F= dt = mag

Khoéi tam cia hé chuyén dong nhie mot chat diém cé khoi lwong
bang khoi lwong ca hé chiu tic dung cua mot luyc bang tong
ngoai lyc lén hé.
Bio toan dong lwong hé chit diém
Hé cé ldp hay tong ngoai lic tac dung lén hé bang 0 thi tong dong
lwong cua hé bao toan.
F =0 =>P = const => V¢ = const
Néu Fy = 0 = P, = const = v, = const

——E]
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4. Momen dong lugng chia vat ran

Van tdc chat diém i:
\_I)1=U))XF1 ’Vi:(’ORi
Momen dong lurong cua i d/v O:
Li = fziXI_))i = mi?iXVi

Momen dong lugong trén truc quay z:

T
L;, = L;.cos (E - Gi) =m;r;v;. sinB; = m;(r;sind;) (wR;) = miRizu)

L, = ) Lip = (Z min)w N
i i

Néu z 1a truc d6i xtmg hay truc chinh (Mt vét rdn bt ky cé it
nhat 3 truc chinh L nhau): I=T

=l

CO HQC HE CHAT PIEM — VAT RAN TS. Nguyén Kim Quang

5. Phuang trinh dong luc hoc quay caa vat ran

z z -Y'w dC_ 5
;>
dt T i ! dt

el 2 r
M : Tong momen ngoai luc tac dong lén vdt ran.

Vit ran quay quanh truc: L=1®

Néu | = const (truc quay ¢ dinh ddi véi vat ran):

dw
dt

—

=Ig=M

Néu vat ran ¢ lap hay tong momen luc dbi véi truc quay bang 0
thi vat ran quay voi van tde goc khong doi.

————E 1]
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Thi du: Qua cau m; ndi véi khoéi m, boi day nhe vat qua rong roc
m, ban kinh R. Khoi m, truot khong ma sat, tim gia toc cua 2 vat.

Tong momen dong lugng dbi véi truc rong roc:

v -
— 2

L—mlv.R+m2V.R+(mR)§ —

= L= (m;+m,+m)VvR E—— mo ‘

, dL R @\

Ap dung: M=o m

dv
m;gR = (m; + m, +m)Ra 3
dv mqg
_ — = =
a2 (m; + my + m) m,g

CO HQC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang

PP. Ap dung phwong trinh co ban dong lwe hoc cho tirng
chuyén dong:

- Chuyén dong tinh tién cia m, va m,: >
mg—T;, =mja (1) T |

2
T, =mza (2 R@g‘— &
T

- Chuyén dong quay ciia rong roc:

<l

M=IB = (T, — TR = (mRZ)%
=>T; — T, =ma 3 m,g

msg
(m; + m, + m)

)+()+@) »2a=
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6. Bao toan momen dong lugng
\ : . — ., — .
T phuong trinh = M NéuM=0thi L = const

Néu hé c6 lap hay tong

momen luc dbi vé6i truc quay o

bang 0 thi momen dong luong & A e
; : S ¥ L — &

bao toan. 6§/\ }: [ N

/i,

L=1; =1L,
Néi lyc cia mét hé cé thé =
truyén momen dong lwong tir
phan tir nay sang phan tir khac
trong hé nhung khong lam thay
d6i momen dong luong cua hé.

CO HOC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
7. Momen quan tinh cta vat ran

- V6i hé chat diém roi rac [ = z m;R;? = Z I;
i i

Am;—0

- Vi vat ran [= lim z Am;R;* = f RZdm
i

+ Thanh dai: dm=(m/L)dx=1.dx = j Ax2dx

+ Ban mong: dm=(m/S)dS=c.dS = f or2dsS

+ Khéi: dm=(m/V)dV=p.dV [ = f pr2dv Ld
- Vé6i truc quay khong qua khdi tim A /]
Cong thirc Steiner — Huygens (dinh 1y truc //) G
I, = lg + md? N m
———E)
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8. Cong thirc momen quan tinh cda vit ran déi xirng

(a) Slender rod, (b) Slender rod, (¢) Rectangular plate, (d) Thin rectangular plate,
axis through center axis through one end axis through center axis along edge
1= L2 r=Lu2 I= iM(alerl)
12 3 12

(e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere
1= %M(Rlz +RY) 1= %MRZ 1= MR® 1= %MR2 I= %MR2

CO HQC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang

TD: Tinh Momen quan tinh cha vat ran
Thanh manh déng nhat déi véi truc quay vudng géc véi thanh

1= f R%dm O/
Chon truc X // thanh, gbc O tai dm
|« . .

m
ThayR =x va dm =rdx

- P6i v6i truc quay qua khoi tam:

L/2 L/2 5 5
I f m 24 m J‘ 24 m (L) ( L) 1 2
= —_ = — X =—]||— —- | —— = —
TR T 3L|\2 2 12
-L/2 -L/2
- Di véi truc quay qua mot ddu thanh:
L
m m 1
— | 2w = — 13 — M2
I = f Lx dx 3LL 3ML

0 ——E T
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TD: Tinh Momen quan tinh cha vat ran
Trwdng hop truc quay khdng qua khdi tdm
L-h
[ = E 24 Ay Mass element: rod
- L xmax segment of length dx
—h $

m
I= i[(L —h)® = (-h)?]

m
L= [(L—1)3+1?

1
= §m(L2 — 3Lh + h?)

Néu ap dung cong thirc Steiner - Huyghens:
1 L \* 1
[ = —mL2+m<——h) =§m(L2—3Lh+h2)

12 2
d

CO HQC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
TD: Tinh Momen quan tinh cha vat ran
Tru d6ng nhat ddi véi truc quay la truc déi xirng
Momen qudan tinh ciia vanh tron hodc tru tron mong: I= mr?
Xét yéu t6 vi cip 1a hinh try day dr: dm = pdv = p(2mnrL.dr)

( Axis
d f rfdm = f r2p(2nrL.dr)
Ry
R,
o=z f ridr = pT[L (R;* —R,%)
Rl

./I

L
—)I pT[ (RZ _Rlz)(Rz +R12)

Mam = pV = p.mL(R,* — R;?)

1
—1= Em(Rlz +R,?)
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CO HOC HE CHAT DIEM — VAT RAN TS. Nguyen Kim Quang

9. Co ndng cha hé chat diém - vat ran

e g 1
- Pong ning tinh tién cua khoi tim G: B =3 mvg?
A « , Ao o2:R - 2 1 2,2
DOng ning quay cua chat diém thuri: Eg; = > m;v;© = > m;r;®w

- BPong nang quay cua vat ran doi véi 1 truc:

1 2 2 E —11 2
Eq = . Eq,i = E . m;rj w” = q— 2 w
1 1

- Thé ning trong truong cua hé chat diém — vat refln:
Gia str chon truc y thang dung hudng 1én, goc theé nang tai y=0.
N N

U=m;gy; + mygy, + - = Zmiyi g= zmi YG-8

i=1 i=1
. 1 1
-Coning caa vatran: |E = (E mvg? + > Iw?) + mgyg

—1

COHQC HE CHAT PIEM — VAT RAN TS. Nguyén Kim Quang

10. Bao toan co nang cuia hé chat diém - vat ran
Cong cua lyc F trong chuyén dong (tinh tién) ctia khoi tam:

TGz
| , 1 ,
W= F-ds =-mvg,° — -mvg4
2 ’ 2 ’

I'G,1

Cong cua momen luyc M trong chuyén dong quay cua vat ran:

0
2 1 2 1 2
W=fM-d9=§l(02 _El(l)]_
01

Néu hé c6 1ap hay chiu tac dong boi ngoai luc bao toan thi co
nang cua hé bao toan  E=FE,+ E,+ U : Khong doi

Néu hé chiu tac dong boi ngoai lyc khong bao toan f thi co ning
cua hé bién doi: AE =W,

————FT]

CuuDuongThanCong.com https://fb.com/tailieudientucntt

04/10/2017

10


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
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11. Chuyen dong lan khong tru'gt (Rolling motion)
Rotation around center of mass:
Translation of center of mass:  for rolling without slipping,
velocity T, speed at rim = vy, Combined motion

cm

- Van toc khoi tdm v va van toc goc o:

Van toc mot diém trén vanh tron dugc xac dinh bang cach cong
vecto van toc. Thi du: V4 = Vy/em + Vem

- Gia tbc khdi tam ag va gia tbc goc B: | ac = RPB

. 1 1
- Dong nang cua vat ran: Ex = > mvg? + > lw 2

———FT

CO HQC HE CHAT DIEM — VAT RAN TS. Nguyén Kim Quang
Thi du Qua cau lan khong trugt trén mat nghiéng
Q}lé gﬁu m daqg ding yén & c’T(f) cao h,
bat dau lz“}n xuong. Tim van toc qua
cau ¢ cuoi mat phang nghiéng.
I: momen qua'}n tinh d6i v6i khdi tam;
v: van toc khoi tam

bong nang qua cau:

1 ,v\2 1 1/1
—-1(ZL Cmu2 — 2
Ek_ZI(R) +2mv 2(R2+m>

Ap dung bao toan co niang: AE, + AU =0

2gh
[2 (RZ +m) B O] (0~ mgh) =0 o VS T /mRD)
A A Lion 2gh 2
— Van toc khoi tam: v = 2gh
Trueong hop vat truot khong ma sat: v = ,/2gh
T

CuuDuongThanCong.com https://fb.com/tailieudientucntt

04/10/2017

11


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

04/10/2017

CO HOC HE CHAT DIEM — VAT RAN TS. Nguyen Kim Quang

Thi du qua cau lan khong truct trén mat nghiéng (2)

, X 2
Ap dung momen quan tinh qué cau dic: [ = = mR?

. 10
Thay h=xsin® - v2= ~— gx.sin 0 1)

Ngoai luc trén phuong chuyén dong khong doi — gia tdc khong
d61 — Khoi tdm chuyén dong nhanh dan déu.

Ap dung hé thirc trong chuyén dong thay doi déu cua khdi tam:
vi=2ax (2

5
Te(l)va(2)— a =7g.sin6

COHQC HE CHAT PIEM — VAT RAN TS. Nguyén Kim Quang

Thi du qua cau lan khong trugt trén mat nghiéng (3)
Phwong phap dong luc hoc: ;

- Phuong trinh dong luc hoc ciia khdi tam: |
F, =mgsin® —f,s =ma (3)

- Phuong trinh dong luc hoc quay quanh
truc qua khoi tam:

2 .\a
szmsR=IB= ng ﬁ
2

= fms = gma (4)

5
Te(B)va(4)—> a =;g.sin9
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