CO KY THUAT - PONG HOC PIEM

PHAN II. PONG HQC
CHUONG 4: PONG HQC PIEM

1. KHAO SAT CHUYEN PONG CUA PIEM BANG PHUONG PHAP GIAI
TicH

1.1.Phwong trinh chuyén déng:
Trong h¢ toa d§ Descartes, vi tri cia diém M duogc xac dinh boi toa do (x,Y, z) cia

n6. Khi M chuyén dong, cac thong sé dinh vi nay thay d6i theo thoi gian t. Lién hé
gita X, y, z v t goi 1a phuong trinh chuyén dong cua diém theo toa d6 Descartes
X=x(t); y= yq(t); z=2(1)
Khur t trong cac phuong trinh chuyén dong, ta ¢ phuong trinh quy dao cua dong
diém.
)z
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1.2.Van toc cua diém:

Goi vy, Vy, V; 1a hinh chiéu ctia v trén cac truc toa do thi

V=v,.i+v, . j+v,.kK (*)
Trong d6: i, ,k la cac vector don vi trén cac truc toa do.
Ma F =xi +Yyj+ zk
Neny=dr _dx 5, 04y 5 0z ¢

dt dt dt dt
=X -T+y®)-j+2't) -k ()
So sanh (*) va (**) tardtra: v, =X'(t); v, =y'(t); v, =2'(t)
Vay cac hinh chiéu ctia van tdc trén cac truc toa dd Descartes béng dao ham bac
nhat theo thoi gian ciia cac toa do twong tng.

Tri s, phuong chi€u cua van toéc dugc xac dinh nhu sau:
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. X o 2 2 2
— Tr1so6: V=M=1/Vx+vy+vZ
v, \Y;

N v
— Phuong chiéu: coso=—-; COSp=—; COSy=——
v v Y

Véi a, B, v: 1a gbe tao bdi v voi cac tryuc toa d X, y, z
1.3. Gia toc cua diém:

Tuong ty nhu vén t6c, goi ay, ay, a8, 1a hinh chi€u cua & trén cac tryc toa do:

dv
_ X:Itzﬂt
2, =M = v () =x" (1)

— dVy

= v, (t)=y"(t)

a =
Yo dt

dv
— z:ft:"t
a, =& = v, (0)=2"(1)

— Triso gia toc: a=,/a;+a; +a’

A a a a
— Phuong chiéu: cosa’ ==*; cosp’ =—~; cosy’ ==
a a a

o, B/, y/: 1a géc tao bdi a voi cac truc toa do x, y, z
* Vi du: Vién dan bay trong khong gian Oxy theo quy luat:
X =V,tcosa (@)

gt’
y=—=——+V,tsina (b)
2
Trong do6 v, 1a van téc ing vo1i thoi diem t, = 0, o 1a goc ban .
Tim van toc, gia toc, quy dao vién dan, dd cao va tam xa cua vién dan.
Giai
X
Vv, CoSal

Thé vao (b) ta duoc:

9 2 1
=—| ——— | X"+ X.lga
Y (2V§COSZ(1J J °
Vay quy dao cua vién dan la duong parabol
Van tbc vién dan:

@@)=t=

<l

v, =x'(t)=v,cosu
v, =y'(t)=—gt +v,sina - g

v=JV2 +v2 =(v,cosa) +(v,sina—gt)

Gia tdc vién dan:
a, =0
a, =—¢g

2 2
a=.a, +a, =g

Khi vién dan cham dat thiy (t)=0

\
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2
= y(t)= _%+ v, tsina =0

. 2v _sin
—t=0vat=2r>

(t=0)

2v,sino visin2a

TAm xa ctia vién dan: s = x(t)=v,cosa-
g g

I3 Ko , 0 , ™ 0 oA . N e « A t
Do tinh doi xtrng ctia Parabol, ta c6 d6 cao cua vién dan dat duoc tai thoi diém —

2
. 2 . 2 . 9
t g( v,sina . V,sina v sin“a
=>h=yl - |=-7 +v,sino- =
(2) 2[ g j g 29
2. KHAO SAT CHUYEN PONG CUA PIEM BANG PHUONG PHAP TU
NHIEN

2.1.Phwong trinh chuyén déng:

2.1.1. H¢ toa d6 tu nhién: \

nd
Dung trong mit phang tiép tuyén véi quy dao tai

diém M truc Mt hudng theo tiép tuyén ciia quy dao _ 1a

vé phia duong, c6 vécto don vi 1a 7. Dung truc Mn ( +)\ ....... % _

huéng theo phap tuyén cia quy dao vé phia 16m, Mn ¢ M T

nam trong mit phang tiép goi 1a phap tuyén chinh co b
vécto don vi 1a fi. Dung phap tuyén Mb goi 1a tring
phap tuyén c6 vécto don vi 1a b (thuong chon chiéu

cua b sao cho M.

.+ 1a tam di¢n thuan)

Nhu vay,tai moi diém cua dudng cong, ta luén dung duoc hé toa do vudng goc cod
3 truc hudng theo tiép tuyén, phap tuyén chinh va tring phap tuyén goi 1a hé toa do tu
nhién. Hé toa do tu nhién thay d6i theo vi tri ctia diém M trén quy dao.

2.1.2. Phuong trinh chuyén dong:

Trén quy dao cua dong diém , ta chon O lam géc. Khi do, vi tri cua dong diém

dugc xac dinh boi thong s6 s=0M . Khi M chuyén dong, S bién thién theo thoi gian.

s = s(t) goi 1a phuong trinh chuyén dong ctia diém theo toa do tu nhién.
* Chuy: s 1a dai luong dai sd. Tuy nhién néu chon chiéu duong ctia qui dao 1a chiéu

chuyén dong cua diém thi s luén duong.
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2.2. Van toc cua diem:

Pé x4c dinh van toc v ta tim hinh chiéu cta n6 1én céc truc cua toa do tu nhién. Vi
v hudng theo tiép tuyén cta quy dao taiMnén v =v,. T (Vi V, =V, = 0)

s'(1)|

_ ds
¥ =lv.l= g =

V‘E

Déu cta v, Va s'(t) ludn tring nhau (cung duong néu diém chuyén dong theo chiéu
duong quy dao va cung am trong truong hop nguoc lai).

Vay suy ra: v, = s'(t)
2.3. Gia tbc ciia diém:

Tuong ty nhu van tdc ta tim hinh chiéu ctia no trén cac truc toa do tu nhién ta co:
d=a i+a,n+a,b (*
Mat khac:
_ dv d - A dd , _ dt ds
d=—=—(V, - T)=V. T4V, -— =V - T+V, — —
dt dt dt ds dt

Theo hinh hoc vi phan thi % =N i p 1a ban kinh cong quy dao tai diém dang

xét

Vaytaco: =V, -i+-——-fi=a,+d, (*%)
p
So sanh (*) va (**) ta suy ra:

\'
a, =v.(t)=s"(t) ; a,=— ,; a,=0
a=qa’+a’
v? 5
Vi a,=— Iudn duong nén a luon hudng vao bé 16m cia quy dao.
p

* Y nghia cta cac thanh phan gia toc:
2
Vv . , \ e A 2 ~ 2
- a,=— =0 khi p—> o tic la di€ém chuyén dong thang
p

- a, # 0 diém chuyén dong cong.
Vay, a, biéu thi cho su thay ddi vé hudng cua van tbe.
- a,=V.(t)=0 thi v = hang sd, tirc 1a diém chuyén dong déu.
- a_ 0 thiv, bién thién, diém chuyén dong khong déu.
Vay, a. biéu thi cho su thay doi vé tri s6 ctia van téc.
+ Khi a_ va v ciing dau : Diém chuyén dong nhanh dan.
+ Khi a, va v ngugc dau : Biém chuyén dong cham dan.
* Vidu:
Piém chuyén dong trén vong tron ban kinh r = 1m theo phuong trinh s = t* — 16t
(s tinh bang mét, t tinh bang gidy)
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— Xac dinh van toc va gia tdc tai thoi diém t = 2s
— Xét xem & thoi diém d6, diém chuyén dong nhanh hay cham dan.
Giai
v=s'(t)=3t> 16
Khi t=2sthiv=3.2"-16=-4m/s
a_=V'(t)=6t=6-2=12m/s?
a, =V_2=ﬂ=16m/s2
r 1
a=.a?+a? =+12% +16? = 20m/s?

Vi a_ vav trai dau nén diém chuyén dong cham dan.

3. MOT SO CHUYEN PONG THUONG GAP:
3.1. Chuyén dong déu:

Chuyén dong déu la chuyén dong ma van tdc cia di€m chuyén dong co tri sO
khong doi.

v = hing s6
a, =V (t)=0
V2
a,=—
p
3.1.1. Chuyén dong thing déu:
2
anzv— =0 (p>») ; a=0
p

Phuong trinh chuyén dong : s =S5, + vt
Trong dé: v va s, twong tng 1a van tdc va toa dd cong ban dau cua dong diém.

3.1.2. Chuyén dong cong déu:

2
a, =0 ;oa,= v #0
p
Phuong trinh chuyén dong : s = s, + vt
3.2. Chuyén dong bién doi déu:

La chuyén dong ma gia toc ti€p tuyén cta diém co6 gid tri khong doi.

a,=hangsd : a,=— ; V=Vy+adt

3.2.1. Chuyén ddng thang bién ddi déu:

an=0 : a,=hingsd
V=V, +at

1
S=S,+ Vit + Eatt2

3.2.1. Chuyén d6ng cong bién ddi déu:
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\'% N J4
a,=— ; a,=hangs6 ; a=.a’+a’

V=V, +at

1
S=S,+ Vot + Eatt2

* Vi du: Mot diém chuyén dong nhanh dan déu trén cung tron ban kinh r = 1000m,

tir trang thai dimg yén sau 2 phut n6 di dugc quing dudng S = 1200m. Hay tinh tri sb

van toc va gia toc sau 2 phut do.

Giai
‘e 1 ..
Taco.s-so+v0t+5art
Chon s,=0

Mit khac v, = 0 (ban dau diém dimg yén)
Néns = latt2
2
a = § = =
ot? 120° 6
Van tdc sau 2 phat :

2-1200 _1

V=V,t+tat = aT.t:% - 120 =20 m/s
. . v:  20°
Gia toc phap tuyén: a, = — = =0,4 m/s?
PHAP e = S0 =77 1000
Gia tbc sau 2 phut:
2 2 1 ’ 2 2
a=yai+as = ¢ +(0,4)* =0,43 m/s

CAU HOI ON TAP
Viét cong thirc xac dinh van téc va gia téc cta diém theo phuong phap toa do
Descartes.
Piém chuyén dong co % =hang s6 thi quy luat chuyén dong cua diém nhu thé nao
y

Viét biéu thtrc xac dinh véan toc va gia toc ctia diém chuyén dong cong tong quat.
Ddi véi cac diém chuyén dong thiang (hodc cong) c6 thé xay ra cac truong hop sau
khong?

a) v>0vaa, <0

b) v< Ovaa,>0
Chuyén dong uing véi mdi trudng hop co dic diém gi?
Phuong trinh chuyén dong, van toc ctia dong diém trong chuyén dong thang va
cong bién doi déu duoc xac dinh nhu thé nao? Néu thay doi goc quy chiéu hoic
goc thoi gian thi cac biéu thire d6 c6 gi thay doi khong?

38
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6.

Khi nao diém chuyén dong khong c6 gia toc tiép tuyén, khong co gia tdc phap
tuyén va ca hai thanh phan gia toc d6 déu khong co?

BAI TAP CHUONG 4

Pong diém chuyén dong theo phuong trinh:
x=2t
y=15t-1
X, y tinh bang mét va t tinh bang gidy . Xac dinh.
a) Quy dao dong diém.
b) Van toc va gia toc tai thoi diém t = 2s.

Vién dan chuyén dong trong mit phang thiang dtng theo phuong trinh:
x =300t
y=400t-5¢
X, y tinh bang mét va t tinh bang gidy. Tim:
a) Quy dao cia vién dan
b) Van toc va gia toc tai thoi diém dau va luc vién dan roi xudng dat.
¢) Do cao va tam xa ciia dudng dan.
Diém chuyén dong theo phuong trinh :
x =bcosZt . ) . .
- (voi a, b 1a hang s0, x, y tinh bang mét; t tinh bang gidy )
y = bsin 3 t
a) Diém chuyén dong theo quy dao gi?
b) Tim vén téc va gia toc ciia dong diém
Chét diém chuyén dong theo phuong trinh
X = 75C0s4t?
y = 75sin 4t*

Tim van toc va gia toc cua diém.

(x, y tinh bang cm va t tinh bang giay)

Tim quy dao diém M trén thanh truyén AB cuia co
céu tay quay con trugt (hinh v&).

Biét OA = AB = 60cm : MA:%AB o= 4nt.

Xac dinh van toc va gia tdc cua diém M khi ¢0=0

Piém chuyén dong theo phuong trinh s = t* — 12t + 2 (s tinh bang mét, t tinh bing
giéy)l 7 7 9 2
a) Xac dinh van toc va gia toc cua diém tai cac thoi dieém t; = 1svat, = 4s.
b) Xac dinh thoi diém dé van toc bang khong.
c) Mo ta quy luat chuyén dong cia diém.
Diém chuyén dong trén quy tron ban kinh R = 6cm theo phuong trinh
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s = 6 + 9t” — 12t% (s tinh bang cm, t tinh bang gidy)
a) Xac dinh van toc va gia tc cla diém tai thoi diémt = 2s.
b) Xét xem & thoi diém d6 , diém chuyén dong nhanh dan hay cham dan?

8. Diém chuyén dong trén cung tron ban kinh R = 0,2m theo phuong trinh
s = 0,2sinmt (s tinh bang mét, t tinh bang gidy). Tai thoi diém t = 5s, hiy xac dinh
tri s6 va hudng cua van tde | gia tdc cua diém.

9. Piém chuyén dong thing c6 phuong trinh s = 2t + t*

a) Sau khi may gidy diém dat van toc 10m/s?
b) Tai thoi diém d6, diém vach duoc quing dudng dai bao nhiéu?
¢) Tim gia toc cta diém?

10. M6t diém trén vanh banh xe chuyén dong theo phuong trinh s = 0,1t° (S tinh bang
mét, t tinh bang gidy). Ban kinh ctia banh xe bing 2m . Xac dinh gia téc cta diém
tai thoi diém van téc ctia nd bé“mg 30m/s

11. Mot 6t6 chuyén dong thang , trong giai doan khoi dong , chay nhanh dan déu véi
gia tbc a = 1m/s® . Tinh

a) Van tdc va quing dudng chay duoc sau thoi gian khoi dong 4 gidy?
b) Van tdc cua 6t6 sau khi di duoc 32m.

12. Trén doan duong dai 12,5km , tu hoa giam téc tir 54km/h xudng con 36km/h.
Xem nhu trén doan dudng d6 , tau hoa chuyén dong cham dan déu . Xac dinh gia
tdc ciia tau va thoi gian tau chay duoc trén quing dudng do.

13. Mot 6to chuyén dong théng v6i van tbe v = 36km/h thi duoc him lai. Ttr khi hdm
0to chuyén dong cham dan déu va chay dugc 25m thi dung lai. X4c dinh :

a) Khoang thoi gian tir khi bat ddu ham dén khi 6t6 dimg lai?
b) Gia tc cua 6t6?
) Vén tdc cua 6td sau khi him duoc 3s ?

14. Ot6 dang chuyén dong trén duong thing v6i van te v, km/h thi ngudi 14i nhin thay
vat can nén nguoi lai da ham nhanh va sau 10s thi 6t6 dung lai. Hay xac dinh van
tdc V, biang bao nhiéu néu doan duong him (tinh vi tri bat dau him cho dén khi
dirng han) 12 80m.

15. Vién dan duoc ban ra theo hudng thang dimg 1én trén v6i van toc dau 1a 350m/s.
Héi vién dan dat duoc chiéu cao bﬁng bao nhiéu va sau thoi gian bao 1au no roi dén
dat (khong tinh sirc can cia khong khi va lay g = 9,8 1m/s%)

16. Tau dién xuét phat tir ga A va chuyén dong trén duong thang téi ga B voi yéu cau
van hanh cda tau nhu sau: Trén doan dudng thir nhat dai s; km, tau chay nhanh dan
déu véi gia toe 0,04m/s? va & cudi doan c6 van tée 72 km/h; Trén doan duong th
hai dai s, = 36km tau chay vdi van toc khong doi 72 km/h; Trén doan dudng thi ba
dai s; = 1,5km, tau chay cham dan déu va dimg lai & ga B. Hiy xac dinh thoi gian
tau chay trén quing dudng AB va chiéu dai quing duong do.

17.Pau tau hoa c6 van téc dau 15m/s va trong 30 gidy dau chay dugc 600m. Biét
chuyén dong cia no6 1a bién ddi déu, xac dinh van téc va gia tdc cua tau hoa & cudi
gidy thir 30 néu tau hoa chuyén dong trén cung tron ban kinh R = 1km.
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18. Mot tau hoa chuyén dong nhanh dan déu, van tdc cua nd tang tu 18km/h dén
72km/h trong khoang thoi gian 2phut . Quang duong nam trén cung tron ban kinh
R = 1000m. Xac dinh van tdc va gia téc cua tau sau 40 gidy ké tir luc bat dau
chuyén dong nhanh dan déu.

19. Hai diém bat dau chuyén dong & ciing mot thoi diém tai cing mét vi tri trén dudng
tron va nguoc chiéu nhau . Cac diém chuyén dong déu , gia tc cua hai diém lan
luot 12 8,2m/s” va 73,9m/s*. Ban kinh cta dudng tron R = 30m . Xac dinh thoi gian
can thiét dé cac diém gip nhau va doan duong mdi diém da di trong thoi gian do.

20. Pau may dién chuyén dong cham dan déu trén duong cong ban kinh R = 800m va
da di duoc quing dudong 800m. Hiy xac dinh gia tbc ¢ cubi dudng cong va thoi
gian dé ddu may chuyén dong trén dudng cong d6 néu van toc dau va cudi tuong
ung 1a v, = 54 km/h va v = 18km/h
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