Chuyén déng ném cua chdt diém dudi tac dung cua trong luc.
Phan thi nhat
MO PAU

I. LY DO CHON PE TAI

Trong céc ki thi chon hoc sinh gioi quéc gia va Olympic Vat Ii qubc té thi kién thuc vé
phan co hoc néi chung va phan chuyén dong ném cua chét diém néi riéng déu khdng thé
thiéu duoc.

Ly thuyét va bai tap vé chuyén dong ném cua chat diém (cac bai kho) xuit hién it
trong séch giao khoa Vat Ii pho théng ma nam rai rac trong cac tai liéu sach tham khao hay
trong céac dé thi hoc sinh gioi Qudc Gia, Olympic Vit 1i cac nudc.

Vi vay viéc suu tam, tuyén chon thanh hé thdng céc bai tap vé chuyén dong ném cua
chat diémla viéc 1am rat can thiét trong cong tac giang day va boi dudng hoc sinh gioi quoc
gia va qudc té. Chinh vi vay, dé tao diéu kién thuan lgi cho cong tac giang day va boi dudng
hoc sinh gioi va viéc tu nghién cau tai liéu, chuyén dé cua hoc sinh gioi toi da chon dé tai: «
Chuyén déng ném cua chdt diém duéi tac dung cua trong lc” nham gidp cho viéc nghién
ctru kién thire, giang day vé chuyén dong némduoc thuan loi va hiéu qua.

I1. POI TUQNG NGHIEN CUU

Xay dung Iy thuyét va hé théng cac bai tap vé chuyén dong ném cua chét diém dudi tac
dung cua trong luctrong giang day cac I6p chuyén va boi dudng hoc sinh gioi.

I11. MUC PiCH NGHIEN CUU, PONG GOP MOI CUA CHUYEN PE

1. Muc dich nghién ciru

Nghién ctru ly thuyét vacac bai toan nang cao vé chuyén dong ném cua chét diém dudi
tac dung cua trong luc.

2. Péng gép méi ciaa chuyén dé

- Xay dung ly thuyét vé chuyén dong ném cua chat diém dudi tac dung cia trong luc.

- Xay dung hé thdng bai tap co 1oi giaida dang, phong phu.

IV. PHUONG PHAP NGHIEN CUU

Pé hoan thanh nhiém vy cua chuyén dé, tdi st dung cac phuong phap sau:

- Phuong phap nghién ctru ly luan.

- Phuong phap nghién ctru tai liéu.

V. CAU TRUC CUA CHUYEN PE

Chuyéndé gébm ba phan: phan mé dau, phan noi dung, phan két luan va danh muc cac
tai liéu tham khao.

Phan noi dung caachuyén dé duogc chia thanh hai phan 1a ly thuyét va bai tap.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.
Phan thi hai

NQI DUNG CHUYEN PE

A. TOM TAT LY THUYET

1. Chuyén dong ném caa chit diém chi chiu tic dung caa trong luc

Xét vat duoc ném véi van toc ban dau v, hop véi phuong ngang mét goc o

Chon hé truc toa d6 Oxy: O tring Véi vi tri ném; Ox nam

ngang; Oy huéng thang dang 1én trén (hinh 1) y4
- Theo phuong Ox: Vat khdng chiu lyc tac dung 1én chuyén
dong déu v,

Van téc: v, =V, =V,cosa (1)

o

Toa do: X(t)=Vv,.t =v,coso.t () 0 X
- Theo phuong Oy: Vat chuyén dong voéi gia toc roi tu do g Hinh 1

Van toc: vy, =V,sina ; v, (t) =Vv,sino—gt 3)

Toa dd: y(t)=v,sin oc.t—%gt2 (4)
- Phuong trinh quy dao cua vat:
Tr(2)tacd t= thay vao (4) ta duoc

0
gx*
y=tanoaX—-———— (5)

2VZ cos’ o
Vay quy dao cua vat c6 dang la duong parabol.

- B cao cuc dai ma vat dat duoc:

Tai d¢ cao cuc dai thi v, =0 tr (3) suyra t= VoSIna thay vao (4) ta dugc:

_ Vesin®a
29
- Tam bay xa:Gia str vat duoc ném tir mat dat.

h

max

(6)

Khi vat cham d4t thi y = 0 thay vao (4) suy ra t = 2251 (hay vao (2) ta duoc:
,
LYo 5|gn 20 )
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

2
Tim bay xa cuc dai: L = % khi o = 45° 8)

-Van téc cua chat diém tai thoi diém t:
V= Vi 4V =\/(v0 003a)2+(vosina—gt)2 (9)

r r - N - 7 V
Vécto V tiep tuyen véi quy dao va hop véi truc Ox mot goc: tanf=—> (10)
v

X

2. Chuyén dong ném caa chat diém khi co luc can caa khong khi

Chon hé truc toa do Oxy: O tring véi vi tri ném; Oy hudng thang ding 1én trén; Ox
nam ngang sao cho vat chuyén dong trong mat
phang Oxy (hinh 2).

Chét diém chiu tac dung cua hai luc: Trong luc

yA

P =mg; luc can khong khi F. c6 do 16n F. = kv .

<l

hoic F. =kv’trong d6 v la van téc tuong ddi cua

vat d6i véi khong khi, F. nguoc hudng véi v

Ap dung dinh luat II Niuton cho chét diém: 0
A E dv Hinh 2

mg+F. =m—
g+F=m-

Xy

dv,
x m
dt

Theo phuong Ox: —F.

dv
Theo phuong Oy: -mg—F,, = md_ty
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

B. BAI TAP

Bai 1:

Mot qua bong nam trén mat dat, cach déu hai cot khung thanh va cach duong thang
ndi hai khung thanh mot doan xo = 50 m.Qua béng duge da véi van téc vo = 25 m/s ma v,
nam trong mit phang thang dung,vudng géc voi mit phiang khung thanh va hop véi mit dat
mot goc 1a a. Khung thanh cao 3,44 m.Hoi goc a 1a bao nhiéu dé qua bong lot vao khung
thanh? Lay g = 9,8 m/s2.

Giai

Chon hé truc toa do Oxy: O tring Véi vi tri ném; Oy huéng thang ding 1én trén; Ox
nam ngang sao cho vat chuyén dong trong mat phiang Oxy.
- Phuong trinh chuyén dong cua vat

Phuong Ox: X =V, cosa.t

Phuong Oy: y =V, sino.t - %gt2

2

gx
2V2.cos® o
Vi tri sut béng cach cung thanh 50m ta co6:
y =-19,6tan’ o. + 50tan o. —19, 6
Pé bong chui vao khung thanh thi 0 <y <3,44m
=> 25,8%0< 31,1° va 62,8%<a< 64,2°

- Phuong trinh quy dao: y =tano.X —

Bai 2:

Vién dan 1 duoc bin 1én theo phuong thing ding véi van toc dau v. Vién dan 2 ciing
duoc bin 1én theo phuong thiang dirng sau vién tha nhit to gidy. Vién dan 2 vuot qua vién
dan 1 dang vao luc vién 1 dat &6 cao cuc dai. Hay tim van téc ban dau caa vién dan 2.

Giai

V2

b6 cao cuc daicuaviéndan1l: h, = =—

1max

. - o v
Thoi gian dé vién dan 1 dat d6 cao trén:t,  =—

1max

Goi van tdc ban dau cua vién dan 2 1a vo
Ta c6 quang duong vién dan 2 bay dugc khi gap vién dan 1:

1
h :Vz(tlmax _to)_

_g(tlmax _tO )2 = hlmax
v 1 (v Y
vl Lot |-2gl Yot | =
2(9 °j 29(9 OJ 29

2
v +(v—gt)’

Vay van tdc vién dan thi 2: v, =
.y < 3 2 2(V—gt0)
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Bai 3:
M6t btrc tuong cao H = 40m, day a = 10m. M6t ngudi ¢6 thé ding ¢ khoang cach x
tiy y dén chan tuong ném maot vat nho véi toc do Vo nho nhat bang bao nhiéu hdé vat vuot
qua tuong, khéng cham vao tudng. Bo qua chiéu cao cua ngudi. Ly g = 10 m/s2
Ap dung tinh thuan nghich cua quy dao ném, ta c6 thé
dung & mép trén bén trai cia tuong ném nguoc lai (hinh 3).
- Cong thirc tam xa:
‘o v;.sin(2a.)
g
- PBé van tc vo nhé nhat thi vi nho nhat ang vai goc ném 45°,
vi.sin(2.45°)
g

- Bdo toan co nang:
V, =+/V2 +2gH =30m/s

Bai 4:
Mot ngudi ném hon da voi van toe v, hop véi phuong ngang mot goc o. Bo qua suc

=a=V,=10m/s

Hinh 3

can cua khong khi va chiéu cao cua ngudi ném. Cho gia toc trong truong tai noi ném 1a g.
Tinh tim bay xa cuc dai ciia hon d4. Xét hai trudng hop:
a) Nguoi dirng tai cho.
b) Nguoi d6 dang chay véi van toc V theo phuong ngang (véi Vv < Vo). Trong trudong hop
nay hon da co thé roi xa thém mot khoang bao nhiéu so véi trudng hop & cau a?
a) Truong hgp nguoi ding yén
Chon hé toa @6 xOy nhu hinh. Y4
- Phuong trinh chuyén dong cua vat:
Phuong OX: X = v,.cosa.t

VO
Phuong Oy: y =V, sin a.t—%th f
, 1 0 X

- Vit cham dat khi y =0 nén y:(vosina.—igtjtzo Hinh 4

s 1= 2%SN% 0ai nghiem t=0)

P e V2 sin2a
- Khi @6 tam bay xa cua vat: L = ——

g

- Bé tam bay xa cuc dai thi a = 45°
Vay tam bay xa cuc dai khi nguoi ding yén la:
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

2
Xo = Lopgy = -2 (1)

— “0max
g

b) Trudng hop ngudi chay véi van téc v theo phuong ngang
Chon hé toa d6 xQy (hinh 5)

- Goi U la van téc cta vat ddi voi dét thi
Uu=Vv,+V (2)

Y A

- Pé vat dat dugc tam xa cuc dai thi U

Ciing phai hop vai Ox mot goc p = 45°

-Khi d6 X
Uy = V,COSY +V
Uoy =V, Siny

- Do B =45°nén Uox = Uoy hay Vv,cosy +V =V,siny
- Binh phuong hai vé va bién doi ta dugc
2vZcos®y + 2v,veosy + V2 -V =0
- Giai phuong trinh ta dugc
\2Vi-VP —v
cosy =
2V,
—2V,V—\JAVi(2Vi-V®
VA2V
4v,
- Ap dung dinh Ii ham sé cosin cho (2) ta co:
U? = V2 + 2w,Cosy+V’ (4)
- Thay (3) vao (4) duoc
\2VE—V? —v
u? =Vv2 + 2w, +—2 +v°
2V,
=Su= \/vé +Vy[2V2 -V

- Tam bay xa cyc dai luc nay la

2 2 2 2
u \V} +v1/2v -V
x=L =—=22 0

©)

coSy =

- Vit roi thém mot khoang xa nhat 1a Ax = x — X,

2 2 2 2
Ax = Vi +V4f2V5 -V Vv,

g g

V4/2V2 — V2
Ax=-NTOTT (vgi vEvy2)
g
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Bai 5:
Mot vién dan duoc ban tir mat dat theo phuwong hop Vi phuong ngang mot goc o. Xac

dinh o dé khoang céach tir vién dan dén diém ban ludn ting. B6 qua stc can caa khong khi.

Chon h¢ truc Oxy nhu hinh 6
3 Y.
Ta co:
v
V, =V,C0sa;X =V,.t =V,cosa.t n X
o . 1, 4
voyzvosma,y=vosmoc.t—§gt X
Hinh 6

Khoang céch tir vién dan toi diém bén Ia:

2
r=|f|=yx*+y* = \/(vo cosaut)’ +(vosin a.t—%gtzj

* Céch 1:Khoang cach tir hon da téi diém ném r sé cuc dai khi T vudng goc véi vécto van
toc tic thoi v .

< N , \Y;

TlIhInhVetaCOZX:——X

X \Y;

y

V,Sina i
0 92 Vv, cosa
= =— .

V,Cosa V,Sino — gt

= g*t® +3v,sina.g.t+2v; =0
Dé || ludn ting thi phuong trinh trén phai v nghiém, tuc la:

A=9V:sino.g® —8vig’ <0

Vay Sina<¥ = o <70,5°

2
* Cach 2: 12 = (v, cosout)’ +(vosin ot —%gtzJ ludn ting

2
Tuc la % >0 ta tim duoc két qua: sina<¥ = a<70,5°

Bai 6:

Mot vat dugc ném xién véi toc do ban dau vo va véi diém ném 1a x = z = 0. Vit
chuyén dong trong trong trudng déu trong mat phang Oxz, trong do, trucx nam ngang, va
truc z thang dung, song song va nguoc chiéu véi gia tc roi ty do g; bé qua sy can cia
khong khi. Hay chang minh riang ving khdng gian ma vat ¢ thé di qua co ranh gidi 1a
parabol. Tim phuong trinh duong ranh gigi nay.

Giai
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

- Phuong trinh quy dao cua vat
2

(0),4

Z=tanoxXx—————
2v;.c0s° o

— =1+k?
cos’ o

- Pua vé phuong trinh bac 2 ank =tano.. V6i

2

2
9x kz—x.k+(z+g'X2J:O

22 2.V}

gx’
2.V2

2
2 £ \ N .. V

Chuyén vé ta tim dugc vung ranh gigi: z < —% —%xz

v

0

2
4 g.x2 |
2.V,

- biéu kién c6 nghiém k: A = x2 (z+3=) >0

Bai 7:

Tir dinh thap cao H, ngudi ta ném mot hon da vai van toc téi thiéu bang bao nhiéu dé
hon da roi cach chan thap mot khoang L cho truée. Tinh géc ném wng véi van toc téi thiéu
do.

Giai
Phuong trinh chuyén dong cua vat la:
X =V,cosat ; y=H+Vv,sino.t— %gt2

L

Thoi gian chuyén dong cua hon da tir Il ném tai ldc cham dét la:t, =
V,COSaL

Dodég—l'ztanzoc—L.tanow(g—Lz— J:o *)

2V, 2V,

Pé phuong trinh(*) ¢4 nghiém tan o thi

4917 gL’

2 o
2

- gL”  2gH

4 2
VO VO

Vomin = \/g\/H2 +L* —Hung véi A = 0.

2 2 2
Khi d6: tgo= o = YA +L -H
gL L

A=L"-

—H)>0

~1<0= vy +2gHV: —g’L* >0

Bai 8:

Nguoi ta dat mot sing cbi dudi mot can ham c6 do sau h. Biét van téc dau cua dan khi
roi sung lav,.
a) Hoi phai dit sting cach vach ham mot khoang Ibao nhiéu so véi phuong ngang dé tam xa
S cua dan trén mat dat 1a 16n nhat?
b) Tinh tam xa I6n nhat caa dan trén mat dat?
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Giai
a) Chon hé truc toa do Oxy nhu hinh 7.
- Phuong trinh van tc cua vat:
Phuong OX: v, =V, cosa
Phuong Oy: v, =v,sina—gt
- Phuong trinh chuyén dong:
Phuong OX: X =V, cosa.t

Phuong Oy: y =V, sina.t— %gt2

Dé tim xa la 16n nhat thi tai A van téc cua vat phai
hop véi mat ngang mot goc 45°
. sino —cos
Vaytal Al v, =v, =t =u.v0
g
Hon nira ta phai c6 sau thoi gian nay:
X=1<vy,cosa.t=I

y=h & vosinoc.t—%gt2 =h

Tu(2)suyra t= két hop vai (1)
0
2

Y .
Ta duoc | =—2cosa(sina —cosa)
g

Thay t tir (1) vao (3) ta duoc:

Sin2a=%+1
vV, 2
coszazl—%
VO

2 2L 2
Thé vao (4) ta duoc] :ﬁ( Lﬂ_hﬂj

Y/
) v
Vo
$h
0] ¢ >
<> M
Hinh 7
(1)
(2)
3
(4)
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Ma v, =,/V2+V2 =v 2 = v, 1290
SuyraS,, =—-=—-2h

Bai 9:
Tir mot diém A c6 do cao AH = 45 m so vé6i mat dat (Hinh 8), ngudi ta tha roi ty do

khong van téc dau mot vat nho thr nhat. Sau khi tha vat tha

nhét duoc 1,0 gidy thi tir diém B trén mat dét, vat thir hai duoc A

ném Ién voi van téc dau vo = 20 m/s. Biét V,nam trong mat

|
|
phing thing dung chira hai diém A va B, khoang cach BH = |
|
|

40 m. Xac dinh goc ném o ciia V, tao véi phuong ngang dé - Vo
vat thir hai ném tring vat tha nhat. Tinh thoi gian bay cua vat B H
thir hai ké tir IGc ném toi khi hai vat gap nhau. Bé qua ma sat, Hinh 8

lay g = 10 m/s?.
Van téc va quing dudng vat 1 di dugc sau khi tha 1,0 s:

1
v1=gt=10m/s;AC=Egt2=5m. A
- Chon hé quy chiéu gan véi vat 1 (hinh 9). /; c
Giatoc vat 2 sovéivat 11aa,, =d,—-d, =0 P
Van toc dau ctia vat 2 so véi vat 1 1a: Voen =Vo =V g :
v ) P . . Vo) Vi |
o2/ khong doi ca do 16n va hudng. |
2 2 1 . A X 0
Vay trong HQC nay véat 2 chuyén dong thang déu vdi van toc : 2 ¥
Vo(2/1). Hinh 9

- Dé vat 2 ban trang vat 1 thi vécto voey phai ¢6 phuong BC
tao v&i phuong ngang mot goc:

CH
tanp=——=1= p =45
g BH P

- PBinh Iy ham sb sin cho tam giac tao bdi ba véc to van tdc:
Y Y
0 -1 —20,7°
sin45”  siny

Vay vo tao v&i phuong ngang mot goc o, = 45° —y = 24,30,
- Thoi gian vat 2 chuyén dong cho toi khi gip nhau:
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

. BC | V,sin114,3°
b= v Vo = sin 45°
0(2/1)

=25,778m/s
Suyra t’ = 2,2 (S).

Bai 10:

Trong mét tran ddu bong d4, mot cau tha thyc hién mot qua phat penalty 11m, béng
bay sat xa ngang vao cau mon dbi phuong. Biét d6 cao cua xa ngang 1a h = 2,5m va khdi
luong qua bong 1a m = 0,5kg. Ldy g=10m/s?. Bo qua ma séat va sicc can cua khong khi.
Tinh van téc tbi thiéu va dong ning nhé nhit ma cau tha d6 da truyén cho qua bong dé cl
sut phat thanh céng?

Chon hé tryc Oxy: O 1a diém dat qua bong, Ox nam ngang, Oy thang dung.

- Goi a la gdc tao béi vécto van toc can truyén cho qua bong véi truc OX.
- Chuyén dong déu theo phuong ngang OXx:

Van téc v, = v,coso

Phuong trinh chuyén dong: x = v, t = v coso.t Q)
- Chuyén dong theo phuong Oy:

Van téc ban dau Voy = VoSina

Phuong trinh chuyén dong: y = v,sina.t - %gt2 (2)

Tu (1) rat t sau do thay vao (2) ta duoc:

X2

vicos’a

1
y=X.tana-—.g.

. 1 x?
=1+ tan’ata cdy = X.tano - Eg(l + tanzoc)—2
0

Thay

cos’a.

Khi x=L=11mthiy=h=25m.
2

Tacé h= L.tana-l%
0

2 + 2
Tir d6 ta tim dwgc V2 = gL (1+tan"a)
L.tana-h

(1+ tan’a)

1 + tan?

Pat A= A% 2o g2 A oy =LA . Dods v
L.tana - h
1 + tan®a 1+ tan’a

TacOA = =
L.tana -h 1l.tana -2,5

Suy ra tan®a - 11A.tana +2,5A+1=0.

khi A

Omin
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

509

A=121.A*-4(25A +1) = (11A - —) -——>0.
484
V509 +5 _ /509 +5

A> = A__

242 m 242

Thay vao ta tim duocv,,,,= 11, /% =11,75m/s

Pong ning nho nhat can cung cap cho qua bong dé cd st phat thanh cong 1a W, . =34,57.

min

Bai 11:

Hai vat duge ném ddng thoi tir mot diém trén mat dat véi van te co do 1on nhu nhau,
cling bang vo. Vat 1 duoc ném nghiéng goc a so voi phuong ngang, vat 2 dugc ném lén
theo phuong thang dtng. Bo qua stc can cua khoéng khi.Hoi goc a bing bao nhiéu dé
khoang cach gitra hai vat la cuc dai? Tinh khoang cach cuc dai do.

Giai

Chon hé quy chiéu gan véi dat, hé truc toa dé nhu hinh v&, goc thoi gian tai thoi diém
ném (hinh 10).

Phuong trinh chuyén dong cua hai vat:

gt’

2V, sin
-Vatl: X, =v,cosat; y, =V, smcxt—7v 6i t< &

g

2
-Vat2: X, =0; y2=v0t—£ Voi tgﬁ
2 g y 4

Khoang cach giita hai vat ¢ thoi diém t 1a
d? = (x, —X,)* + (¥, —Y,)* = 2vst*(1—sin )

i 4 VoA
voi t< 20 % gz Vo ginz g 1 sina) vo
4 X
Hinh 10
Ta co8v sino.(1- smoc)—szv sina sma (1-sina) "
9° 9° 2
[Sinoc L sina o smocjs
4 T A T A 4
Tir bat dang thuc Cosi = d? < 32;/ L2 227 2? 0 (Cési ba sb)
g 9°
Vayd = 4 2.V—, d=d__ khi m—l—sina :>sinoc=E = a=42°
3\3 g 2 3
Bai 12:
M6t ban cau c6 ban kinh R trugt déu theo dudng E R
thang nam ngang. Mot qua cau nho cach mat phang ngang i
mot doan bang R. Ngay khi dinh ban cau di qua qua cau e ‘
Hinh 11
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

nho thi n6 duoc budng roi tw do (hinh 11). Tim van téc nho nhat caa ban cau dé né khdng
can tro chuyén dong roi ty do cua qua cau nho. Cho R = 80cm.

- Chon hé quy chiéu gin véi ban cau: Géc toa d6 O 1a dinh cua ban cau, truc Ox nam
ngang, truc Oy thang dung, huéng xudng (hinh 12)

Trong hé quy chiéu nay, van téc ban dau cua qua cau nho 12 vio = Vo

- Cac phuong trinh chuyén dong caa qua cau nho

X =Vt

1 .
=gt
y=59

- Phuong trinh quy daoy = Zi x?
\Y

2
0

- Quy dao cua qua cau trong hé quy chiéu gan véi Hinh 12
ban cau 1a mot parabol.

- Bé qua cau nho roi tu do thi parabol nay phai

khdng cat mat ban cau.

Xét mot diém M trén parabol, ta phai c6 ym < OH véi OH =R —/R* - x?,
:%xﬁﬂ <R-—R?=x3,
VO
= JR? =X}, < R—izxﬁ,I

2V,
2 2
= R?-x{ <R? —ZR%X,ZV, +g—4x‘h‘,I :>g—2x§,, 2R—?—l
2V, 4v, 4v; A

- Bat dang thirc trén thoa man véi moi gié tri cua x khi

R 1<0=vV, >Rg

=
VO
Vay van toc nho nhat cua ban cau dé nd khdng can trg su roi tu do cua

qua cau nho la:

<

OA

Vomn =+/R0 =+/0,8.10 = 2/2(m/s) oA

<l

Bai 13: 08
Hai vat nho A va B ciing nam trén mot dudng thang ding nhung
c6 do cao chénh léch nhau | = 2m (hinh 13). Ném ddng thoi hai vat 1én

0B

cao theo phuong hop véi phuong nam ngang géc o, =30° va

Ie:réé—>

Hinh 13
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

o, =45°. Hai vat chuyén dong nguoc chiéu va cO van téc ban dau v,, =4m/s;
Vs =5m/s. Bo qua stic can ciia khong khi va coi d6 cao ban dau du Ion, liy g = 10m/s%.
Tinh khoang cach giira hai vat khi van téc toan phan cua ching vuéng géc véi nhau.
Giai
Sau khi duwoc ném, chuyén dong cua hai vat 1a chuyén dong cua vat duoc ném xién.
Trong chuyén dong nay vat tham gia ddng thoi hai chuyén dong l1a chuyén dong thang déu
theo phwong ndm ngang va chuyén déng voéi gia téc g theo phwong thing dung. Chon hé
quy chiéu gom hé truc toa d6 Oxy nhu hinh v&; chon gbc thoi gian 1a thoi diém khi ném vat.
- Khao sat chuyén dong cua c4c vat theo hai phuong Ox va Oy:

Vax = Voa COS QLo Vax = Vo COSOgg

Vat A: . Vat B: .
Vay = VoaSinag, —gt Vg, = VpgSIiN o,z — gt

- Goi 0a va ag lan luot 1a goc hop bai vécto van tde toan phan cua vat A va vét B so Vi
phuong nam ngang.

\ V., Sino,, — 0t
tano, = Ay _ YoA 0a — 9
] v V, . COSQL
Ta co: A oA oA
\' V.. SINo,, —Qt
tano, = By _ YoB o —9
A Vos COSOLOB

Piéu kién dé van téc toan phan cua hai vat vudng goc vai nhau 1a: o+ p = 90°
VoaSiNog, —gt VogSinogs —gt
Voo COSOL,, Vg COSOlLyg

Khi d6 tacod: tano, tanog =1 < 1

& g% —(Voa SNy, + Vg SINCLyg )OIt — Vo Vg COS(0L + Olyg) =0
t =0,2569s
t=—0,2015s <0 (loai)
- Trong khoang thoi gian tir khi ném hai vat t6i khi vécto van toc toan phan caa hai vat
vuong goc vaéi nhau thi khoang cach gitra hai vat theo phuong Ox va Oy la:
Phuong Ox: X,g = (V,, + Vg, )1 =1,7982m

Thay s6 ta thu duoc nghiém caa phuong trinh trén la: {

Phuong Oy: Y,z = ‘I +(Vg, — VAy)t‘ =2,0183m
Vay khoang céch giira hai vat tai thoi diém do 1a: = \/x%; +y2s =2,7032m
Bai 14:

Mot hon bi rat nho lan ra khoi ciu thang theo phuong v,
ngang véi van toc v, = 4m/s. Mdi bac thang cao h = 20cm va —JO >

v X

rong d = 30cm. Hoi hon bi s& roi xubng bac nao dau tién? Coi
dau cau thang la bac tha 0, Lay g = 10m/s®. Bo qua luc can
cua khong khi.

Giai
Yv
Hinh 14
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Chon hé truc toa @6 nhu hinh 14.
- Phwong trinh duong thiang mép cau thang:
y=ax= h x=2x
d 3
- Phuong trinh chuyén dong cua bi:
g 2
= 2—\/(2) X“.

Hoanh d9 giao diém l1a nghiém cua phuong trinh:

y

Ly=_9 o2
3 2V
2
x=x= Mo o13m—n=213_71
3g 0.3

Vay bac thang ma bi roi la bac thir 8.

Bai 15:
Mét vién bi nho chuyén dong véi van téc v = 10m/s trong mit phang o
nam ngang lai gan mot chiéc hé bang kim loai. H6 ¢6 hai thanh thang dung
song song vai nhau, cach nhau mot khoang 1a d = 5cm (hinh 15). Van téc v
cua bi vudng goc vai thanh hd. Do sau cia hd 1a H = 1m, bi va cham hoan
toan dan hoi va xay ra tac thi véi thanh ho.
a) Tinh s6 lan bi va cham véi thanh hd. ||

b) Tinh tong chiéu dai quy dao cua vién bi tir thoi diém ban dau dén Itc Hinh 15
cham déy h.
a)

2H

- Thoi gian bi roi dén day ho: t, = [—

- Thoi gian giira hai lan va cham: t, = 9 do van téc theo phuong ngang khong do6i nén t,
v

khong d6i. Do d6 sb lan va cham: n = L X\/E

t, d\ g
b) Qua trinh va cham dién ra nhanh coi nhu khong mét thoi gian va cham, mat khac do va
cham hoan toan dan héi nén huéng cua van tdc truéc va sau va cham cing hop véi phuong
ngang goc gidng nhau. Nhu vay va cham lam cho quy dao parabol cua vién bi cit thanh
nhitng doan nho va dao chiéu. Tuy nhién khi dao chiéu va ghép lai s& c6 dugc parabol nhu
khong va cham.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

4
Tir d6 chidu dai qu§ dao duoc x4c dinh:S = j JV2 +(gt)dt
0

Bai 16:

Dé tudi déu mot san co hinh tron ban kinh R, nguoi ta dit tai diém giira cia san mot
voi phun hoa sen hinh cau ban kinh r (r << R). S6 16 N trén mit cau la rat 16n va cé cung
kich thudc nhu nhau. Xéac dinh mat do sb 15 cua bau phu thudc vao géc ¢ duoc tinh tir truc
thang dung cua voi phun dé voi phun c6 thé phun déu nuéc trén toan san. Biét mit cau cua

bau voi phun nam ngang trén mat dat, géc mo2¢,, < g B¢ qua strc can khong khi.
Giai
Goi p,p, la mat do 16 trén mat cau (ang véi gac léch ¢) va mat d6 cac diém trén mat

san duoc tai nudce.

. n S AR toA AT A et \ A or A
Taco: p=—,; p, = (n1a so lo trén dién tich nho ds trén mat bau phun)

ds nR?
n =p,dS = pds

Xét 1 phan tar nho cua 1 tia nudc, c¢d van téc
truéc khi roi bau phun 12 vo hop Véi truc thang
dung 0y goc ¢ (hinh 16).

- Phuong trinh chuyén dong :

X =V,sine.t >
2
y=V, com.t—%
- Vitrichamsén:y =0 ¢ Hinh 16
2 -
i 2V, CoS @ oy V,Sin2¢ (1)
g
- Dé tudi hét toan bo san co ta co:
2 o 2
R:v03|n2(pmax _ Vo _ _ R @)
g g SIN2¢,,,
+ Theo (1) ta co:
2 2
S=nx? = dS = 2nxdx = 2n(ﬁ} sin 4¢do 3)
g
R2
= N =p,dS=2np, ———sindede 4)
sin“ 2

+ Phan dién tich ds trén bau phun ma ta xét Ia:
ds = 27r® sin pde (5)
+ Tu (4) (5) ta co:
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

2

sindodp. ———
nax a 2nr’ sin pdo
N sindo

nr® sin’ 2o, ..sin @

Suy ra: Mat do 156 ctia bau phu thudc vao goc ¢ theo biéu thic:
_ 4N c0s¢.cos2¢

nr?’ sin® 2o,

Bai 17:

Nguoi ta ném mot vat tir mat dat 1én voi tbe d6 dau vo theo phuwong hop véi phuong
ngang mot goc a.. Gia téc trong truong 1a g, bé qua suc can khdng khi. Chon hé quy chiéu
c6 goc toa do O tai vi tri ném, truc Oy hudng thang duang 1én trén, truyc Ox huéng theo
phuong ngang sao cho vat chuyén dong trong mat phang Oxy.
1.Véi gia tri vo xac dinh, vat chi cé thé di toi cac vi tri nam bén trong mot duong gioi han.
Xéc dinh phuong trinh dudong gidi han nay.
2.Khi roi tro lai mit dét, vat khong bi nay 1én khoi mt dat (v, =0). Hé s6 ma sét giita vat
va mit dat1a p.

a)Tim tde do cua vat ngay sau khi cham d4t. Coi luc va cham 16n hon rat nhiéu so véi trong
luec.
b)Vé6i goc o bang bao nhiéu thi vi tri vat dimg lai nam xa O nhét.
Giai
1.
- Phuong trinh chuyén dong cua vat la
Theo phuong Ox: X =V, cosao.t

Theo phuong Oy: y =V, sina.t - %gt2

Phuong trinh qliy dao cua vat:

2 2 2

X X X

y=X.tano — Zg . __9 2tanzoc—x.tanoc——g :
2vycosta 2V, 2V,

Vit khong thé dén duoc céc vi tri khéng cho ta nghiémtan o, tirc 1:

2 2 2 2
A:X2_4%(y+%j<o :>y>ﬁ_%

2V¢ 2V? 29 2V}

Ve 9%
Vay duong gidi han can tim la Parabol:y = — - =——
29 2v,

2a)
Khi roi trd lai mat dat, vat c6 téc d6 Vo hop véi phuong ngang mot goc o nhu lic ném.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Str dung dinh luat bién thién dong luong:
Theo phuong Ox: F.At=m(v,coso.—V)
Theo phuong Oy: N.At=mv,sina

Vi F =uN
Suy ra: {v =V, (coso —psina) khi cota >p
v=0 khi coto <
2b)
Tam xa: L:VfZJSi—nZO‘
g

Sau khi vat cham dat, vat di duoc thém mét doan 1a:
Vv
2ng  2pg

Vi tri vat ding lai cach noi ném la:

(cosa—psina)’ (u<cota)

2 ar 2
_ Yo3I0 2a+ Vo (COSOL—uSinoc)Z
g 2ug

L4y dao ham theo a rdi dat bang 0, ta co:

d

2vicos2a Vi

d =T—@(C050€—u5in a)(sina +pcosa)
2 2
=%(coszoc—sin2oc)—ﬁ(sinacowﬂwosza—usinza—pzsinacom)
g 1g
2 2
:ﬁ{(cosza—sinza)—l a sinoccow}
g 2
2 2
=ﬁ{0052a—1 K sinZa}
g 2u
. 21
d,y=0=tan2a = > = tana=p
1-p
Bai 18:

Mot vién da duoc ném theo phuong tao véi phuwong ngang mot goc . V6i van téc ban
dau vo. Néu mot con mudi bay theo qui dao cua vién da véi van toc khong doi vo thi gia toc
ctia mudi bang bao nhiéu ¢ diém c6 d6 cao bang mot nira o cao cuc dai cua vién da? Bo
qua luc can khong khi khi vién d4 chuyén dong.
vZsin®a

Do cao cuc dai cuavién dala: H = 5
g
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

A aal oAl aa 1 -
Toc do vicua vat & do cao h:Echoa man:

1 1 / sin o
Emvézzmvf+mgh:>v1:vo 1- >

Tai thoi diém vat & do cao h thi vecto van to¢ tao v6i phuong ngang goc ¢ thoa méan:

cos = V,C0S0.  COSaL
oy, sin?

1 1_ o

2

Thanh phan gia téc theo phuong ban kinh qui dao tai d6 goi la @ thi vudng goc véi v va
do d6 bang gcos¢

Vs
g.cos¢

2
A, Xi o e oas1s \ .Cosa
Gia toc cua con muoi ¢ vitrido la: a=-2= g

R [l— sin’ ajm
2
Bai 19:

Hai hat chuyén dong trong trong trudng déu véi gia toc g. Ban dau hai hat & ciing mot
diém va co cac van téc vi = 3,0 m/s, va=4,0 m/s déu nam ngang va theo hai huéng nguoc
nhau. Hay x4c dinh khoang céch giita hai hat tai thoi diém ma cac vécto van téc cua ching
vuéng gdc nhau.

Vay ban kinh cong tai d¢ 1a:R =

Chon hé truc toa d6 Oxy (Hinh
17):Géc O tring véi diém xuat phat caa hai hat,
truc Oy huéng xubng.
Toa 30 cua hat 1:

1
X, =V, .t} y, = Egtz (1)

Toa do cua hat 2:

X =Vali ¥, = %gtz @) Hinh 17
Goi ty 1a lic v, 1 V,, lic d6 hat 1 & M, hat 2 & N suy ra cac tiép tuyén AM & M va AN
& N ciing vuong goc voi nhau.
Do dbc tana;tan P cua cac tiép tuyén AM va AN 1a:
_dy, dy,/dt _gt

tano = —2L = = 3)
dx, dx, /dt v,
tanB:dyzzdyZ/dt: gt @)
dx, dx,/dt -v,
Pé AM L AN thi tana.tanp=-1 (5)
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Thay (3) va (4) vao (5) ta dugc:

g_t.g_t:_ljt:_qlez (6)
v, -V, g

Khoang cach MN la: MN =\/ X, —x ? +(y —yl)2 =|x2 —x1| (Viy2=y1)

Vay: MN =|-v,t - vt|_ «/ =2,47m
Bai 20:
Trong trd choi bong rd, dé béng roi vao rd, mot ngudi ném bong dudi goc a, =30° va

1T A A - z z /- z \ yu A X l
V6i van téc v, = v, hodc ném bong véi goc o, =60° va véi van toc v, = SV

a) Hoi r6 ¢ do cao bao nhiéu so véi diém ném?
b) Poan thang nbi diém ném véi ro nghiéng so voi phuong ngang mot goc bang bao nhiéu?
Chon hé truc toa @6 Oxy: O trung vai vi tri ném; Oy hudng Ién.

Phuong trinh chuyén dong cua qua bong vai van tdc ban dau vo va dudi goc ném o la:
2

ox
y:tana.x—ﬁ
2VZ cos® o
Taivitricaarothi: x=1;y=h

L
2VZ cos® o,

2
Suyra: h=tano.l - |

-Véia=aq, ; vV, =V, thitaco:
|2
h= fan (Xl.l —29—2 (1)
2V, Ccos” o,
-Véi a=oa, ; Vv, =V, thitaco:
2

al
h=tano,| —————— 2
2" 2vicosia, @

2

Tfr(l)va(Z)tacé'(tana—tanoc)I—g—|2 [ L,
' . 27" 2\ vicos®a, Vicosia,

2(tana, —tan 2
Suyra: | = (tana, %) V3v
1 1 119
vZcos’a, Vicos’a,
2
Khido: h=-2" - tang=" 3B ~ 25,3"
121g 111
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Bai 21:

M6t qua bong nho khéi lwong m duoc ném theo phuwong ngang tir do cao h so Vi
mat dat v6i van toc ban dau v, =./2gh, bo qua suc can cua khang khi. Sau mdi lan va
cham véi mat dat , qua bong nay tro lai véi van toc theo phurong ngang khong doi, con van
téc theo phwong thiang dung giam theo ty & nhu nhau. Tinh tir 1an nay 1én dau tién, dién

tich caa hinh gigi han bai quy dao qua bong trong tat ca cac 1an nay sau d6 véi mat dat co
... 8 , T . . 1
giatrila > Hay tim tong xung lugng qua bong trao do6i vai mat dat trong tat ca cac lan

va cham.

Chon hé truc toa d6 Oxy nhu hinh 18.

- Trong qué trinh chuyén dong van téc y4
cua qua bong theo phuong Ox 0 gia tri
khong doi bang v, = \/ZQ_h . Ngay trudc
khi va cham véi mat dat van toc theo

phuong thang dang cua qua bong la '. /\
. . /\/\/\/\M
Vo =49 Oi<-- - DI - > - D
- Goi A hé sb hdi phuc van téc (1a ti sb X1 X2 X3
gitra van téc qua bong sau va trudc va Hinh 18

cham) véi 0 <A <1.
Van téc ngay sau khi va cham lan dau Ia:

v, =A4/2g0h
Do cao quy dao sau lan va cham lan mot la:h, = % =2*h
Thoi gian chuyén dong caa qua bong cho dén khi né va cham tiép Ian hai Ia:
t =2V 20
g g

Quéng duong ma qua bong dich chuyén theo phuong ngang cho dén khi né va cham tiép
lan hai la: x, = /2gh.t, = 4\h

Phuong trinh quy dao parabol 1a: y = —%xz + AX

Parabol nay cit truc ox tai hoanh d6 x = 0 va X =4Ah
Vay dién tich quy dao parabol véi truc Ox la:
S= T ydx = T (—ix2 +AX)dX = §k3h2 =S, = Zhx = §x3h2
. s 4h 3 3ttt o3
Dién tich chin boi quy dao qua bong véi truc Ox & cac quy daonvan + 1 1a:
Sn+l = xssn
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Téng dién tich chin boi quy dao:
Sl
1-2°

S=3'S, =S, L+ A +1% +..) ~
n=1

Theo gia thiét S -8y vay A = 1
21 2
- Goi In 12 xung luong trao doi giira qua bong va san nha ¢ 1an va cham tht n. Ap dung dinh
luat bién thién dong luong ta co:
I, =mv, —-m(-v, ) =mQ+A)v,,
Tong dong lugng trao ddi cua qua bong va san trong tat ca cac lan va cham Ia:
1+A

=S My, (L+ A+ A% +..) ~ My,
~ 1%

Vi kzl thi ta co 1 =3mv, =3m,/2gh
2

Bai 22:

Mot qua cau khdi luong m duogc ném thang ditng xudng phia dudi véi van toc ban dau
Vo. Sau mot thoi gian da dai, qua cau roi xudng vai van toc gidi han vgh. Luc ma sét cua
khong khi 1a F, =kv?. Cho gia téc roi tu do 1a g.X4c dinh van téc v caa qua cau theo thoi

gian t.
Giai
Chon hé truc toa d6 Oxy nhu hinh 19.
Phuong trinh chuyén dong coavat.: 00
dv
mg —kv> =m— vl
J dt 1
e I
Taco: mg=kvy, = k=—=
Y%
gh
dv gv? z
Suyra: —=g9——— i
y dt VZ Hinh 19

Tich phan 2 vé: IV( t 1 Jdvzz_gj‘otdt
Wl V., —V V., +V v
gh gh

V9h+v|:2—gt

vgh+v0‘ v

Vg, —V Vg —V°|

= 1In +In < In

V=V, Vg — Vo

gh gh

2 2 2 2\ 4 Von
= V=V —(vgh—vo)e °
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Bai 23:

M6t cau tha da vao qua bong co khdi lugng m, truyén cho né mot van tdc ban dau
bang v,va c6 huéng lap véi mat phang nam ngang mot goc o nguoc chiéu gio théi doc
theo mat san. Sau khi v& 1én trong khéng trung mét quy dao nao do, qua béng quay tro lai
Vi tri xuat phat véi van técv, . Hoi qua bong roi xudng dat dusi mot gécp bang bao nhiéu?
Van téc u cua gio bang bao nhiéu? Thai gian bay tcua qua bong bang bao nhiéu? Xem luc
can cua khdng khi ty I véi van téc cua qua bong dbi véi khong khi la F, = —kv,,, trong d6
hé sb ty Ié k coi nhu di biét.

Chon hé truc xoy nhu hinh 20. vt
- Xét chuyén dong theo truc Ox ta co: l@
av, o = KUty T
a m Vi
dv, =—£dt Sk M
drve m Hinh 20
Tich phan hai vé: _[VX v, _ _hftdt
vlcosmu_|_vX m 0
u+v -4 -4
Tadugc: ——=—=e ™ = v, =(U+v,cosa)e ™ —u (1)
U+ V, CoSa
Toa dg cua vat theo phuong Ox:
T kt kt
X=|v dt = X =mv cosa|l—-e ™M —U’C—@ em-1
X T k 1 k
0
. kut R
Theo baira x, =0 = v,cosa———=(Vv,cosa.+u)e ™ —u )
T 1 m 1
- Xét theo truc Oy tuong tu ta co:
dv k mg) < mg
—t=a =-g-—Vv, =V, =|VsSina+— e " ——= 3
a TN EY ( ! k k )
Toa dg cua vat theo phuong Oy:
T kt 2 kt
mv, . =) mg_ myg(,
y=|vdt=>y= lsmoc(l—e mj——r——(l m —lJ:O
-([ Y k k k?
kt
:vlsina—gr:(vlsinow%j.e m —% 4)

kut . mg
V1COSOL+U—7 VlSInOL+T—gT
m _

. mg

Tir (2) va (4) =
Vv, CoSoL+ U
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

kut gt mg
= = - :>u=k
m(v,coso+u) vlsinoc+kg tana
+T1‘r(1)vé(2)tacé:v10050c—v2cos[3:@: g
m tana
= Vv, Sina—V, cosB.tano =gt (5)
+ Tu (2) va (4) ta co: v, sina—V, cosB =gt (6)
+ Poi chiéu (5) va (6) taco: sinp=cosp.tano = tana =tanp=oa =P
vV, —V, )sin
Khi d6 7= 2= V2)Sina.
g
X mg (v, —V,)sina
Vay B=a; U= T
K tan o g
Bai 24:

Mot vat dugc ném Ién tir mat dat voi van toc ban dau V, theo phuong hop véi mat
phang nim ngang mot goc o. Ngoai tac dung cua trong luc, vét con chiu tac dung cua lyc
can khong khi F=—kv vai k 1a mot hang sb duong.

a) Viét phuong trinh chuyén dong cua vat.
b) Tim thoi gian dé vat bay dén diém cao nhat va d6 cao cuc dai ma vat dat duoc trong quéa
trinh chuyén dong.
¢) Viét phuong trinh quy dao cua vat.
Phuong trinh dinh luat 11 Newton cho vat: ma =mg—kv.
Chon tryc toa do Oxyz sao cho v nam trong mat phang Oxz.

Chiéu phuong trinh trén cac truc toa do, ta co:

Phuong Ox: mx"=—kx' (1)
Phuong Oy: my" =—ky' (2)
Phuong Oz: mz" =—kz'-mg (3)
Pit 1=
k

t
Tur phuong trinh (1) suy ra: dc\i/tx +£Vx =0=>v,=Ae"
m

t
Tur diéu kién ban daut=0; x=0; v, =V,C0SaL => V, =V, COSQLE *
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

t
Mat khac: X = .[Otvxdtz v, cow{l—e f} 4)
. dv, k L
T phuong trinh (2) suy ra: d_ty +—Vv,=0=v, =Be-
m
Diéu kién ban daut=0;y=0;v,, =0 = B=0=v, =0
Tu phuong trinh (3) suy ra:

mg
dv, K d(vﬁ kj

. k( mgj
+—V,=—0 > ———=+—| V,+— |=0
dt m dt m

t
Ta dugc: v, =Ce " -0t

t
Khi t = 0 thi van toc: vy, =V,sina=C—gt =V, =(V,sina.+gr Je * —gr

t
Ta cé:z:J:vzdt:r(vosinowgr)[l—e Tj—grt (5)
Tu phuong trinh (4) suy ra t= —rln(l—Lj Thay két qua nay vao (5), ta thu duoc
TV, COS QL
phuong trinh quy dao:
Z:wx-i'glen[l—#j (6)
V, COSa TV, COS L

Bang cach khao sat ham s, ta tim dugc:

: ) gt : vitsina.cosa,
Z,ox = VoTSina+gt°In tai X, =

V,Sina+gt V,sino+gt
. . 2 A % L2 Lo 1> \Y SinO(,
Thoi gian dé vat dat dén dieém cao nhat la: t, = tIn (1+ 0
gt

Bai 25:
Ném thang dirng mot vat c6 khéi luong m tir mat dat. Gio thoi doc theo mat dat véi
van toc u. Luc can khong khi ty 1é voi van toc twong doi gitra vat va gio. Sau thoi gian t(s)

vat roi xudng dit cach diém ném mot khoang S, dong thoi thanh

phin thing diing cua vécto van téc Vv c6 do 16n nhé hon lic ném 7 LEN
mot lugng Av. Tinh céng cua luc can trong thoi gian bay ?
Chon hé truc toa d6 Oxy nhu hinh 21, gbc Ogén véi dét. mg
binh luat II Niuton cho vat: 0

Hinh 21
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

mg—k(\”/—U):md—\7

- Chiéu theo phuong Ox:

—k(v,—u)=m d(;/tx = mdv, =-k(dx—udt)

Tich phan hai vé ta dugc: v, = 5(UT—S)
m

. dv
- Chiéu theo phuong Oy: —mg—kv, = md_ty = mdv, = -mgdt —kdy

AV +Qr

Tich phan hai vé ta duoc: v, =

2
Cong cua lyc can: A=W, -W, = %m {k—z(m —S)2 - gr.Av}
m

Bai 26:

Mot qua bong khdi lwong m dugc ném thang dang Ién trén véi van téc vo tir do cao
h(da 16n) so véi mat dat, & noi co gia toc trong trudng g. Trong qué trinh chuyén dong thi
luc can tac dung Ién qua béng ti 1¢ thuan véi van téc cua nd. Biét van téc qua bong ngay
truéc khi cham dat 1a vo. Bo qua luc day Acsimet cua khdng khi.Tim van téc vi cuaqua
bong othoi diém dong ning cua nd bién thién nhanh nhat. Cho gia téc trong trudng 1a g
khong d6i theo do cao.

Qua béng chiu hai lyc téc dung: F. =—kv va P =mg
Cong suat caa ngoai luc bang toc do bién thién dong ning.
Cong suat ngoai lyc:

2 2
N=(m§+lfc)\7=mgv—kv2=(n:—g)—k(v—%j (1)

Trong d6 v 14 hinh chiéu qua bong 18n truc thang dimg huéng xuéng

Khi roi qua bong ting tdc cho dén khi:
mg:FC:kv2:>k=m N

v, Noloooo

Tir biéu thic (1) ta thdy cong suit N phu thudc

Va0 van toc v. Ta c6 d6 thi (hinh 24).

Tir do thi ta thay toc do bién thién dong ning

nhat khi v=v, hoic v=-v,.

V2oV e

F‘\'“Cé)
> O
N

=

Hinh 24

Truong hop 1:
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

2
N =N =M iy oy, - MO
4k 2K

Truong hop 2:

2 2
N,..=—-N, =—(r2i) Jrk(v0 +mj

So sanh N1 va -N2:

2 2 2
- Néu Nl>—N2<:>(mg) >_(mg) +k(vo+mj

4k 4k 2k
mg(v2-1) (v2-1)
= V0 < oK = 5 V2
(mg)”  mgv
thi téc d¢ bién dong ning lonnhatla N__ =N, = g) _mav, khi v, _mg_Vv,
4k 4 2k 2
2 2 2
- Neu N, <-N, Q(mg) <—(mg) +k(vo+mJ
4k 4k 2k
mg(v2-1) (v2-1)
= V,> oK = > v,

thi toc do bién dong nang 16n nhat Ia:

2 2
N, =—N, :__(mg) +k(v0 +mj
4k 2k

2
:k(VO+LJ _m
2 4

=r3—?(v§+v§)

khi v, =v,.

Bai 27:
C6 hai vat nho gidng nhau, c6 cung khéi lugng m, dwoc ndi voi nhau bai mot soi day
khong dan, chiéu dai 2¢ dat dung yén trén mot mat phang nam ngang nhu Hinh 1.a. Gia toc
trong truong la g.

1. Soi day c6 khdi lugng khong dang ké. Dat hai vat trén
mit ndm ngang sao cho sgi ddy cing ngang. Truyén cho vat (1) (2) 1)
van tdc ban dau theo phuong thang ding Ién trén. Gia s trong
qua trinh hé chuyén dong, day ludn cing, vat (2) khong roi Hinh 1.a

khoi mit phang nim ngang. Bé qua moi ma sat. Hay xac dinh
quy dao cua vat (1) cho dén khi né cham mat nam ngang.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

2. Xét trudng hop soi day déng nhit véi mat do khéi lwong

A X. . Y N A A z 9 Lt A Yy A
trén moi don vi chiéu dai 1a p. Hé s6 ma sat nghi gitra vat (2) O
va mit nam ngang 13 . %,
. , N \ . A £ R
Cho hai vat cach nhau motkhoang nhé hon 7. Nang rat Y

cham vat (1) 1én theo phuong thang dung. Tai thoi diém ngay
truéc khi vat (2) dich chuyén, ta thiy tiép tuyén cua soi day tai
dau ndi vao vat (2) nam ngang va day khdng cham dét, soi day Hinh 1.b
c6 dang 12 mot phan cua dudng cong (duong xich). Trong hé toa do Oxy nhu trén Hinh 1.b,
phuong trinh dudng xich ndy c6 dang y=6.P(x), trong d6 & 1a hiang s6 duong va
P(x)= ("’ +e7)/ 2.

a) Tim phuong, chiéu va d6 1on caa luc cing soi day tac dung 18n vat (1) lac do.

b) Tim do cao h cua vat (1) so véi mat nam ngang khi d6. Biét chiéu dai day tinh tur
diém thp nhat dén diém c6 toa do x 12 s =5.Q(x), V&i Q(x) = (e’ —e %)/ 2.

=y

yik

Zf'é cosa

'
'
'
'
' /
'

0 /sin al 3?

Khdi tam 1a trung diém cua soi day chi chuyén dong theo phuwong thiang dirng do khéng co

ma sét.
Day ludn cang nén toa do cua vat trén thoa mén: x = ¢sina
y =2/Ccosa

2 2

Phuong trinh quy dao cua vat la: )2—2 Y

40?
Quy¥ dao la mot nua elip.
2.a. Thanh phan nam ngang cua luc cing day trén toan bo soi day 1a khong doi la T, .
Tai dau (2) day nam ngang, vat bat dau chuyén dong nénT, = umg .
Tai dau (1), T, =T, = umg;T,, = Mg = 2p/g

. 2plg
=T =\(umg)’ +4(ptg)’ ; tana=L—=
Y(amg)*+4(or0) ne
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

I =T,
To T Ty:Mg
Mg
2.b. . . eX/d L gXIo pXld _ g8
Xét doan day chicu dai s bat kynhu hinh; Do y = 5£Tj va s= 5[Tj
x/6 _e—x/6
,095( j x5 -xI&

tach tang = M9 _ LS9 _ 2 :ﬂ:[l]

. T, T, dx 2

5 ex/§ _e—xlé 2
=>T,=pgd =T =\T,7 +(pgs)’ =(pgd) +(pgs)’ = J( pgs) +( e %}
=>T = pgy
pgs=T, = umg =T = pg(h+8) = |(umg)’ +4(plg)’
2 2
e J(um) +4(pt) - pm
yo,
2 2
m 4( pt

hoach:\/(ﬂ ) +4(p!) -0

yo,

Bai 28:

Mot vat dugc ném Ién tir mat dat véi van tée ban dau v, theo phuong hop véi mat
phang nam ngang mot goc o.. Ngoai tac dung cua trong luc, vat con chiu tac dung cua luc
can khong khi F=—-kv vai k 1a mot hiang sé duong. Hay:

a. Viét phuong trinh chuyén dong cua vat.

b. Tim thoi gian dé vat bay dén diém cao nhat va do cao cuc dai ma vat dat duoc trong
qua trinh chuyén dong.

c. Viét phuong trinh quy dao va vé dang quy dao chuyén dong cua vat.

Baiso 1
Theo dinh luat Il Newton, ma =mg—kv.
Chon truc toa d6 Oxyz sao cho v nam trong mat phiang Oxz. Chiéu phuong trinh trén cac
truc toa do, ta co:
mx" = —kx’, @
my”" = -ky’, (2)
mz" =-kz'—mg. (3)
dx

L(X. =X,Y,2).
OIt(. Y, 2)

- m .
bat t=— va v, =
k i

T phuong trinh (1) suy ra d(;/tx + %Vx =0=v, = Aexp {1}
T
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

< 2 Al Lia A N t
Tur diéu kién ban dau t=0,x=0 va v, =v,c0s0. =V, =V,C0Sa. exp{-—}
T

t
Mat khac x = jvxdt = X = 1V,C0S0. (1—exp {E}j 4)
0 T

: ‘ dv, k t
Tu phuong trinh (2) suy ra d_ty +—V, =0=v, =Bexp;--
m T

Vikhit=0,y=0nénB=0=v, =0
Tu phuong trinh (3) suy ra

dv, -g)

dv, Kk k

L+ —V, =—(0=
dt m dt

Khi t = 0 thi van toc:

+£(vZ —gm) =0=>v, =Cexp{-£}—gr
m k T

. . . t
V, =V,Sina=C—-gt=C=v sina+gr=V, =(vosmoc+gr)exp{-—}—gr.
T

Cudi cung z=—r(vosina+gr)[1-exp{-£}j—grt. (5)
T

T phuong trinh (1) suy ra t= —rln(l— J Thay két

0.03

TV,C0S0L

qua nay vao (5), ta thu dugc phuong trinh quy dao:

0.02

g Vosinargr, oo |n(1_LJ. )
V,Cosa ™V, CoSa
D6 thl mf) ta qug’ daO Chuyén dﬁng (nhlI hinh Vé) 0.1 0.2 0.3 0.4

v 7 9 7 \ A N . T -
Bang cach khao sit ham so, ta tim dwoc  z_, =V,Sina+gt’In g— tai
V,Sino+grt

y _ VgTsinacosa
® vysina+gr

. . 2 A z .2 24 rs vV, sin
Thoi gian dé vat dat dén diém cao nhat la t, = rln(1+ 0 aj.
gt

Bai 29:

Mot khdi gd nho, dong chat, ¢d dang hinh hop chit nhat dwgc ném tir mat san nam
ngang vai van téc v, hop véi sain mot goc . Trong qué trinh chuyén dong, bé mat 16n cua
khi g ludn song song vai san va khi cham san, khéi gé khdng nay 1én. Hé s6 ma sat truot
gitra khéi go va mit san 1a p. Bo qua sire can caa khong khi. Xac dinh goc ném o dé khéi gb
dirng lai tai vi trf cach diém ném mot khoang L 16n nhat.

Chuyén dong cuia khéi gd 1a chuyén dong song phang, khdi tim cta n6 chuyén dong ném

Xién.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

e . N , J4 , J4 2V, sina
+ Thoi gian tr lic ném dén lac cham dat: t=—2——.
g
2V2.sin a.cosaL

g
Theo dinh lut bao toan co nang, ngay trudc khi cham san, van tdc cua khoi g5 hudng Xuéng,

+ Tam bay xa: L, = V,.coso.t =

hop vé6i phuong ngang goc o va co do 16n bang V.

Goi v 1a van tdc cua khoi gd ngay sau va cham, ta nhan thdy v hudéng theo phuwong ngang
(vi khdi g khong nay 1én).

Do thoi gian va cham 14 At rat nho nén ta viét duoc:

_ - {Fx At=Ap,  [-puN.At=mv-mv,cosa (1)
FAt=Ap= = . .
F.At=Ap,  |NAt=0—(-mv,sina)=my,sina (2)
Lap ti 86 @ ta dugc: —u:w
(2) V,Sina

= V=V, (cosa—psina) (v>0)

Khdi gd truot trén san voi gia toc a, = —ug, duge quang dudong L,

~v? Vg (coso.—psin a)’
~2ug 2ug '
Vay khéi g dimg lai cach diém ném mot khoang

C60-vi=2a,.L,=L,=

. - 2
2V;.sin a.cosa, N Vg (coso.—psina)

L=L,+L,=
g 2pg
Vg . 2
Hay L= 5 (cosa+p.sina)”.
bat u:tan(p=M, Xét
oS

COSLCOSQ+sina.sing _ €os(a—o)
cose cose

y =C0Sa+ p.Sino =

Ta thdy y dat gia tri 16n nhat khi cos(a—¢)=1=a-¢=0<a=¢.

2
Khi 6 p=tana. Tasuyra LSL(HHZ).
2ug

* Bién luan:
+Pé cd v >0 thi coso—p.sina >0= p < cota.

A :
L. =—>(1+p?), khi p=tana.
2
+Néu p>cota thi L, =L, =0 khi o =45" (Vat khong truot).
g
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Bai 30:

M6t soi day khong trong lwong hai dau budc vao mot vat nang va mot thing cat roi vit qua
rong roc nhe cd dinh. Khéi lwong cua cat bang khéi lwong cua thing va bang nira khoi
luong cua khéi lwong cua vat nang. Ban dau cac vat déu & trang thai dung yén. Tai thoi
diém t = 0, qua mot 16 nho & day thung, cat bat déu chay déu ra ngoai (tic 1a cir sau nhitng
khoang thoi gian bang nhau thi lwong cat chay ra ngoai 1a bang nhau). Xac dinh van téc cua
vat nang tai thoi diém 2t, néu toan bo cat chay hét ra khoi thiing sau khoang thoi gian to.

Goi m la khéi lwong cat ban dau. Khi d6, khéi lwong vat niang 1a 2m, khéi lwong cua ca
thung va cat ban dau 1a 2m.

+ Do cét chay déu va chay hét ra ngoai sau thoi gian to.
Sau thoi gian t < to, khéi luong cat da chay ra ngoai la: tmt

0

+ Khi do, khéi lugng cét va thiing 1a; 2m—tmt

Xét hé tai thoi diém 0 <t <to:
+ Ap dung dinh luat IT Niu Ton cho hé, ta co:
m m ., dv
2mg —(2m—-—t)g =(2mg +2m——t) —
g—( " )9 =(2mg r )OIt

0

odv gtdt _ g(t—4t, +4t )dt _ _gdt— 4gt.d(4t, —t) (1)
4t —t 4t —t 4t —t
Gia sir sau thoi diém t, van toc cua vat 1 vi. Tir (1), ta co:
vy ) f _
Jdv:_jgdt_jwjvl :_gt0 _4gt0 In§
0 0 5 4t, —t 4
* Sau khi cét chay hét ra ngoai:
+ Ap dung dinh luat IT Niu Ton:
2mg —mg = (2mg +m)a = a = g/3
+ Van toc cua vat sau thoi diém 2 to 1a:;
ot 3 2

3
v, =V, +at =—gt, —4gt. In—+=—==gt (4In———
2 1 go go 4 3 go( 4 3)
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Phan thi ba
KET LUAN

Bdi dudng hoc sinh gioi 1a mot nhiém vu rat quan trong cua cac truong THPT chuyén.
Déi véi bo mon Vat ly thi chuyén dong ném cua chét diém dudi tdc dung cua trong luc 1a
mét chuyén dé khong triu twong, viéc giai cac bai tip co ban twong ddi d& hiéu nhung giai
cac bai tap nang cao doi hoi phai co sy kién tri, 6¢ tu duy sang tao, phai hiéu Ii thuyét mot
cach sau sic, dong thoi phai ¢d phuong phap phan tich, 1ap luan va tu duy I8gic, khoa hoc
mai giai quyét triét dé bai toan.

Hoc sinh hoc chuyén vat ly trong thoi gian ngan phai nam duoc mot lugng Kién thirc
d6 so, di sau hau nhu toan b chuong trinh vat Iy pho théng dé co du kha niang tham du vao
cac ky thi chon hoc sinh gioi quéc gia, Olimpic Quéc té va khu vuc.

Trudc tinh hinh @6, dé gitp hoc sinh bét nhitng khé khan trong qué trinh hoc tap, sang
tao, tu nghién ctu c6 hiéu qua trong viéc giai cac bai todn vé chuyén dong ném cua chat
diém trong khi kién thuc toan hoc cua hoc sinh con non kém. Toi d& va dang cong tac tai
truong THPT chuyén Bic Giang, tham gia boi dudng hoc sinh gisi nhiéu nam da c6 it nhiéu
kinh nghiém va ciing d4 gat hai dugc nhiing thanh cong nhat dinh. T6i tim hiéu va biét duoc
hoc sinh gioi rat cin mot hé thdng bai tap khé vé chuyén dong ném trong viéc bdi dudng
hoc sinh gioi. Chinh vi vay t6i da di sau vao nghién ctu li luan, néi dung chuong trinh, xay
dung hé théng bai tap dé giang day phan chuyén dong ném cua chat diém dudi tac dung cua
trong luc trong viéc boi dudng hoc sinh gioi;ddc rut dugc nhitng kinh nghiém va phuong
phap giang day tir d6 bién soan tai liéu nay nham gép phan nang cao viéc bdi dudng nang
luc sang tao, tu duy cho hoc sinh théng qua viéc giai bai tap.

Trong qué trinh thuc hién dé tai nghién cau, t6i da khai thac va 1am rd co so ly luan
ctia quan niém vé boi dudng nang luc, sang tao caa hoc sinh trong linh vuc giai bai tap vat
ly. Trén co so kién thac ly thuyét co ban, nhitng vi du dién hinh, ting budc gitp cho hoc
sinh c6 phuong phap, ky ning giai bai tap vat Iy néi chung, chuyén dé chuyén dong ném
cua chat diém dudi tac dung cua trong luc noi riéng.

Viéc suu tim va tuyén chon céc bai tap khdng phai viéc 1am ngau nhién. Céc bai tap
déu nam trong chuong trinh bat budc trong cac ky thi chon hoc sinh gioi qudc gia va ky thi
Olimpic Quéc té. Cac dang bai tap dugc sap xép theo trinh ty kién thirc caa chuong trinh,
cac cap do tir don gian dén phuc tap tuan theo ding quy luat caa nhan thirc. Chinh vi vay,
phai c6 phuong phap tu duy vat ly, giai bai tap phai c6 hiéu biét sdu sic ban chat hién tuong
va ndi dung chinh xac dinh luat vat ly.
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Chuyén dong ném cua chdt diém duwdi tc dung cua trong luc.

Céc bai tap duoc tuyén chon tir cac chuyén dé bdi dudng hoc sinh gioi, tap chi vat Iy
phd théng, dé thi chon hoc sinh gioi Qudc gia, Olimpic vat ly cac nude, Olimpic vat ly
Québc té...

Trong mdi bai tap déu c6 hudéng dan giai, phan tich hién twong vat ly, 1ap luan 18gic
khoa hoc va xuyén suét toan bo kién thic lién quan, co dan dit theo cac cong thuc tinh toan
dé hoc sinh c6 thé ndm bit duoc ban chét cac hién tuong ciing nhu cac dinh luat vat ly.

Pé tai nay la su tich luy tir cac bai giang, nhirng kinh nghiém ma toi d4 st dung dé day
cho hoc sinh cac 16p chuyén, bdi dudng doi tuyén hoc sinh gioi trong nhirng nam qua va da
gat hai duoc nhitng thanh cong nhat dinh. Hy vong dé tai nay s& dap tng duoc phan nao cac
doi hoi vé tai lieu tham khao, phuong phap giai cling véi hé thong bai tap duoc phan loai tir
don gian dén phuc tap, chia ra thanh cac dang va tuong g vai cac cap do cho hoc sinh, gidp
cho cac ban ddng nghiép trong viéc bdi dudng hoc sinh gioi va on thi dai hoc ciing nhu hoc
sinh chuyén, hoc sinh yéu thich mon vat ly.

Rat mong duoc Sy gop Y cua ban doc dé dé tai dugc hoan thién hon, gilp cho cong tac
giang day, boi dudng hoc sinh gioi ngay cang hiéu qua hon.

Xin trén trong cam on!
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