Bai giai

Cau 1.Cac phuong trinh dong luc hoc md ta chuyén dong quay cua 10 xo 1 duogc chia
thanh hai thanh phan doc lap: phwong trinh theo phwong OQ doc truc quay mé ta mot 10 xo dan
déu c6 chiéu dai L, do cing k, khéi lugng m; phuong trinh cta do gidn theo phuong OP vudng
g6c Véi truc quay tring voi phuong trinh mé ta mot 10 xo ciing ¢6 do cung K, khdi lugng m, chiéu
dai HB, hét nhu 10 xo0 2.

Xét phan nho cua 10 xo (v& dam):

Theo phuong OQ chon thanh Ox: & diéu kién mat trong  Q
lwong, 106 xo gidn déu, cac phan tir 10 xo & trang thai can bang,
thanh phan cua luc cing trong 16 xo theo Ox khong di (bang Fo)
véi moi phan 10 xo Fox = Fix = Fo phan nho can bang theo
phuong nay.

Hinh chiéu theo phwong Ox cua phan 10 xo di chon ¢
chiéu dai Ax va do d6 khéi luong cua phan 16 xo tinh bang

Am = m_AX (1)
L
R m AX
Do ctiing cua phan 10 xo: K, =—k=—
Am L
1)

Lwc dan hoi doc Ox:

Ry =Fyy =F, = kiAX = %k.Ax = FAM=mkAX (2)
Tong két qua nay trén tong chiéu dai L cua 10 xo theo Ox, chiing ta cd Fo=kL
Theo phuong OP chon thanh Oy: luc tong hop tac dung I&n phan nho 16 xo di chon c6 gia
téc huéng tdm a = w?y, Vai o la van téc géc cua chuyén dong quay. PT dinh luat Il Newton cho
chuyén dong tron déu:
Fay — F1y = Amap Fy(y) — Fy(y + Ay) = Amag 4)

. dF,
Khai trien Taylor ham F (y +Ay) =F (y) + d—yAy +... thay vao phuong trinh (4),
y

2
. m
xem Ay ~dy, Ax = dx Viet dugc —d(F)) = Twy.dx (5)

M3t khac theo hinh: F, = F,.tan o = Fx.j—i =F.y

2 ' 2
. Mo dly) mo
Thay vao (5): —F,d =—vyidXe ——L=—
yvao (8): ~Fd(y) =——y ix  FL”
2
' . mo
L
Phuong trinh (6) c6 nghiém: y) = Acos(QX + @) (7)
Tir diéu kién y(0) = OB = A va y(L) = Ry, cha y (2) tinh dugc
A=0B= Ry 8)Vagp=0 (9)

(4]

Vay hinh dang 10 xo 1 ¢6 dang mot phan hinh sin ¢6 phuong trinh:

y(X) = {FEOm cos[\/%%mxj (0<x<R,) (10
Cos| ® (j}
k




2. Nhan xét quan hé hinh chiéu cua 10 xo 1 trén OP va 10 xo 2, chiéu dai 10 xo 2 duoc tinh:

=

3. Khi tang cham @, COS[(D[ D giam, khoang A ting. Tir (11) cin c6 diéu kién

HB=A-R,=R, (11)
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®,[— < — tinh dugt ® < —F—<=®, vy 0y = —F——— (12)
Vk 2 m m
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4. Khi o> o cac 10 xo s& gidn vd han (theo ly thuyét véi céc gia dinh d& bai), vi hinh
chiéu cta 16 xo 1 I1én OP ludn trung khit vai 10 X0 2 nén trong suot qua trinh dan thém, hai dau 10
X0 1 va 2 ludn vudng gdc va cung mot vi tri trén truc OP & moi thoi diem, vi the chiing khdng
twong téc v6i nhau. Dieu nay chi dung khi hai 16 xo con dong phang. ’

Nhan xét: Trong thuc té, chiéu dai cuc dai caa 10 xo van la hiru han, véi van toc goc téi gia
tri rat Ion, luc lién ket cac phan 10 xo dat gia tri toi han, bién dang cua 10 xo chuyén thanh bién
dang con du va c6 thé dut gdy, tu do khi dinh luat Hooke khong con dugc &p dung.

Cau 2:

d :
1.a) Tur dinh luat Fourier, dit A = d_? c6 biéu thic:

A= _kds9T :—bﬁ.anKC:j—T S A dr = T 2n0dT
r r

dx

R, A T,
j S =— j by/T.27dT
R r

1 Tl
Tinh dugc: (2? In I;Z = 4T;b£ (JT?—JT?) (1)
1

R
3(T,-T,)In-2
(-T2

Tongtronhletduoctmh R T T = 1
dQ 4nb€(\/T713—\/T7§)

dt
Tu jéd :—IZKan_deuy raAInRL=4nb€(\/7 F) 2)
Rl l

r 2/3

InL
(1) Va2 suyra T = \/TTS— 5; (ﬁ—\/ﬁ) 3
_ In1 _
R
2 Tir Aj . dr = —2nk([ *dT >R —Ini
T o 2nke



dT _ o= (T T,)
't R _ _
01 —)C1C2 d(Tl TZ) :—(C1+C2)T1 T2

C dl_Q': (Tl_TZ) dt 01

| T dt Ros

Hay d(T,-T,) __(C +C2)T -T,

dt Ror
(C, +C2)
S T, =T, =(T,y —T,)ex 4
uy ra: = (T —Ty) p{ R,.C.C, (4)
CiT1 + CoTo = CyTyo + CoToo (5)
(4) va (5) suy ra
C, +C C C
T,(t)= Ty — Too) X L 2|+ —L T, +—2-T
1 (1) 1 Cz( 10~ T20) p{ R,.C.C, } C.+C, 10 C.+C, 20
T,(t) = & (Tyo —Tyo)exp| - SR t|+ “ T10+LT20
1 +C, R,.C.C, C,+C, C, +C,
Inllz‘:;2

Véi Ry, = L

o R 2nk?
Cau 3:

1. Nang lwgng mémen tur tac dung vai tir truong ngoai:
e eh
U=-uB=+—B=+tm;B
r 2m 1
Goi 6 MO men tir cung va ngugc hudng voi tur truong ngoai lan lugt 14 N+, N.. theo phéan

$moB
bb Boltzmann, tacd: N, ~e KT .

-myN, + m,N
Mdmen tir trung binh M =—2—+ -0 -
N, +N_
Momen tir cua hé:
mB  _mB
_ kT _g KT m,B m;B
M= =1, g e <m0
e kT +e kT
B B
Mat khac: M =yH =—— X ~ 12
I+x 1o Mo
" ( eh j
B miB 0
LB < n202 i do xéc dinh duoc x:ni *)
[T KT KT

2.a) Viét ham phan bd mat do xac suat theo goc va xac dinh hé s6 ¢ huan héa Mémen tir
M, c6 thé co huong bt ki, mat do xac suét theo goc 6.
u=-m,B, =m,B,cos6, du = p,B, sin 6do

m,B,cos0

f(0)= Ae (/KT g—g =Ae K sin@

Hé sb chuan hoa:



1 KT 1 a KT

A = = = a=
n  myB,cosd myB, myB, myB; mgB; '
m,B,

je KT sin0do mOBlekT _e kT g KT _g kT
0

2.b) Véc to tir hda cung phuong vai tir truong tac dung ét

L m,B,cos6 ea N e_a ea B e_a
g = ijocosee KT sin6d6 = AmON{ - }

0 a a
Thay vao A ta dugc:

ef+e? 1 1
| =myN| ——-=|=m,N| cotha—=
° La —e? a} 0 ( aj
vay | =mgN| coth KT _ mgB, )
m,B, KT

2.c.i) Pong gop cua tir truong phy rat nho: b~ 0

o Kk
- Khi cuong d6 tir truong ngoai B rat nho: a = B <<1
m
0

2
cothaz1+E nén = Nmg
a 3 2kT

- Khi cudng do tir truong ngoai B rat 16n va nhiét do rat thap.

kT
a=———o0, cotha — 1 do d6 Iyy = Nmg ttng véi do tir hda bdo hoa

m,B
2.c.ii)Pong gop cua tir trudng phu rat Ion: Di véi sit tir b>>1. Nén B=bl
myol bl | | | T bl
a=—0—=—M _ 91— _ —_g71=-—M )
KT NKT I, Iy Iy 3t Nk
I 1
Tu (1) suy ra; — =cotha——

— goi la d6 tr hoa ti doi. Cong thic (2) pho bién cho moi chat sat twr, (3) pho bién véi
M
moi chat sit tir nhat dinh twong Gng véi mot gié tri cua T/x.
Caud:
A-Chuyén dfng véi nang lugng E trong truong xuyén tam U(r):
1. Viphan do dai quy dao chuyén dong cua vi hat
ds =ds,e, +ds,€, =dre, + rdoe, = ds, =dr,ds, =rdo
Véc to van toc cua hat trong hé toa do tru (cuc): V = €, + rog, ={f,r0,0}
Thay vao biéu thirc mémen dong lugng:
g, ¢

v 0
Nhu vay, moémen dong luong quy dao L cua hat ludn ¢ chiéu cua vécto @Z va do lon

bing L, = mr?0 = rp, khong déi.
2.a) CAac gid tri co thé co cua L,. Ap dung quy tic lwong tir héa cho toa do 6:



$pedS, = Ppordo =L ,do=2nL, = (ne + %)h

Ng=012..=> Lzz[ne+%jh (1)

b) Biéu thtrc cua p; rit ra tir biéu thire nang luong cua hat
2 0’

2 2 2 2

Pr +Pg P, L 1j h
E="—""+U(r)=—"—+ +Ur——+ Ng+—=| —=+U(r

2m ") 2m  2mr? ") 2m (9 2) 2mr? ")

:>pr:\/2m(E—U)—L22/r2:\/Zm(E—U)—(ne+%j K2 r2 )

¢) Quy tic luong tir héa cho toa do r:

quds —qudr_(n - jh n,=012,.

r, r, 2
:>2j\/2m(E—U)—LZZ/r20|r:2j\/2m(|5—U)—(n6 +%j 52/r2dr:(nr +%)h (3)

n n

3.Theo goi ¥, dao ham 0 theo r, rdi st dung (4):
de dodt 0 mre L, L,

drdtdr f o omri rrz_rz\/Zm(E—U)—Lzz/rz
do dodt 6 mr’ f L,dr

Tuddy: —=——=—= =
drdtdr f mr? pr : r1r2\/2m(|5_u)_|_22/r2
ry
L, dr =1 (dcpecm) (4)
" nrz\/Zm(E —U)-L2/r?
Phan B: Electron chuyén dong trong truaong Coulomb U(r) = —ki
r

D3 biét, chuyén dong cua électron trong trudng Coulomb véi ning lugng E va hinh chiéu mémen

dong luong L, thi quy dao la duong conic ¢6 phuong trinh [ = ——:
1+ ecos0

L2 2EL?2
P=—2>¢=,/1+ £ 5
mke? mk2e* ©)
L
P _ mke?

Khoang cach cuc can va cuc vien I, =
T 1xe 2EL?
1+, 1+ 5 24
mk“e

2. Electron c¢6 niang luong E < 0, dat W = -E>0 rdi thay vao biéu thuc tinh tam sai (5) cua dudng

mk?2e* mkZe*
Tu (3), (4) va (1) tacod

h=2{ J2mE—U)— L2 / rPdr =2 2ME-Y) - Ly /1
( ZJ Nm( ok j\/2m(E U) - L2/rIr

_ 2EL? 2WL2
conic €=, |1+ =,/1- <1 twong tng véi quy dao 1a cac duong elip.




L, dr=

r\/2m(E U)-L2/r?

_zj 2mE-Y) 4 _om _ZJ 2m(E - U) dr—(ne+l)h
"\2M(E-U)— L2 /12 J2M(E-U) -2 /12 2
batn= nr +no + 1 goi 1a s6 lwong ti chinh (n = 1, 2, ...), tir ddy rut ra:
I Am(E — U)dr
Ly 2ME-U) - /12
4) Tinh tich phan (10) bang cach bién ddi va can tich p han

2m(E - U)
=2
I\/Zm(E U)-L2 /12

d—zl_j

=nh,n=12,... (dcpcm) (6)

12
p 2 ke? W2
Tinh can tich phan: 1, , = = mke = 1+ 1-—=% |=
© 1te i h 2WL2  2W mk“e
B mk?e*
ke2 \/kz 4 2
[, ———=FXq, Xo = —~
127w T TR R T aw? T 2mw

- ke? ke? ,
Doi bién X =1 — W trong tich p han (10) thay E = -W va U(r) = ———, cht y dén tich phén
r

xdx

hamle
am| w- K¢ Jar
f 4m(E — U)dr f X
L 2M(E-U) - L2 /12 r1\/ [ J g
7_W 2
r r
2 2
) (o )
-2 f = —2/2mW |
W 2mw AW2 2mW W
2
X (X_IZ(\G/VJCIX 5 « ]
0 o «
=—2\/m —k 2
—io Jxg-x? W_L\/xé—xz
1
=ke® ij ®_ _ke? [2M
W V1t
21,2,4 2 2 4
T do tinh duge: W, = mznhz#: E. :_m%
n n

5.a) Biéu dién E, qua hang s Rydbert ly thuyét (c la téc do anh sang trong chan khong):



21,2,4
E, =—Rwhci2(Roo _ mm] (8)

n h’
2 2,4
n“mke 13,6
b) E, =— =222 _0.85(eV 9
E, an? 16 (eV) (9)
2 2,4
OR, :% ~1,09738.10'm ;R =1,09678.10'm *
C
j_Ro—R_109738-109678 (o0 o o
R 1,09678

Cau 4:
Thiét 1ap phuong an dwa vao vi tri can bang caa hé vat (co thé treo hé trén gia treo dé hé can bang
trong mat phang vubng goc vai .

C X

day treo,...) o > X

h h

o ®Cu G‘Q Q

LM

AL

Vi tri khdi tdm trén truc Ox:

ml(%—ll)+m2(%—ll)+M%)

m, +m, + M
Xéc dinh Iy Goi | 1a chiéu dai cua day treo vat,
xét mo hinh con lic vat 1y (hai day treo d6i xing
v6i nhau qua vi tri khoi tdm nhu hinh v&). Cho Hinh 3. Hinh 4.
con lac dao dong vai li @6 goc bé (co thé bo qua
chuyén dong tinh tién caa con lac). ”
Chon géc thé nang tai vi tri can bang cua hé, thé 4 l

nang cua hé tai li d6 goc o:
g

U=(M+m, +m,)gll-cosa)=(M+m, + ruz)gu7

Xc = (2)

Mat khac: Ro=lao=a= ?
(Rp)’

Tasuyra: U=(M+m;+m,)g ol

lo* 1 R?
Coningcuahé: E=T+ U :7+§(M +m1+m2)97(p2 = const
Dao ham hai vé phuong trinh theo t:

. gR? .
lcoo+ (M +m1+m2)7(p(p20

. gR? ) gR?
= Ic(p+(M +m1+mZ)T(P:O@(P'F(M'le'FmZ)ﬁ:O
C
\ A 5 < 2IIC
Chu ki dao dong cua con lac: T =21 5 (2)
(M+m,+m,)gR



ML? L \ o
Trong d6: | = T + M(E_ xéj +my (I, —Xxc)? +m,(l, + Xc)* Ia momen quan tinh cua
hé dbi voi truc quay qua khdi tam.

21l 1
(M+m, +m,)g R?
Néu ta cb dinh | va khao sat sy phu thudc cia chu ki dao dong T con lic vao R. V& db thi biéu

T (2) ta co: T? = 4n?

" . 1 . .
didn ham sé: T? :f(ﬁ), xac dinh hé so goc oy cia do thi ta c6 duoc phuong trinh:

2l
< (3)
(M+m, +m,)g
- Gitr nguy@n gié tri R va khao sét sy phu thudc caa chu ki dao dong T con lic vao chiéu dai I. V&
dd thi bidu didn ham sé: T = f(1), x4c dinh hé s6 goc o, cua dd thi ta co duoc phuong trinh:
o, = 4n 2l . (4)
(M+m,+m,)gR
- Giai hé phuong trinh gdm céc phuong trinh (1); (3) va (4) ta xac dinh dwoc cac gi tri l;, my va
mo.
*Cac budgc tién hanh thi nghiém:
- Dung thuéc xéac dinh chiéu dai L cua thanh.
- Treo hé trén gia bang 01 day dé hé can bang trong mat phang vuodng gbc véi day treo.
- Dung thudc do khoang cach tir mot dau dén vi tri can bang, ta ¢ duoc gia tri X..
- Khao sat su phu thuoc T vao R:
+ Treo con lic vao gia treo nhu hinh 3
+ Dung thudc do chiéu dai | cua day treo, khoang cach R tir vi tri day treo dén khéi tam cua hé.
+ Cho con lic dao dong véi bién do bé, dung dong ho bam gidy xac dinh chu ki dao dong con lic.
+ Di chuyén vj tri day treo trén thanh va 1am lai cac buéc thi nghiém trén.
+ Lap bang s liéu:

R
1/R®
T
T2

= 4r?

. . 1 .
+ V& do thi ham so: T2 =f (?j x4c dinh hé s6 géc oy.

- Khao sat sy phu thudc chu ki T vao I:

+ Treo con lic vao gia treo nhu hinh 3

+ Dung thudce do chiéu dai | cua day treo, khoang cach R tir vi tri day treo dén khéi tam cua hé.

+ Cho con lic dao dong véi bién do bé, dung dong ho bam gidy xac dinh chu ki dao dong con lic.
+ Thay dbi chiéu dai ciia day treo va 1am lai cac budc thi nghiém trén (luu y khong thay doi vi tri
day treo).

+ Lap bang s6 liéu:

|
T

T2

. . 1 .
+ V& do6 thi ham so: T2 = (T , xac dinh hé s6 goc a.



