II. PAP AN - THANG DIEM

Cau |

Noi dung

| Piém

Cau | (4,0 diém)

1.

Goi Vv, V' la van toc cua khoi hang trude va ngay sau va cham vai con quay. Dinh luét bao
toan moment xung lugng

by nl |
by Vv by v M)t e
Mv'[r+—}+nl—+l—:Mv(r+—j+nl— = V'= v=aVv (1)
2 rr 2 r ( bj ni
M r+§ +T

0,50

7. b . N A A 5 A1 r . 7. < A
Véi n=—. Goi V" 1a van toc cua khoi hang trude khi va cham vdi con quay tiép theo.
a

DPinh luat bao toan nang lugng

Mgasinoc:n?l(oo"z—w'2)+%(v”2—v'z):%(?—:+Mj(v”2—v’2)

2 _ 2Mgasin o

nl
—+M
.

= V'©-v =b, (2)

0,50

Tu (1) va (2) suy ra: V" =ja;Vv’ +b,

0,50

Taco: v, =4/b,; v,=yfalb,+b; v, :\/af(afb1+bl)+ b, =\/b1(af+af+1)
m m+l

St dyng cong thie Y X' = X
i=0 x-1

ta c6 van toc cta khdi hang & 1an va cham thtr m
b,(a™ -1
Vy = b(&" 1) 3

Vian tc cuc dai ctia khdi hang duoc xac dinh khi m — co. Vi khi thay sb a,=099<«1
chudi lity thira s& hoi tu nén

b
V. =V = I L~ =52(m/s)

1

0,50

DG cao cua khoi tam G trudce va cham

h, =%sin(a+45)

GOl 0,5, Vyq) (Vo5 = 0,3AG) 12 vin toc goc va van toe cua khbi hang ngay sau va cham

e A e o . . 1 s
(khi G ¢ vi tri cao nhat) v61 gia A. Moment quan tinh so vé1 truc qua tam: | = N Mb? va

quaA: 1, =§Mb2.

0,50

Str dung dinh luét bdo toan nang luong E, =E,
1 1 b . ) Mgb
E2 :EIA(Dg +Mgh2 :ész(Dg +Mg—5|n(a+45), E3 :f

2

E,=E, @%szmg + Mg sin (o + 45) =

2

(Do dé khéi hang dén dugc bang tai C thi o, >0,v, >0).

Mgb

N *)

0,50

b
Dinh luat bao toan moment xung lwgng: Mv | 'l Lo, (%)

0,50
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Cau Noi dung Piém
Véi v, dugc cho boi (3), (**) va(¥)suyra m=24=L=b+m-a=160m. 0,50
Cau Il (4,0 diém)
1. | s6 murc ning lwgng trong khoang de & nhigt d6 T: dn(g) = 2r(2m)*?gVh=>Vede (1)
Truong hop tong quat, sd hat ciia hé ¢ nhiét d6 T:
T 2n2m)*?gvt  ede
N = [z, T)dn(e) = ( hz | . )
0 Oexp| o+-— |-1
p( ij 0,50
) 3/2 0 3/2
nang lugng cua hé: E = jgﬁ(s,T)dn(S) = 2n(2rrr]12 v g ds 3)
0 0 exp(oc + gj -1
kT
Pay 1a cac moi phy thude an cua o (hodc p) vaE vao T vaN.
Truong hop suy bién, bo qua 1 $0 vOi ham exponent:
3/2 3/2 3/2
_ 2n(2n31) gV 7 f 26K e 2n(2ka) s\ nyz e d (ZmnksT) gVv @)
h°e“ 5 h°e 0,25
e 2RV f g, 2n(2m)3’ZgV(kT)5’2 [ ke iy
h%e* he® : 2h%"
()
2. | Vi o khéng dm va déng bién véi T, nghia |13 khi T gidm dén To, o gidm dan dén 0 va khéng giam
hon dwoc nira. D& tim Ty, ta dat trong (2) aa=0va X = % :
0
N = 2n(2m)3lng°j3 Jede _ 2m(2mKT,)**gV ¢ /xdx _ 4,62n(2mkT,)**gV ©)
- 3 3 3
h D exp—o —1 h -1 h 0,50
KT,
h? N 2/3
T, = 7 (—) >0 (7)
2mk(4,62ng)“" \ V
. . mN h? mN
Thay s0, trong (7) khoi lvong riéng my=—— ¢c0 T, = ~ 2,8K
y g ( ) ong g 0 V 0 2m5/3k(4, 627[)2/3 ( j
3. Khi 0 < T < To thi s6 hat tham gia chuy&n ddng nhiét con lai la
,_2n(2m)**gV: Jede _ 2m(2mkT)*?gV txdx _ 4,62n(2mkT)** gV
N"= 3 _[ 3 X 3 <N
h 0 expi—l h o € -1 h
KT 0,50
' 32 32
ﬁ: T —>AN=N-N'=N 1—% (8)
N T, T,
1a s6 hat chuyén sang ndm & pha ngung tu.
4, -
Nang lvgng bao toan, nén E+ AE = NE-(1+B)EAN (8)
N-AN
Bo6 qua VCB béac cao AE = —B— (9) 0,50

Nhiét d6 cGa hé sau chu ki d4u tién la:
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Cau Noi dung Piém
T =T, +AT=T,| 1+ AT 'I'i1+AE 1- B—j
'I'i E
(& day str dung AT /T, = AE/ E do néng lugng ti 1é v&i nhiét do).
Nhiét do clia hé sau chu ki th& hai la:
2
T,=T,+AT=T|1+ AT, (1 B—j _pAN; :Ti(l—[_’)ﬂj
T1 N, N
(do AN/ N =AN, /N, I3 hang s8).
AN
Vay nhiét do sauchukithernla: T =T, | 1- BW (10)
0,25
350
Tinh s6: T = (1—[3%) ~170nK
5. | Ap suat cta khi suy bién
_2E_4n(2m)gT  &7ds _ 4n(2m)"g nglz o KT de
3V 3h 2 ex L&) 1 3h’e” ¢
p| @ KT 0,50
3/2 5/2 3/2
_ 4n(@2m)* (kT)"'g I SN 1) i TR PO
3h’e” 3he* \Y
Chinh 1a phuong trinh Clapeyron — Mendeleev.
6. | Trongviung0<T< Ty, ddta=0vax=¢e/kT:
3/2 o © . 3/2 3/2 5/2  © ,3/2 3/2
_ 4n(2m3) g _[ g de _ 4n(2m) ng) g ¢ x”dx _134 (2mn) g (KT)™? (12)
3h 0 kT 3h e -1
exT -1 0
Nhu vay & vung nhiét dd thap hon nhiét do téi han, dp suat chat khi Bose chi phu thudc nhiét do 0,50
ma khéng phu thudc thé tich. Khi T—0 thi p— 0, khi Bose khéng gy ap luc trén bé mét bj
phun vao.
7. g2mkT)** V.V g :
T (4) tardtra e* = —=—=(| -
h® N N2
\ . , . 0,50
O day, A =h/~/2nmKT 1a budc séng de Broglie ctia hat chuyén dong nhiét va a=3/V /N
1a khoang cach trung binh cta céc hat. Trong ving nhiét 46 cao e* >>1 nén ching to rang
a>>\.
Cau Il (4,0 diem)
1.a) | Mdi mot vong trén 6ng diy coi nhu mot ludng cuc tir pm. Dicu nay co thé duge tudng tuong
) L
nhu hai don cyuc tir ngugc chiéu nhau +q,, ¢ khoang cach d = N’ cling 1a khoang céch gitra
hai vong sat nhau. Xét toan bo dng day, ta dwoc mot chudi cac ludng cuc nhu vay, & day cac
don cuc ddi dién cua cac ludng cuc 1an can triét tiéu nhau, trir hai dau dng. Ludng cuc cia | 0,50

mat vong day la:
D? L n D’IL
Pm T 4 Pm =Un qu Un 7 N

Twong ty nhu dién tich diém, tir tich diém qm gay ra tir truong tai diém T
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Cau Noi dung Piém
Mo Op 5 _ MDPIL ¥
B(r) = = —
") An r> " 16N r®

Vay, tir truong tai diém T 14 do tong hop cta hai don cuc tir +q,, dat ¢ hai dau 6ng day:
TR 2 <. 13 = =% 2
wD’IL T D’IL r+Le23;é():7{r r+Lez}_x:u0D IL

16N r* 16N [f+Lg| roT+Le] 16N

B(r) =

Tur cong thuc (1), dé dang xac dinh duoc:

z z+L 1 1
B.(p2)=A| 57— 3z By (p.2) =2 2 _2y32 312
:(p:2) (p*+2)"* [+ (z+L)] } (¢.2) p{(P )7 [pP+(z+L)] }

0,50

1.b)

Suat dién dong cam tmg trén vong day dan, sir dung cong thirc:

- D
& =[L|](va)dz =V, B,(D/2,2)2n

e =V 2 D*A 1 3 1
C z" 4 (D2/4+22)3/2 |:D2 /4+(Z+L)2:|3/2

\ A o . &
Dong dién cam ung: i = EC

Luc tir tac dung Ién vong day kim loai: F=i.B (D/2,2).2ma

D D 4 D\? 1 1
=IBp(—,Z)27E—=VZ- 2/ 4)32 T, 2732
2 2 8R | (O/H™ [D?/4+(z+L)]

0,50

X F
Phuong trinh chuyén dong ctia vong: F—-Mg=-Ma, = a, =g ™
2
n u: DI’ 1 1
512 MRN?| (D*/4+z )3’2 [D2/4+(Z+L) }

f(2)=

n’ug D°IPL? 1 ~ 1
512 MRN? | (D*/4+2%)%* [D2/4+(Z+|—)2:|3/2

So sanh va&i bi€u thuc 1, suy ra:

dv, (t) _

dt -V, (t)

2
m’ué D°IPL? 1 1
512 MRN?| (D*/4+2%)%* [D2/4+(2+L)2]3/2

C=g:f(z2)=-

0,50

2.a)

Hi¢u vng vat Iy ddu tién va quan trong nhdt dwoc xét den la tir thong hi¢u dung dia phirong
trén tam lwGi siéu dan bi ham tai ché. Nghia la, khi tam luoi dwoc lam lanh dén khi chuyén
sang trang thai siéu dadn, thi tir trieong tai cdc vi tri trén tam ludi sé  khong thay doi, khi thay
doi vi tri ciia luéng cuee tir pm. Do tir truong doc theo mdt phdng ciia tam siéu dan dwoc xdc
dinh la tir triong hiéu dung, do do bai todn chuyén thanh bai toan diéu kién bién va thiwong
dwge gidi bang phirong phdp “dnh tir”.

Néu lwong cuc dwoc di chuyén di ra rdt xa ludi, khi @6 bat buéc phdi co mot luong cuc tie
danh ¢ mot vi tri xdc dinh d@é cho tir trwong trén ludi khong thay doi. Nghia la ludng cuwc anh
tir nay sé o vi tri cach tam luwoi mot khoang zo (khdc phia so voi luong cuc twr thuc), va co
vécto mo men tur cung huong va do lon voi mo men twr cua luong cuc tir thue. Khi dwa luong
cue tir thue ra xa vé dat tai vi tri cia khoang cach z. Pé triét tiéu tir truong trén tam ludi
siéu dan do ludng ciee tir nay gdy ra thi can ¢6 mot luéng cuc tiv dnh ¢6 mé men tir -pm
(nguoc chiéu lwong cuc twr thuc) o vi tri doi dién ludi mot khoang cach z. Nhu vay, hé g&m

0,50
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Noi dung

Pieém

mot lwong cuc tir pm 0 Vi tri z va tam lwdi siéu dan dwoc thay thé boi hé hiéu dung gém mot
lwdng cuc tir thue pm 0 Vi tri z va hai ludng cyc anh pmva —Pm 0 Vi tri lan luot la —2o va 2.
Truoc het, ta xét tinh mo men ludng cuc ttr pm, Pm c6 theé coi nhu mot cdp don cuc tur (tu
tich diém) lan lugt 14 qm va —Qm dat cach nhau mét khoang d sao cho p,, =q,,d. Cam Gng tir
tai vi tri cach ludng cuc tir mot khoang x>>d la:
B( ) ”0 qm “’0 _qm ]
an X2 4n (x +d)°
O day qm dit & goc 0, -qm dat & vi tri —d tren truc 0x, diém khao sat x.
s d
Léy gin ding: B() ~ 422 o da 2 29y _ o dnd_ o Py
4 X* X' 2n X 2nx°

Tai vi tri x, dat mot ludng cuc tu khac c6 md men ciing bang pm cting chiéu véi ludng cuc
tir & goc toa do. Khi do luc tir tac dung 1én ludng cuc tur dét tai x duoc tinh boi

F= _qu(X) +qu(X +d)

dB 31, P 3u, P;
F~-q,B(x B(x)+d—|=q,d| -~ —2"2 |=——2
Ay ()+qm{ (x)+ dx} Uy ( o XJ Sy~

Dau “-” thé hién hai ludng cyc tir song song, cung chiéu, dit cach nhau khoang x s& hit
nhau.

Trong bai toan nay, ludng cuc tir dat tai z s& bi hut bai ludng cuc anh tai vi tri —zo va bi day
boi ludng cyc anh tai —z, vi vay:
Fe_ 3u, Py, n 34, Ph _ 3uoPn (1 1
2n (z+2,)* 2m (z+2)*  2n \16Z2° (z+z,)*

0,50

2.b)

Ta xét truong hop tha vi khi z Xép X1 béng 20, 2=1, +8;|8| << z,. Khi d6 ta co:

_ 3Hopﬁ1 1 _ 1
2n |\ 16(z,+8)" (2z,+9)*

2 2
z%% (1_42)_(1_46/2) __ 3M0pm5 S. Fra— 3l'lopm L5,
2n 16z, 2m.16z, 32n.z;

0

0,50

Hopm 8 0:>0) — 3Mopm

Phuong trinh dao dong cua ludng cuc tir: 8"+
32n.z, M 32n.z, M

0,50

Cau 1V (4,0 diém)

Lap truc Ox c6 goc tai mép A ciia khe S1 va hudng theo chiéu tir mép A dén mép B cua
khe. Xét mot dai hep do rong dx tai toa dd x (cac canh song song voi cac canh cua khe).
Goi Eo la bién d6 cia dao dong sang trén toan by mat khe thi bién d¢ dao dong tai dx la

E \ .
a—o dx . Coi pha ban dau cua dao dong trén man do mép A gy ra bang 0 thi phuong trinh
1

E 2nXsin©
dao dong do dx gay ra trén man theo phuong 0 1a: dE = a—o Cos(cot + TCT)dX
1
Phuong trinh dao dong do toan bd khe gay ra trén man la
1E 27xsin
E= I—Ocos(mt + Mde
0 A

a;

0,25

. (ma,sin®
sin| —— .
A ma, Sin O
n cos| ot + —
7a, Sino A
q A
Nhu the bién do tong hop va cuong do séng tuong Ung la

Thuc hién tich phan sé c6: E =E,

0,50
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Noi dung

Pieém

. . 2 .
sinu sinu ma, Sin 0
A, =E, Lo, =A2=1, L1 =B u=—"2——
u, u, A

2.a)

Goi Eop la bién d6 dao dong sang tai mat khe S1 va cho rang pha ban dau cua dao dong sang
tai mOt diém trén man gay ra boi khe nay bang khong thi, theo két qua cua cau 1, phuong
trinh dao dong do khe S1 gay ratrén man E la : uy = A1 coswt
sinu 7a, Sin o
Trong do: A, = E, L,ou=—"~=——
u, A
Khi d6 phuong trinh dao dong gay bai cac khe Sz va Sz twong tng 1a
U2 = Az cos(ot + @21), Us= Az cos(ot+ @s1)

sinu a,sin® sinu a,sino

voi: A, =2E, 2, uzznz—; A, =3E, 2 u3=n3—
u, A u, A

2nd, sin 0 _ 2n(d, +d,)sin® 3nd,sin©

Py = N P; = " = N

0,50

Do d6 dao dong sang tong hop 1a (chuyén sang dang phc)
u=e“'(A +A™ +AL™), 5= 7d, sin®

A

0,25

sinu, _sinu, sinu, _sinu
ul u2 u3 U
: [ i [ i sinu
Thanh thir: u = Ae'" (1+ 202 | 363.5) A=E,
u

Vi 0 1a nho nén co thé coi:

0,50

va cuong do tong hop 1a:
. 2
* Sinu
1(6) =uu” =1, (14 + 4cos 25+ 6c0s 35 +12c0s ), 1, =E; (—j
u
Céch khac: C6 thé diing phwong phdp véc to quay ciing thu dwoc két qua nhu sau.
Biéu dién cdc dao dong bang cdc vec to A, 2A, 3A véi cdc géc tao véi truc Ox tiwong g
0, 26, 35. Tir @6 dé dang tim dwoc cdc thanh phan ciia véc to tong
A, =A+2Acos 26 +3Acos 35; A, = 2Asin 25 +3Asin 35

Va do do (chu y cos20.cos36 + sin20.sin36 = cos(30 - 20) = cosd) thu dwoc

1(0) = AZ + AZ =1,(14 + 4cos 28 + 6¢0s 38 +12c0s §), |, =E sinu
X X 0
u

0,50

2.b)

Cuc dai chinh twong tng véi cac song dong pha tirc 1a

6=2kn—>sin9:2kd£,kzo,il,iZ...
1
A f
va khoang cach giita hai cuc dai chinh lién tiép 1a: AX =.0 = Zfd—=—
1

0,50

2.0)

0
Vi 0 =01 thi | = Imax = 36lo, do d6 vai 6 = 01/2 thi ez%zsin%z— do do I( j

0,50

2.d)

Cuc tiéu do nhiéu xa gay boi mot khe xac dinh boi diéu kién
SinO—k> k=+1+2..
a

Do d6 d6 rong cua van sang trung tam la: AX =f Z—X

a

0,25
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Noi dung

Pieém

Cac d0 rong cua cac van trung tim giy bai nhicu xa cuia cac khe riéng biét 1a
PSR L N VI - B IRV L
a, a, 10 a, 15

va s6 cuc dai chinh trong miénL1a: N=2 [i} +1=7
AX

0,25

Cau V (4,0 diém)

Do chi c6 mét dung cu la coi D dé nhan biét thong tin nén ta phai st dung phuong phap cau
can bang.

0,50

Xéc dinh gia tri cua tu do.
Mac mach dién nhu hinh vé dé€ tao cau can bang. Goi tan s6 goc cua ngudn xoay chiéu la .

0,75

Cau can bang khi Z,,.Z,, =Z,,.Z,,
1 1
C6Z,=R+—+;Z,=

jOJC ; Zzs = Rl

jO)Cl C
:i+j(oCX—)Zz4= -RX 1<
24 Rx 1+ J(DRXCX %

1 R 1
Tir(1)co | R +- — =— R,
JoC ) 1+ JoR,C, JoC,

1+ joCR)joCR, =1+ joR,C,)R,.joC
R,C, +JoCRCR, =R,C+ joR C R,C

Ngudn xoay
chiéu

0,75

Giai va dat cac phan thyc va phan 4o bang nhau ta c6

R,C,=RC—oR, = R1C£

1

R
RC,=C,R, >C,=C,—

R,
Nhu vay khi lap mach cdu nhu hinh v&, bang viéc diéu chinh R va C lam sao dé ciu cén
bang tirc trang thai coi khong con kéu ta tinh dugc Rx va Cx.

0.25

Xac dinh tan s6 ngudn xoay chiéu.
Dua theo phan trén ta da xac dinh dugc cac gid tri Ry, Cx. Ta mac lai mach nhu hinh vé
Trang théi cau can bang Z,,.7Z,, = Z,,.Z,, V6i

0,75

=R +_i

JoC
i:i'i‘j()\)cx _)223 :_R—X
Z, R 1+ joR C, )

Giai phuong trinh can bang ta c6

Ri—1 R, =—Rx g
joC 1+ joR,C,

Z 2 =Ry 12, =R, 2

13

X

Ngudn xoay
chiéu

0,50
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Noi dung

Pieém

(1+joR,C, )(1+ joCR)R, = joCR R,

1-»’R,C.CR+ jo(R,C, +CR)=CR, %

2

1

1= (DZRXCXCR >0=—
JCRR,C,
R R, C R
RC,+CR=CR, -t > 21t="24+—
R, R, C Ry
Nhu vay didu chinh R va C d&n khi cau cin bang ta c6 thé xac dinh dugc tin s ngudn xoay

1
21,/CRR,C,

chiéu f =

0,50

Tong diém toan bai

20,00
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