- Hai cudn day quan vudng géc nhau: mot cuén quan doc xuyén 161 goi 1a cudn diéu che, mot
cudn quan quanh thanh ngoai goi la cudn tin hi¢u.

Hoat dong:

Khi cho dong dién xoay chiéu c6 tan sé khong qua cao chay qua cudn diéu ché thi d6 tir thim
4 cua 15 bién thién theo thoi gian.

Dit bién tir cong tir vao ving tir truong déu do cudon Hem-hon (xem mo ta bén dudi) tao ra.
Lac do, gitra hai dau cudn tin hiéu xuit hién mot dién ap xoay chiéu c6 bién do E, ty 1€ thuan
v6i thanh phan cudng do tir trudng Hy doc theo truc cua 18i bién tir cong tir. Khi khong cé tir
truong ngoai (da khur tir trudng Trai DAt) nhung van gitt dong xoay chiéu trong cudn diéu ché, ta
thiy dién ap trén cudn tin hiéu ciing tit theo.

Cugn Hem-hon (Helmholtz):

Cudn Hem-hén 14 thiét bi c6 thé tao ra mot ving co tir trudng déu trong 10ng cua nd khi co
dong dién chay qua. Cuong dd tur truong do cudn Hem-hon tao ra li€n hé voi cuong do | cia
dong dién chay trong né theo cong thirc H = .1, trong d6 @ 1a hing sb.

1. Hay giai thich nguyén tic hoat dong ctia bién tir cong tir. Thanh lap coéng thirc tinh E, phu
thudc vao Hy.

2. Trong cong thirc tinh E, tim dugc ¢ y 1, hé $6 ty 1&€ duoc goi 1a do nhay cta bién tur céng
tur. Str dung céc thiét bi duéi day, hay néu cach b tri thi nghiém, thu thap va xu ly s6 liéu thuc
hanh dé xac dinh do nhay ctia bién tir cong tr.

Thiét b
- Bién tir cong tr;
- Cudn Hem-hon (d3 biét hé sd «) co kich thude du 16n dé cé thé dat bién tir cong tir vao trong
ving c6 tir truong déu;
- La ban;
- Nguon dién mot chiéu c6 thé diéu chinh hiéu dién thé ra, bién tro;
- Khuéch dai lock-in (1a mot dung cu co thé do bién do cua tin hiéu dién ap xoay chiéu c6 do
nhay cao, loc nhiéu rat tét, dién tro 16i vao rat 16n da dé coi 13 hé mach);
- Am-pe ké mot chiéu;
- May phét 4m tan c6 thé dat tin sd, bién d6 cua dién ap ra;
- Cac dung cu dé treo, cb dinh bién tir céng tr va cuon Hem-hon, céc day dan dién, day do.

IL P4p an - thang diém

Cau N§i dung Piém
Cau I (4,0 di€ém)
1. O,
0,
0,25
Xét phuong trinh mé-men tac dung 1én thanh ctra d6i voi truc quay O;. Ta co:
0,25
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Cau Noi dung Piém
R sind
—_ 2
N.d, = 2MgRsin@ — d,, = Rsin #=R-2 :%sin9=>N=%Rgf
, ~, R? R R
(*=R +T_2RECOSQ > (= E\/5—4c059
0,25
4Mg R ’
=N = TQE\/5—4COSG =2Mg+/5-4cosé
, 1 2 . 1 0,25
Taco U =§k(€—€0) —2MgRcosé véi [ =3 Rv5-4cosd
du 1 2k( .
=—==R 4Mg+kR——°]SIn0=O
de 2 [ \J5-4cosd 0,25
. 2k(
Cira c6 céc vi tri can bang tai: sin@=0va | 4Mg + kR ——Oj =0
8 ( J5—-4cos@
Can bang trong cau hoi tng véi truong hop sau, tai d6 ta co
du 2Rk(, sin® @ : C
= — =———"——>>0. Vay cin bang 1a can bang bén. 0,25
do%au_,  (5-4cos6)
do

2. Do tinh lién tyc ctia ham thé nang nén dé dang suy ra cin bang tai @ =013 can bang khong
bén va tr goc 6 =0 dén gbc can bang beén & khong con vi tri cén bang nao khac. 0.25
Khi m(? chot cura xe, chi can mot tdc dong nho, cira xe s€ troi tir can bang khong bén veé can ’
bang bén
Pé xe tu mo cira dén vi tri nam ngang, ta c6: 4Mg + kR _ &G 0 khi 6=6

' ' o J5—4cos0 °
‘= 4Mg hode (. — (4Mg +kR),/5—4cos 6, 0,25
20, o ° 2K
\5—4c0s6,

3. Nhu ta thay, khi truc pit-tng song song véi cira xe ta c6 vi tri cAn bang khong bén. Dé c6 5
co ché nhu cau hoi, ta can phai 1am vi tri cAn bang nay dich t6i vi tri 6, . C6 nhiéu cach dé 0,25
thuc hién diéu nay.

0,
0,
0,25

4. | et chuyén dong cta diém néi theo phuong vudng goc véi pittong ta cd @yl = @,Rcos 0,25

R? 2 ( —4
Tach: R —R? 407~ 2R0cos B => cos f= 2030 _ @ _ _ >—4coso 0,25
4 J5-4cos® @ RcospB  2(2-cosf)
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Cau Noi dung Pi¢m
4b.
E:%wa—MQZRcos¢9+%k(ﬁ—ﬁo)z 0,25
. . ST , dE
Ap dung dinh luat bdo toan nang lugng ta co: o =0
t 0,25
. d 2
|y, + Mg2Rsin 6.w1+a(k(ﬁ—€o) )=0
Iy +Mg2Rsin0+k(E—£—°szin6’—O 0,25
' 2 5-4cos6 ’
0 R :
k| -—=2———-—1-2Mg |Rsing
_( (\/5—40059 2} gj 0,25
=
I
CAu II (4 diém)
1 | Xét mot 1op Khi cé nhiét do xac dinh:
Co pV="RT = p=PL__PH 0,25
7 RT KkgN,T
Khi &p suét ctia 16p khi p > pc khi trong thanh binh khdng dwoc coi la chan khéng nén
o1 kT 0,25
J2d?zn  +/2d ‘rp
:>;(=1pcv\_/71=1MCV 8RT 12 1 q : 8kB,uT§Ep
3 3RT "\ zu N2d?zn 3+2zd*\ zN, 0,25
Nhuw vay khi p > p. thi hé s6 dan nhiét s& khong phu thudc vao 4p suit ctia 1&p khi (ng
vé&i doan MN trén hinh 2).
Hé s6 din nhiét cta 1¢p khi s& phu thudc vao ap suit khi khi trong thanh binh dt loang
d& duor coi 12 chan khong khi d6 4> (r, —r,) 0.25
Khi nay sé 18y 2=(r,-1,), 1
S 1 -— 1 8u ,
dan dén y==pc vA==pc, (I, —r ep, n
Z 3pv 3pv(2 1) 7Z'kBNAT p g | N
: 0,25
véi doan MH trén hinh 2. 114 ! ’
0 pc "p
Hinh 2
Tir digukién A2 (r,-1)=
KT kgT kgT 0,25
o —=—2(L-L)ops——=t——=2p =—F—=52>—. ,
J2d%zp (r-5) J2dz(r, 1) J2d%z(r, 1)
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Cau Noi dung Pi¢m
2a U N I L ,
Tai chinh gitra thanh binh khi cé nhiétdo T = =323K, trong d6 T,, T, nhiét do 0.95
nudc trong binh va nhiét 6 moi truong. Khi nay ta cé: pc = 1,67. 10-2mmHg.
+Khi p, =10mmHg > p,
= 1 1 —- 1 ¢ kg 1T wW 0,25
=> A= — > = pCNA=-——— 8K =1,397.10% —
J2d%zn 3 3J27d?\ zN, m.K
+Khi p, =10 mmHg < p,
= 1 — 1 8u s W 0,25
=>A=r-L=y,==—pCVA==pC, (I, =8,35.10° —
2 h =2 3,0\/ 3pv(2 1) 2k N,T mK
Nhw vy mét d6 dong nhiét qua 1ép khi chinh gitra thanh binh lan lwot la
h=n Lol =167, 7ﬂz
2~h m 0,25
. L-T, W
= = 1—
L=x. P m2
Nhin xét : j, << j;, vy khi ap suat cua khi trong thanh binh du nho d€ khi trong thanh binh
d}J:qc coi la chan khong nhu thi sy sy dan nhiét qua thanh binh rat it, vi thé dé binh gitr I}hiét 0.95
tot thi chung ta sé hit khi trong thanh binh sao cho khi trong thanh binh du loang dé tré ’
thanh chan khong vat 1y.
2b | Nhiét lugng truyén ra khoi 16p khi c6 ban kinh r; trong thoi gian dt bang voi nhiét lugng ma
nudc nong trong binh mat di trong thoi gian dt (hoc sinh c6 thé chon 16p khi ¢ ban kinh | 0,25
khéc van cho diém t6i da) = 6Q = 5Q"
=S ;(us.dt =-mcdT, & 1,ocg, SR, (r,— rl)Tt T 2zr,hdt = —medT, 0,25
r-r 3 mu rL-r
- dt __ 3mc V52 th 0,25
2pc,zr,h\(8RT, T, —T
Din dén t = — —mC P |, - T[T, = 203K 0.25
2pC, wrh \| 8Ky N, T,
Thay s6 vao, c6 t = 14,65 h 0,25
Cau III (4 diém)
la. | Mach 6n dinh, cac cuon dé}{ coi nhu cac dién tré thuan I, Ri M R I
c6 dién tré 1, 1,. Gia stir chiéu dong dién qua cac dién tr&
nhu hinh vé. o I, Lin
E 12 '
1, = -=2-0,2A 0,25
2 R2+r2 60 -|2 Rz N L2,r2 -
IA | [
« | L}
E
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Cau Noi dung Pi¢m
Rov, = — R, = 6002 |y = ——— = -2 20,27 0.25
R +1 PMR,
I=1,+1,=0,4A 0,25
IR 2 4
I1R1=I4r1:>I4:f=2ll;ll+l4=I3:>II:EA;I‘l:%A. 0,25
1b. | Tai thoi diém bat dau mo khoa K, t = 0 dong qua cac R
“n , . 2. , , 11 1 M Rs
dién tr¢ 1,1, chua kip thay doi, do do ta co: o
4 = g — 11
H — - " H L1,r1
i,(0)=0,2A;i(0) 3OA. | | ; ‘| 0.25
Xét dong qua cac dién tro tai thoi diem t bat ki. Gid su is R Lo,Iy
chiéu dong di¢n nhu hinh v€. Ta c¢6 hé¢ phuong trinh:
N
i+i+i,=0
LR =ir +Lji’ 1) 0,25
in+Li"=i, (R, +1r,+ R, )+ Li,
i =—i—1, . : .
. . . 0,2i"+90i +60i, =0
60i, = 30i +0, 2i' . _ o )
. ., o 2i,+100i, -0,2i'-30i =0 0,25
301+ 0, 21" =1001, + 2i,
i”" +530i"+ 27000i =0 (3)
Xéc dinh diéu kién ban dau doi voi dong qua dién trd .
. 4 . 0,25
i(0)=—;i"(0)=-120. ’
(0)=31(0)
\ —(265+5+/1729 |t —(265-5+1729 |t
St dung nghiém theo dé bai: i(t) = Ae ( ’ ) + Aje ( ) : 0,25
A - 1729 +127+/1729 A = 1729 -127~/1729 0,25
25935 25935
1c. | Giai dogn 1, do hién twong tu cam (xudt hién lan 1) dong i(t), cung chiéu (goi 13 chiéu
. . _ 4 : . , . 0,25
duong) voi dong dién ban dau i(0)=1, = 0 Do d6 dong i(t) dwong va s& giam den 0.
Giai dogn 2, khi dong i(t) =0, thi mot phan dong i, (t) (dang gidm) s& chay qua dién tr& T,
va phan con lai van tiép tuc chay qua R, luc nay i(t) nguoc chiéu duong (mang gid tri am)
va gid tri ting dan. Do hién tuwong tu cam (xudt hién lan 2) trong cudn day L, dé chong lai | 0,25

su ting cuong d¢ cua dong i(t), nén dong i(t) ting dén khi dat cuc dai va sau doi(t) giam.
Giai doan 3, dong i, (t) va i(t) cing gidm dén 0 khi thoi gian du 16n.
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Cau Néi dung Pi¢m
2. C
|
1
2 R VE
@ M 3
Rs Lo, 12 0 0,25
— PR (11111 W— Ui=Us Up I3
N
Uin =‘O, nén ta co:u. =Uu, =U,;U, =Uyg = Uy <:>l~JC =U,=U;;U,=U,,=U,
Gian d6 véc to cho mach dién c6 thé dugc bi€u dién nhu hinh vé:
o 1 1 1
Nhéanh mach thir nhat gom (C//Ry) nt Ry, néntaco: ——=—+—5
ZR1C R Zc
0,25
<\ .o AL L, IC ZLZ _ Rl _ Rl _
Tu gian do:tangp=—==— = =—=7 =L—=L=rRC (1)
u, L , c i Zc
U u, U
Mit khac U, :0:>UAM _Yue @ﬁz—za—zz—”
UAN UNB U3 Url3 Ul U3
R, Z R, (z.Y Z24R? r? Z2+R? R? R,R 0.2
2, R [_Zj :( rLJ SRS =h s =R S =n=-22 (2
ZlC R3 ZlC RS ZC ) Ri R3 ZC Rl Rl
. R,R
Thay (2) vao (1) va thay so: I, = I; 2 =36,67Q;L, =R,R,C=0,44H 0,25
1
Cau v
18) | F co dang F(g,,m,,e,7) = s2m’e’n° 0,25
Thir nguyén cta céc dai luong trong biéu thire 1a [&,]=C*M 'L°T?; [m,]=M; 0,25
[e]=C; [h]=M.LeT &, 025
Can bang thir nguyén hai vé
ML2T -2 — (CZM —lL—3T2 )a M ﬁc}/ (MLZT -1 )5 — C2a+}/M —a+ﬂ+(§'L—3a+25T 2a-6 0125
20+y =0
thu duoe hé phuong trinh : { ©F 0= 0,25
u dugc hé phuong trinh : 804252 ,
20 -0 =-2
Gisi hé thu duo 2 B=Ly=45=—2 Dodo F me’ g me’ 1
iai hé thu duoc a=-2;8=Ly=4:6=-2. Dod6 F = = -
' ' g e’ 32x%eln® n? 0,25
(Thi sinh c6 thé lam bai bang cach phan tich don vi do, néu diing van dwoc dii diém)
1b) | Photdn phat ra khi électron chuyén tir quy dao n vé trang thai co ban c6 budc song
4 __he 0,25
" En - El
4
E,-E= e 1—% > = 42ﬁhc
32reyh n m,e _i 0,25
327%eln’ n?
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Cau Noi dung Pi¢m
2a. | O nhiét d6 nhat dinh, cac nguyén tir chuyén dong voi toc d6 trung binh v theo cac hudng
khac nhau. Do nguyén tir chuyén dong, budc song cuia photOn phat ra tang hodc giam do | 0,25
hi¢u tng Doppler.
Khi ph6ton bay ra cung hudng véi van toc cia nguyén tu hidro, photdn thu duoc co budc
, c c—V 2
song A, =4, ,[— 0.25
c+vV
Khi photon bay ra nguoc hudng voi van toc cia nguyén tu hidro, photdn thu dugce c6 budc
, n C+Vv 2
song A" =4, |- 0.25
c—V
2 cC+V c—-V c+V c—-V
Do rong vach pho A4’ = /ln\/L — Ay — =4, (‘ /L — f—]
c—V cC+V c—V C+V
2v L 2v
—AAP =, ——— v<<c, lay gin dung ta dugc AA® ~ A —
¢t -V’ ¢ 0,25
s 2 2 A \ 2 , c \ N
(Thi sinh co the s dung dieu kién V<<C ngay tw dau tinh ra A, =21, (1—Ej va
n Vi) s, D 2V g A
A =4, 1+ c roi tinh dwoc AA, = A, — van dwoc du diem).
c
2b. 1 A e o /] B /]
Do bat dinh v€ nang lugng : AEAt>7% — AE > e Lay At=7 > AE>— 0,25
T
E= he —dE = —hci—/z1
AE A AL 025
Do bat dinh v& budce song: Al=1""= - AL 2 > (A4) ="
c 2rnCt mn 27Cr
2¢. | Néu nguyén tir hidroé ding yén khi phat xa ra photon, thi ndng luong toan phan cua nguyén
Lz hc
tir bién d6i AE = (m, —m',)c? = hf, = R
trong d6 mp va m', 1an luot 1a khoi luong nghi ctia nguyén tir hidrd truéc va sau khi phat ra
phoéton;
f.va A, 1a tan so va budc song cia photon phat ra khi nguyén tir hidrd duoc coi la dimg
yén.
Ning lugng clia nguyén tir dimg yén trude khi phat ra photon 1a : E =m,c’
Néu sau khi phat ra photon ma nguyén tir hidrd chuyén dong thi nang lugng twong dbi tinh 0,25

clia nguyén tir sau khi phit xara photonla E'=./p*c*+m'’c’

v6i pla dong lugng ciia nguyén tir sau khi phat xa ra photon.
Khi tinh dén chuyén dong giat i ctia nguyén tir hidrd thi tin s6 photon phat ra khdng con
la f, ntamala f.

Theo dinh luat bao toan dong lugng thi p = m
C

Theo dinh luat bao toan ning luong E'+hf =E — /p°c®+m '02 ¢ +hf = mOC2

10/4




Cau Néi dung Pi¢m
— p’c®+m'*c* = (m,c® —hf)* - p*c® +m' 2 c* =mic’ —2mc*hf + (hf)?
o hf 2 2
Voichuy p=— —(pc)” =(hf)
C
2 12 4 ' 1
Cohf = (m—m%)c _(my+m’y)(my —m’y)c?
2m,c’ 2m,c’
— hf =AE|1- AE2 —>E=E 1- AEZ —>£:1— AEZ HA:L
2m,c A A, 2mgc A 2m,c 1 AE
5 0,25
m,C
—>1- y =1-|1- AE
2m,c
h h A.hc
Aﬁ,n = 2C = C hC = 2n
2m,c” - AE 2myc?— ¢ 2myc“A, —hc
(Thi sinh ¢6 thé sir dung cdc cong thire co hoc co dién dé gidi van dwoc di diém )
‘ Cau V (4 diém) ~
Kpi c6 dong dién xoay chi€u chay trong cudn dieu che, 161 tir s€ thuc hién duong tur tré. T
tré cua 181 trong mot ntra chu ky c6 the chia lam hai giai doan. Giai doan chua bao hoa va
1 giai doan bao hoa. 7 ’ ’ 7
O gia}i doan chug bao hoa, fi(f) tir tham tuwong doi cua 15i rat 16n. O giai doan bao hoa thi do
tu tham tuong doi cua 161 bang mot.
Nhu vay, bang cach dicu che, ta da lam cho d6 tur tham cua 161 phu thudc vao thoi gian. 0,25
Khi tan s6 dong diéu ché khong 16n, suat dién dong cam g trén cudn tin hicu la:
dB 0,25
e(t) = — :
(t) pm
d H d
e(t) =N.S.M=N.s.%ﬂx.ﬁ 0,25
dt dt
An 4 du,
Bién d6: E, =N.S.,. o H, =k.H, 0,25
Nhu vay ta théy, suat dién’d(f)ng xuat hién trép cudn ”tin hiéu ty 1€ thudn vai tur truong ngoai 025
H,. Day chinh l1a nguyén tac hoat dong cua bién tur cOng tur. ’
Xac dinh do ’nhg’y cua bien tu:
5 |- Budce 1: Két noi h¢ do:
+ bat cuon Hem-hon vudng goc voi phuong Bic-Nam dinh huéng boi la ban. 0,25
+ Dit bién tir vao Vung c6 tir trudng déu bén trong cudén Hem-hon.
+ N6i may phat 4m tan vao cudn diéu ché dé phat dong diéu ché cho bién tu. 0,25
+ N&i lock-in vao cudn tin hiéu dé do E,. 0,25
+ Nbi cuéon Hem-hon ndi tiép véi Am-pe ké r6i mic vao nguon mot chiéu dé cap dong | 0,25
tao tur truong trong cudén Hem-hon.
- Budc 2: Hiéu chinh dé cuc dai hoéa bién do tin hiéu E, do duoc trén lock-in:
+ Giir nguyén dong qua cuén Hem-hon. Dong nay phai dii 16n dé do dugce E, trén lock- | 0,25
in rd rang.
+ Song song héa tir truong ngoai do cudc Hem-hodn tao ra véi truc cam bién: thay dbi | 0,25

11/4




Ndi dung Piém

goc dinh hudng cua bién tir dé tim vi tri sao cho E cuc dai.

+ Tim dong diéu ché thich hop: Diéu chinh méay phat am tan dé¢ E, do dugc cuc dai. Can
lam c4c bude sau (Hoc sinh trinh bay mot trong cac cach tdi vu sau duoc t6i da ¥ nay):

+ Thay doi tan s6 phat cia may phat am 0,25

+ Thay doi bién do phat cua may phat am tan.

+ Thay d6i bién do phat cia may phat am tan.

- Budce 3: Tién hanh do dac.
0,25

Dong dién qua Cuong d9 tur Bién d¢ suat dién dong Bién d¢ trung binh
cudon Hem-hdn (1) truong ngoai cua cudn tin hi¢u.

| H=al E E

] 0
Lan | 0,25
Lan 2
Lan 3
Lan 1

m

- Budc 4: V& do thi E, (H ‘) Néu khong khir duge hét hodc khong khir tir truong Trai Dat
thi db thi gét truc hoanh tai diém khéc khong. Tuy nhién diéu nay khong anh hudong dén do
doc cua do thi nén van chap nhan.

EA

0

0,25

0 >
/_HEX Hyx

- Budc 5: Do nhay ctia bién tir chinh 1a hé s6 goc ctia do6 thi nay. Néu phuong phép tinh k

bang d0 thi. Yéu ciu thi sinh nim dugc cac bude xir 1y s6 liéu bang do thi. 0,25
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