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I. Hréng din chung

1. Can bd chim thi chim dung nhu dap an - thang diém cia B6 Gido duc va Dao tao.

2. Néu c6 cau nao, y nao ma thi sinh c6 céach tra 161 khéac so voi dap an nhung van dang thi van

cho diém t6i da cua ciu, ¥ d6 theo thang diém.

3. Can b chdm thi khong quy tron diém thanh phan, cia ting ciu, diém cua bai thi.

IL Pap an - thang diém
Cau Néi dung Pi¢m
Ciu I (4,0 diém)
1.
VA
26 cosa
; 0,25
| 0 (sina x
Khoi tam 14 trung diém cua sgi day chi chuyén dong theo phuong thang dimg do khong co 0.95
ma sat. ’
Day ludn cang nén toa do cua vat trén thoa man: x=/(sSina 0,25
y=2(Ccosa 0,25
2 2
Phuong trinh quy dao cua vat la: 3 + ﬁ =1 0,25
Quy dao 1a mot nira elip. 0,25
2.a. | Thanh phan nam ngang ctia lyc cing day trén toan bo soi day 1a khong doila T, . 0,25
Tai d4u (2) ddy nam ngang, vat bat dau chuyén dong nén T, = umg . 0,25
Taiddu (1), T, =T,=umg;T, =Mg=2p(g 0.25
(
=T =\/(ﬂmg)2+4(p1fg)2 . tana =229 0,25
A4mg
T =T,
0,25
T, "1 T,=Mg
Mg
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Cau Néi dung Pi¢m
2.b. . ) pXlo | gxIo pXlo _ Xl
Xét doan day chiéu dai s bat ky nhu hinh; Do y=0 (TJ vas=90 (TJ
pgé{exlﬁ _e—x/b‘j 0'25
x5 -x/5
taco: tana = 1:9 _ P59 _ 2 _dy _[ef-e "
. T, T, dx 2
5 ex/6 _efx/ﬁ 2 0,25
T, = pgd =T = T+ (pu) =y(P90) +(pES) =J<pga)2 +[pg %)
0,25
pys =T, = umg =T = pg(h+8) = /(umg)’ +4(plg)’
J(um) +4(p)’ - um
s AS— 0,25
m) +4(pl
hoac h= (,u ) (,D) -0
p =
Cau I1 (4,0 diém)
1a. | Khi pittdng can béng: p,S = p,S+Mg (1),
trong d6 p, 1a ap sudt ctia khi trong xi lanh khi ndy, S = zRZ. T (1) cé: 0.95
M
p=ptg (2)
Qua trinh bién déi cta khi trong binh 1a doan nhiét nén:
PV =pV < pohy = phl, (3)
trong d6 h, 1a chiéu cao cta cot khi trong binh khi pittdng can bang: 025
=h :h0(1+ Mg jy
PoS
' \% V. h
Phwong trinh trang thai cia khéi khi trong xi lanh: PoYo _ Py ) Polle _ P . (3)
TO Tl TO Tl
trong d6 T, 1a nhiét do cua cot khi trong binh khi pittong cin bang: 025
L—l ]
T, =T, (1+ m} " @
PoS
1b. | Cong ma khi trong xi lanh nhian dwoc trong qua trinh doan nhiét:
m R p,h,S y
=AU =—*—(T,-T,)=—22>—(T,-T,), véi T, xac dinh theo (4), m,_ 1a khé&i
A r ?/_1(1 o) TO(}/—].)( 1 o) 1 1 (4), m, 0,25
lwong khi.
Cong do khi quyén thwc hién tlr thoi diém ban dau dén khi pittdng cAn bang:
;1
Mg | 0,25
Akq = PpS (ho - hl) = PoShy 1_[1"'_9)
PoS
Cong do trong lwc cua pittdng thwe hién tir thoi diém ban dau dén khi pittdng can bang: | 0,25
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Noi dung

Pieém

4

A, =Mg (h, —h,) = Mgh, 1—[1+%)7

0

2a.

Khi thém m, tai vi trf cin bang méi ctia hé: p,S =p,S+2Mg,  (5)
2Mg
s

-1

-1

M -t -1

+) Chiéu cao ctia cot khi: h, =h, (1+ ﬂj s h, [1+ 2Mg J ’
PoS PoS

do d6 ap suat cia khi trong xi lanh: p,=p, +

0,25

Khi pittdng 1éch khoi vi tri cAn bang m&i mot doan X:
+ Dinh lu4t 2 Niuton chohé m+M: p,S+2Mg—pS =(m+M)a=(m+M)x" (6)

0,25

¥ -y
+ Do p(hz—X)y = p2h27 = P=p, h2 =P, 1_1 ~ P, 1+7l (7) vi X << h2
h, — X h, h,

2

7 ~N 7 n n S
Thay (7) vao (6) va d& y dén (5) c6: —pZSyhi=2Mx & X +2p§/|—h7x=o (8)
2

2

0,25

1
Tir (8) ¢6 tan s6 goc cia dao dong: w = P25y = ( PoS + ZMQ) 2Mg '
2Mh, 2Mh PoS

-1

Nhw vay chu ky dao dong cua pittong T =27 2Mh, (1+ ZMSg ] ' ( P,S +2Mg )71
Y Po

0,25

Ta dinh nhe vat m [én M nén vi tri dat m 1én M chinh 1a vi tri bién:

-1 -1

Mg )” 2Mg |7
A=h-h=h||1+—| —|1+

vnn (o5 58

0,25

2b.

Khi pitténg & vi tri thap nhat thi chiéu cao cta cot khi trong xi lanh nhé nhat:

-1 -1
2Mg |7 Mg )7

h. =h —A=h,—-h +h, =2h,—h =h | 2| 1+ -1+ —=
min 2 2 hl 2 2 hl 0 { pos) ( posj

0,25

Khi xi lanh dirng yén khai lwong riéng va ap suat cda khi trong xi
lanhla p,va p,.Khihé quay 6n dinh chit khi trong xi lanh ciing L

quay tron véi toc do .
Xét mot phan tir thé tich dV gi¢i han béi hai mét tru dién tich 1aS
ban kinh lan lwotla r va r+dr.Ta co: e

[ p(r+dr)—p(r)]|S'=F,=p )Sdra)r_%_gﬂS'drwzr ro—»

0,25

2
vi p—gfl_l (9), Dan dén dp :ﬂRa'I)' rdr = p(r):p(O)exp(/stT rZJ

0,25
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Noi dung

Pieém

= p(6)= p(0)exe| 4|

Vi khéi lwgng khi trong xi lanh khi xi lanh quay va xi lanh ding yén 1a bang nhau nén:
Ry 2

jp(r)dv =pV < 27zhlj p(O)eXp(% rzjrdr = phzRZ.

\ 0

U’ R 1
2

2RT 2 ’
exp M _ 1
2RT

T day c6: p(0)=p,

0,25

2p2 2
Do do6: p(r)=p, ﬂsz'?O 12 - exp(ﬂw rzj
(,ua) R: j_l 2RT

2p?2 2
Dwa vao (9) co: p(r):plﬂa) Ry 12 - exp| 22 2 |,
2RT (,ua) R j_l 2RT

Vay ap suat chit khi tic dung 1én thanh binh:

2p?2 2
HO Ro 1 HO Réj,trongdé p, = po+m_

p(Ro): P 22 eXp(
2RT exp[,ua) % j_l 2RT S

2RT

0,25

Céu III (4,0 diém)

la.

Ky hiéu r, (r,,t = 0) la vi tri ban dau khi hat & ry. Gia thiét cac hat chi chuyén dong theo
phwong ban kinh va khong vwot qua nhau, do dé tong dién tich & trong qua ciu ban
kinh r, (ro,t) khong thay doi theo thoi gian, theo Gauss:

47rr52(r0,t)E[rs(r0,t)]:—47szq(%’T = E[rs(ro’tﬂ:_rzlztl:t)(%ojs

S

0,25

t? rr (R

S

‘ d2r, | Ng?(r Y
Tw day suy ra phwong trinh can tim: m 5 s — k- (—OJ (1)

I'-s(rO’t)

2 2
Pt x(t)= hi 46 (1) Tasm d)igt) —k R3':'(§(t) @)

S

0,25

Nghiém x=Xx(t) cta (2) khong phu thudc vao r,,né duoc st dung cho tit ca cac hat

s ) 5 N
trong dam may. SO hat nam gitra 1&p 1 va 16p 2 khong doi va bang: ON = E(I’é - r031)

0,25

Mat dd hat & gitra hai 16p cAu & t bang:
3 3N re—r? 3N
n(t)= ON = S x> (1).
(®) 47z[r; (t)-r (t)] 47R* (ry, —r031)x3 (t) 4=R° (t)

Méat do hat khong phu thudc vao viéc chon hai lop 1 va 2, mat do nay la déu (vé khong

0,25
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Cau Néi dung Pi¢m
gian) tai moi thoi diém. Vé thoi gian, mat do nay gidm theo thoi gian theo ham x7°(t).
1b. | Lwc twong tac véi cac dién tich —q trong hinh ciu chinh bang lwc twong tac cia dién
tich —q v&i mot dién tich di€ém ma c6 dién tich bang tdng dién tich cla cac hat & tAm 0,25
hinh cau.
Pién tich tdng trong hinh ciu ban kinh R (khdng tinh dién tich - ) 1a Q =—(N -1)q. Khi
0,25
—(g chuyén dong dén r,r >R, —q cé van toc v.
Theo dinh luat bao toan nang lwong:
mv’ _k(N-1)g" k(N-1)g° _ _ 2k(N—1)q2[£_lj 0,25
2 R r m R r
r [2k(N-1)g°(r-R
_dr_ J2k( )q( j:dt= MR 2\/ L dr 0,25
dt m Rr 2k(N-1)g*\'r-R '
t:Idt:\/zk N-1)q \/ 0.25
= m—R{ /x(x—R)+RIn[x/;+\/x—R}} oR _R {4ﬁ+ln(3+2f)} 2
2k(N -1)q? R ¢ 2k( 1) 0,25
2a. | Xét ddicau bankinh R <r — r+dr <R, dién tich trong déi cau la:
da(r)=p(r)dv = Aa"'” r’dr = Adzr>“dr 025
r
R 3-a R
~Nq = [ Adzr®“dr = Adz ' _ Adn (R™*—RZ™).
3-a|R, 3-«
Ng(3-) No(3-) e
q(3—« q(3—« 1
A:_ 3-a 3-a jp(r):_ 3-a 3—a “a
4z (R¥“—Ry“) 4z (R¥“—Ry“)r
2b. | * bién trwong & trong va & ngoai ddm may, st dung dinh 1y Gauss, tim dworc:
1 Ng qu
Truong hop: 0<r<R,=E r=
g p RO ( ) 472'80 R3 R3 0125
Truwong hop: >R; E;(r)=0
Trwong hop: Ry <r<R; E,(r)=E, +E_;E, = k:\lzq
dg(r r)dv r)4zr’dr r)dr
St dung dinh ly Gauss: Ef(r+dr)—E7(r): a( )2 = p(r) —= p( ) 7[2 = p(r) 0.25
4drs,r Arg,r dre,r & ’
l-a
:>dE_(r)=Aa£:Ar’“dr:> E_(r):A " D
r‘-e & & l-a
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Cau Néi dung Pi¢m
1 A(rlfa _ lea) 1
= E (r)=kNg—=+———>-kNq—
- (1) a r? &(1-a) a R?
* Pién thé & trong va & ngoai dam may: r > R;=V,(r)=0
l-a 2—-a
R, <r <Ri=V, (r)=—[ Ng—+ 2" pldrec, = KNa,___Ar +Dr+C,
r’ gl-a r &(2-a)(l-a) 025
qu A(rZﬂZ _sza) 1
V,(R)=V,(R)=0=V = + +D(r—R)—kNg—
3( ) 2( ) 2() r 6‘0(2—0{)(1—05) ( ) qR
_ kNg kNg r?
0<r<R;V,(r)=—| R rdr+Cl=—R_g?+Cl
KNgr? (3kNg kNg) A(RI“-R*)
V,(R,)=V,(R,);V =— —+ — + +D(R,—R
(R) (R (1) -9 Ka ), AR E (R -R)
0,25
‘ Ng(3-« kN A R"™
Trong dé: A= qs(_ 2_ D=-| 142 _
4z (R™“-Ry“) R & l-a
Céu IV (4 diém)
Do mot mat gidi han cda thiu kinh 12 m3t phing nén tiéu cw thiu kinh véi ban kinh
1 .
congmdatloiRla f, R 0,25
n-1
F v
%\ & N
= AY I
P 4 0,25
| N
Fir \\‘?f
0 y
Theo hinh vé ta cé
cosH:R—_d 0,25
d=R-Rcosd=R(l-cosO);R=f,(n-1). 0,25
Khi U =0thi@ = 6, . D¢ day ctia thau kinh tai dinh 1a d = f,(n—1)(1— cos 6,). 0,25
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Cau Noi dung Pi¢m
2 | Xét trén mot doan chiéu dai tiép xdc cua mit
phang thiu kinh ta thiy cac lwc tic dung nhuw
hinh vé.
0,25
Tai trang thai 6n dinh ta c6
Fe +Fo +F =0, 0,25
F = Fcosé+F;. 0,25
Chia hai vé cho chiéu dai doan cong dang xét ta c6 o, =5 c0SO+ 0 ;. 0,25
Tinh thé tich chém cdu. Thé tich dQ cta lép cau chiéu day dz q
dQ=7zr2dz;r2=R2—(R—h)2=2Rz—z2 =S dz
3 dQ:ﬂ(ZRZ—ZZ)dZ 0,25
d d3
Q:de:jﬂ(ZRz—zz)dz = 7| Rd* ——
0 3
- Chuyén sang bién sé la géc bor véi chiy d = R—Rcos@ = R(1-cos0)
3 o 0,25
Lok (2-3cos@+cos’d) > R= 3Q - ’
3 7(2—3c0s 6 +cos” 0)
13
f = R — Tiéu cw thiu kinh théa min f = ! 3Q - .
n—1 n-1 7(2—-3cosd + cos® 0) 0,25
A Khoang bién thién tiéu cw 0.95
-KhiU =0 tacé f;=8,24mm. ’
-Khi U =80 V, f, =8,94mm. 0,25
Dién tich ctia chém cdu. Dién tich dS cta lép cau chiéu day dz: - ds=Rda
dS =2xrds =2xr.Rde;
r=Rcosg;
z=Rsinag = dz=Rcosada =rda
d 0,25
dS =27Rdz = S = [ 27Rdz = 27Rd
0
2/3
I3 % ~ 2o \ ’ \ 2/3 _1/3 Q .
- Chuyén sang bién s6 thé tich va goc bo S =2.3"" 7 (1—cos ) 5 ;
(2—3cos @ +cos” 9)
- Ndng lwong mat ngoai E =oS . Khi U =0 thi E; =0,1405mJ; 025
Khi U =80V thi E =0,1460mJ. Vay AE = E —E, =0,0055 mJ. ’
CAu V (4 diém)
1 | Biet cuong d6 cua chum laze phén b6 déu trén d6 rong cua chum theo phuong X, nhung
giam tuyén tinh theo khoang cach doc theo truc Oy tinh tir truc z tré ra nén bi€u thic cua I | 0 25
c6 dang | =b—aly| véi a,b>0.
I=I1,=b-ay, 0<y<2L 0,25
I=I1,=b+ay, -2L<y<0 0,25
Str dung diéu kién cuong do cia chum laze c6 gia tri cuc dai béng l,6 tdm cua chum tai vi | 0,25
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Cau Noi dung Pi¢m
tri y=0 tatim dugc b=1,.
b r I
Str dung diéu kién cuong do cuia chum laze giam dén 0 tai y =+2L ta tim dugc a = 2—;’_ . 0,25
L =1,1-2), 0<y<2L
. . |y| 1= 1o o) U= ys
Bicuthuccualla: 1=1, oL 0,25
y
l,=1,1+=), -2L<y<0
2= l+20) y
2a | Khi tia laze t¢i mdt bén cua lang kinh thi tia khic xa ra ngoai ing véi goc khue xa 6. 0.25
Theo dinh luat khuc xa anh sang: Sin @ = nsin a hay € = arcsin(nsin «) '
Bién thién dong luong ctia photon téi nira phai sau khi di qua lang kinh :
hf . - hf -
AP, = —?Sln(ﬁ—a)j +?[cos(0—a)—1]k
j va k 1a céc vecto don vi trén truc 0y va 0z. 0,25
sin(@—a) =sin@cos a —cos Asin o = nsin a.cosa —+1-n*sin® a sin«
cos(6— o) = cos@cosa +sin@sina = +1-n’sin® a cosa +sin fsin o
S6 photon toi mot don vi dién tich trén nira bén phai ctia mat day cua lang kinh trong thoi
gian At la: n, F;]?t trong d6 P, 1a cong suat chiéu sang t6i nira bén phai ciia ling kinh :
T y 0,25
P = J' lds = _[ |0(1—Z)Wdy ’
Yo Yo
> R= WL IW - [(yO+L) —y2]= 1w S 3_Y%
4 2L
Luyc tac dung lén lang kinh do bién thién dong lugng ctia photdn & nira phai gay rala :
= __MAD, _ RAt[hf
F=—"= n@-a +—1 cos(0—a)]k
! At hf At{ in(@-a)j [ (0-a)] 0,25
= IWL(3 vy,
F= - [4 ZLJ[sm(e @) j+[1-cos(6- a)]k]
Bién thién dong lugng ctia photon sau khi di qua nira trai cua lang kinh la:
hf . - hf -
Ap,, = ?Sln(é’—a)j +?[cos(<9—a) ~1]k 0,25
S6 photon toi mot don vi dién tich trén nira bén phai ctia mat day cua lang kinh trong thoi
gian At la: n, thAt trong d6 P,la cong suat chiéu sang t6i ntra bén trai cua ling kinh :
0 Yo 0 y Yo y
R= [ tds+[rds= [ 11+ |wdy+[1,|1-== Iwdy
~(L=¥o) 0 ~(L=¥o) 2L 0 2L 0,25
1 1
P, = IOW(L_ yo)+ IOW _[0_ (L- yo)z] + |0Wy0 - IOW _I:yg _O]
4L 4L
3 2 2 3 2
YD TV RIS L S0 RV RIS 7 | SRRTVTY [
4 2L 4L L 4L 4 2L 2L
Luc tac dung Ién ling kinh do bién thién dong luong cuia cac photon chiéu toi nira trai cua 025

lang kinh gdyrala:
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Cau Nai dung Pi¢m
= MAD, PAt[ hf
Fo=—2—P = 2| sin@-a +—1 cos(0—a)]k
2 At hf.At{ c n(0-a)j [ (0-a)]
- IWL(3 Y,y . , .
FZ_T[Z+Z_E [—sm(@—a)J+[1—cos(¢9—a)]k}
Luec tong hop tac dung 1én ling kinh 1a :
= IWL(3 vy,
F _T(Z ZL][sm(H a)j+[1-cos(0 - a)]k:|
I WL(3 'y, V¥ . - -~ 0,25
== — —sin(@—a) j +|1-cos(d—a)|k '
0(42L2L2|: (O=a)J+[1~cos(o-a)]K]
= I WL[ y, IWL[3 y?
—>F=""—|-224+ -2 Isin(@-a)j+->— 1—cos(0— a)lk
: [ : ZL} (0-a)+= [2 ZLZ}[ (0-a)]
Néu dich ling kinh khoi vi tri cAn bang mot doan y < L thi do ling kinh khong quay nén nd
chi chuyén dong doc theo tryc Oy, tai vi tri nay ta c6 :
2b IWL[ vy v? 0,25
F =—"—|-2+-2=[sin(@-
T [ L 2|_2} (6=a)
2
Doy < L nén c6 thé bo qua sb hang % bén canh sb hang %, tir d6 ta c6 phuong trinh
chuyén dong cho lang kinh theo truc Oy Ia F=-
0,25
Titc 12 ling kinh dao dong didu hoa véi chu ki T = 27, [— 0
[ W sin(@—«)

sin(@—a) = nsina.cosa —+/1-n’sin® a sina
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