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I. Hwéng din chung

1. Can bd chdm thi chdm dang nhu dap an - thang diém cua BO Gido duc va Pao tao.

2. Néu c6 cau ndo, y nao ma thi sinh c6 cach tra 1oi khic so v6i dap 4n nhung van dung thi van cho

diém tbi da cua cau, ¥ d6 theo thang diém.
3. Can bd cham thi khong quy tron diém bai thi.
IL. P4p 4n - thang diém

Cau Noi dung

Piém

Cau 1 (3,5 diem)

1. St dung diéu kién can bang két hop véi tinh d6i xtng cua co hé ta c6
05d | T,=T,=T/=T, =mg
Ap dung dinh luét II Newton cho M ta dugc N O CRIRr—— 0,
T2+ Tz, +Pum=0

Chiéu 1én Ox ta dugc

—2mgcosa+Mg:0:>cosoc:£ !
2m

A1k M A1 a
Khi can bang: cosa =— = Dicu ki¢n =
2m Pm

can thiét dé hé can bang: M <2m

0,25

o L __ M

= L
tana  \/4m? — M2

Khoang cach tir tim hinh hoc ctia M dén mit phang chtra hai tryc ciia rong roc

0,25

2. Chon géc thé nang la Iuc hé ¢ trang thai can béng khi d6 theo dinh luat bao toan co

nang ta co:

a)

1.5d Z%movfn +2%mvi1 +%MV§4 —Mgx,, +2mgx = const (1)

Vy =Xy» Vy, =X (2)

0,25

. 2 T N PR 2: o A d+x
Vi tong chiéu dai cua hai soi day la khong d6i nén 2v_+2 B

2 2 v
JU+(d+xy,)

hay v =—£VM 3)
2m

0,25

2\ P+d? 8 L’+d’?

Ta chi lay dén vo cung bé bac hai cua x,,, khi do

dx L’x;, M (4m2 -M’ )3/2 2

16m’L

JUvd 2(C+a)” 2m

2 2 \?

X, = M+ =Xyt Xy 4)

0,50
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Noi dung

Piém

Thé (2), (3) va (4) vao (1) roi dao ham hai vé ta duoc:
(4m2_M2)3/2 §X _0
(m M +2mM+4m’)M L "

XM

0,25

1/2
‘ L ((moM+2mM+4m’) M)
Cac vat dao dong di¢u hoa voi chu ki: T=2m |— 5 T
g (4m° —M")

0,25

b)
05d

(V ) :(DA:\/E (4m2_M2)3/4 N
e L M"? (m,M+2mM +4m?) "~

0,25

M M (4m2 —M? )3/4
(Vm)MaX =wA, =0—A= e —
2m L 2m(m0M+2mM+4m2)

0,25

1,0d

Chon hé quy chiéu nhu hinh v&. Ap dung dinh luat IT Newton ta ¢
Ti+Mg=Md, =M(3 —7xAC)=M(a,+d,-FxAC) (5)

T2 +mg=ma_ (6)
Trong do6 & va a lan luot 14 gia toc cua khéi tim C va

diém treo day A trén qua ciu, avaa, lan luot 14 hai Ay
thanh phan ciia a_, a cung phuong vdi day treo con a_

vudng goc voi day treo, y 1a gia toc goc cua qua cau.

STcosa
MR

T AN A . 1
Taco caclién h¢ y= va T, =T, +-mga,
2

0,25

Chiéu (5)(6) 1én x0y ta cé:

T, sino. = M(a, sino +a,cos )

5Tcos ocj

Tcosa—Mg = M(alcosoc—a2 sino —
2M

1
T + Emoa1 —mg=-ma,

0,25

Giai h¢ phuong trinh trén ta duoc:

M2
m(1+ 2]
8m

M+m+lmO +5[m+m0]
2 8 2

am=

MZg

m2

M Mnm, M S5Mm, mm,
m+—+ m+-—+ +—

: 1 5 1 M 1 5 1 M?
M+m+_—m +_| m+_—m, (— M+m+—_—m +—| m+—_—m, [—
2 8 2 m 2 8 2 m

0,50

CAu 2 (3,5 diém)

Chiéu dai phan thuy ngan trong 6ng la ¢x (0 < x <1). Khoang cach tir diém treo dén

trong tdm thuy ngan la a = /(1 —%)

0,25
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Cau Noi dung Pi¢m
Chiéu dai va thé tich dng 1a ¢ =¢,(1+Bt); V = V,(1+3Bt)
. V,
The tich thuy ngan V,,, =V, (I1+at);x = VHg = x,[1+(a-3p)t] 0,25
2 A R o1 3 X X X
beé a khong doi thi ¢, (1 —?O) =/(1 —5) =/, (1+pt){l —70[1+(a-3[3)t]}
X 0,50
hay [3_70(@_23)}+B(a—35)t2 _0
Bo qua thanh phan t* (do d6 thay doi nhiét do t rat nho) va cho hé s trudc t bang 0
xo2B 1 0,50
a-2B 8
2. Ong va thuy ngan dao dong nhu con lic vét Iy véi trong tim cach diém treo
1,25 X
d d=/(1 —5)
M6 men quan tinh cia hé doi voi diém treo
2 2
1=D L e Xy = (2 3xe3 0,25
12 2 3
Chu ky dao dong cuia con lac 1a
mé’
(x"—3x+3) 2
T—2n I o |3 o /%(x 3x+3) 0,25
2 ol 2
é chu k dao dong khong phu thude vao nhict do thi y = - =353 psno g
2
. (1+B0)| (1=(=38)1) x] =3(1=(a=3)t)x,+3] 25 43 ‘Mo | 050
Y 2-(1-(a-3p)t)x, 2-x, !
Bé qua cac thanh phén bac cao cua t, va dat hé sb trude tbéng 0: :
16x° —65x> +54x —6=0 |
Giai phuong trinh trén, ta dugc x = 0,131 hodc x = 0,963. ; : 0,25
3. !
0,75 | X= VHE =x,(1+ (o —3B)t) = dx = x, (o —3P)dt A
d H 0,50
X X l X x/ I
a=l(l-—)=>da=(1--)d/——dx=(1-—=)/Bdt——(a—3p)dt I
( 2) ( 2) 5 ( 2) p 5 (o—3p) !
X x/ ¥
Q=mCAt-mg.Aa = m[C+g((1—E)B€—(a—3B)7]A‘[ 0,25
Cau 3 (3,5 diém)
1. Dung phuong phap anh dién, xac dinh dién tich q” trong duong voi dién tich trén mat
1,75 | qua cau: . i ) i .
d bién tich q” nam trén duong thang noéi tdm qua cau va dién tich g, cach tdm qua cau
mot doan d". Do qua cau noi dat, dién the tai mot diem B bat ky trén mat cau bang 0. B
cach q, q’ lan lugt la 1y, 1,. Ta co:
VAL i W U R G B (1)
4me, 1, L L
T . _ \/ 2 2 A _ \/ 2 12 ' 055
rong d6: r, =VR"+d” —2Rdcosa var,=+vR"+d"—2Rd'cosa 2)
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Cau Noi dung Pi¢m
2
Hw@=q=--a3 @) v &= )
* Ta di xét dién truong tong hop tao ra boi dién tich q va anh dién q’:
El 0] 15} 13 R L x
Tai cac diém nam ngodi qua cau nam trén duong ndi dién ticl? va tdm qua cau, cach
dién tich mot khoang r > 0:
R R
= 1 |q 9 JF. = __ 1|4 9 |7
EI] :4 _2_ 2 2| Elz = _2+ 2|
e, | T R r dme, | r R2 r
r+d-—— —r+d——
i d d
R
= _ 1 gq 9 |E
B e R |E 073
r—d+— ’
L [ d J
Tai céc diém bén trong qua cau: ]::13 =0
D6 thi E(x) c6 dang nhu hinh vé: .
0 d+R X 0,50
d-R
i-75 Khodng céch tir dién tich q dén tim qua cAu 1a: d =v[> + /> —2Llcosa  (6)
d’ Pién tich cam tng trén mit cau twong duong véi dién tich q” dwoc xac dinh trong cau
' 2
a. Do do luc dién tac dung 1én q la:  F= @ __ 1 _a Rd _ 7)
4ne, (d—d')” 4me, (d2 _RZ)
J 0,50
2 2, 92
Thay gid trj ctia d tir (6) vao (7): F= IRV #F =2Lfeosa
4me, (L2 +02 =210 cosa—Rz)
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Noi dung

Piém

Luc F 1a luc hat, c6 huéng doc theo dudng thang ndi q va q’. Luc lam dién tich q dao
dong 1a thanh phan hinh chiéu F, ctia F 1én phuong vuéng géc voi day treo /.

1 qRYL*+/>—2Llcosal
4me, (L2 +0*=2L¢cosa—R? )2

F =

sin(a+p); voi sina=dsinB. (9)

0,25

Ap dung dinh luat I Newton:
1 q’RYL>+/>—2Llcosal
4me, (L2 +/0*=2L¢cosa —Rz)

Vi cac dao dong bé, ta dugc:

mlo"=~-F =-

5 sin((x+B) (10)

(11

2
meo "y dRd 2(1+£]a:0 voi pr -
4, (d2_R2) d L

0,50

N A A A Lo \ q Rd 1 ( Ej
Tu (11) = tan s6 goc dao dong bé cuaqla o =———— — | 1+—= 12
(11) g ong q e 2\/47%“1% 1 (12)

Hay o= q RL L
(L—¢)"—R* | 4ng, m{

0,5

Cau 4 (2,5 diém)

1,5d

Xét mot tia sang nam trong mdt phang nam ngang tu diém I trén bé

mit cot chat 1ong, khic xa vao thily tinh rdi truyén dén mat ngoai

ctia vo thuy tinh tai diém J va khic xa ra ngoai khong khi dén me}t

M nhu trén hinh Ve. Goc trong trong mat phang nam ngang ma mat

nguoi do nhin thay duogc cft chat long 1a o = 2M | pax.

Tu hinh v€ ta ¢6: sin(M;) = Rsin(J,)/D = Rsin(J3)/D (D)
sin(J,) = sin(J3) = nysin(J;) 2)
sin(Iz) = sin(I;) = Rsin(J;)/r 3)

(1), (2), (3) — sin(M;) = Rsin(J3)/D = r.ngsin(I,)/D 4)

0,5

Vi cac goc My, Js va I, déu khong phai goc tt nén ham sin dong bién véi goc.
M = Mimax khi sin(M;) = sin(Mmax) = MIn[Rsin(J3max)/D; 1.04810(1omax)/D]

0,5

Xét hai trudng hop:

+ Truong hop 1: Rsin(J3max)/D = R/D < r.any sin(Iomax)/D

— J3 dat cuc dai khi [ < Iy hay R/r.ng < sin(Iomax)

— sin(M) = sin(Max) = R/D — 0 = 2Mmax = 2arcsin(R/D)

0,25

+ Trudng hop 2: r.ng Sin(Iymax)/D < Rsin(J3max)/D = R/D
— I5 dat cuc dai khi J3 < J3max = 90° hay sin(Iomax) < R/r.ng
— sin(M) = sin(Myax) = 1.0y $iN(Ioax)/D

— 0= 2Mmax = 2arcsin(r.ny sin(Ixmax)/D)

0,25
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Noi dung

Piém

Xét hai truong hop cu thé:

1. Chat long 1a Thiy ngan phan xa hoan toan anh sang tir khong khi khic xa qua thuy
tinh dén bé mat cia no.

Do bé mit thiy tinh phan xa hoan toan cac tia sang tir mdi truong thuy tinh nén goc I
nhan moi gia tri trong khoang tu 0° dén 90°. Nhu vay ¢t thiy ngan cho Dy = 90" nén:
+ Truong hop 1: R/r <nyg — o = 2Mpax = 2arcsin(R/D).

+ TrLrO’ng hop2: Rr>ny — a= 2M1max 2arcsin(r.ng/D).

0,50

0,5d

2. Chat l6ng 1a mot dung dich chiét suat ndd da dugc hoa tan mot chat huynh quang
phat anh sang do theo moi phwong khi dugc chiéu roi bdi anh sang tring (ban ngay).
Khi d6 4nh sang d6 ma mét nhin thdy duoc khiic xa tir dung dich vao thay tinh.
Vingg < ny nén goc I, co gia tri nho hon goc gidi han thda man:
sin(Iomax) = sin(Ixgn) = nga/ng.
Khi do:
+ Truong hop 1: R/r <ngq — o = 2Myax = 2arcsin(R/D).
+ Truong hop 2: R/r > ngg — o = 2Mmax = 2arcsin(r.nge/D).

0,5

CAu 5 (3,5 diém)

2,0d

Goi K 1a hé quy chiéu gan vé6i Trai Pat, K’ 14 HQC quén tinh c6 van toc bang vén toc u
N Y u+du’
cua tau ¢ moi thoi diém thi: u+du=——— (1)
1+ udu

2
C

C A oy , du du ..
Khai trién va bo qua vo cung bé bac 2,tacd du'= = B véi B =u/c.

0,5

du' 1 d du'
Vi dt'=4/1-B°dt nén gia tdc:— =——————  Theo gia thiét : — =a = const .
3 B e T =gy dt 8 dt’

Tich phan véi diéu kién bién t = 0, u =0 ta co: ———=adt.

(1 2 )3/2

0,5

Tich phan 2 vé: J.d—u = J.adt ; % =at

= Vantéc u=

0,5

; A .k , C
Tich phén hai vé theo tta c6: s =—
a

0,5

1,5d

Tu (2) suy rat:— 1+2i
as

Thay s = L/2 ta im dugc thoi gian di 4 quang duong dau la t, = % 1+4LL Do dbi
c a
xung ta thay thoi gian di 2 nira quang duong bang nhau. Do d6 thoi gian di hét ca
quang duc‘mg la
4¢c’
12 = 2t1 1 + E

0,5
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Noi dung

Piém

Thoi gian do trén tau trén 1/2 quang dudng dau 1a

t _jdt' j,/l——dt_— ﬁd(at).

0,25

=In(x ++/a’ +x%)

4
2 2.2
=ZIn La\/1+4i+\/ Lo+ 4C)
a |2¢ alL
0

. dx
Ap dung | ——
J. [a2+X2

2
Taco t, ——ln{atJr 14 }

a C C2

0,5

2 2.2
Trén ca quing duong: 2t, = 2Cl [ Laz \/1+4L +\/ La —(1+ 4 )}
2c al

0,25

Cau 6 (3,5 diém)

15d

Goi khoang céch giita électron va hat nhan 14 r. Hat nhan va électron chuyén dong tron quanh
khéi tim hé véi the do goc .
Khoang cach tir chiing dén khdi tAm 13 1, ry. Ta 6 G m
mry, = Mry jIm+tIM =T Q
mrio’ Mno' Mmr'e’ prle’ = r g
2 2 2M+m) 2

béng nang hé T =

voi = _Mm 1a khéi lugng rat gon.
(M+m)

0,50

2

A1 A . ke
Lyc hu6ng tim 1a luc Culdng nén: —- = mr, ©° = mr o =uro’;
r

M+m

2 2
Theo gia thict L = (mr} +mr o = m( d j +M( m j O = ur’o = n.
m+M m+M

0,25

222

khz =n>.5,3.10"" (m);
uke

uke2 N 2,18.10°
nm#

Tai mirc ndng lugng thr n:  Ban kinh quy dao r, =

Van toc électron v =

(m/s).

0,5

2 .2 2 2.2 2 4
Ning lugng E=T+U =M@ ke pro’_ pke
2 r 2 2nh

Céc gia tri tAn sd nguyén tir co thé hap thy khi dang ¢ trang thai co ban:

2 2. 4
=2“h$(1—i2] 3,28.10° [1——)(Hz)
n n

0,25

0,5d

Theo nguyén 1y bat dinh Heizenberg: Dp.Dx* #P Dv?3 » 1,10.10°(m/s)

2pm/
Gi4 tri nay ctng cip v6i van toc dién tir ta tinh duoc trong v 1.

0,5

1,5d

Khi dat trong tir trudng, xuat hién lyc Lorentz nam trong mit phang quy dao va ludn
vudng goc voi van tée. Luc Lorentz ngugc chidu véi lye Culong néu chiéu chuyen
dong cua électron va chiéu tir truong tudn theo quy tic dinh 6c va cung chiéu néu
8lectron chuyén dong theo chiéu nguoc lai. Vi tir truong yéu thi mdi ban kinh quy dao
bay gio tach thanh 2 quy dao c6 ban kinh gan nhau ., trong do dau “+” tng véi

[I3K13

chuyén dong nguoc va “-“ tng voi chuyén dong thuan.
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Cau Noi dung Pi¢m
Quy tac luong tir hoa bay gid van giit nguyén. Tuy nhién dinh luat II Niuton bay gid
2 2
k
tr¢ thanh m\: +eBy = — >
T +
" () 0,5
2 2
hay L 5 iﬂ: ke+ = [’ —mke’r; ieBL(r“i)2 =0
m (rni ) m- T
. - mke” ++y/m’k’e* —4eBL’
Dau “-” cho hai nghiém duong 1, = © \/m © ©
2eBL 0.25
, e A i v o . —mke’ +Jm2k%e* + 4eBL> ’
Ung voi dau “+“ chi ¢6 1 nghiém duong r =
2eBL
Nhu vay mdi quy dao r,bdy gio tach ra thanh ba quy dao. Néu tir truong rat nho thi
A rs 1A A P, - R . o A a1 _ _mke , .
nghiém Umg véi dau cong trude cdn trong biu thirc cuia r, xap xi bang r, = BL tuc la
rat 16n, électron gan nhu chuyén dong tu do. Ta chi xét hai nghiém tng véi hai quy dao
ban kinh nhd 0,5
) b 1 21 (1_ BD , (. n’h’B
L= 2 ~ 25T 223:nrO1+ 33 212
mke 4BI? mke” | 2 2m°k’e 8m'e’m’k
I+, 1+———
mk'e
Tur day tinh dugc su phan tach mirc nang lugng thanh hai muc
N ke’ ke’
E =—7F5=- 3 0,25
2r; e |17 h°B
TR T 8n'e’m’k’
HET
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