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CAU 1 (4,0 diém)

1. (1,50 diém) Ap suit tai M 1a p = po - pgy.

Goi R 12 ban kinh cong tai M thi 4p suat phu 1a

Ap:% :>p=p0—§ = pgy:% (1) oo 0,25 diém
Ung vé6i phan tir ds trén dudng cong (thudc tiét dién vudng goc voi tim kim loai) ta co:

dx = ds.cosg; dy = ds.sing.

Khi x tang (dx > 0) thi ¢ gidm, d¢ < 0 nén ban kinh cong tai M la:

T 0,25 diém

do cospdo ~ sin odo

Thay vao (1) co: pgydy = —csinpde (2)
pgydx = —ccospde (3)
Tich phan hai vé cta (2): J-pgydy = I —o sin edo

2

= pgy? =ocosp+C
2ccosp+C
pg

Khiy=0thig=n nénC=2g: y= |22€00*tD _, gcosg &) oo 0,50 diém
\ g \ pe

Thay vao (3):  pg2 /—cos—dx = —ccospdp = —c(2cos’ (g Ddo
pg

=— f—cos(Pd +— —d—(P Tich phan hai vé:
Pe cos(p

X =-2 [—sm + / lntan(— —)+C
Diéu kién ban dau: x=0thi ¢ =7/2 nén: C, =2 ZsinZ- [Zn tan3—n.
\pg 4 \pg 8
Viy x =2 ——sm—)+ —[lntan(—+ - lntan3—n} [6) DT 0,50 diém
pg 4 8

2.(1,75 dtem) Tu (4) ta thay khi @ nho nhét thi y 16n nhat. C6 hai trudng hop:

Trudng hop 1: Khi tAm kim loai ¢6 d6 cao cuc daiy =hthi g =0vab>0

Trudng hop 2: Khi tim kim loai ¢6 d6 cao cuc dai thi b =0, géc ¢ c¢6 gia tri nho nhat nhung
VAN 161 0N 0 i > 03 cvoeeeeeeeee e enaees 0,25 diém

TH1: Néu ¢ = 0 thi X=— Thay vao (5): a-b =2 f f lntan—
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b=a-2 /g(\/2— In tan3—n) . Vi ‘[an3?7T =tan67,5° = 2,4142 ; ln‘[an67,50 ~0,8814 nén:
pg

8
b=a-2 /g(\/i—lntan3—n)za—2 |2-(1,41~In2,41) ~ a~1,06, | (6)
pg 8 pg Pg
Pidu kién xdy ra1a b >0 hay @ > 1,06, | ....ooooereereerscereesseesoeseesneeoesern 0,5 diém
pg

TH 2: Khi tdm kim loai ¢6 dd cao cuc dai thi b =0, gbc ¢ cb gia tri nhod nhét nhung van 1én

hon 0: @min > 0; theo (4) h=2 /icos% e e 0,25 diém
pg

Vi a>1,1 |2 theo (6) thi b> 0, xdy ra trudng hop 1
pg

TR (4), 0 €20 CUC QAT 1= 2. -2 5 oo 0,25 diém
\ pg
B 1ONE D16 NhALD = 8 =106 [+ orrooeoeeeeeeeeeeeeeeeeeesseseese e eeeeeeeeesessseseeeeeesseeseesee 0,25 diém
pg

O sat tim kim loai thi ¢ =0, hi¢u ) ap Sut tac dung Ién mdt don vi dai (theo canh dai) 1a
Py —(p, —pgh) =pghnén: F=P, +pgha =P +2a,/pgC. .ccoeovviniiririiiiincicenn 0,25 diém

3. (0,75 diém) Voi a < /i , xay ra truong hop 2. Pidu d6 c6 nghia khi nang tim kim loai 1én
pg

mot do cao h 16n nhat, @ = Qpin thi b= 0.
Thay vao x = 0,5a vao (5) ta tim dugc omin va h:

0,50 =2 |- (L _gjn Py, | S {m tan(Z + Pmin) _ iy tan 3—“} ............................. 0,25 diém
pg 2 2 pg 4 4 8

VA N=2 7008 I e e 0,25 diém
pg 2

Lyc cidng mit ngoai tao v6i phuong nim ngang mot go¢ @min Nén

F=P +pgha+2csing . =P +2apgoc cos% F20SIMNQ, .+ e 0,25 diém

CAUII (4,5 diém)
1.(2,0 diém) a) Do lyc tdc dung lén hanh tinh 1a lyc xuyén tdm nén momen dong luong L la

... dL x . 5 o
béo toan, tirc E =0. Lay dao ham vecto Z theo thoi gian ta duoc:

dZ 1dv - dé 1

= xL-—t=——F xL-08,
dt o dt dt oam

A BT GMm _ A 1% \ ;3 - = - .
Thay a.=GMm va F=F, =———¢, (luc hip din Newton) va luu y rang &, x¢€,|=¢,, ta co:

r

1 GMm L : :

_— ¢ xLe =——|¢e x¢ |[-0e,=——¢,—0¢

GMm > 7 7 mr2[r =08, mr? °

Luu ¥ rang L =mr’w=mr’0. Thay vao biéu thic trén ta dugc d—% =0. Nghia 1a Z 13 mot

VECLO KNONE GOL. c+.vveeeeeeeeee e 0,50 diém
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Xét vecto Z tai diém can nhat P. Tai daytaco: r=r,,

v=v, va 0=0.Khido

= I - - . 1 - .- Lv, . . L -
Z=—V,xL-¢_ = vy xLe, —¢, = A ¢ —¢, = Yo g e,
" GMm  GMm " " \GMm !

Néu quy dao 1a tron thi biéu thic trong ngodc bang 0, nhung do quy dao elip (gan tron) ma
v, (van toc tai diém can nhat) 1a 16n nhat so voi cac diem khac trén quy dao nén né 16n hon van
tc trung binh, nén biéu thirc trong ngoic 1a duong, tirc Z cling phuong cung chiéu véi ¢, (xem
hinh v&), trc 12 hudng tir S dén P, G.p.C.ml. c..eeveeeeeeeeeeeeeeeeeeeee e 0,50 diém

b) Nhu da chimg minh Z 1a vecto khong ddi trong mit phing quy dao hudng tir S dén P, ta c6
thé viét:

1 . 1 . L .

Z=—|vVvxL|-¢ = e, +10¢,)xLe, —e. = ——(—1¢, +1be, ) —¢

(X|: :' r GMm( r 6) z r GMm( 6 r) T

O trén ta da chimg minh goc giita hai vecto ¥ va Z chinh 1a 0, nén ta ¢6
f.z=‘2‘rcos9

N -

Luu ¥ rang 1€, =1 va r.e, =0, tinh truc tiép tir biéu thirc cia Z ta duoc

) 12
O—-r= 5
GMm GMm

2

7=

Tt hai biéu thire trén cia tich ¥.Z, ta co ‘Z‘ rcos0= MZ r
m

2

bit e= ‘Z‘ va p= 5 VAo biéu thirc trén, dé dang suy ra r = S 0,75 diém
m l+ecosO
Tai diém can nhat: =0 va r= L I, = IL
+e

Tai diém vién nhat: 6=180° va r=r, : r, = IL
—e

N . . I, 21,1, .2
Tu hai phuong trinh trénsuyra e=-2—L va p=—2L2 e, 0,25 diem
r, +1, r, +1,

. x . M L’ M

2. (2,5 diém) a) U  dung la mot nhi€u loan néu ‘Up‘ << |U| hay G2 — << G 2m *)
c T r

Vi L ¢6 ¢& d6 16n nhu 1 mrv, thay vao bat dang thirc (*) suy ra Y <1.Pidu kién nay rd rang
c

la théa man ddi v6i cac hanh tinh trong hé Mat Troi, do do, phép gan ding xem U, la mot

nhidu loan nho 13 mot phép gAn AUNE 1O, ..vveeveeeeeeeeeeeee e, 0,50 diém

b) Khi ké t6i thé nhiéu loan U_, lyc tac dung 1én hanh tinh la
GMm _ &
4

F= —%(U(r)+Up(r))ér =-

3GM L . A A A A = . \
-—— . Ddy cling 1a lyc xuyén tdm nén momen dong luong L trong truong hop nay
c” m

vol €=—

cling bao toan. Vecto Z bay gid van dugc dinh nghia nhu trong 1.. Liy dao ham cia Z theo
thoi gian ta dugc



Z 1 - - . 1 = - . 1 ~
z_1g xL—Gee:(—FNxL—Geej+—(—i4 j <L
dt om om om\ r

Theo chimg minh ¢ 1., biéu thitc trong ngodc thir nhit bang 0. Khi d6, voi cha ¥ ring

€ x€,=—¢€, taco g— ! (—ié ijé = Lé
R dt GMm’*\ r* ' * GMm® r*
Y dZ e 0. .2
Thay L =mrv =mr’0 vao biéu thuc trén ta dugc: — = GMm? 5 € e 0,50 diém
m”r

Do nhiéu loan 1a rat nho ta c6 thé gan dung dung phuong trinh toa do cuc cia quy dao, khi d6

—~ 2
phuong trinh trén trd thanh 4z - ° 5 (+e CZO s6) €, a9
GMm p dt

Tro ve h¢ toa do Descartes, ta c6 €, =—sin6¢, —cos0e, , khi do

dZ & (l+ecosB)’
dt GMm’ P’

do
_Sin08 — cos 08
(—sin0Oe, —cos ey)—dt

Lay tich phan theo mot vong quy dao ta dugec AZ= | —.dt=—————¢
y tich p 5t vong quy dz : ! . M
2n 2n
(vi J. (1+ecos0)’ cos0dO = 2em va J. (1+ecos0)’sin 0dO = 0).
0 0

Nhu vay do bién thién AZcta Z vudng goc v6i Z va cd d6 16n rit nho so vé6i Z, didu nay co
nghia 1a thé nhiéu loan lam bién dang quy dao tuong ung voi su quay cham cua ban truc 16n
cua quy dao elip trong mat phang CUA NO. .......cceeevierieeiieiieeie ettt 0,50 diem

144

c) Goc Agp ma quy dao quay trong thoi gian mot chu ki 1a Ag = tan(Ae) = ‘ ‘ . Vi modun cua
Z

Z chinh Ia tdm sai e, nén ta co

2me 2 3GM L"2 6L’

Ap =~ = T2 T T 222

GMmp®> GMmp® ¢ m m’c’p
3 : : ’ L 2
Can nho rang theo dinh nghia p = -, suy ra — =pGM.. Thay vao bi€u thirc trén ta dugc
GMm m

6ml? 6nGM

222

Ap = >
mcp cp

< L ~ 21,1, \ . 2 , A A+ o .
Mit khéc, ¢ 1. ta da tim duoc p=—2="-, thay vao biéu thirc trén, cudi cing ta co

r, +1,

3nGM 1, +1,

2
c I, .Ip

Ap = =5,03.107(FAA) .o 0,50 diém

365,25

d) Trong mdt thé ki truc 16n ctia quy dao elip dd quay duoc mot goc 1a 8Q =100. AY0)

Thay céc s liéu vao ta tim dugc 8Q =2.10"(rad) =43,1" nam trong ving sai sé cua két qua
thuc nghiém, nghia 13 thuyét twong ddi da giai thich t6t hién tuong nay.................... 0,50 diém
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CAU I (3,5 di¢m)

1. (1,50 diem) ‘ 7 ‘

a. Thoi gian di cua B 1a t;, thoi gian vé 1a 2t; nén tong thoi gian di va ve 1a 3t;. Do do, anh ta
giri 3t, Xung trong toan bd chuyén di. .......co.coocovvrverveeeeeieeeieieeeeeeeeee e 0,25 diém
b. Trong hanh trinh bay di, cic xung ma B nhan duoc c6 tan sb

f=f 1-B _ £ ey
1+, c+v
voi B, = Y vaf=1Hz.Sé xung ma B da nhan dugc trong qua trinh bay di la
c

S O 0,50 diém

ft, =t
e

Trong hanh trinh bay vé, cac xung ma B nhan dugc 6 tan sd
£ =f 1+, _f\/2c+v
1-B, 2c—v

Vol B3, = 2%: va f =1 Hz. S6 xung ma B dd nhan duoc trong qua trinh bay vé 1a

2c+vVv

f,t, =2t ) Y 0,50 diém

2c—-v
c. S6 xung ma B nhan duoc trong ca qué trinh bay 1a

£t +6,t, =t [~ +2t, /2C+V
c+v 2c—v

Tisécﬁntim:n=M=l\/C +—\/2C+V ................................................. 025d1em
3t, 3Ve+v 3V2c-v

2. (2,00 diém)

L= Vo, . 2 an , . Do A
a. Goi k =—1a véc to don vi theo phuong chuyén dong cua hat (véc to don vi cua v ). Phan tich
v

ban kinh véc to T theo hai phuong: phuong L v6i v va phuong // véi v: T =1, +1;

Tacor =Fk="Y vat =F-1% Y. qa [3_—
\4 A

Ap dung phép bién ddi Lorentz cho thanh phan song song, ta c¢6

o Tt T f=t-rk
I = Iv__ v (1)

Ty /—1 —Bz
1 - v
t'+— (T'V) k T,
t=— & —— (2)
J1-P?
Thanh phan vudng goc khong thay ddi (bit bién), tiec -~V =7 LY ¥ (3
vV v vV v
PV e
Tae(l)va@3): r=1'"- —+ v (4) e 1,00 diem
vV v



b. Ly vi phan hai vé cac cong thirc (2) va (4)
{ iz V(vdr') + vdt'
df =df'+—v(v.dr )+ Y

7 (vdr') g

dt +L(Vdr')
dt=——¢
J1-p?
Ji V+ii'y1-p +L2(V.ﬁ')?/(l—\/1—[32) .
Tu day suyra: i=—= Yy () S 0,50 diem
dt vu
C2

Binh phuong hai vé va bién doi:

(1+ )_v I (1-B)+ (V“) V) -2 J1-2 -p%)

2V 1= B + 200 ) (1= 1-B*) + 2(”') WJ1-B> —1+B%)

viu'”cos’(V,i'") v°
2 2
v

(1+%) =V 2V )+ 0T (- B)+(H') B2 (Vz+ﬁ'2)2—ﬁ'2(v—2)+
V C

C
2.2 =, =N\2
C @407 =Y (1 cos’ (@) = (3 47y - WXV XQV)
C
Suy ra:
\/({;24_—'!2)2 (u'XV)z
2 d
u= - e 0,5 diém
1+—)
CAU IV (2,5 diém)

Goi f, (A,) va f (A) lan luot 13 tan sb (budc song) clia hai photon A va B. Ky hiéu E_ va
p. lan luot 14 nang luong toan phan va dong luong ciia électron trudc va cham, va m_c® 12 ndng
luong nghi cua €lectron. Theo dinh ludt bao toan nang lugng va dong lugng, ta co:

hf, + E, =m_c’ + hf (1)
P. sin(p—isin 0=0 (2) P
}\’0
h h ?
cos@+—cos0=— 3
P, COS@+— : A3)

0

Ta s& khir ¢ tir cic phuong trinh trén va thay 0 = 60°. Ttr (2) va (3), ta co:

2
3h? h h
2gin @ = va pcos’p=| ————
pe (P 4}\13 pe (P ?\’ 27\’0

Cong hai phuong trinh trén véi nhau ta duge: p2 =h’ (732 }32 — ﬁj (4) o 1,0 diém
0
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2
Mit khac p? = E—z .......................................................................................... 0,25 diém
C

Tu (1), tacé: mc* =E_+h(f, 1)

Thay vao biéu thirc trén ctia p?, ta duoc

, E’~[E.+h(f,-f)] —2hE_(f, —f)—h’(f, — )’

pe: CZ = CZ
h? 1Y 11
=—2hm _(f f+2 f,—f ——f —f)Y=h*| —— | —2m hc| ———|(5
(fy =)+ 2= (f, - )’ (f, —£)* (7»0 }L] c [M }L]()
L1 1oy 11
So sanh (4) va (5) ta dugc: p; =h*| —+——-——| =h*| ——— | =2mhc| ———
Ay AT A A, A A, A
. , b’ 1 1
Sau khi rat gon, ta c6: —— =2m hc| ———
Ao AN
h -11
Suyra Aj—A= ~0,1214.10" 'm
m._c
Thay A, =0,116nm vao, ta timdugc A =0,1148 nm .........ccocooiiiiiiiiiie 0,75 diém
Theo cong thire tinh budc song de Broglie, ta co: p, = %
Dung (4), ta dugc: 2—h—z—h2 L
A O e FERF TR
1 1 1 1 1 1 1 1
Hay —=|g+5-—| = = [5t75-
A Ay AT A A, R ¥ kk
Thay céac s6 liéu da biét vao ta dugc: A, =0,1154nm = 0,115nm. .......ccccoviiininnnnne. 0,5 diém

CAUV (5,5 diém)

1.5 diém)Trinh bay co s& ly thuyét va xay dung cac cong thic can thiét xac dinh o va .
Mubdn xéc dinh dugc cac hé¢ s6 o va B lién quan dén qua trinh chuyen dong cua tam nhua trén
mit ban ta can b tri h¢ thi nghiém sao cho tao dugc van tdc cho tAm va can phai xac dinh duoc
khdi lugng M cua tAm nhya.

C6 thé tao van toc ban dau cho tAm nhya bang viée st dung va cham ctia vat m va tim.

Tao van tdc vat m trude khi va cham vao M b?mg viéc cho vat m chuyén dong dudi tac dung
ctia trong luc, thé nang chuyén hod thanh dong nang.

Do cao vat m ban dau do véi vi tri trude va cham 14 h thi van tée vat m thu duoc la

mV?‘=mgh:>V1 =280 (1) e 0,25 diém

Vat m khi va cham dan hdi véi M sé tao van tdc v, cho M xac dinh tir hé phuong trinh
mv, = Mv, +mv, (*)

1 2 1 2 1 ) 21’1’1 R
—mv; =—Mv; +—mv,” (%) suyra v, = —————V, (2) e 0,25 diem
B 1T 27 - (**) suy 2" Maem ! (2
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Khi tam véi van toc ban dau v, chuyén dong dudi lyc can cia ma sat truot va lyc can moi
truong, phuong trinh chuyén dong cho tam trén mat ban:

Ma =-aMg—-pBv=> M%:—aMg—BV

u t
Doi bién u = aMg+pv, gidi phuong trinh vi phan ta ¢ I—u = j %dt véi u, =oaMg+pv,
u, u 0
_B .
ta dugc v:(O‘Mngje R 0,75 diém
p p

e \ LA 2 ~ £ . \ M B Wz

Thoi gian ma tam chuyén dong (dénkhi v=0)1a t, = Fln I+—— | (4)eeerenn.n. 0,25 diem
oM
t t 7£
Quing dudng ma tim M truot dugc 1a s = Ivdt = J.K aMg + sze ' _oc_Mg}dt
0 oL\ B B
_B
oMM Jo oM, MM, )M [l_aMgm[H b, H@
PLU B p PL B p v, aMg
2 3
Khai trién ham In| 1+-—2- By, thanh da thac theo cong thue In(1+x) =x — L x
oaMg 2 3
2 3
S R A 1,00 diém
20g 3a0"Mg

Nhu vay bang viéc do khoang cach dich chuyén cua tdm theo chiéu cao vat m (hay theo vén tdc
ban dau v, cua M) ta co thé xac dinh duoc o va B.
2. (3,0 diém)

(1,50 diém)Trinh tu thi nghiém:

B1: Xac dinh khéi luong vat M

(stt dung thude lam can don va

vt m d3 biét dé tinh M)

B2: B tri thi nghiém (nhu hinh m
veE):

- Vat M dé hoi nhd khoi mép
ban mot chut h
- Chiéu dai day budc vat m phai e

M V2
phuhep R W 77777777777777777

- Kéo 1éch vat m 1én do cao h va

tha dé vat m dén va cham vao M, do quang duong dich chuyén cuavatM. .............. 0,75 diém
= Ghi SO0 THBU VAO DANG. ... 0,25 diém
Lan |1 2 3
h
S

(1,50 diém) X 1i s6 lidu

Tinh céc dai lugng lién quan theo cong thuc: v, =/2gh va v, =

Lan |1 2 3
h

Vi

V2

s/ V22
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Dyng dd thi biéu dién mdi quan hé

Xac dinh hé s6 A, B tir d6 thi, tir 6 tinh duoc o va B

0

F e — =

HET

12

Pd thi ¢ob dang:

................ 1,00 diém



