BQ GIAO DUC VA PAO TAO HUGNG DAN CHAM THI CHON HOC SINH GIOI VAO DOl
TUYEN DU THI OLYMPIC VAT L{ QUOC TE NAM 2010

DE THI CHINH THUC Ngay thi thtr nhat: 17/4/2010 ‘
Thoi gian: 180 phut (khong ké thoi gian giao dé)
Huong dan nay co 08 trang, 08 hinh vé

CAU I (3,5 diém)
1. (1,0 diém) D061 véi tram hay may tham do:

dv ~ GMm _
2 ef
dt r
dv.  GM .. dv da  GM
T __2€r T €
dt r do dt v
dv__cM dt 8 (1) e (0,25 diém)
do r?
Theo dinh luat bao toan momen dong luong:
rmv, =Rmu — r(rd—aj: Ru — d—azﬁ (2)
dt dt

Thay (2) vao (1): dv = —(C;—M dajér (3) ..(0,25 diém)
u

D6i voi tram vii try ta cling c6 phuong trinh (3) vi Hinh 6
phuong trinh nay khong chira kh6i lugng cua chung.

Phuong trinh (3) cho thay dv 1a nhu nhau d6i véi ca tram va may khi véc to vi tri quay
dugc mét géc do. nhu nhau.

Ua - ao = va - Vo

=V, —U, =V, 0, =V (diu phai ching minh) ........cccccoorrrrmrmrrrrrnernrinernneneens (0,5 diém)
2. (0,75 diém) Ap dung bao toan moé men dong lwong cho may thim do:

urR R

= 4
u-Vsina ,_V )
u

rm(u—Vsina)=Rmu —r(a)=

sina

3. (0,5 diém) Diéu kién quy dao kin 14 e = Vi = veu
u

(cach 2): Nang lwong toan phin ciia may tham do:
mv GMm _m(u®+V?) GMm

E = = 5
2 r 2 R ®)
Mat khac: GMm mu”
\ . m(V2 - ) A 1A ~ .1
Tu (5) va(6): E= — bicu kién quy dao kin 1a E <0, suyra V <u

4. (0,5 diém) Quy dao khong kin (parabol hoic hypecbol) khi V > u hay %S 1.....(0,25 diém)

urR

Tu (4) ta co r((X) =m

r— oo khi u=Vsina —> 0 hay sinoc—>%



Vay o, = arcsin% ................................................................................................ (0,25 diém)
5. (0,75 diém) Ap dung bao toan mé men dong luong:

Tw (4) ta co r((l) :%

. T 2 -X M A
I Khi sina=1hay o =— (diém cyc vien nam trén tryc X)
2

urR
r.. = 43

. 3n 2 A A
I, Khi sino=-1hay a= > (diém cyc can trén tryc x)

R ) (0,25 diém) X
u+V 0 X
Tai dinh C (Hinh 7): | —
V, LV u?=v2+ V2 v, =u? - V?
Ban truc 16n:
2
a= 1(rmax +r )= lpu[- L L |- ZRU TSR RR RO (0,25 diém)
2 2 u-V u+V), u -V
Mat khac ciing tai C
Vv, coso.r =Ru marcosa = b
NN Do R R e (0,25 diém)

Ve \/LIZ—V2 .

CAU I (3 diém)

1. (0,75 diém) Gia thiét duong suc di tir A (dudi goc a, dén B. Tai B duong stc nay hop véi
BA mdt goc . Xét mat cau ban kinh r rit nho bao quanh di¢n tich A. C6 thé coi cuong do dién
truong qua mit cau chi do dién tich 4q gy ra. S6 dudng sirc trong mét nén (co nira goc ¢ dinh
la o, truc la AB) s€ la

Z \

AN =E.AS= 49 ~.2nr.r(l—cosa) = 4—q(l—cos o)  4q S \ -
4me,r 2¢, A B A
Tuong ty, ta c6 sd dudng st trong hinh nén dinh B, c6 A inh B
truc BA c6 nira goc ¢ dinh § 1a Hinh 8
AN'=i(1—cos[3)
2¢,
Do AN'=AN nén4—q(1—c05a) :i(l—cosB) ;
2¢, 2¢,
4sin23:sin2—;sinE=23in%. ............................................................................. (0,5 diém)
Dé duong sirc dén duoc B thi phwong trinh: sin % = Zsin% nay phai c6 nghiém —
0 o 0 0 A
ZSInES1—> ES3O O B0 T i (0,25 diem)
2

a. (0,5 diém) Khi tha dong thoi, theo dinh ludt bao toan niang lrgng:



kA2 A2 2 2 )
Ak KA o MV svrar ve (K o gy (0,25 diém)
A r 2 mr, r
kA2 A2 2 2
Khi gitr c6 dinh mot qua thi: —<d__=4ka" mv2 ., _ BKAT L oy 7,
r, r 2 mr, r

O mdi vi tri (Gtng vo6i r xac dinh), van tbe tang J2 1in — van tdc trung binh tang J2 lan,
quéng duong ting 2 1an nén thoi gian ting V2 lan: T, = V2 e, (0,25 diém)

mr,

4kq® (0 -1)

b. (1,75 diém) Ta c6 dr = vdt, suy ra dt = a = dr. Theo gia thiét, khi tha tir
\Y

khoang cach ro thi t= Idt = J- Ar (L), (0,25 diém)
0

o A\ 4kg?( —1)
r

Khi tha chung tir khoang cach 2ro thi sau t° khoang cach giira chung giam 3 lan. Twong tu nhu

2ry/3 2ry/3

trén: r':]dt:

D6i bién tich phan: r* =1/2 thi c4n thay d6i nhu sau:
/3

khir = 2ro thi r*=ﬁ=r0;—>r':2\/§'[ .
2 o || 4kg? (2 —1)
r

(1,25 diém)

/3

So sanh (2) v6i (1) tathéy | —
o 4kq2(1_70)
r*

M dr* =t 1eN v = 2¢2% (0,25 diém)

CAU 11 (3 5 diém)
1. (0,75 diém) Xét mot hinh try tuong tuong bao quanh 6 6ng day, co chiéu cao Az va ban kinhr.
Tir thong toan phin qua mit try kin bang 0:

®=0-B,(z+Az)nr* =B, (z)nr’ + B,.2nrAz =0

- B
g - BB, (z+47) _1dB,
: A7 2 0z B B.(z+A2)
5B =B 0 AT (@) (0,5 diém)

RO
Vi tur tmmg§d61 xung tru nén cac thanh phén nam

ngang cua cac luc tr tdc dung 1én cac vong day cua 6ng day Hinh 9

can bang nhau, nghia 1a luc tir tong hop tac dung 1én ong

day hudng theo phuong Oz va cé d6 lon:

F, =2muNIB, = 9Bl _ 4B, NI = bi 2)

véi b=aB,nr’N =2,512 (T.m)

T d0: F, =0,377(N). wooevirerireiieieieee et (0,25 diém)
2. (2,75 diém)
a. Céac lyc tac dung Ién hé:

- Lyc hdi phuc R, =-kz=-majz (o, = 2nxf,)

- Luc can cua moi truong: F, =—Bv, voi = 21PS =26,4 (N.s.m?)
\'

a

6



-Lyctu F, =hi
Theo dinh luat II Newton:
ma=F, +F +F, > mz"=-mo;z—BV+Dbi (3) oo, (0,5 diém)
Mat khac, ngoai dién ap e, & éng day c6 xuét hién suét dién dong cam ung ¢, va suat dién dong

tu cam ¢, . Do d6 theo dinh luét Om:

e+e,+¢g =Ri (4)
vOi g, =— d((iz = —%[NnrzBo (1—0(2)] =aB,mr’Nz' —»¢, =bz' va g = —L%
Thay vao (4):
E,cosmt + bz'- L% =Ri (5)
Trong phuong trinh (5) ta co thé bo di s6 hang —L% , vi L nho khong dang ké.
Tu (5) rut i ra:
etbz' = Ri iz l2Fe (6)
Thay (6) vao (3) ta dugc phuong trinh:
mz"+ BV +Mw;z = b(bz;ej = mz"+Bz'+ Moz = b[bzge)
hay z "+%[B—%2jz toiz= %coswt
hay Z"+ 32"+ @22 = DCOS DL (7).evuevvevreeriieiieieieinsieseinessie e (0,75 diém)
D= % =10,47, con B=26,4; b=2,512; y =413,7 Thay z = Acos(ot+¢,) vao (7)
ta duoc:
Alo)= D = 047 (0,25 diém)

\/(032 ~02) + (xo)’ \/(coz -188,42) +(413,70)’
b. D6 thi ham sé A = A(®) duoc v& trén hinh 10...(0,25 diém)

Tim cuc dai cua A:

i[( -188,4)' + (41370 | <0 0 =0
do
Nhu vy A dat cuc dai khi © = 0. Khong xay ra cong hudng!
.............................................................................. (0,5 diém)
c. V&i tan s6 goc o = w, . .
i Hinh 10
Taco: z=Acos(ot+9,);
2" =-Aw’cos(ot +¢,) = -0’z =-w;z Thay vao (7) taco
D D . . .
xZ'=Dcoswt; 3—? =—cosot; z=—sinot=1,34.10"sin(188,4t). ......cccerevn..... (0,5 diem)
X pa

CAU IV (3 diém) o
a. (1,25 diém) Goi a la hang so0 cach tir thi asing = 3A 1)
Ly vi phan hai vé :  acosg.A@ = 3AL vOi AL =1’ - A (2)

v



Tir (1) va (2) ta cé tang = % ) (0,75 diém)

a

Mat khac, tir hinh 11taco: Ap= % nén

LAX  6912.3.10°

tang = = ~1,038 ; ¢~ 46,06°, SINP ~ 0,72....cccvevrrrrrrrnee. 0,25 dié
PTEAL T 07427 ® ® (0,25 diem)
53;17“ 3 % ‘212 2,9UM. .o, (0,25 diém)
mno ) (e (P *
2 / \
b. (0,75 diém) Tir asing’ = 4% / F
sin @':ﬂzwzolgaﬂ; / S&(P\@AX
2 2,9
O RT2,848° (oo, (0,25 diém) / /
Goc boi chum tia nay hop véi phap tuyén ctia ctia Hinh 11
cach tir va quang truc cua thau kinh la | A
(9’- @) = 72,44° - 46,06° =26,38° —
Void’ @ asin(@’+Ae’) = 4\’ | =
sin(p'+Ap") = 4;‘ ~ 4'056339 ~0,9571; ———% )
, | ¢
, —_— AX
O+ AP ~T3,16°. oo (0,25 diém) bV ¢

Goéc boi chum tia nay (hgp voi phap tuyén cua clia Hinh 12

cach tir goc (¢’ +A@’) va quang truc cta thau kinh 1a

(9’ +Ag’- 9) = 73,16 46,06° =27,1°

AX'=f [tan 27,1° —tan 26, 380] ~0,74(0,5117-0,4960) = 0,012¢cm. ......cccvvvernnen. (0,25 diém)
c. (1,0 diém) (Xem hinh 12) Cuc dai bac 2 dugc xac dinh béi :

. 2\
sing=—
a
A@.COSQp = ZA
a
AAQ
tan ¢ = :
LYY
Mit khac x = f.tang. Lay vi phan : AX = AQ; Ap = A—COS ¢ ;
cos’q f
A A 1 A 1,5.10°
Turdotaco: tan@_ucos Qo= A X( >—), voi MAX = 6912.1,5.10 110,519
AMS ALT 1+tan‘ @ ALT 0,74.27
Giai phuong trinh tan® @+1an @ =0,519. ...c.ccooieveriiieeeceee e (0,75 diém)
Day 1a phuong trinh bac 3, c6 thé giai may tinh hodc bang dd thi, taco tang~ 0,435 ;
0. i N £ .. A 0,6912.10° 6
¢~ 23,5"; sinp~0,3989 — hang so cach tr a'= —— = ~3,5.10° m.. (0,25 diém)
sing 0,3989

CAU V (4 diém)
1. (0,75 diém) Vi tuong tac giita hai nguyen tir lién ké 1a déang ké nén ta bo qua cac tuong tac
khéc. Str dung dinh luat IT Newton, viét duoc cc phuong trinh vi phan mé ta chuyén dong ciia

cac nguyén tir & 6 mang thir n (M > m). Coi chiéu duong cia truc toa do hudng tir nguyén tir n
dén (n+1)



MX, == (X, =X, ) +0 ( Xy =X, ) =0 (X + X, g —2X,) )]
X ) +a ( X2 _Xn+1) = O((Xn+2 +X, _2Xn+1) (2)

mXIrIHl =—OL(Xn+1 A
2. (1,75 diém)
Cach 1:
Nghiém cua hé c6 dang:
Xn = Assin(agn)cos(ot+e) = X, = - @Ansin(agn)sin(ot+e); X, = —o’ Assin(agn)cos(ot+e)
= X =—0X,, Xy ==Xy Xy =—0X, e
bat An2= A= Ane2= .= A, An1i= Ani=...=B
Thay vao (1) va (2)
~AMo’ sin(agn) = o Bsin[aq(n +1)]+ Bsin[agq(n -1)]- Asin(agn)}
= A(20. — Mo?)sin(agn) = aB{sin[aq(n +1)] +sin[aq(n —1)]}=aB2sin(aqn)cos(aq)
= A(20. — Mo?) = 20Bcos(aq) (3)
Tuong tu:
Bm(2o. — Mw?)sin[aq(n +1)] = aA{sin[aq(n + 2)] +sin(agn)}=aA2sin [aq(n +1)]cos(aq)
= B(20. — mo?) = 20.Acos(aq) (4)

Nhan 2 vé (3) va (4), ta c6 AB(Mo? —2a)(Me? —2a) = 40.*ABcos? (aq)=20.2 (1+ cos 2aq)
= 40° + Mmoo’ - 20(M + m)»’ = 20’1+ cos(2aq)]
M+m , 4a

2
=o' -2a o + sin’(agq) =0 5
Mm Mm (aq) (%)

Cach 2:

Dét Xn — Aei(aqn—mt),x — Bei{aq(nil)—mt}’ Xniz — Aei{aq(nﬂ)—mt} ta Cé

X ==X ;X 4 =—0X ) X, =—0°X

ntl? “*nt

n+l

nt21"**
thay vao (1) va (2)

~Mo?Ae'@ ) = _g(Be™ + Be ™ —2A)e' "

(20— Mw?)A = —a(Be™ + Be ™) = —2aB cos(aq)

Tuong tu: (20— mw?)B = —2a.A cos(aq)

Nhan hai vé: 4a?® + Mmo* - 2a(M + m)e® = 4a’cos?(aq)

2
Suyra: o' -2a M+ m o + 4o [1-cos®(aq)] =0
Mm Mm
2
ot +2g EM o, B0 sinaq=0 () (1,25 diém)
Mm Mm

Phuong trinh nay c6 2 nghi¢m:

2
o, = a[i+ij+a (i+ij —isinzaq _ [d 1+‘/1—§sin2aq (6)
M m M m Mm 3m 4
2
m_:\/a(i+i)—a\/(i+ij —isinzaq :\/4—(1(1— /1—§sin2an (7
M m M m Mm 3m 4

3. (0,5 diém) Theo (6) va (7), ta thiy o =(q)1a ham sé phu thudc vao q mot cach tuan hoan

..... (0,5 diém)

véichuki = o(q) =o(q+ mE) . Vi vy khi xét hé thire tan sic ta chi can xét cac gia tri cua q
a a
trong mién _Zi <q< 21 (ving Brillouin thir nhat). ........cccovevvivvieieeiieeeeeeen, (0,25 diém)
a a

9



Tai tim va bién viing Brillouin thir nhat:
Ta xét nghiém voi dau (-):

Khiqg=0, _=0.
Khi q nho, o_ _aq‘/ q
4m
Khi g+, 0 = 2%
2a 3m

Ta xét nghiém vé6i ddu (+):

Khig=0, o, _‘/80‘
Khi q = +— /20‘ /2“ ..(0,25 diém)
3m

4. (0,5 diém) Do thi cia ® = o(q) 6 hinh v€ 13
gdm hai nhanh (nhanh &m va nhanh quang):

5. (0,5 diém) Dua vao hinh v& ta c6 mot nhan xét
quan trong. Trén phd cia ®=w(q)cd mot

5 ./ . N 200 £ ., .
khoang gia tri tr o_= ,/3— dén gid tri
m

/20( . , . A \ ,
=,|— khong ung v6i nghiém nao cua

phuong trmh song truyén trong tinh thé, c6 nghia la khong c¢6 dao dong tmg voi tan sb nam
trong khoang do. Nhu vay tai bién cua vung Brillouin ton tai mot mién cam. Song tmg Vi tan
s0 trong mién d6 khong lan truyén trong tinh thé dugc, ma bi hap thy manh.

CAU VI (3 diém)

1. (2,0 diém) Hé dao dong quanh khdi tim. Mdi qua ciu M, m ndi v6i khéi tAm bang 10 xo
tuong tmg ¢6 do cimg K1, kz va chiéu dai ty nhién ¢, ¢,

MG kL L L Mem

m (4 k, k k,

X, =—KX,; o= \/7 / M+ m \/7 D0 d0 K=Hm% . oo, (0,5 diém)
Mm

Coi h¢ nhu mot chit diém dao dong diéu hoa véi khm lugng rat gon p. Nang luong E, dong
nang T, thé nang U va dong lugng p ctia nd c6 C4C moi lién hé:

Hinh 13

p2 1 ., p2 1 5. ;
T=—, U= X E=T+U="—4+=HtOX" (1)ireeirrrrirrriiieirrer e (0,5 diéem)
2u 2 2u 2
Ttr hé thire bat dinh

Ap.szg; Ap=p-p=p,AX=X-X=X
vi céc gid tri trung binh ddi véi dao dong dicu hoa déu bang khong: p=0, X =0= 0. Do do:

px>ﬁ—>p2x2 i — p° >h—2 2) (0,5 diém)
X > 7 n E (B e ,
Thay bat dang thirc (2) vao (1), ta co:
2
E>—— L T S0 SRR (0,25 diém)
8ux® 2
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2

Khao sat ham s6 y = 5 + = uw’x?.
8ux® 2

. A 2 s 1 1
Tai X = N ham so dat cuc ti€u va co gia tribang Yy, = y| _[n =—ho—>E, ==ho.
2u® 2o 2 2

: / 1 4
Vay ¢ trang thai co ban, phan tir ¢ kich thude cd ZL va nang luong Ehm ...... (0,25 diem)
po
2.(1,0 dié‘)m)’G(_)i G 1a khdi tdm cuia hé hai hat, v1 va vz 1a van tdc cac hat trong hé quy chiéu G.
Vi hai hat giong nhau nén v1 = - V2 = v. Dong ndng cua hat:

2 2 )
K=E, ;_1 = oF,. Suy ra: (%} :1_( 1 j _ 20+a 3)

V2 l+a) 1+ a)?
e

Hat A ¢6 van toc v d61 voi G, khoi tam G lai ¢ van toc v doi voi B
Theo cong thire cng van toc, trong h¢ gan vdi hat B, hat A c6 van toc

V4V 2V 2vc? vl 2w

= v - s —>? = T QT T (0,5 diem)
c c
o a : 2 1 2 1
va ¢6 dong nang: K'=m,C*(——=-1) =m,c"( -1
12 2.2
v 4v°c
\/l_ci2 \/1_((:2+v2)2
D2 1 OV
K'=m,c( o -1)=myC ((:2——\/2_1)
1- 2 2y2
(c*+v?)
, 2v° 2 2 )
K'= mOC2 (CZ_—VZ) = mOC2 (2—) = mOCZ(W) = m0C2 (4OL+ 200 )
N 71
) ) v 20+0a
Két qua cuoi cung: ‘
K= 2B (2 0) 0L 1ttt (0,5 diém)
------------------------ [ S [ ——
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