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CAUI (4,0 diém)
L. (1,5 diem) ) i )
Truc cta I chuyén dong vdi toe dd 1a va = x'a, truc cta II chuyén dong véi toc d) ve.

2
A < s 1 1 1 1 v
Bong nang cua I la: WIZEMVi +EIA(DIZ = EMVi +EMR2 (KAJ =Mv;.
1 1 1 1 mr’ 1 ;
Dong nang cua II 1a: WHZEmVi +§IBwfl=EmVi +E%mﬁ = Zm(2vi + 0T ). e, 0,25 diem

*Tim vg va o :
Chon chiéu duong cho chuyén dong quay cia I va II nhu hinh v&. Ta co:
xg=Xa T (R-1)sing = xX’g=x"a+ (R-1)p’cosp (1)

yp=R-(R-r1)cos¢p = y’5=(R-r1)@’sing 2)
vl @’ = o la toc do gbc cia AB quanh A va
Vg = \/x'é +yp = \/(VA +(R - 1)0c05®))’+ (R -I)OSINP)” . wovovereeeeeeeeeeeeeeeeeeeee e, 0,50 diém
Vi khéi try lian khong truot nén van tde v, cua tiép diém D y

trén I va trén II phai bang nhau. Vén téc v, c6 phuong vudng

goc v6i ED va ¢6 do 16n v, =2v,sin > .
2

Mit khac: v, =V, +V, 5
Chiéu hai vé phuong trinh trén theo phuong Ox ta cé:

2v, sinzg =x'y — 1o, cos¢ (3)
Thay (1) vao (3): 0O
2x'Asin2§ =x', +(R-r)p'cosp—rm, cos *
Suy ra:
on :ﬁ[x;\(l—%inz %) +(R —r)(p'coscp} = %[x; +(R-1)e']= %[VA +(R-1)0] ... 0,50 diém

* Tur d6 ta tim dugc dong nang cua II:

W, = %m[(VA +(R - r)ocos))’+ ((R - r)oosin(p)zJ + %m [VA +(R- r)co]2

- %m[3vi +3(R-1)’0° +2v,o(R -r)(2cosp + 1)]
*W =W, +W, =Mv’ +im[3vi +3(R-1)’®’ +2v,,o(R-r)(2cos@ + 1)] ............................. 0,25 diém

2. (1,0 diém) Ki hiéu lyc ma sat va phan lyc tic dung khéi tru 1an luot 1a E, N', cac luc ma sat
tac dung lén vanh tru 1a F, F,. Xét chuyén dong quay ctia khdi tru quanh tryc qua B :

.omr’ 1p .
—F)r=To, :T;[XA +(R_r)(l)"]



' m . m "
F, :_(?XA +?(R—r)(p )

F, =-F, =—%ij —%(R—r)(p" ............... 0,50 diém
Phuong trinh chuyén dong quay ctia vanh try quanh truc

qua A:—=FR+FER=1,,,7v.

— —FR+FR=MR’2A = _F +F, = Mx,
R

Tir d6 tinh duoc:

O B o VT T T

»om . m " ;
Flez_MXA:?XA"'?(R_r)(P —Mx, E F mg X
F = (% ~M)x, + % (R=1)0": oo 0,50 diém
3. (1,5 diém) q ,
a) Phuong trinh chuyén dong cta khoi tru theo Ox, Oy la:
F', cosg— N'sin = mx, 4)
—mg+F', SIN @+ N'COSQO= MY (5) ovrrvererrriieieeieiieieieieieeiesesesiesesesse st 0,50 diém

Khtr N’ va F’; tir cac phuong trinh ndi trén:
F', cosp-mx,

-mg+F',sinp+ B cosp=my,

sin @
—mgsin @+ F',(sin® ¢ +sin® @) — mx ;cosp= my,, sin ¢

Thay F', = —%XL —%(R—r)(p" ta co:

—mgsin @ — (% X, + % (R-1)¢")—m((x, +(R-1)p"cose— (R —1)p" sin ¢))cose

=m(R —1)p"sin’ ¢ — (R —1)p" cos@.sin ¢
2gsin @+ (2cos@+1)x, +3(R-1)p"=0

PO L G 0,50 diém
3(R-r)
b) Khi A chuyén dong déu thi x, =0 nén ¢"=— 28 sin @ . Néu ¢ nho thi ¢"=— 2e
yén dong A "= 3R e Neue "= "3Rn?
nén ¢ bién déi didu hoa voi thn s va chu ky 1a: o= |—2& . T=og PRZD 0,50 diém
3(R-r) 2g

CAU II (3,0 diém)
. 2R
1. (0,75 diém) Duong kinh goc cia MT 1a 20, = R_S

Suy ra: Rg =aR,=6,96.10°km (1)
TP c¢6 khéi lugng M, chuyén dong quanh

)

dudi tac dung cta luc hudng tim (bang
M v o MsM;
R, R

2nR,

MT véi van toc v =

luc hap dan ciia MT):




47°R;)

Két hop véi (2), ta tinh dugc khéi lugng MT: M, = o (3)
‘. . M R’ .
Tur day suy ra khoi lugng riéng cia MT: pg = 5__ = 3n2 iR 0,25 diem
(4/3)nR}  GT’R}
Thay R, tir (1) vao ta duge: pq =% =1L, A1 10K/ T e 0,25 diém
o

S
2. (1,25 diém) Trude hét, ta tinh gia toc g(r) gdy boi truong hap dan
tai diém M bét ki, cach tm O mot khoang r (r < RS). Do d6i xung,
cac phan tir bén ngoai qua cau nay gy tai M gia tbc hap dan bang

khong. Qua cau ban kinh r c6 khéi lugng 1a My, =§npsr3 .

Mot phan tir nhé dm dit tai M chiu luc hip dén

3
M np,r dm
F,=G trde:G3 ——=G—np r’dm
r r
Y F 4 3 .z
Do do gia toc g(r)=—=G—mnp,r (4) oo 0,25 diém
dm 3

Tién hanh tinh ton gidng nhu tinh cong thirc khi ap, ta duoc

dp

_— = — T

dr Psg(r)

4 2
Thay (4) vao, ta co: 92 = _ 4TG5 . (5)
dr 3
2
Tich phan hai vé phuong trinh (5) ta duge:  p(r) = —%&rz +C
TS S 27TGP§ 2 L ana -2 ., , A 1A
Tt diéu kién p(Rg)=0,suyra C= Ry, tir day ta suy ra biéu thirc tinh 4p suat bén trong
2
MT 14 p(r) = 27[—(3}’)5(R§ Y () DO 0,50 diém
, . 2 2

Ap suét & tam O ciia MT la: p, = p(0) = n?ps R (7)

Dung phuong trinh trang thai khi li tudng: pV = MRpT= psV RT =T(r)= LRp(r) (8)
n Ps
2
Vay nhi¢t d6 tai im MT 12 T, = T(0) = - p(0) = ZFOPHRs 0,25 diém
psR 2R
Thay céc s liéu vao (7) va (8), ta duge p, =1,35.10"Pa va T, =1,4.10'K ................ 0,25 diém

3. (1,0 diém) Khéi lugng khi ndm giira hai mit cdu ban kinh r va r +dr 1a
dm = pdnr’dr  (9)
GM

Luong khi nay c6 thé ning hap dan: dE, = ———"dm
r



2
Thay dm tir (9) vao va luu ¥ raing M, = p gnﬁ , taduoc dE, =~ Lo peGr'dr
Do tinh chat ddi xuing cAu, ta tim duoc
1’=RS 2 Rg 2 5
E= [ dB, =" Gp, [ riar=- G R . 0,75 diém
2o 3 0 15
Thay khéi lugng MT 1a M = py %nRé vio biéu thic trén ta co:
Mg .
E, = _3GMs 0,76.10° J. oot 0,25 diém
S
CAU 111 (4,0 di¢m)

1.( 0,5 diém) Ta x4c dinh dién thé tai diém M bat ki trén truc x. Chon mdc tinh dién thé 1a diém
xa vo cung. Cac phan tir trén moi vong tron déu cach M cac khoang bang nhau nén dién the tai
M la

1 Q 1 Q
V(x) = I
) 4ne, JR? +(x—R)’ e, JR? +(x+R) M
Tir do: E(x) = — d\;ix) - 47?8 Qx-R) _,  Q&HR) | . 0,50 diém

3
[R?+(x-R)’ | [R*+(x+R) |
2.(2,0 diém) Khi dit tai M dién tich q, thé nang cua hé 1a

qQ L] qQ
4ne, JR?+(x—R)* 41, JR? +(x+R)’

Ux)=qV(x)=
Dé xét sy bién thién cta U(x), xét phuong trinh:

T P e B 0)
X

4mey [R*+(x-Ry]* [R*+(x+R) ]’

3 d . A . S
Nhdn xét: Trong mién |x| >R, d—U(x) #0. Do do, nghi¢m cua phuong trinh (4) nam trong
X
khoang (—R,R), tirc 12 cac diém cyc tri ciia U(x) nam trong khoang (-R,R)........... 0,50 diém

Xét dién truong cé cudong do E’ gay bdi mdt vong day, géc toa do dat tai tam cua vanh.

1 Q
4ne, \R? +x°

Dién thé tai diém co toa d6 x 1a: V(x) =



dv(x) _ 1 Qx
dx  4ne, \/(R2+x2)3

CdE'(x) 1 Q(R?-2x7)
e e (RRax) ~1/2

= E'(x)=- E*

do do

x/R

1/42

dE'(x) 1 Q(R*-2x%)
dx  4ng, (R2+X2)5/2 ’
suy ra E" ¢o gia tri cyc dai E*max >0 tai

R/ \/E va gia tri cyc tiéu Am —E*mlx tai —R/ \/5 .

Vi

dé dang

Ngodira, E">0 vOi x>0 VA E" <0 VO X <0 .o 0,50 diém
Kihi¢u E, va E, lan luot 1a cuong do dién trudong giy boi vanh dat tai x = R va vanh dat tai
x=-R. Vi dién truong tong hop co tinh chdt E(x)=-E(-x) nén ta chi cin xét mién
0<x<R.

Khi x giam dan tir R dén (1-1/~/2)R, E, giam don didu tr 0 dén gia tri —E
Do d6, dién truong tong hop E c¢6 gia tri

con E, Iuén

duong va tang don diéu nhung luén nho hon E__ .
duong tai x =R va c6 gia tri am tai (1 —1/\/§)R . Vi E 13 ham lién tyc ctia x nén E phai bang
0 tai mot diém x, nao d6 trong khoang ((1—=1/+2)R, R ). covveeeorveeeeeeeceeeeeeeeeeeeeesennee, 0,50 diém

Khi x giam tir (1-1/v/2)R dén 0, E, tang E,

don diéu tir 0 dén gid tri —E, (E, >0) nao

E»
do, con E, luoén duong va tang don diéu tur

gia tri nho hon E__ dén gia tri E,. Do do, 1 1-1/~2 %R

dién truong tong hop E c6 gia tri am trong
khoang (0,(1-1/~/2)R). Db thi cia E

dugc phac hoa ¢ hinh bén. E,

sl

Tom lai, dién truong tong hop E bang 0 tai

: A A s A 7 7 ~ A dU P < R 7 N
ba diém x =0 va x ==*x,. Diéu do c6 nghia la o 0 tai cac diém noi trén.
X

Vay U(x) dat cuc tiéu tai x =0 va dat cuc dai tai x =+x,. Ki hi¢éu U, =U(x,). Ta thay dé

hat q co thé di toi géc toa d0 x =0, thi dong nang ban dau cua nod phai 16n hon U_, , tic vin
A A , , ve 1o ~ A 1sa 2Umax o2
toc ban dau cuia n6 phdi thda man di€u kién: v, >, [— 5. 0,50 diem
m

3. (0,5 diém) Nhu trén ta thiy ton tai ba vi tri cin bang x =0 va x = *x,, trong d6 x =0 la vi
tri cAn bang bén con hai vi tri kia 1 KON DEN. ........veveieeeieeeeeeeeeeeeeeeeeee e 0,50 diém

4. (1,0 diém)Tai lan can diém 0, tirc 1a v6i |x| < R , ta c6:

du(x) _ qQ x—R x+R
dx 47‘680 |:

R*+(x—R)’|* [R*+(x+R)’]?



LR x Je , , . dU(x x—R x+R
Khai trién mau sd, bé qua x* so véi x: (x) ~— qaQ +

dx 4ne, [ZR(R—x)]% [2R(R—x)]§

AU 9Q
dx  8/2mg R’

qQ
8/2me R

Diéu nay c6 nghia 1a q dao dong diéu hoa xung quanh gdc toa do. Vi tri cua q tai thoi diém

t>0batkila x = x,cosot véi ©= 1 L} ...................................................... 0,50 diém
24\ 2me,mR

Theo (5), phuong trinh chuyén dong ctia q 1a mx = —kx véi |X| < R trong d6 k =

CAU IV (3,0 diém)
1. (2,25 diém) Nhan hai vé dN = —Dj—n véimtacod dM =— % s 0,25 diém
X X
Do giam khoi lugng chat khi khi di qua céc dién tich dS c6 toa d6 x va x +dx, trong thoi gian
dt lan lugt 1a : dM, = % gsat ;
dx|,
dp . X
dM_,,, =-D— dSdt. ..o 0,50 diém
X x+dx

Khi di trén doan dudng dai dx néi trén, s6 nguyén tir khi thay doi 1a:

dM_,, —-dM =-D dp dp ds.dt.
dX x+dx dX X
2 2
Matkhic:| 92| 91 1_ 9P g e am, —dM, =D P axdSdt  (1).......0,50 diém
dx| .. dx|, | dx dx
Ciing trong thoi gian dt, sé nguyén tir khi c6 trong thé tich dV = dS.dx 1a ndS.dx, sb bi phan ra
1a: AN = A.ndS.dx.dt, twong Gmg véi khoi luong 13 mdN = m A.ndS.dx.dt véi A = lnTZ .
Vimn = p 1a khéi luong riéng nén dN = p A.dSdx.dt. (2)eeeee 0,50 diém
Ta co: dM_ , —dM_ =-pAdS.dx.dt
d’p d’p A
hay: ———dx.dS.dt =—pAdSdx.dt = —=— 3
y e P o p° @
. \/ZX
Nghiém cua phuong trinh (3) la: p=Ae ' .
N _ \E" .
Khix=0thi p=p,=A nén: p=pee ' =pe "™ . (e 0,50 diem

A
2. (0,75 diém) Néu p=p,10°° ta co: e\g =10° . Ln hai vé, ta dugc, /%x =6In10;

x=6In10 /Ezn,s /E. .......................................................................................... 0,75 diém
In2 In2



CAU YV (6,0 diém)
1. (2,0 diém) Xéc dinh budc song laze va chiét suat chat long
a. (0,75 diém) Xéc dinh budc song laze: .
B6 tri hé thi nghiém nhu hinh vé. 1‘
Chiéu tia laze qua cach tir, xac dinh vi tri cuc i »
dai nhiéu xa bac 1 trén man, do khoang cach H_ JUUCEL ‘)’ o

tir cach tir dén man va khoang céch gitra hai vi
tri cuc dai nhicu xa. But laze .-
Xac dinh budc song A cua but laze theo cong Céach tir
thirc:

h
V4D’ +h’
b. (1,25 diém) Xac dinh chiét suit cua chat long n:
D6 chét 1ong tir binh véao cde hinh try.
B6 tri thi nghiém nhu hinh vé. )
Nhung cach tir vao trong dung dich chit long, dat ---:- S RN -
laze sat canh binh va chiéu thang dén cach tir. Xac
dinh vi tri cuc dai nhi€u xa bac 1, biét A ta tim

A=dsino voi d:i, sino =
N

Cach tir

duoc chiét suat n theo cong thircn = —
sinq,

2. (4,0 diém) Trinh bay phuong 4n thi nghiém xac dinh gia tdc trong trudng g bao gdom:

a. (2,0 diém) Xay dung cong thuc:

Nghién ciru chat 16ng trong hinh try khi hinh try quay quanh tryc ctia né véi toc do khong ddi o.
Xét mot phan tir chat long khdi lugng m trén bé mat chat long. Hop luc F tac dung 1én m c6
phuong vudng goc vai tiép tuyén cua mat chét 1ong. Cac thanh phan cua luc F theo phuong
thang démg va nam ngang la:

Fcosp =mg
Fsing =mao’r
o’r dz o’r’ .
Tacd tanp=—-=—=2z= (vitair=0thi z=0). ZA
g dr 2g

Nhu vdy mat thoang cua binh s& c6 dang mét parabdloit tron xoay D
quanh tryc thang diang Oz. ..........cccccveeenneene. 1,0 diem )
Céach 1: (0,25 dié

ac ( iém) S o h1¢ “ z (Mm
Tai mép trén cling cua chit 1ong tmg r=— ta c6 zZ .= . h Y

2 8g ‘'h

Biét ®, D VA Zyay ta X4c dinh duoc g. R

Néu stk dung cach ndy thi viéc xdc dinh mép trén ciing ciia chat long la
rat khé. Do dé phép do nay dg chinh xdc kém

Cach 2: (0,75 diém)

Thé tich chét long gitra diém cao nhét va thdp nhat ctia mat thoang chinh bang lugng chat 1ong
gitta mit phang di qua diém thap nhat mit thoang va mat phang chit 1ong khi binh chwa quay.
Ta co:

2 D/2 D/2 2.2 2 2 212
mD h, = I z.2mrdr = j O dmrdr="2 D— — h, = oD .
4 0 o 28 g 64 l6g
o’D’ . £ .
Do d6: h-h,=h, = 6g (voi hy 1a d6 cao mat chat long khi binh tinh, h 1a d0 cao mép

thip nhit cua chat long khi binh xoay vdi toc do o).
Nhu vay bang viéc do hy, h va biét o ta x4c dinh dugc g.

9



Viéc xdc dinh mép chdt long iing véi h la ¢é thé xdc dinh dwoc twong déi chinh xdc. Do d6 cdch
nay cho do chinh xdc cao hon.
b. (1,5 diém)
(1,0 diém) BG tri thi nghiém
- P6 chit 10ng vao trong hinh try va dit hinh tru ¢ tAm cta ban xoay.
- Dan miéng gidy bac 1én thanh ngoai hinh tru.
- B tri but laze va pin quang dién sao cho khi anh sang chiéu vao tAm bac s& phan xa va dén
dugc pin quang dién.
- Nbi cac mach dién, thiét bi nhu hinh vé.
0,5 diém) Trinh ty thi nghiém: Bit laze LY
- Dung thudc do duong kinh D cua

Pin quang dién

binh. S S
- Po chiéu cao hy cua chat 1ong khi binh ———+—~ |
chua quay. Dao dong ki
- Thay do6i bién trg dé thay doi toc do
ban xoay.
- Xac dinh téc do quay thong qua viéc 7

dém xung tin hi¢u thu dugc theo thoi gian
trén dao dong ki. 220V
- Po chiéu cao h. ‘

- Ghi vao bang sb liéu.
- Lap lai cac budc tir viée thay doi bién tré dé lay cac so li€u tiép theo.

Lan do
o)
h

c. (0,5 diém) Xt li sb licu
2
- Dyng d6 thi Y = ho - h theo X = o’ dé x4c dinh hé s6 A = % tir d6 thu dugc g.
g

HET
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