TRUONG BAI HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HOC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HOC TU NHIEN 2015
Mon thi: Vatly
Ngay thi thtr 2 (10/05/2015)
Thoi gian 1am bai: 180 phdt, khong ké thai gian phat dé

Cau 1: [7 diém]
(a) bdt v’ lavan téc ciia m ngay sau va cham, w vav,, lavan téc géc vavan téc cla
khoi tam cua thanh, x lakhodng cach tlr diém C dén khdi tam cla thanh.
Ca dong lugng va mo men dong lugng d6i voi khéi tam cla thanh déu dugc bao
toan:

mv =mv'+ My,, 1)

rnv.x:mv'x+%ML2w (2)

DEé diém A trd thanh tam quay tic thoi, tirc langay sau vacham A c6 van tdc tic
thoi bang khong.

L wL
vy, —WE=0:>VM == (3)
St dung (1);(2) va (3) ta duoc:
-v)=M
m(v-Vv') = My, L oL
1,2 1D X=—=AC="
m(v—v')x=-—ML*—" 6 3
12 L
(b) Twong tu & trén, ta co cac phuong trinh bao toan:
nmv =nmv'+ My,
vt o mv s v
4 4 12
Lo =Lt MV7, +1(i MLZJW2
2 2 2 2\12
VG m=M :
V=V'1+v, (4)
V=3v'+Lw (5)
12v? =12v?+12v;, +wWL? (6)
WL

T (4) va(5) taco: v, = 3

(6)=12| v—V' |(v+V')= 12(W—;j2 +w?L?
WiL

3



= 4wl (v+V') =2§1WZL2 = V+V'=éWL

Giai cac phuong trinh trén:
.3 24v 8
SV=—VW=—3V, =—V
11 11 11 ]
Vi khong c6 ma st nén céc van téc trén déu khong doi sau va cham. Thanh AB s&

trd nén nam doc theo truc x vao thoi diém T:
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2 48v
Khi dé, m di duoc:
AX=V'T =&
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Tam cla thanh dich chuyén:
L L
AXy, =V, T = % > >
Khodng cach tir m dén dau B cua thanh (xem hinh vé) 1&:
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Cau 2: [10 diém]
(a) Pién tich diém g dwoc dat tai tm cla hé.
i. Dién trudong trong long vat dan bang khong do vay dién tich hudng Gng & mét
trong clia vo cau bang vatréi ddu véi q (theo dinh luat Gauss). Do do dién tich &

mat ngod £ & 2xq. Do tinh d6i xtng nén cac dién tich dugc phan bd déu.

E(x)= 2 (xEb)
E(x)=0 (a4 x|<b)
E(x):§ (x|<a)

ii. DO thi cuong do dién truong doc theo truc x:



E(X)

(b= 2a)

ka/a?

kg/2a*

-2a -a 0 a 2a X

iii. Dién thé doc theo truc x (0< x < ).
V6 cau la mdt vat dan nén la mit ding thé. Dién thé tai r = a bang dién thé tai
r = b. Tai di€ém bén ngoai vd cau, do tinh ddi x(ng va dung dinh luat Gauss, hé trong

duong nhy mot dién tich diém dat tai tam cau. Do do:

r N
:>V(r=a)=V(r=b=2a)=V(r,aSrsb)=Z—It()qzm
a
Voi x<a:
a kg k
V(x)-V(a)= ["E(r)dr :7‘*_;‘1
kg kg _ kq
V(x)=V(a)+ —-2 =2
=V(x) (a)+X P
Tom lai:
z_kq (X>b)
X
V(x)= k_s (a<x<b)
kq (x<a)
X

iv. D0 thi dién thé doc theo truc x.



V(%)

(b= 2a)

ka/a ka/a

-2a -a 0 a 2a X

(b) Bién tich diém q duoc dat trén truc X tai diém x = a/2 .

Cuong do dién truong tai moi diém trong long vat dan can bang déu ban g khéng,
dung dinh luat Gauss ta thay, tac dung tong thé clia khdng gian dugc gidi han bai
mit trong clia vo ciu (tr phan tich dién hudng g vao trong) ra bén ngoai la bang
khong, nhu thé vat trung hoa vé dién. Vi vay dién tich hudng (ing & mat trong clia
v cau ciing bang —g, tuy nhién s phan b dién tich s& khdng con dugc déu. Vo
AU Ngodi Vi thé s& khong bi anh hudng bdi bén trong nén co dién tich bang 2 qva
phan bd déu. Phia ngoai vé cau, ca dién thé va dién truong déu sé khong thay doi
so VOi truong hop d6i xing & trén.

Hinh v& minh hoa phan b dién tich va dudng stc dién truong nhu hinh vé (chay

cac dac diém dién trudng véi vat dan can bang).

Cuwong do dién truong tai vi tri ¢ toa dd x:
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E(x)= 23 (xEb)

E(x)=0 (a< x<b)

iii. Dién thé phu thudc vao x (a< x< ).

2q (x>b)
v k—g (a<x<b)

iv. D0 thi dién thé doc theo truc x.

V(X)
/ (b= 2a)
kg/a kg/a
-2a -a 0 a2 a 2a X

Cau 3: [8 diém]

() Ky hiéu Slatiét dién xy lanh, m1akhi luong piston, h 13 d6 cao ban dau cta cot khi,
h, 12 do cao phan rong phia trén piston, p, 1& &p suét khi quyén, Puy Va p, lakhoi
lwgng riéng clia thuy ngan va khoéng khi (& trang thai ban dau da cho) c, nhiét dung
mol dang tich.

Ap suét lic dau valic sau la
p, = [po +(m+ mHg)g/ SJ: Po + Mg/ S+ p,,OX
Theo dinh luét Boyle:

Thay céc biéu thirc clia p,,p,.V, vaV,, taco:

(h+h —x)S= R+tmg/S o
Po + Mg/ S+p,,OX

= (p, + Mg/ S+p,gx)h+h —x)=(p, + mg/ S)h
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Sip lai phuong trinh:
P = [P0+ 1)~ (1 + Mg/ )k~ (p, + mg/ Sy =0
Thay £ liéu:
p, =10° Pa;% = 36x10'Pa;p,,g =136x10°N / 7
Ta duoc phuong trinh:
136x10°x* — [136x10° x 0.4 - (10° + 36x 10 )} - (10° + 36x10*)x 0,07 = 0
Hay:
x> +06x-0,07=0
= X=0Im=10cm.
Khéi luong thuy ngan m,, =p,, Sx:
Myg = Prg Vi =136.10* x2x10™* = 2,72(kg)
(b) Nhiét lvong cép cho khi dugc xac dinh theo nguyén ly & | clia nhiét ddng luc hoc:
Q=AU +W,, D
Trong d6 Wy, cong thirc hién bai khi.
D0 bién do6i ndi nang:
AU =c,mAT 2
Cong thuc hién bai khoi khi cé thé tinh bdi biéu thic:
W, = %Av (3)
Ap suét khi 1Gc bi nén manh nhét:
P, = P, +%+ Py OX =1496x10°Pa
Con Itc cudi cung &
P, =Py +% = p,=136x10°Pa

Khoi lvong khi, tinh theo lic dau &
m,, =p,Sh=18x0,20x33=1118g

Xét trang thai dau vatrang thai cudi ta c6 phuong trinh:

ﬁ = L =T, = ﬁTl
VS TS Vl

Hay:



T3=Tl(h+hgl)S (h;hl) 273x 30 _ 39091k

D0 thay doi nhiét do:

AT =T,-T, =5791K ~ 58K.
S& dung (1), (2) va(3) vathay $ ta dugc:

Q=700x1118x 58+wx105 x200x10°°

=48,23+ 28,65 = 76,79J
Trong quatrinh nay, ndi nang khi tang lén 48,23 J, vakhi thuc hién mot cong 28,65 J.
Cau 4: [5 diém]
(@) Vi soi day ludn céang trong qua trinh chuyén dong nén mludn cach A nhirng

khoang khong doi. Do vay, m chuyén dong trén mat cau tam A ban kinh L = R.

Nhw vy m ndm trén ca hai mét cau (O,R) va(A,R).

= Quy dao clia m la dwong giao nhau dla hai mat cau nén 8 lamdt dudng tron tam
O, dat tai trung diém clia OA, ban kinh r:
r = Rsin60° = R+/3/2
(b) Tai diém thap nhat ctia qu§ dao, m chiu tac dung clia ba Iyc nhu trén hinh V.
Do m [udn chuyén dong trén mdt mét phang thédng dirng = T = N.
Luc hudong tam:

F=-P+ (T x c0s30° + N x 005300)

2
m:/ :—mg+2Tx£ V3T -mg (1)
Co nang bao toan:
2 2
= =mgr = =2mg (2)

— k@, omg=+/3T-mg= T =+/3mg
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