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物理竞赛试题讲解

物理竞赛试题讲解(一) 


　　1.一个单板有一个质量可忽略的细杆和一个质量为m可以当做质点的物体构成，细杆中有一个装置使得当质点达到最高时质点到转轴的距离迅速由l变成l+h，而当质点达到最低点的时候，到转轴的距离由l+h变成l。求：相邻两个周期单摆的振幅比为多少？
　　【答案】
[image: image1.png]TEASAERE A0
F5 ,
1 po2atn?
- nof(tn)
= (1—cos 8 )ng (1+H) E
8<<1 (]*casﬁ)z%ﬁz
©Z(1+n)=82¢
e > D o 21=8" %, 5a — BEML





　　

[image: image2.png]G-
B — ¢ NiEFEAN = HNETFE
no (1402 =ne 17

oz
=T





　　
　　2.

[image: image3.png]q=cu

a=—c,u,  +a000 v Ci{ Jar

c2{ |q,
w=—cm, T ol
S
- 1
s
a=—2uy=—z.66-10""¢C
4
s

Q== Tp=-1.33-10""T¢

dz





　　

[image: image4.png]



　　
　　3.

[image: image5.png]TEARRT TR E RIS T

x
AR RTEAR HIEST.
v :;n

0.0254 cn?





　　
　　4.有一个质量是965 m e处于静止状态的粒子，衰变成两个相同的质量较轻的粒子，生成的粒子质量是其本身静止质量的1.77倍，求生成粒子的速度和它们的静质量是多少？（me:电子质量）
　　【答案】0.825c；273 m e
物理竞赛试题讲解(二)
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　　1.地球表面的加速度为g，地球半径为R。以仰角α和初速度v从地球表面抛出一物体，求它所能达到的最大高度为多少？（设空气阻力可以忽略）
　　【答案】[image: image7.png]
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　　2.一个质量为M，半径为R的均匀圆柱从仰角为α的斜面向下运动，圆柱的初速度为0，在第一段距离S圆柱与斜面的摩擦系数为μ 1，其它地方是μ2，角度大小在3μ1和3μ2之间，求当圆柱开始做无滑动滚动时候的速度。
　　【答案】[image: image9.png]20y~ t)cosasin @ 25
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物理竞赛试题讲解(三)

　　2. An Electrified Soap Bubble
　　A spherical soap bubble with internal air density ρi , temperature Ti and radius R0 is surrounded by air with density ρa , atmospheric pressurePa and temperatureTa . The soap film has surface tension γ, density ρS and thickness t . The mass and the surface tension of the soap do not change with the temperature. Assume that R0﹥﹥t.
　　The increase in energy, dE , that is needed to increase the surface area of a soap-air interface by dA, is given by dE=γdA where γ is the surface tension of the film. 
　　2.1 Find the ratio [image: image19.png]


in terms of γ, Pa and R0. [1.7 point] 
　　【答案】[image: image20.png]
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　　2.2 Find the numerical value of [image: image24.png]


-1 using γ=0.0250 Nm-1, R0=1.00 cm , and Pa=1.013 ×105 Nm-2 . [0.4 point] 
　　【答案】1+0.0001
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　　2.3 The bubble is initially formed with warmer air inside. Find the minimum numerical value of Ti such that the bubble can float in still air. Use Ta=300 K，ρs=1000 kgm-3，ρa=1.30 kgm-3, t=100 nm and g=9.80 ms-2 . [2.0 points] 
　　【答案】307.1 K
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　　After the bubble is formed for a while, it will be in thermal equilibrium with the surrounding. This bubble in still air will naturally fall towards the ground.
　　2.4 Find the minimum velocity u of an updraught （air flowing upwards） that will keep the bubble from falling at thermal equilibrium.Give your answer in terms of ρs ,R0,g ,t and the air’s coefficient of viscosity η. You may assume that the velocity is small such that Stokes’s law applies, and ignore the change in the radius when the temperature lowers to the equilibrium. The drag force from Stokes’ Law is F=6πηR0u.[1.6 points] 
　　【答案】[image: image27.png]2
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　　2.5 Calculate the numerical value for u using η=1.8×10-5 kgm-1s-1. [0.4 point] 
　　The above calculations suggest that the terms involving the surface tension γ add very little to the accuracy of the result. In all of the questions below, you can neglect the surface tension terms. 
　　【答案】[image: image29.png]uz036mis
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　　2.6 If this spherical bubble is now electrified uniformly with a total charge q, find an equation describing the new radius R1 in terms of R0，Pa，q and the permittivity of free space ε0. [2.0 points] 
　　【答案】[image: image31.png]
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　　2.7 Assume that the total charge is not too large （i.e. [image: image35.png]Ry

T



） and the bubble only experiences a small increase in its radius, find △R where R1= R0 +△R.
　　Given that （1+x） n≈1+nx where x＜＜1. [0.7 point] 
　　【答案】[image: image36.png]
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　　2.8 What must be the magnitude of this charge q in terms of t, ρa,ρs,ε0, R0, P0 in order that the bubble will float motionlessly in still air? Calculate also the numerical value of q. The permittivity of free space ε0=8.85×10-12 farad/m. [1.2 point]
　　【答案】[image: image38.png]96 R ot B
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物理竞赛试题讲解(四) 


　　1.
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　　5.
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物理竞赛试题讲解(五) 


　　近代物理 
　　狭义相对论基础知识 
　　狭义相对性原理：所有物理规律在所有惯性参照系中都具有相同的形式。 
　　光速不变原理：所有惯性参照系中真空光速大小相同。 
　　1.由狭义相对性基本原理，导出洛伦兹变换。 
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物理竞赛试题讲解(六)

　　1.
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物理竞赛试题讲解(七) 


　　6.

[image: image74.png]DOEALE 1
FRLREL,





　　

[image: image75.png]Bl =t
Bz =ue—1
1= [1-p?
FER () =x (')

¥

7 (O=x, ()=u = ¢=

=t P=aPule?





　　

[image: image76.png]2
e

@2

&

oty
)=ty —

2





　　

[image: image77.png]F et P=d? 20

Eal
7 (8 ’*) M= 2 femaf st (17—) 1
FRKE

¥ 0=y, (5,0





　　
　　7.
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　　10.光悬浮：用激光照射一透明圆锥，光在各界面上的反射可忽略，光速与锥底面同宽，圆锥顶角为2α，质量m，折射率n，求能使圆锥悬浮的最小激光功率P＝？
　　【答案】[image: image84.png]Pz

1—ncos® @—sin al—#? cos® &




[image: image85.png]o @ n
FHgOLERS—EBARE, HE L AN
ERME L ARSI, FiE

SHREER, EREIRAN2a

s BB H5tEn, RALEE

BRI R =7 s
Rz

osa AR

3~ ) =avcsin(ncos )

_z
+a-3





　　

[image: image86.png]KT HERES ENTE
Y (1—cass)

cos 8 =sin[arcsin(ncosa ) +a]
z

=ncos?a +sina,[1—r? cos’

Ap, =2 (= neasfa —sina iFeosTa )
AREBRHE N SIS FHn

F, =221 ncos?a —sina [1—reos?u )
g(ﬁmszn —sint[1—rZcos?a ) ZEng

eng
p=
z

1— neos? @ —sin@\[1—Z cosa





　　
　　11. 

[image: image87.png]SUERRAT
HFERE sowetlle ¢ 30%

_ 3
=it

__ =
EETTR T kAT
Z





　　

[image: image88.png])
H SIFo3RAtATRIEEE

=T,0+ )





物理竞赛试题讲解(八)

　　1.GPS中的相对论效应：每天同一时刻，同一GPS卫星经过地球上同一点上空。
　　求：GPS卫星的高度和速度。
　　【答案】[image: image89.png]2.03x10° m;3882 m/s
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　　2.等效原理：在封闭空间内无法区分惯性力和万有引力。非惯性系等同惯性系+引力场。
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物理竞赛试题讲解(九)

　　光学
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　　题1
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　　题2
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物理竞赛试题讲解(十)

　　光学
　　题3.用凸透镜汇聚阳光，并使光斑尽可能小，已知太阳的视直径Φ＝0.5o.求一个适当的透镜直径D。
　　【答案】0.154 mm

[image: image112.png]FERCER, ST TR
EHARNRER =o0.5°
M ELREEEED.
® de=iznd
1
so~Lo
b=1.22 705 ~2 444 O =550mm)

=0. 154nn





　　题4.一个半径为R的玻璃球，其折射率为n2（r）＝3-[image: image113.png]2R



。一条离光轴R/2的光线入射到球上，求光线的偏转角δ。
　　【答案】[image: image114.png]
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　　题5.
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物理竞赛试题讲解(十一) 
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　　2.
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　　 　　3.一个铝制容器里有1 千克冰水混合物，冰的质量是0.8千克（温度是0℃），把它放到一个恒温热源上，问经过多长时间容器中的冰全部融化？
　　【答案】11.3 s
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　　 　　4.
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物理竞赛试题讲解(十二)

　　1. A Three-body Problem and LISA
　　[image: image132.png]



　　1.1 Two gravitating masses M and m are moving in circular orbits of radii R and r , respectively, about their common centre of mass. Find the angular velocity ω0 of the line joining M and m in terms of R，r，M，m and the universal gravitational constant G . 
　　[1.5 points]
　　1.2 A third body of infinitesimal mass μ is placed in a coplanar circular orbit about the same centre of mass so that μ remains stationary relative to both M and m as shown in Figure 1. Assume that the infinitesimal mass is not collinear with M and m. Find the values of the following parameters in terms of R and r： 
　　[3.5 points]
　　1.2.1 distance from μ to M . 
　　1.2.2 distance from μto m .
　　1.2.3 distance from μto the centre of mass.
　　1.3 Consider the case M=m. If μ is now given a small radial perturbation （along O μ）, what is the angular frequency of oscillation of μ about the unperturbed position in terms of ω0 ? 
　　Assume that the angular momentum of μ is conserved. [3.2 points]
　　The Laser Interferometry Space Antenna （LISA） is a group of three identical spacecrafts for detecting low frequency gravitational waves. Each of the spacecrafts is placed at the corners of an equilateral triangle as shown in Figure 2 and Figure 3. The sides （or ’arms’） are about 5.0 million kilometres long. The LISA constellation is in an earth-like orbit around the Sun trailing the Earth by 20°. Each of them moves on a slightly inclined individual orbit around the Sun. Effectively, the three spacecrafts appear to roll about their common centre one revolution per year.
　　They are continuously transmitting and receiving laser signals between each other. Overall, they detect the gravitational waves by measuring tiny changes in the arm lengths using interferometric means. A collision of massive objects, such as blackholes, in nearby galaxies is an example of the sources of gravitational waves.
　　[image: image133.png]



　　FIGURE 2 Illustration of the LISA orbit. The three spacecraft roll about their centre of mass with a period of 1 year. Initially, they trail the Earth by 20°. （Picture from D.A. Shaddock, “An Overview of the Laser Interferometer Space Antenna”, Publications of the Astronomical Society of Australia, 2009, 26, pp.128-132.）.
　　[image: image134.png]\ /'
~@+

FIGURE 3 Enlarged view of the threc spacecrafi triling the Earth. A, B and
C are the three spacecrafts at the corners of the equilateral triangle.





　　1.4 In the plane containing the three spacecrafts, what is the relative speed of one spacecraft with respect to another? [1.8 point]
　　3. To Commemorate the Centenary of Rutherford’s Atomic Nucleus:
　　the Scattering of an Ion by a Neutral Atom
　　[image: image135.png]lon, m,Q
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　　An ion of mass m, charge Q, is moving with an initial non-relativistic speed v0 from a great distance towards the vicinity of a neutral atom of mass M＞＞m and of electrical polarisability a . The impact parameter is b as shown in Figure 1.
　　The atom is instantaneously polarised by the electric field[image: image136.png]


 of the in-coming （approaching） ion.
　　The resulting electric dipole moment of the atom is [image: image137.png]


=a[image: image138.png]


. Ignore any radiative losses in this problem.
　　3.1 Calculate the electric field intensity [image: image139.png]


p at a distance r from an ideal electric dipole 
　　[image: image140.png]


at the origin O along the direction of [image: image141.png]


in Figure 2. [1.2 points]
　　[image: image142.png]



　　3.2 Find the expression for the force [image: image143.png]


acting on the ion due to the polarised atom. Show that this force is attractive regardless of the sign of the charge of the ion.
　　[3.0 points]
　　3.3 What is the electric potential energy of the ion-atom interaction in terms of α，Q and 
　　 r ? 
　　[0.9 points]
　　3.4 Find the expression for min rmin , the distance of the closest approach, as shown in Figure 1. 
　　[2.4 points]
　　3.5 If the impact parameter b is less than a critical value b0 , the ion will descend along a spiral to the atom. In such a case, the ion will be neutralized, and the atom is, in turn, charged. This process is known as the “charge exchange” interaction. What is the cross sectional area A=π[image: image144.png]e



of this “charge exchange” collision of the atom as seen 
　　by the ion? [2.5 ponts]
　　光学陀螺
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　　超声波光栅
　　超声波在水中传播时，水的密度会发生变化，变化的空间周期为超声波的波长。密度变化→折射率变化→光栅。
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