Test 9277 
Problems 61-70
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[image: 9277_61]

A long, straight, and massless rod pivots about one end in a vertical plane. In configuration I, shown above, two small identical masses are attached to the free end; in configuration II, one mass is moved to the center of the rod. What is the ratio of the frequency of small oscillations of configuration II to that of configuration I?
A. [image: $\sqrt{6/5}$]
B. [image: $\sqrt{3/2}$]
C. 6/5
D. 3/2
E. 5/3
Torque =I*alpha is a starting point version of Newton’s 2nd law.  
Copied material from site solutions
-----------------
  [image: \tau = I \ddot{\theta} = \vec{r} \times \vec{F}]. (I is moment of inertia, r is moment arm)

In this case, one has a constant downwards force [image: F=mg], which acts at a moment arm angle [image: \theta]. Thus, [image: I \ddot{\theta} = -rmg \sin\theta \approx -rmg \theta], where the approximation works if [image: \theta << 1]. 

The equation of motion for small angles is thus [image: \ddot{\theta}=-(mgr/I)\theta]. This is similar in form to that of a simple harmonic oscillator with the angular frequency being [image: \omega=\sqrt{mgr/I}].

OK—so what to use for m, g, r, and I.    For application of torque about axis at pivot use the total mass located at the center of mass ---the total mass is 2m.   The center of mass of one system is at the end of the rod---so “r”.  For the 2nd system, it is half way between the two masses---so 3r/4.    The moment of inertia for the first system is (2m)r2  and for the second is m(r/2)2 + mr2.  

Plug in and take ratio of omega’s.    

Discussion:   This is too long to go through the algebra ---skip and come back if you have time. 


Is there a fast way? 

Answer should be between all mass at r and all mass at 3r/4  ---why….

Could take ratio with those and see what answers are between.   The numbers look hard---close together.  No calculator. 

Note several incorrect comments on radius of gyration---“the effective r2 where all the mass can be placed to give the same moment of inertia”. 
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A mole of ideal gas initially at temperature [image: $T_0$]and volume [image: $V_0$]undergoes a reversible isothermal expansion to volume [image: $V_1$]. If the ratio of specific heats is [image: $c_p/c_v=\gamma$]and if R is the gas constant, the work done by the gas is

A. zero
B. [image: $RT_0(V_1/V_0)^\gamma$]
C. [image: $RT_0(V_1/V_0-1)$]
D. [image: $c_vT_0\left(1-(V_0/V_1)^{\gamma-1}\right)$]
E. [image: $RT_0\ln(V_1/V_0)$]



GRE Physicsnet solutions work pretty well here.   If you remember “ln” this is easy, if not moderate to derive (in time).  The specific heat stuff is not used. 


The work done by a gas in an isothermal expansion is related to the log of the volumes. If one forgets this, one can quickly derive it from recalling the definition of work [image: W=\int P dV]and the ideal gas law equation of state [image: PV=nRT \Rightarrow P=nRT/V]. 

One has [image: W=\int nRTdV/V = nRT ln(V_1/V_0)]. For 1 mole, one has [image: n=1], which yields choice (E).

(And the condition for isothermality [image: P_1V_1=P_0V_0=nRT_1=nRT_0]allows one to change the argument in the log.)
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Which of the following is true if the arrangement of an isolated thermodynamic system is of maximal probability?

A. Spontaneous change to a lower probability occurs
B. The entropy is a minimum
C. Boltzmann's constant approaches zero.
D. No spontaneous change occurs.
E. The entropy is zero.

Discussion:
Maximal probability----energy has spread out and done its 2nd law thing.  Entropy has increased already.   A—systems can not spontaneously change to a less likely state.   B ….entropy can increase or remain the same---vague---constant is also a minimum…..so…….

C     Just bogus answer---don’t change constant to zero!!!!!!

E----no no no---entropy is not zero (no available energy states).    

Answer is D.     Heat death of the universe. 
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If an electric field is given in a certain region by [image: $E_x=0,E_y=0,E_z=kz$], where k is a nonzero constant, which of the following is true?

A. There is a time-varying magnetic field.
B. There is charge density in the region.
C. The electric field cannot be constant in time.
D. The electric field is impossible under any circumstances.
E. None of the above.

The solution on grephysics.net is pretty clear


Electromagnetism[image: http://grephysics.net/cgi-bin/mimetex.cgi?%5CRightarrow]}Gauss Law
Gauss Law gives [image: \nabla \cdot \vec{E} = \rho/\epsilon_0]. Since the divergence of E in Cartesian coordinates is non-zero, there is a charge density in the region. QED


Discussion 

Note that uniform fields do not exist without infinite sources.   This problem does not have a uniform field, but when plugging E into Gauss’s law you get a charge density which is uniform throughout the region in question, ---ie a superposition of x,y charged planes which are infinite!!!!!-----This is a frequently discussed idealization in physics but is also not real.   The answer is questionable here---answer D may be appropriate.  HOWEVER, regardless of requirement of infinite charge distribution, we are given that the E field exists!
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[image: 9277_65]
Two point charges with the same charge [image: $+Q$]are fixed along the x-axis and are a distance 2R apart as shown. A small particle with mass m and charge [image: $-q$]is placed at the midpoint between them. What is the angular frequency [image: $\omega$]of small oscillations of this particle along the y-directions?

A. [image: $\frac{Qq}{2\pi \epsilon_0 m R^2}$]
B. [image: $\frac{Qq}{4\pi \epsilon_0 m R^2}$]
C. [image: $\frac{Qq}{2\pi \epsilon_0 m R^3}$]
D. [image: $\left(\frac{Qq}{4\pi \epsilon_0 m R^2}\right)^{1/2}$]
E. [image: $\left(\frac{Qq}{2\pi \epsilon_0 m R^3}\right)^{1/2}$]


One can add force vectors or E field vectors and get a   2*kQq/R^2*sin(small angle). The sin(small angle) is approx y/R.   Set up F=ma very quickly, see the R^3, and get sqr root from omega =sqrt(k/m).  Done---answer E.   ---You must recognize two things, the sqrt, and the fact that the force will be smaller than kQq/R^2 due to vector cancellation.  This leaves only answer as E.  



Electromagnetism[image: http://grephysics.net/cgi-bin/mimetex.cgi?%5CRightarrow]}Small Oscillations The force on the charge in the center due to the charges on both sides is [image: F=\frac{2Qq}{4\pi \epsilon_0 R^2}]. Small oscillations have a form [image: \ddot{x} = -\omega^2_0 x], which comes from [image: m\ddot{x} = -kx]. 

Thus, the Coulomb Force above gives [image: m\ddot{y}=-\frac{2Qqy}{4\pi \epsilon_0 R^3}]. Note the compensating R on the denominator to account for the y.

Thus, the angular frequency is given by (E). 


Note the repeated theme in problems of setting up simple harm osc problem/ diffeq.   KNOW IT.  Know omega=……..
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A thin uniform steel chain is 10 meters long with a mass density of 2 kg per meter. One end of the chain is attached to a horizontal axle having a radius that is small compared to the length of the chain. If the chain initially hangs vertically, the work required to slowly wind it up on the axle is closest to

A. 100 J
B. 200 J
C. 1,000 J
D. 2,000 J
E. 10,000 J


Total mass is 20kg.   Initial average position is at 5m it is lifted to 10 m.   mgy=20*10*5.  Done.     
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[image: 9277_67]
A steady beam of light is normally incident on a piece of polaroid. As the polaroid is rotated around the beam axis, the transmitted intensity varies as [image: $A+Bcos(2\theta)$], where [image: $\theta$]is the angle of rotation, and A and B are constants with [image: $A\gt B\gt 0$]. Which of the following may be correctly concluded about the incident light?
A. The light is completely unpolarized
B. The light is completely plane polarized
C. The light is partly plane polarized and partly unpolarized.
D. The light is partly circularly polarized and partly unpolarized.
E. The light is completely circularly polarized.

Notes.   Unpolarized light has intensity not dep on angle.    Term with A.   Linear polarized light has Intensity proportional to cos^2.    Note cos^2= 1/2 (1+cos(2 angle)).  If A were equal to B then this could be lin pol.  But with A>B there must be some additional constant term—or additional unpol light.    Answer C. 
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The angular separation of the two components of a double star is 8microradians, and the light from the double star has a wavelength of 5500 A. The smallest diameter of a telescope mirror that will resolve the double star is most nearly

A. 1mm
B. 1cm
C. 10cm
D. 1m
E. 100m

Note order of magnitude answers.   Make simple approx’s.   
Let single slit  minimum of one star single slit pattern fall on central max of other star.

Equation     “d”sin (theta)=1    where sin(theta) is given as 8x10-6

Solve for diameter d=5500x10-10/8x10-6=~0.1   Answer C.   
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A fast charged particle passes perpendicularly through a thin glass sheet of index of refraction 1.5. The particle emits light in the glass. The minimum speed of the particle is

A. c/3
B. 4c/9
C. 5c/9
D. 2c/3
E. c

 One of the comments nails it. 

FYI: Cherenkov Radiation occurs when the particle travels faster than the speed of light in the medium. A particle emits light when it makes transitions from level to level, but since this is a free particle, the only way it can emit light is through Cherenkov Radiation.


And index n=c/v     find v.   






















70

A monoenergetic beam consists of unstable particles with total energies 100 times their rest energy. If the particles have rest mass m, their momentum is most nearly 

A. mc
B. 10mc
C. 70mc
D. 100mc
E. [image: $10^4$]mc
Gamma is given.   Momentum =Gamma*m*v.   and v is clearly near c for this gamma.  Quick. 


Special Relativity[image: http://grephysics.net/cgi-bin/mimetex.cgi?%5CRightarrow]}Gamma
[image: E=\gamma mc^2 = 100mc^2], where ETS supplies the total energy to be 100 times the rest energy. Thus, [image: p=\gamma mv = 100 mv], but since [image: \gamma = 100 = \frac{1}{1-\beta^2}], where [image: \beta=v/c], one has [image: v\rightarrow c], as in choice (D). 
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