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Problem 5:

Mechanics=:} Centripetal Force

F')a'i"-'"acts in the direction as shown and the centripetal acceleration acts in the direction of F')A.
Centripetal acceleration is a net force, however, and thus,

=42 Fa=0= —Fairti,
T+EFy:—mU2l,n"T' = fy::’:ﬁ’.l"f}

faisinthe positive direction and Tyisinthe negative direction. Thus the force of the road isﬁ')B.

YOUR NOTES:

Problem 6:

Mechanics=>}Inclined Plane
Set up the usual coordinate system with horizontal axis parallel to incline surface. The equations
are, (since the mass slides down at constant speed),

EFE = D:f—mgsinﬁ'
SRy =0=N—mgcosf<br/>

Frictionis given by f = 4N = pmgcosf where the normal force ¥ is determined from the &'v
equation. For constant velocity one also has, f =mgsinf = pmgcosf — u = tanf

To find the work done by friction, one calculates W = fL  where Lein# = h. Thus
_ _h . . . .
W =tanfmycosf 7 5 =9 a5in the amost-too-trivial, but right, choice (B).

YOUR NOTES:



Problem 7:

Mechanics=+} Elastic Collisions
One determines the velocity of impact of the ball from conservation of energy,

mgh= %mﬂ% = 'U% =2gh<brf>

Conservation of momentum gives,

Vg =—uF2uy<lhr/ >

Conservation of kinetic energy gives,

mv%:mu%—i—?u%{ﬁrﬁ}

Plug in the momentum and kinetic energy conservation equations to solve for Y1and ¥2in terms
of Yoto get

'U-l = —UDI,-"S
vy =2upf3 <brf>

Write yet another conservation of energy equation for thefinal energy,
%mu%—i—%?mv%:mgh“—i—%?mu%,{ﬁrﬁ}

where the condition that the mass 2m slides on africtionless planeis used.

v _h . 2 _qqh.
=" =7 \where the previous result ¥1=—v0/3and 6= 29"is used.



YOUR NOTES:

Problem 20:
M echanics=+} Conservation of Momentum

The Helium atom (m) makes an elastic collision, and thus the kinetic energy before and after is
conserved.

q 2
b =1m(0.6v) 24100V = 0.64mut = MV <br/>

Conservation of momentum requires that,

mu=—fmutdV =V = lémufM<br/>

From kinetic energy conservation,
0.64mul = MV = 0.64mul = (1.6mu) 2 /0 = 0.64 = 1.62m /I = M =1.62m f0.64 = 4m byt

since m = 4u, M =16u, for &2, asin choice (D).

YOUR NOTES:



Problem 21:

Mechanics=} Moment of Inertia

To solve this problem, one should remember the parallel axis equation to cal culate the moment
of inertia about one end of the hoop:

I=Igmtmdi=mRitmdi=2mR?

where dis the distance from the pivot point to the center of mass, which in this problem, isjust
equal to E. (Inthelast equality, note that the moment of inertia of a hoop of radius R and mass
m about its center of massisjust Iem=mE?)

The problem gives the period of aphysical pendulum as T =27+/I/{mgd] Thus, plugging in the
above result for the moment of inertia, one has,

(C). (Since =was rounded to 3, the period should be dlightly longer than 1.2s.)

YOUR NOTES:



Problem 22:
M echanics=+} Geometry

The harder part of this problem involves determining the radius of Mars. It's an approximate
geometry problem. The problem gives avertical drop of 2m for every 2600m tangent to the
surface. The tangent to the surface is approximately one leg of atriangle whose hypotenuse is the
radius of Mars, since the radiusis much larger than the tangent distance. The other leg of the
right triangle isjust r—2, where ris the radius of Mars. In equation form, what was just said

becomes (7—2)%+36002=r2 The syuare terms cancel out, and dropping out the 4, one has
s 360022 BEEM

(The above deduction was due to Ayanangsha Sen.)

The easier part comes in the final half of the problem: applying the centripetal force to the force
asin choice (C).

YOUR NOTES:

Problem 23:

Mechanics=+} Stability of Orbits

The gravitational force suspect to a bit of perturbation is given as
ﬁw:?ugmlmﬂrﬁl-e{i}n{h}.

One can narrow down most choices by recalling some basic facts from central force theory:
(A) No mention is made of frictional effects, and thus energy should be conserved.

(B) Angular momentum is always conserved since the net torqueis O (to wit: the force and
moment arm are parallel).

(C) Thisisjust Kepler's Third Law applied to this force. (Recall the following bromide: The
square of the period is equal to the cube of the radius---for the inverse square law force. For a
perturbed force, the bromide becomes. The square of the period is equal to the3+¢power of the
radius.)

(D) Recall Bertrand's Theorem from Goldstein. Stable non-circular orbits canonly occur for the
simple harmonic potential and the inverse-square law force. Thisis of neither form, and thus this
choiceis FALSE.



(E) Circular orbits exist for basically all potentials. A stationary orbit existsif and only if the
following conditions are satisfied: ¥'=0 ¥'">0. Recall that the potential is related to the force
by —V'=F=V=—[Fds ygeV 1™ and recaling the extraterm added to the effective
potential to be L2/(2m*2) | one chunks out the derivatives to get the condition that n<2, asa
potential exponent, (<3, as aforce exponent) for stable orbit. One can remember this result or
re-derive it whenever necessary. For n<_3, (the power exponent of the force equation), astable
circular orbit exists. Since ¢is presumably less than 1, the planet does, indeed, movein a
stationary circular orbit about the sun.

YOUR NOTES:

Problem 30:

Advanced Topics=} Fluid Mechanics

Equipotential leads to equipressure in afluid. Thus, take the pressure at the base of the dark fluid
and set it equal to the pressure (of the lighter-colored fluid) at a horizontal-line across on the
right-hand side of the U:

Piark=249(5)=Plight= p19(ha—(M—5])= p19(Ra—h1+5] Theinitial total height of the
columns is 40, thus after the darker liquid is added, the total height is 45. Plugf1+A2 = %5into the
equation above to get A1=15 h2=30 and therefore A2/A1=2/1 asin choice (C).

(Ah, one should remember that the fluid pressure at a point is due to all the water on top of it,
thus £ = ggh  where his the height of the water on top of the point.)

YOUR NOTES:



Problem 31.:

Mechanics=+} Frictiona Force

(A) A falling object experiencing friction falls faster and faster until it reaches aterminal speed.
Its kinetic energy increases proportional to the square of the velocity and approaches a
asymptotic value.

(B) The kinetic energy increases to a maximum, but it does not decrease to 0. See (A).
(C) The maximal speed is the terminal speed.

(D) One has the equation m¥+b§+myg=0=mi+bv+mg=0_ Without having to solve for v,
one can tell by inspection that ¥(t)will depend on both and m.

(E) See (D). Thisisthe remaining choice, and it's right.
YOUR NOTES:

Problem 32:
Mechanics=} Moment of Inertia

The inertiathrough the point A is I 4 =3mr? From geometry, one deduces that the distance
between each mass and the centerpoint A is 7¢0s{307)=1/2=r =I/¥3 T he moment of inertia
about A isthus .4 =mI?

The inertia about point B can be obtained from the parallel axis theorem (

. — 2 . . ,
Tdisplaced =Tem+22,m d , where d is the displaced distance from the center of mass). Because
d=1/¥3 onehasIp=TI4+3md?=2I 4 Sincethe angular velocity is the same for both kinetic

o
energies, recalling the relation for kinetic energy ¥ 1 =i} onehas& B/H 4a=I5/T4=2 as
in choice (B).

YOUR NOTES:



Problem 44:
Mechanics=} Chain Rule

_________ —n— du _ y J, P . :
Recall that ® = @1 = dasdi = Vds.ds = 1O " 1= vgo=—nfir=In=1 oin choice (A).

YOUR NOTES:

Problem 65:
Mechanics=} Conservation Laws

From conservation of momentum, one has™vg = v = vg = Mu/m The man doeswork on both

himself and the boat. Thus, the work-kinetic energy theorem has
W=AK= lfim-u%+1f2M-u2 =1/2( M2 fm4 L w2 astnchoice(D)

YOUR NOTES:



