2022 Fall General Physics B 2-nd midterm
[Wolfson Ch. 10-14 Ch. 32]  2022/12/02, 8:20am — 09:50am
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Useful constant: The gravitational field on Earth g = 9.803 m/s?. Moment of inertia of a thin rod
about center is ML?/12, disk or solid cylinder about its axis is MR?/2, solid sphere about diameter is 2MR?/5.
1 pN =102 N. Speed of light ¢ = 299792458 m/s.

Part 1. Filling the blank (total 75 points, S points per blank)
e A wheel with total mass 14.7 kg consists of a solid wooden disk with a thin metal rim bounded to the disk’s edge.
It starts from rest and rolls down an incline of height 1.00 m. At the bottom it’s going at 3.38 m/s. Find the mass of
the disk. [01] kg.

¢ A block of mass m = 4.0-kg rests on a slope and is attached by a string of zero mass to a pulley
of mass M = 0.80 kg and radius R = 5.5 cm, as shown in right figure. Given the kinetic, as shown
in right figure. Given the kinetic coefficient of friction (fi) between block and slope is -0.26.
When the block is released and slides down the slope, the acceleration of block is _[02] m/s.

¢ An ice skater starts a spin with her arms stretched out to the sides. She balances on the tip of one skate to turn without

friction. She then pulls her arms in so that her moment of inertia decreases by a factor of 4. In the process of her doing so,
what happens of the factor of her kinetic energy? [03]

L
e An 83.5-kg gymnast dismounts from a high bar in the right figure. He starts the b :‘
dismount at full extension, then tucks to complete a number of revolutions before *—? .
landing. His moment of inertia when fully extended can be approximated as a rod ! ”““ »

of length 1.8 m and when in the tuck a rod of half that length. If his rotation rate at

full extension is 2.0 rev/s and he enters the tuck when his center of mass is at 3.0 m

height moving horizontally to the floor, how many revolutions can he execute ifhe i ,
comes out of the tuck at 1.8 m height? [04] . R

e In the right figure, a 65 kg rock climber hangs by the crimp hold of one hand. Her feet touch the
rock directly below her fingers. Assume that the force from the horizontal ledge supporting her I
fingers is equally shared by the four fingers. Calculate the horizontal and vertical components F, and
Fy of the force on each fingertip. [05]

¢ A rectangular block four times as high as it is wide is resting on a board as the right figure. Let
the coefficient of static friction between the block and the board be p. Find the critical value of p at
which the block is equally likely to tip over or begin sliding as the tilt of the board increases. [06]

e The right figure shows a 1360-kg car that gas slipped over an embankment.

People are trying to hold the car in place by pulling on a horizontal rope. The car’s BT 288898 o
. . . . ot 3 > et e : __sﬂ_n‘
bottom is pivoted on the edge of the embankment, and its center of mass lies . /E(g 4('4!.'4?%&;}/4‘%

farther back, as shown in the right figure. If the car makes 34° angle with the
horizontal, what force must the people apply to hold it in place? [07]

e The cellular motor driving the flagellum (¥=* ) in E. coli (= % 1% [7]) exerts a typical torque of 448 pN-nm on the
flagellum. If this torque results from a force applied tangentially to the outside of the 16-nm-radius flagellum, what’s
the magnitude of that force? _[08] pN.



e A torsional pendulum is oscillating as shown in the right figure with a frequency f = 0.15 s and MIMMIIMNN

the max rotating angle 6,,,, = 10 degrees. What is the maximum angular acceleration in the

oscillation? [09] rad/s2. C““

e A mass m is mounted to two identical springs with constant k as in the right figure. Find the %{}T
angular frequency of the oscillation. [10] S
e A car’s suspension system acts like a mass-spring system with m = 1200 kg and k = 58000 N/m. Its
absorber provides a damping constant b = 10000 kg/s. As the car passes a bump, it bounces up and down.
What is the period of the bounces? [11] s. (3 significant figures)

e When a laser beam fires at a moving atom (see the right figure), the laser frequency the atom sees will depend on
its velocity. Assume the laser frequency is measured to be 335 THz (1 THz = 10! Hz)

in the rest frame of the atom. How much is the frequency change as the atom move @ " -
toward the beam with a speed of 100 m/s? [12] Hz. (two significant figures)

e If a sound wave with an intensity of 0.2 W/m? is amplified (made stronger) by 33 dB. What is the intensity of the
amplified wave? [13] W/m?

e The vibrating part of the G string of a certain violin is 330 mm long and has a fundamental (lowest) tone frequency
of 196 Hz when under a tension of 50 N. What is the linear density of the string? [14] kg/m.

¢ Consider a Michelson interferometer as shown in the right figure. In the setup, the

laser wavelength is 633 nm. As the Mirror 2 moves, 200 bright fringes appears at the
center of the interference. How far did the Mirror 2 move? [15] um. (three [l:]3 — ey
significant numbers) s

e
Part II Problems (total 30 points, 10 points per problem)

[1] A student sits on a rotating stool holding two 1 kg objects as in the right S, RS
figure. When his arms are extended horizontally, the objects are 1 m from the ' ‘
axis of rotation, and he rotates with angular speed of 0.82 rad/sec. The moment E
of inertia of the student plus the stool is 8.0 kg'm? and is assumed to be constant. =

The student then pulls the objects horizontally to a radius 0.32 m from the
rotation axis. (a). Calculate the final angular speed of the student. (b). Calculate - ) =5
the change in kinetic energy of the system. i

[2] Arod of mass M and length L is hinged at one end and carries a block with mass m
at another end. A spring with spring constant ki is installed at distance @ form the hinge ,
and another spring with constant k2 at a distance b, as shown in the right figure. If the whole

device is places on a smooth horizontal table. Find the frequency of vibrations.

[3)] The primary mirror of the Hubble Space Telescope has a diameter of 2.40 m.
(a) What is the angle between two stars that are just-resolvable? Assume an average light wavelength of 550 nm.
(b) If there are two stars at a distance of 1 million light year, how close together can they be and still be resolved?

(A light year, or ly, is the distance that light travels in 1 year.)



Part | Answer Sheet, Note: 7 *{l:’_ﬂt{fﬁ}y"’—"ﬁ » Jo 05 & o

A
[o1]

8.35 M =myy +m,;,. Equating the initial and final mechanical energies we get Mgh = %Mv2 + %(ldisk +
1 2 1

Irim)w2 ’ ZMgh = Mvz + (Emdisk + mrim) Rz (%) ’ (ZQh - UZ)M = (Emdisk + M- mdisk) vZ’ Maisk =

4M (1 - i—:) = 8.345kg = 8.35kg (three significant figures)

A
[02]

6.5 Draw a diagram of the situation. Applying Newton’s second law to the mass gives
mgsing — f,, — T = ma, n —mgcosd =0, mgsind — y,mgcosé —T = ma, where

we have used the force due to kinetic friction, fi = uxn, Likewise, applying the
rotational analog of Newton’s second law to the wheel gives 7= 1la, TR = la, because
the tension is the only torsional force acting on the wheel, | = (1/2)MR? and a=R«.
The tension from the rotational application of Newton’s second law gives
1,m0) 2
r_la (E )(E) lya @ mgsinf — w,mgcosf — %Ma = ma, - mgsind — y,mgcosf = %Ma +ma =
"R R 2
2m+M 1 V3 _ (2miM _ mg(1-puV/3) _ 4kgx9.803m/s?x(1+0.26V3) _ _
( 2 )a, Tmg; T ling 5 = ( 2 )a, —a= em+M) 2x4kg+0.80kg = 646255 = 6.5 (two

significant figures)

[04]

A increases by a factor of 4 (3 4c = KE=(12)lo*=(lw)%21=L%/21, l=(1/4)l;, Li=Ls,— KE=
[03]) Le/21= LiZ/2(1/4)li— KE= 4Li%21i=4 KE;
A 4 (four revolutions) Using the equations of kinematics, we can find the time interval from a height of 3.0

m to 1.8 m. Since he is moving horizontally with respect to the ground, the equations of free fall simplify. This
will allow the number of revolutions that can be executed to be calculated. Since we are using a ratio, we can
keep the units as rev/s and don’t need to convert to radians/s. The moment of inertia at full extension is Ip =
(1/12) meo® = (1/12)83.5kg(1.8m)?> = 22.545 kg-m?. The moment of inertia in the tuck is Ir = (1/12) ml¢Z =
(1/12)83.5kg(0.9m)? = 5.63625 kg-m?2. Conservation of angular momentum: Iio¢ = lowo = o= lowo/ I = 22.545
kg-m? (2.0 rev/s) / 5.63625 kg-m? = 8.0 rev/s. Time interval in the tuck: t = V2hg = V2(3.0-1.8)m/9.803m/s =
0.5s. In 0.5 s, he will be able to execute four revolutions at 8.0 rev/s.

[07]

A Fv=160N, Fv=16N  (each 2.5 points) F, =-F +4F, F, =4F -mg=0,
[05] £ _Mg _65kg-9.803m/s® oo 0ooen _qeon  (two significant figures) We calculate the net torque about an
Y4 4
axis that is perpendicular to the page and passes through point O. 7, =(0)F, +(0.2)mg)-(2.0)4F, )+(0)4F,)=0,
E = 0.20m x 65kg < 9.803m / s* =15.929875N =16N (two significant figures)
" 4x2.0m
A 0.25 (1/4) pc=tand:=w/h=1/4=0.25
[06]
A 6.6kN For the car to remain in static equilibrium. Three forces act on the car: the tensile force of the rope, the

force due to gravity, and the force exerted by the embankment. If we evaluate the torques about point P, the
unknown force Fpexerted by the edge of the embankment does not contribute, so the tension necessary to keep the
car in equilibrium can be found directly. Thus, the zero-torque condition for equilibrium gives

(3°7), =0=FanxMy G+ FrnexT =m g(L—f)sin(Zr_ej_Tésine’ where L =2.4m, £=18m,and 6 = 34°. Inserting
p car car

the given quantities gives

[13]

T= mg("fj cot & = (1360kg )9.803m / 32{2'4"‘_1'8“") C0t34° = 6588.54N = 6.6kN  (two significant
figures)
A 28 We're told that the force is applied tangentially, so 6 = 90°, and reduces to: T = rF. Solving for the motor's
[08] applied force: F =1/ r =448 pN nm/ 26 nm = 28 pN. (two significant figures)
A 0.15
[09]
A J2k/m
[10]
A 1.13
[11]
A 1.2x10%
[12]
A 400




A 2.99x1073
[14]

A 63.3
[15]

Part Il Answer Sheet, Note: 7 »%< fiﬁ;tfééﬁ—’% v Jo 0.5 & o

Al

(@. 1.0rad/s
(b). 0.741]

(a).
m=1kg, R=1m,r=0.32m, o = 0.82 rad/sec, and I; = 8.0 kg'm?, ZE = constant, Kot = (1/2)Iw?.

The initial moment of inertia of the system is I; = I + 2mR? = (8.0 kg'm?) + 2 (1 kg) (1 m)? = 10 kg'm?.
The final moment of inertia of the system is Iy = Is + 2mr* = (8.0 kg'm?) + 2 (1 kg) (0.32 m)? = 8.2048 kg'm?.

From conservation of the angular momentum it follows that L = l® = Lio; = Iior, or= wili/If= (0.82 rad/sec) (10
kg'm? / 8.2048 kg'm? = 0.999415 rad/s = 1.0 rad/s. (two significant figures)

(b).
AK = K¢ - Ki = (12)io¢ - (1/2)liwi® = (1/2) (8.2048 kg m?) (0.999415 rad/s)* - (1/2) (10 kg m?) (0.82 rad/sec)* =
(4.09760 J) - (3.362 J) = 0.7356 J = 0.74 J. (two significant figures)

A2

T=b-ky(b-0)+a-ki(a-0); I-a:(MR2+gR2)9

T:La%%ﬁ+hﬁW:Mﬂf+?Ww
\/ (k2b2 + k1a2)
W = (

MR? + 2 R?)

N f . i <k2b2 + k1a2)
~or\ (MR? + 2 R?)

A3 (5 points each)

550 nm
2.40 m

(@ 9=1.22 —2.80 x 10~ "rad



(b) s=10°1y*2.8 x 10" rad = 0.28 ly



