MIDTERM EXAM #1
Physics 1B
Instructor: Anton Bondarenko

Friday, October 27th, 2017
8:00 AM - 8:50 AM

Name: Kem C)‘a_n,

University 1D:

You will have 50 minutes to complete this exam. One 3" x 5” index card and a
calculator is permitted. Notes, books, cell phones, and any other electronics are
not allowed. Please write your answer in the space below the problem. You must
show your work to get full credit. Extra paper is available at the front of the room. If
a problem seems confusing or ambiguous, please ask the proctor for clarifications.

PLEASE DO NOT TURN PAGE
UNTIL INSTRUCTED
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blem 1 (30 points total): ' - "
Elrg‘igure 1,(two ;r’nasses M and m are connected to a very light rigid bar and are attac

to an ideal massless spring of spring constant k. Assume the mass of the rigid bar 15
negligible.
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Part A (10 points): Using Newton's Second Law, write the differential equation that

for x(t), the system’s displacement from equilibrium as a function of time, in terms
of m, M, and k.
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PartB (10 points): Assume that at t = 0 the system is set into motion from its
equilibrium position by giving the masses an initial speed vo in the -x direction.
rite the solution for x(t) in terms of m, M, k, and vo.
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1t C (10 points): Now consider a physical pendulum consisting of a soli ,
l::iforrr(l spll:ere of]radius R suspended on a wire also of length R, as shown ;n Figure
2. What must the distance R be so that the period of the pendulun-l for smal .
oscillations matches the period of the mass-spring system from_ Figure 17 Give an f
expression for R in terms of m, M, k, and gravitational acceleration g. The momel?t 0
inertia of a solid, uniform sphere of mass ms and radius R about an axis through its
center is (2/5)msR2. (Hint: you will need the parallel-axis theorem: / = Iem + msh?).
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Problem 2 (30 points total): -axis and
. the y-axis a

A simple harmonic oscillator at the pointx = 0 oscnllates_ :]t(;:;g*'x q ]¥ sction. The
generates a transverse wave on a ropé that_pmpag?rt: : ;0 e has a linear mass
oscillator operates at frequency fand amplitude A. ‘ts del’;‘s.
density u and is stretched to a tension force of magni

isplacement of the
Part A (10 points): Write an equation for y(x.t), the tra-msvers:e(:tsiglg the wave has
rope, in terms of x, ¢, 4, Ts A, and f. Assume that the oscillator €

~ ) ,,-,{U;( 'S"){ ‘rl‘ﬁf(. f

its maximum upward displacement at time t=0.
)’(X,'t) — A) (oS ( k)( - (/U‘C)
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T b (xt)= A Coé(l(x ~wt ) /
= A cos (Mf/i:‘r{ X - Zﬂ-ft)
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ity of the
Part B (10 points): Obtainan equation for vy(x t), the transverse velocity

rope, in terms of x, &, 44, Ts A andf.
. A (%)
Vy(xit) = B{’_E / /
- /A _
; (x,t)= A cos (Znﬁ:,{: ~ lnft)

Tha s lyoth= =Aw w(kx- wt)

; Aranf =sis (Mﬁ/}% x = lﬂft)
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Part C (10 points): Consider the segment of the

where A is the wavelength of the transverse
are both the transverse acceleration and tra

wave. Att

. P d ?
nsverse velocity positive (upward)

Express your answer as a range of positions (Xmins Xmax)

in terms of f, Ts, and u. =

—
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rope betweenx= gand x = +A

= 0, whereon this segment

where Xmin and Xmax are given
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Problem 3 (40 points):

he other end, it
: ith li ity u is fixed to the wall at one end. Att -
Astring “clllﬂc; 1322: ;Tnissssﬁ:iz,sgc‘:ionless pulley and connec'ted t?q t:llgfrl:l:lf rrnn:cslz
lt;:?;zir;sefreely. The distance between the wall and p_ulleyhlstﬁs- ¢aphs of the string
with amplitude A is excited on the string. Two successive pho g e et
are taken at times t; and tz, as shown in Figure 3 below. Assume
cannot move at the location of the pulley.

Figure 3
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Part A (10 points): What is the frequency of this normal mode in terms of Ls, i, m,
and gravitational acceleration g?
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Partp 10 po;
String i( B DOlntS)_: Write an €Quation for y(x,t), the transverse displacement of the
fthegsl';:‘e »Interms of x, ¢ WAL
o INg are at x = =
String i aty oy : Oand x = L,

s» M, and g. Assume that the left and right
€., the string is horizo

respectively, and that every element of the
ntal) att=0.
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y(x=0, t=0)= p

‘/ (X-‘-’Lg} t=0) SO/

a,‘i'w; 7SM; lA 5!&(%X) Sin (%%—ﬂ
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: i he air around it,
ints): at the string in Figure 3 vibratest o roa
Par(tiC (10;11:;5;. tAhS: lflrrcr:;xtclelncy from Part A. Simultaneously, );xotuv?tllg‘tﬂa?rl'r

gir;e ?f:lll;ﬁgth Lp that is closed at one end and open at t!le otl::;.h efanmeney
temperature T will the fundamental frequency 9f the plpefmtrin T T | olar
emitted by the string? Give an expression for Tin terms of string Ls LP,

mass of air Mme;, adiabatic index of air y, and gas constant R.
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Partp (10p

mode of the OimtS]: In the spaces below, draw a representation of the fundamental
the pl"essurepﬂpe fror'n Part C in terms of the particle displacement and in terms of l
the amplimde:ctuatlon. labeling all nodes and anti-nodes. You do not need to labe
open closed
end displacement end
nn’f,g‘mdL MO&_
\ J
Le
open closed
end pressure fluctuation end
MD(L ﬂnﬁuﬁ(o{_
L J
Le
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