Version A, White test
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Version A, White test

1) Follow the standard process.
e Determine moment of inertia about the pivot.
e Use sum of torques about the pivot to write a differential equation.
o Simplify the differential equation using the small angle approximation.
e Identify w, in the differential equation and convert to T.

Notice we must use the parallel axis theorem since the pivot location doesn’t match the table.
WATCH OUT! When using the parallel axis theorem, we must use I, 04 N0t leng roa!

P= Xz (L)2—7 2 ~ 0.14583mI?
T T g) Tag™e v mn

Now consider the figure at right.
The reaction forces at the pivot cause no torques (line of action through pivot).
I will assume @ is in the +k direction (but expect a negative value).

T=1Ia

Notice both torques are exerted in the —k direction.

—ngFmg sin gmg i& - T'kkax sin gkx i& = 1912

L .~ /3 3 i . & T
— (Z) mgsinf k — <ZL> k (ZLsme) sin(90° - 0) k = EmL 0k
Notice we can now cancel all the k’s.
When using the small angle approximation, we expectsinf =~ 6 & cos8 = 1.

Notice we then use sin(90° — 6) = cos 6 = 1.
1 9 7 ..

——mgLd ——klL?6(1) = —mlL?6
g MILO = T kIFO(L) = 7gm
Solve for 8 and simplify so it is easier to identify w,. Notice what happens when you factor out the minus sign!
1 9
. smglL + —kI?
G=—[42—2_ 16 "
AN
g™

b= (12mg + 9kL) p
B 7mL

_ [12mg + 9kL
@o = 7ml

2n

Wo

Identify w.

Convert to period.

7mL

1= 2% | {2mg + 9kL
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2) A driven oscillator always oscillates at the angular frequency used by the driver.
This is true whether the system has a large amount or a small amount of damping.
A damped oscillator without a driver is different. Read notes in Volume 3 pages 19-20 for more.

3) Notice the subtle change in wording for this question. We are told there is damping and the student pulls the mass
to the right and releases it from rest. This implies there is no driver for question 3!
Critical damping allows the mass to reach final equilibrium most rapidly.

4a) Drawing a picture is probably useful. It helps get signs correct. A=Source B=Observer
Because the objects are coming together, the frequency is shifted up. ) Vg
Vg =7V
4b) Using the doppler shift formula gives
€ * Vopserver vg = 22.5% less than v,

fr=hsy — vp = (1 0.225)v
You could just read the equation sheet to get the signs correct. vg = 0.775v
Alternatively, think:
e  Want numerator to get bigger for an upshift caused by observer moving towards source: use +.
e  Want denominator to get smaller for an upshift caused by source moving towards observer: use -.
, c+0.775v
fr=fo—F—)—
Now think! We know the frequency is upshifted by 5.00%. This implies
f' = 5.00% more than f; = (1 + 5.00%)f, = 1.0500f,
Plug this in and solve for v.

c+0.775v

1.0500(c — v) = ¢+ 0.775v
0.0500c = 1.0500v + 0.775v
0.0500¢ = 1.825v

~0.0500
~ 1825

v c

v=0.0274c
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Sayk=22=_—"_—=20.94m™!

s
A 0300m

5b)v=i o T=?A_0300m

T v 15.00 %

= 20.00 ms

So)w =2 =314.2 =

s
5d) Start by using the equation sheet to derive a formula for v), (x, t). Moving left implies +wt!
d

0
vy =2y = EAsin(kx + wt + ¢) = +wA cos(kx + wt + ¢p)

We were asked for initial (¢ = 0) vertical velocity for the string segment at the origin (x = 0). Plug in these values.
v, = wAcos(0 + 0 + 90.0°)

vy, = wA c0s(90.0°)

Tension Tension 5.55N kg g
Se)v = ’ - = = =0.02467—==24.7=>
) H # v? (15.00 ?)2 - m m

5f) Since it is standard in some circles to express phase angles in degrees (even when the other parameters use
radians) I will accept either of the following. Be sure to state units on all terms, not just the phase angle!

y(x,t) = (4.00 mm) sin [(20.24 m~1)x + (314. 2 g) t+ (90.0°)]

y(x,t) = (4.00 mm) sin [(20.24 m1)x + (314. 2 ?) t+ (g rad)]

5g) We now restrict ourselves to x = 0 because we care about the vertical position of the segment at the origin.
rad {0
y(x,t) = (4.00 mm) sin [(31&. 2 T) t+ (E rad)]
If you are clever you can first use sin(6 + 90°) = cos 8
rad
y(x,t) = (4.00 mm) cos [(31&. 2 T) t]

Notice the function should be a simple cosine function with period 20.0 ms and amplitude 4.00 mm.

If you didn’t see this, you the easiest thing to do is tabulate y fort =0 & t = g = 5.00 ms.
Once you have the first two points the rest is easy (I hope).

s y (mm)
¥(0,0) = (4.00 mm) sin [0 + (—)] = 4.00 mm 57
2 -
4
(0,5.00 ms) = (4.00 mm) sin [(314. 2 @) (5.00 X 1073 5) + (E rad)] 37
S 2 2
v(0,5.00 ms) = 0 1
Double check the mode in your calculator before you plug in! 0 . L
With everything in radians, use radians mode! L0 5 1'0 3'0t (ms)
24
3+
4 4
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6a) We are asked about time of travel for a wave pulse on a string
When you see this kind of problem, in general you should think about the following:

dx dx fdx
vV=— - dt=— - At = —
dt v ;v
We know wave speed is given by
Tension T
v = _ = i
© I
Therefore
wall d wall
position dX position U
At = —_— = —dx
mass v mass T
position position

Because the string mass is negligible compared to the hanging mass, we expect this tension is
constant throughout the string. Linear mass density (x) of the string is also constant (unless
otherwise specified). Notice wave speed is constant.

wall
position [U u
At—fmasS \/;dx - At—\/;Ax
position

Use a free body diagram to determine tension. Note: we typically assume a mass hanging on
string is in equilibrium unless otherwise specified.

2T cos 6 = Mg
Mg
~ 2cosb
Now use the lowest figure at right to learn about distances.
d
sinf = 2 - Ax= d

Ax 2sinf

*Notice total string length is thus L = 2Ax = Si: 5

**Notice this implies linear mass density is
mstring _ mstring sin 0

L d
Plug all this into the equation for At and solve for Mg g.

u
At = [ZA
\/;x

U
At? = — Ax?
7 Ax
Mring SN 0 )
—d d
At? = ( )
Mg 2sin @
2cosf
pp2 < Mstring sinf  2cos6 d?
- d Mg 4sin? 0
2gAt? tan @
Mtring = T

Wall
Wall

T cos®

It is standard practice to answer questions in terms of given parameters. Anyone doing any work knows this.

6b) Expect At’ < At. As angle increases, tension increases, wave speed increases, time of travel decreases.
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7) Relate intensity to dB using

I
B =10dBlog,,—
Iy

L = lO —_
10dB B

10,8/10 dB _ L
Iy

Iy10A/20dB =
We were told power is radiated hemispherically. The power spreads out over half the area of a sphere.

1010/3/10 dB _ P

2mr?
P = 2mr?l,108/10 4B

W
P = 2m(0.888 m)? (10—12 F) 101225 dB/10 dB

P=881W



Version A, White test

8a) Don’t overthink it.

33142 + (0.61—
Usga‘],(i;ld ~ 14?"‘( . 1&) TC

m m
Vsouna ~ 331.4— + (0.61—) (40.0 °C)
air S s-°C

m m

VUsound = 355 8_ ~ 356_
air S S

On test days we typically round final results to three sig figs. If properly tracking sig figs, we could get four sig figs.

For this one answer I’ll accept 3 or 4 sig figs. That said, this is only an estimate, going to four sig figs is a bit silly.

8b) On multiple occasions we have derived
nv nv
fmixed = I wheren =1,3,5,... &  fratcheda = oL wheren =1,2,3, ...
Consider the frequency difference between the lowest two values of n for each case
3v v v 2v v v

Afmixed = (H) - (E) = ﬁ & Afmatched = (Z) - (Z) = ﬁ
Notice the resonant frequencies are all separated by the same Af.
In this problem, the two frequencies are separated by Af = 80 Hz.
Keep subtracting by 80 Hz until you can’t anymore!

280Hz — 200Hz - 120Hz — 40Hz

The fundamental frequency is 40 Hz. On exam days we use 3 sig figs but following proper sig fig rules gives 2 sig
figs. For this part of problem I’1l accept either 3 sig figs or 2 sig figs.

8c) Notice the fundamental of a matched state is f; matchea = Af -

. . . 1
Notice the fundamental for a mixed state is f mixeq = EA f.

In our situation, f; = %Af .
We have MIXED boundary conditions.

8d) Even if you miss part ¢, we could use our equation for Af to determine L and still get this part correct.
m
v 355.8 5
= — - L =—2
20f 2(80 Hz)
Again, for this part of the problem I’ll accept either 3 sig figs or 2 sig figs.

v
Af=ﬁ - L=2.22m
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9a) Notice the plot is a function of time. We can read period off the plot!
I found it easiest to use the points intersecting the horizontal axis.

. S T
Notice these points in time are separated by >

T = 2(340 ps — 140 ps) = 400 ps

9b) Angular frequency wy = ZT” = 15708 % =15.71 kr:d.
Do NOT leave prefixes in the basement (e.g 0.01571 r:—Sd)! Simplify or lose points.
9¢) Use
|k
(1)0 - m i
-10 +
k = mw? -
rady?
k = (3.20 x 10~ kg) (15208T) 20 4
N mN
k=0.07896—=79.0—
- m m 30 L

Tip: when the units form a fraction and you want to use a prefix, usually you should put the
prefix on the unit in the numerator.

9d) WATCH OUT! We were given a plot of velocity versus time. We can read off the velocity amplitude v,,,, !

Umax = WoXmax

vmax
Xmax = @o
26.0%
xmax = I
157082

Xmax = 0.0016552 m
Xmax = 1.655 mm

9e) Max force is given by
Epax = Mgy = M(03Xpma,) = 0.00013069 N = 130.7 pN

9f) Most of you probably determined v; = 21.0 ? from the plot and did this:

Vi 21.02 —53.87°  —0.9042 rad
Vi = —WoXmax SiNg —> ¢ =sin”? <_ ) ) =sin7! |- rad - = or = or
“omax (157082%) (0.0016552m)| —126.13° —2.2014rad

Notice this is exactly the same thing as saying

v 21.0M] -53.87° —0.9402rad
Vi = —VUmgxSingp — ¢ =sin7? (— d ) =sin71 |- Sl= or = or
Vmax 2605| -126.13° —2.2014rad
Now any other (non-zero) point on the curve to check this. I’'m going to use v = +26.0 at time t = 40 ps.

WATCH OUT!!! T ended up using radians mode on my calculator because wyt is in units of radians!!!
?

rad m m
V@ t=40 us == Vmax SiN [(15208 T) (40 x 107°) + (—0.9042 rad)] = 7.98? = incorrect! # 26.0;

?

rad m
V@ t=40 us =— Vmayx SIN [(15208T) (40 x 107°) + (—2.2014 rad)] = 26.0— = correct!
Phase angle is thus —2.20 rad = —126.1°. I’ll accept either answer.
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If you are taking this test as a practice test, please actually do this problem.
It is good practice for future exams. —

Extra Credit: Consider the figure shown at right. —QD

We know there is no path length difference along the midline.

For speakers in phase, we expect constructive interference at all points along the midline.
Notice I indicated a maximum at the point where the midline intersects the horizontal axis.
We also know the origin and point P are minima.

I filled in the pattern of minima and maxima from there (told there were three maxima). n

The first min (adjacent to the midline) corresponds to path length difference Ar = %

spath length difference is zero______

The first max off the midline corresponds to Ar = A = 2 G)

The second min from the midline corresponds to Ar = 3 ('zl) = %A.

Using some geometry one finds path length difference is

Along this midlin€th

Arorigin =N

3
“A=4I2+d?-1L
2
3
\1L2+d2=§A+L
3 2
L2+d2=<§/l+L>

9
L2+d2=2/12+3AL+L2

9
d? = le + 3L



