ChapterL - Problems

Blinn College - Physics 2325 - Terry Honan

Problem L.1

Suppose that Young's modulus for bone is 1.6 x 1010N / m? and the maximum stress a bone can handle is 1.4x 108 N / m? without breaking.
Assume a femur to be a right cylinder of diameter 2.84 cm and of length 48 cm.

(a) What is the maximum force the femur could handle?

(b) With the force from part (a), how much does a 48 cm length of bone compress?

Solutionto L.1
(a) The stress is the force per area.
14x108 = fmax = Fmax g g8700N
A 7(00284/2)2

(b) The definition of Young's modulus gives our answer.

8
FIA | wp o FIAp _ 14x10

= 048 =42 mm
AL/L Y 1.6x1010

Problem L.2
A 300 kg mass hung from a steel wire stretches it by 0.2%. What is the diameter of the wire?
Solution to L.2
For steel: ¥ =20x 1019 N /m?. Stretching by 0.2% implies that A L /Lg = 0.002.

Y= =735%x1070

T ALy

F/A (d)2 F 300%9.8
= a|l-| =A= =
2 YALILy 20x1010x0.002

—d=2 |2 =305mm
n

Problem L.3

The maximum shear stress that steel can withstand is 4.0 x 103 N / m2.

(a) What shear force is needed break a 0.5 cm diameter bolt?

(b) What shear force is needed to punch a 1 cm diameter hole in a 1 mm thick steel sheet?
(c) What maximum shear strain A x// in steel is associated with this maximum shear stress?

Solutionto L.3
(a) The relevant area is the cross-section of the bolt.

4% 108 = % - % — Fiax = 7850 N
VA

(b) The area the shear force acts on is the circumference times the thickness, A = nd x t.
4x108 = Fmax __ Fmax _p o poe00N
2zrt  70.01x0.001
(c) The shear modulus for steel is § = 8.4 x 100N / m?. Write the maximum strain as AXmax /h

Frmax/A _ 4x108

84x1010=5= =
A xmax/h AXmax/h

= Ax}flna" =0.00476

Problem L.4

Consider a pulse that in SI units has the shape
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8
u=fe= x2+4.

Write this as a function u(x, #) that describes this pulse moving in the positive x direction with a speed of 3m/s.

Solution to L.4

A pulse of shape u = f(x) moving in the positive x-direction with speed v takes the form: u = f(x—v¢). Using this form of f(x) with
v=3m/s gives:

8 8
fx) = = U= —".:
x2+4 x-3 t)2 +4

Problem L.5

What are the speed and direction of a pulse on a string that (in SI units) has the form:

7(x+0.03 t)2
yx, ) =004e 0.06

Solution to L.5
A wave of the form: y(x, ©) = f(x F v 1) represents a pulse of shape y = f(x) moving in the +x direction with speed v. Here we have

2
y(x, 1) =0.04 e~ */0.06)" with v = 0.03 m /s moving in the negative x direction.

Problem L.6

A sinusoidal pulse on a string has the mathematical form y(x, f) = (0.80 m) sin zl—g (x—4t)]. Plot the yvs.x graph at t=0s. By the time

t = 0.6 s how much has the pulse shifted. On the same graph plot yvs.xatz=0.6s.

Solution to L.6
After t = 0.6 s the graph has shifted by v =4x0.6 =24 m.

y HmL

0.75 }

x HmL

-0.25 ¢}

-0.75

Problem L.7

A string with a linear density of u =4 x 1073 kg/m is given a tension of 360 N. What is the speed of waves on this string?

Solution to L.7
The speed of waves on a stretched string is v = /T /u where T is the tension in the string and p is the linear density (mass/length) of

the string. Here, 7T =360 N and p=4x 1073 kg/m giving v =300 m
N

Problem L.8

The elastic limit for steel is Spax = 2.7 X 10°N / m?; this is the maximum stress (force per area) that steel under tension can withstand. Spyax 1S

the largest value that T/ A, the tension per area, can have without a wire breaking. If the density of steel is 7860 kg / m3 then what is the largest
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speed a wave can travel down a steel wire?

Solutionto L.8

The linear density u (mass/length) is related to the volume density p (mass/volume) by A = p A, where A is the cross-sectional area of
the wire. This is easy to show: The volume of a wire of length L and area A is L A. Mass = px Volume = pL A and A = Mass/L = p A.

The maximum stress Stressyax gives the maximum tension: Tiax = Smax X A, which then gives the miximum wave speed.

Vmax = Tmax _ Smax A _ Smax _ 2.7x10° —586 ™
u oA P 7.86x10° s

Problem L.9

A 30 m long copper wire with a 1.2 mm diameter is stretched to a tension of 200 N. How long does it take for a pulse to travel the length of the
wire? The density of copper is p = 8.92 x 103 kg/m3.

Solutionto L.9

The cross-sectional area of the wire is

A =712 = 7x0.00062 = 1.1310 x 100 m?.

We saw in the previous problem that the linear density u of a wire with density p and cross-sectional area A is u = p A. The speed of a
wave on a wire with tension 7', cross-section A and density p is

v (Do 200 gy m
u pA 8.92x103 A s

To get the time from the distance d and speed simply use d = v ¢ giving:

=423 _0213s.

v v

Problem L.10

A sinusoidal wave on a string has the form

Y@ =15 cm)cos[(% cm_])x—(16ns_l)t].

(a) Plot the motion of the positon x = 0 as a function of time and find its period and frequency.
(b) What is the maximum speed of this point (x = 0) on the string?
(c) What are the wavelength and speed of this wave?

Solutionto L.10
(a) At x = 0 we have

y(x) = Acos(w t), where A=15cm and w= 16xs7 L.
The period T and frequency f are

T:Z—”:é:O.IZSS and f:i:%:SHz.

w 2n

With this we can plot the function.
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(b) This motion is an example of simple harmonic motion, where the maximum speed is given by
Vmax = @A =16 1x15 =240 7 = 754 <2
S
(c) The wave number k of this wave gives the wavelength.

k:%cm_1 = A:%:40cm

The speed can be found by using v = f A or directly in term of what is giving by using

w_ 167 _3ppm,
k /20 S

Problem L.11

As a sinusoidal wave passes, a point on a string makes 50 complete vibrations is 20 s. In the same time a crest (maximun) of the wave moves a
distance of 4 m. What is the frequency, speed and wavelength of this wave?

Solutionto L.11

50 vibrations in 20s gives a frequency of

=0 _2s5H,.
4 m in 20 s gives the speed.
v=2_02m
20 N
We can now find the wavelength.
fa=v = 2=2-22_008m
f 25

Problem L.12

A 15 m length of rope has a mass of 0.6 kg and is given a tension of 500 N. What power is required to put a wave with an amplitude of 20 cm
and a frequency of 3 Hz?

Solutionto L.12
The linear density is u =M /L =0.6/15=0.04kg/m. The speed of the wave is

v= (Lo [3% 41180 mys
P 0.04

The angular frequency follows from the frequency.
w=2nf=273=18850s""
Using A = 0.20 m we can now find the power transmitted down a string.

P - %;1 W2 A2y = % 0.04 x 1.88502 (0.20)2 111.80 = 31.8 W.

Problem L.13

A wave of the form
y(x, 1) = (0.12m) sin(0.8 m™1) x +(40 57 1) ¢
travels down a string with a linear density of 8 g /m.

(a) What is the speed of the wave and in what direction is it moving?
(b) What are the wavelength and frequency of this wave?

(c) What is the tension in the string?

(d) What is the power transmitted by this wave?

Solutionto L.13

Since the general form is y(x, ) = Asin(kx Fwt—¢), we can conclude that: A=0.12m, k=0.8 m~! and w=40s"!. We are also
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given that = 0.008 1@
m

(a) The positive sign before w implies it is moving in the negative x direction. The speed is

w _ 40 _ m

k08 s
(b) The wavelength and frequency come from the wave number and angular freauency.

22727 _g85moand f= 2 =2 _637H
k 0.8 2 2nr

(c) The speed and linear density give the tension.

v= [T = 720242502%x0008 =20N
u

(d) The power transmitted is

P=-pw?Alv= % 0.008 x402 (0.12)250 =4.61 W.

Problem L.14

The intensity of sunlight varies with the distance from the Sun. At the Earth’s distance the intensity is 1390 W / m2.

(a) What is the intensity of sunlight at Neptune:
(b) What is the rate that the Sun radiates energy in Watts?

Solutionto L.14

The intensity I of a three-dimentional wave is related to the average power £ by I = £/A. Since the light that leaves the sun at some
instant is at a later time distrubuted over a sphere the relevant area is that of a sphere A =4 r 2.
P
I=——

472

Here P is the total power radiated by the sun and r is the distance from the sun.
(a) Since P is the same for any r we may get the following ratio:

L 1

I (riry)?

The distance of the Earth from the Sun is 1.50 x 101! m and the distance from the Sun to Neptune is 4.50 x 1012 m.

I L b 1390 _ W

I = = - - )
2 (rafrp)?  (45/1.52 900 900 m2




