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Prerequisites: not updated on
Aurora - see Dr. Sharma for

permission to register:
509 Allen, 474-9817
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um, which are

all biological phenomena and
e topics include wave
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ics. The prerequisites are PHYS 1050
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differential and integral calculus is helpful, but
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GENERAL PHYSICS I: PHYS 1020

Schedule - Fall 2007
(lecture schedule is approximate)

25 | Chapter 10 Simple harmonic motion,
exclude 107 and 108 sections 105 and 10.6, for self smdy only Tutorial and Test 3

‘- (chapters 6,7)

12

‘ Remembrance Day

‘ Experiment 4: Centripetal Force

Tutorial and Test 4

sections 1 - 8

g2 9 (2=

Temperature and heat
(some small sections, notably thermal stress will be omitted)

’
Chapters 8, 9, 10

Week of November 12
Experiment 4: Centripetal Force
Week of November 19
Tutorial & Test 4: chapters 8, 9, 10
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Mechanical Energy

Mechanical energy, conserved in the absence of nonconservative
(applied and friction) forces:

E=KE + PEgrav + PEelastic
1 1
= Emv2 +mgh+ Ekx2

In the presence of nonconservative forces:

Wnc = AE = AKE + APEgmv + APEelastic
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10.24: An archer pulls the bowstring back 0.47 m. The bow and
string act like a spring with spring constant k = 425 N/m.

What is the elastic potential energy of the drawn bow?
L, 1 2

The arrow has a mass m = 0.03 kg. How fast will it travel when it
leaves the bow?

1 1
E=§kx2+0=0+§mv2

1 1
46971 = 5mv2 =5 % 0.031?

y=/2x46.9/0.03 = 55.9 m/s
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10.30: A 3.2 kg block hangs stationary from the end of a vertical
spring attached to the ceiling. The elastic potential energy of
the spring/mass system is 1.8 J. What is the elastic potential
energy when the 3.2 kg mass is replaced by a 5 kg mass?

At equilibrium, mg = T = kx,

where x is the amount the spring is stretched.

So, x =mg/k.

mg The elastic potential energy is
PEelastic = kx?/2 = k(mg/k)2/2

ThGT IS, PEeIasﬁc oS m2
So PEeIasTic = (5/32)2 X 18 = 44 J
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10.-/26: The spring in a pinball machine (k = 675 N/m) is
compressed 0.065 m. The ball (m = 0.0585 kg) is at rest against
the spring at point A. When the spring is released, the ball slides
to point B, which is 0.3 m higher than point A. How fast is the
ball moving at B? (no friction)

By=03m

03m
yo=0

Conservation of mechanical energy:

1 2 1 2
AtA: Ex= Emv() +mgyo+ Ekxo

1
:0+0+§><675><0.0652:1.426J
1
At B: Egzimv2+0.3mg—i—0 =1.426] —v=6.55m/s
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10.76/34: An 86 kg climber is scaling the vertical wall of a
mountain. His safety rope when stretched acts like a spring with
spring constant k = 1200 N/m. He falls 0.75 m before the rope
becomes taut. How much does the rope stretch when it breaks
his fall and momentarily brings him to rest?

Mechanical energy is conserved:

mg 4 \/m2g? + 2kmgyq

A Yo = +*0.75m
0.75 m, free fall At A: E-= mgyo
m y=0m
. At B: E = mgy + kx?/2
x=? = -mgx + kx?/2
B y=-x,v=0
So, mgyo = -mgx + kx?/2
kx2/2 - mgx - mgyo = 0 S0, X =
Wednesday, November 14, 2007
+ 2g% + 2k
so,x:mg \/mi + 2kmgyo

i 86g 4 1/862g2 +2 x 1200 x 86g x 0.75

1200

x =195 m, or -0.54 m, corresponding to:

s0,y =-x=-1.95m, or +0.54 m.

mH

51

Y, =+0.75m
0.75 m
y=0m

X
y=-x,v=0

y = +0.54 m means the rope is stretched by a negative amount!

So,y =-1.95 m and the rope is stretched 1.95 m

The angular frequency of the climber on the end of the rope is

o = \/k/m = /(1200 N/m) /(86 kg) = 3.74 rad/s
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(T=1.75)
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|

I 0.050m :

10.34/76: The angular frequency of | :
|

the mass on the spring is 7 rad/s. |

The spring is stretched by 0.05 m, 0.080 m
as shown, and the block is thrown
to the left.

Find the minimum speed vo so that the bottle gets hit (ignore
width of block).

Conservation of mechanical energy:

PEo + KEo = PE + KE

Wednesday, November 14, 2007

PEo + KEo = PE + KE

o =7 rad/s

1 |
PE, = —kx2, with x, = 0.05 m :
|

2
1 : 0.080 m g
KE, = Emvg I

1
PE = Ekxz, with x = 0.08 m
KFE =0 (just reaches the bottle)

1 1 1
Sk 0.05 + 5mvg = Sk x 0.08%+0

Wednesday, November 14, 2007
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1 1 1
—k % 0.05% 4+ —mv2 = —k x 0.08*+0
2 2 2

0= \/Ez 7 rad/s, so, k =49m
m

Therefore, mvi = 49m(0.08% —0.05%)

vo =0.44 m/s
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10.12: A horizontal force F is applied to the lower block in such a way
that the blocks move at constant speed. At the point where the upper
block begins to slip, determine a) the amount by which the spring is

compressed and b) the magnitude of the k=325 N/m
force, F. —a
There is no acceleration, so the net d%]\/]\/\f A 7k 09
force on each block is zero.
- -
v 30.0 kg F
a) Forces on the upper block: u=0.6
P4 IT Fy=15¢
Fs=psFn *ng

Block S“ps when P = (Fs)max = /JsFN

15u, 15x0.9
That is: kx = s x 159 o= el I = 0.407 m

k 325
and F, = 15,9 = 132.2 N
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k=325 N/m

b) Forces on the lower block:
]- ]/ls = 0.9

«— =
| F.=1322N 7 |300k ) F
F'y=45g ¥i5q| px=0.6
-— —F
anl
U —
>Fi=pFy=06x45g | PZK

IT FN= 15g

l3Og < ”
. Fs=uFn V15¢
Acceleration = 0, so net force on block = 0

Forces on the

F=F,+F,=1322+0.6 x 459 =397 N upper block
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The Simple Pendulum

Simple Pendulum:
* a mass on the end of a string

- executes SHM for small
displacements

"Physical Pendulum”
(not covered)
- an extended mass pivoting about some point
- example, a solid bar in which the mass

is not concentrated at one end
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Simple Pendulum

The restoring force along the arc s
along which the mass moves is:

F = —mgsin0® ~ —mg0 for small angles

and 0 = l radians
L
Force pulls mass

So,F:_(%>s backto 0 =0

This is of the same form as for a
mass on a spring:

F = -kx, with s taking the place of x
and with an effective spring constant:

k = mg/L

Wednesday, November 14, 2007

Effective spring constant, k = mg/L

Then, the angular frequency for the motion is:

As,w =2nf =2n/T, the period is

T = 275\/Z Period of a simple pendulum
8

"Physical pendulum”: an extended object pivoting about a point

Not 1 I = moment of inertia
T =2my|—— L ) _
covered! mgL L = distance from pivot to centre of gravity
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Clickers!

You have a simple pendulum in an elevator that is
accelerating downward with acceleration a.

Does the pendulum swing more slowly, more
quickly, or at the same rate as it does when the
elevator is at rest?

A) The pendulum swings more slowly
B) The pendulum swings more quickly
C) The pendulum swings at unchanged rate

The tension in a string from which a mass is suspended is m(g - a), as
if the acceleration due to gravity has been reduced...
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10.40: A pendulum consists of a ball on the end of a string 0.65 m
long. The ball is pulled to one side through a small angle and
released. How long does it take the ball to reach its greatest
speed?

Conservation of mechanical energy:

PE + KE = PE + KE, or

(6]
At lowest point, PE = O,

so KE = maximum value \

Time to reach lowest point is T/4:

1
t:Zx2m/L/g:0.4O S
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10.-/42: A pendulum clock acts as a simple pendulum of length 1 m.
It keeps accurate time at a location where the acceleration due
to gravity is 9.83 m/s?. What must be the length of the pendulum
to keep accurate time if the local acceleration due to gravity is

9.78 m/s??

L
Period, T = 231\/:
8

For a fixed period, L/g = constant.

L L
So, 1= keep time
81 82
9.78
L=L x®2=(1m)x >
L, =0.995m
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10.69/41: Astronauts on a distant planet set up a simple pendulum of
length 1.2 m. The pendulum executes simple harmonic motion and
makes 100 complete swings in 280 s. What is the acceleration due to

gravity on the planet?

Period, T' = 27 £ = @ =2.8s
g 100

271'2 21 2 2
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Simple Harmonic Motion

* The restoring force has the form: F = -kx

*+ The motion is: x = A cos(wt), or x = A sin(wt)

k
* The angular frequency is: o = P

o=2nf=2n/T T:2n\/%

+ Simple pendulum:
L
T =2my | —
8
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