wk.7.homework.power.statics

Concepts:
¥ Work doneby atorqueis equalto

Work = torquen -w angleqaday

joules

¥ Power:
Measuredn watts where 1_war =
sec ond

A commonunit of poweris the horsepower

wherel horsepower 746 watts

¥ Thuspoweris therateat which you useor produce
energy

¥ Poweris alsoequalto Forcein joulesé velocitymis)

1_joule

¥ The powercompanyusesthe unit of kilo-watt-hourto
computeyour electrichill. Thisis equalto the energyusedif
you wereto keepa 1000watt applianceon for onehour

1 kwh = 3.6x 100 joules
A kwh costabout$0.10

Staticequilibrium

In orderto keepphysicalsystemsstablethey mustbein static
equilibrium.

We will look at the conditionsfor staticequilibriumin two
dimensions




The conditionsfor staticequilibriumare

¥ Thesumof thetorquesmustequalzero

27=0

¥ The sumof theforcesin the Oy(@lirection,whichiis alsothe
verticaldirectionandalsocalledthe OjQlirection= zero

ZF 06 joules ( 3600s)(5h)(365d)( lkwh I$0.08)=$8.76/y

second\ 1h Nday\ 1y )\ 3.6x10° joules \ 1kwh
¥ The sumof theforcesin horizontaldirection,which is also
calledthe Ox(r OiQlirectionequalszero

SF =0

We will usuallyjustreferto the horizontalandvertical
directionsasOiGand Ojdespectively.

1. How muchenergydoesa 100-wattbulb useif it is keptonfor 3.0 hours

Jjoules ( 3600s

100
second \ lhour

(3h) =1.1x10° joules

2. A motoris usedto compress spring. Thespringconstanis 1500N/m. Themotor
compressethespring10cm (Convert cm to m first ).

a. How muchwork doesthe motordo on the spring?(this is equalto the EPEstoredin the

compressedpring) Thisis equaltot the EPEstoredin the compressedpring.

1
energy = Ekx2

1
energy = 51500 ¥)(0.10m)* = 7.5 joules



b. If themotorcompressethespringl0cmin 0.12s (120milliseconds)whatis the powerout
of themotor?

k 7.5 joul
power = W.O” _ [2Jomes 62.5watts
time 0.12s

3. A cardevelop200horsepoweasit travelsat a speedf 60 mi/h.
(a) Converthp to watts and60 mi/h to m/s.

4 i( 1h \(161
200mp| L2 ) 1 5 510% wats 60ﬂ( h )( 0 0@) _7
1hp h \3600s/\ 1mi s

(b) How much force is the pushing the car?
Power = Force - velocity

power
—= force
velocity
1.5
M= 3.7e3 _newtons
27

(c) NewtonOsecondaw statesthat FOr¢ € newtons)

= INass;,, acceleratzon( /)

If the car has a mass of 2000 kg, what is the acceleration of the car?
3.7x10°N

27 19y,
2000kg /~

(d) How manyOgOsg&this equalto?

1g ~

4. A torqueof 20 Nm is appliedto anaxleasit rotatesthroughl.5 rotations.
(a) How manyradianss this?

1 .5r0t(M) -9 42radians

lrot

(b) How muchwork is doneby thetorque?



20Nm - 9 Aradians = 188 joules(1.9 x 10° J) 4

5. If thecostof electricityis $0.08perkwh, how muchdoesit costto keepa 60 wattlight bulb
onfor five hoursperdayfor oneyear? Show conversion factors

0 Jjoules (3600s) Sh \(365d lkm;h $0'08)=$8.76/y
second\ 1h day \ 1y N\ 3.6x10" joules \ 1kwh

Notice how all the units except$/y crossout?
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The diagram above depicts the famous OJoeOs Inn sign problem.O It is a classic problem i
STATICS
There are three conditions for static equilibrium
¥ The sum of the forces in the x directioni©hatO direction = 0
¥ Thesumof theforcesin they direction(or j hatdirection)=0

¥ The sumof thetorques= 0

NOTICE THAT THE FIRST TWO CONDITIONS MEET NEWTON'S FIRST LAW. THE



THIRD CONDITION MEETS NEWTON'S FIRST LAW FOR ROTATIONAL MOTION

Thethreeconditionsgive usthreepossibleequationgo work with. Thuswe cansolvefor three
unknowns. Theseunknownsareusually (but not always)

¥ Thetensionin thewire
¥ The horizontal reaction force
¥ The vertical reaction force

If the wall of the building cannot withstand the magnitude of the reaction force, the building
ownerhasproblems.

Given the following conditions, letOs solve for these unknowns.

¥ Theweightof thebaris 1500N (if the masswasgivenyouwould needto multiply it by 9.8

ms2)

¥ The length of the baris 1.5 m

¥ The weight of the sign is 2000 N

¥ Thebarhangsatapoint 1.1 m from the pointwherethe bar pushesagainsthewall

¥ The wire is at an angle of 35j above the bar and is attached at a point 1.3 m from where the |
pushes against the wall.

NOTE: IN THIS PROBLEM WE WILL CHOOSE THE POINT FROM WHICH TO MEASURE
TORQUE FROM AS THE PLACE WHERE THE BAR PUSHES AGAINST THE WALL. IN
FACT, YOU CAN CHOOSE ANY POINT ALONG THE BAR TO MEASURE TORQUE FROM.
YOU’RE ANSWER WILL BE THE SAME BUT MORE DIFFICULT IF YOU CHOOSE
ANOTHER POINT.

1. Identify thetorquesfrom
¥ the weight of the bar acting at its center of mass (also called the center of gravity)
¥ the weight of the sign acting at where it hangs
¥ The vertical component of tension acting at where the wire is attached

NOTICE THAT SINCE WE CHOSE TO USE THE INTERSECTION OF THE BAR WITH
THE WALL AS OUR POINT FROM WHICH TO MEASURE TORQUE THERE IS NO TORQUE
FROM THE REACTION FORCES

ALSO IN THIS PROBLEM, SINCE THE BAR IS HORIZONTAL, THE ANGLE BETWEEN THE
WEIGHT OF THE SIGN AND THE BAR AND THE BAR ITSELF (THE MOMENT ARM) IS 90°
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2. ldentify theforces in the OyQ@lirection
¥ The weight of the bar
¥ The weight of the sign
¥ Theverticalcomponenbf tension(T¥sin)
¥ Theverticalcomponenbdf thereactionforce (usuallyup but not always)

OK. LetOs get some equations

sum of the torques =-m, ¢d, -m_ d_ +Tsin6 =0

bar sign” sign

We can use our given quantities to solve for the tension in the wire

1500N(0.75m) + 2000N(1.1m) - T(1 3m)sin35 = 0

Torque = 4.5 x 10N

-2000N + Tsinf+ F

redction )

Sum of the force 1n the y direction = -1 300N
-1500N, -2000N +T'sinf + F

bar reaction( j

bar

=0

Fromthis andthefactthatthetensionis 4.5x 103 N N, we get a vertical reaction force of
919N

Notice that I made the weights of the bar and the sign negative since they point down.

It is possiblethattheverticalreactionforceis negativein this problem. In thatcaseit meanghat

the vertical reaction force is actually pointing down, or in other words, if the wall could not hold
the bar, the bar would rotate clockwise.

iu



Homework

1. A motoruses/5watts. How muchenergydoesit usein 4.0 hours?

2. A springwith a springconstant of 30 N/m is compressetdy a distanceof 20 cmin a period
of 10 milliseconds (0.020 s)

(a) How much energy is stored in the spring?

(b) Whatis the powerdevelopedn compressinghe springin thisamountof time?

3. A 1500 kg car develops 125 hp while traveling at a speed of 40 mi/h.

(a) Convertthe hp to wattsandthe mi/h to m/s

(b) Find the force on the car

(c) Find the acceleration of the car.

(d) How manyOgOs&this?
4. A torqueof 50 Nm rotatesthrough30 rotationsin 15s.

(a) How manyradianss this?

(b) How muchwork doesthetorquedo?



(c) Whatis the powerdevelopedy thistorque?

5. Electricity costs$ 0.09perkwh. An air conditionerthatis 20,000BTUQOgBritish Thermall
unitswhere1 BTU =1 british thermal unit/s = 0.29 watts

Assumingthatyou keepthis air conditioneron for 12 hoursperday,how muchdoesit costyou
to runit for 4.0 months. Assumethatit runsatfull power(20,000BTU) duringthistime.

6. To keep a compact car running at a constant speed of 55 mile/h on the highway, it
must develop enough force to overcome air resistance and friction. For a typical car
this is about 15 horsepower.

(a) How many watts is this?

(b) How long would it take the car to travel 500 miles on the highway?

(c) How much energy (in joules) would an electric motor providing 15 horsepower
use in driving the car 500 miles?

(d) If the car used a gasoline engine that gave it 35 miles/gal and gas was $4.00 per
gallon, how much would it cost to drive the car 500 miles?



(e) If it cost $0.12 per kwh to charge the carOselectric system and the car ran off an
electric motor, how much would it cost to rune the car for 500 miles

3.0m
< >
vertical _
rgaction tension
fokce angle
35j
|
JoeOs
Inn
weight of
bar 200 N
usually
actsatthe weight of the sign (1000 N
midpoint
of the bar
- 2.4m >
S 3.2m >

7. Findthetensionin thewire by settingthe sumof thetorquesto zero.

8. Find the vertical reaction force by setting the sum of the forces jrditextion to zero.
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1) 1.1x16J
2) (A) 0.60J (b) 30watts

3) (@) 9.33x Hwatts 18m/s (b) 5.2x 103 N
(c) 3.5m/é (d) 0.35 OgOsO

4) (a) 188 radians (b) 9.4 x3jpules (c) 627 watts

0.29 24 ) 36005\ 12h lkwh 0.09)( 30d.
5. 20,000BTU| 222 w0 ( S) e ($ 9)( @ )4m0nths=$752
1BTU lhour \1day \ 3.6 x10° joules )\ 1kwh )\ 1month

6(a)l.1 x 16 watts (b) 9.1h or3.3x10%s (c) 3.6 x 19J or 100kwh (d) $57.00(e)
$12.00
7. Thetorquefrom thesignis 2400Nm . Thetorquefrom thebaris 320Nm

T'sin(35) 3m =2720Nm

T =1.6x10°Nm

Thus

Forces,, = Forces,,,,

F o+ T'sin(35) =1000N + 200N

J (reaction

Tension = 1.6 x N 8. Reaction Forge= 282 N (If this came out to be a negative number
negative sign means that ithe reaction force points down the wall)
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