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Spring Scale, use your correction factor (N/n), and compute the value of F; (N). Record M.
Dy, D, the Spring Scale reading, your correction factor, and F;. Include the masses of the

mass hanger, 0.005 kg, and clip, 0.002 kg in M;.

)

My=02 + - + 1= ) Dy =

Corr. Factor=_/ /' Fam /.
Units Upts

‘___l D) = a2/ enmtabee?

Spring Scale reading = _'/;

Units

the position of the bottom of the round base of the
he distance in centimeters

2. Use a small piece of masking tape to mark
the initial

Spring Scale base on the Experiment Board. Use a ruler to measure !
from the table to an easily identifiable point on the hanging mass or hanger. Record
distance of the hanging mass from the table. NOTE: The rulers do not start at zero. This does

not matter. Why not? If you don't know, ask.
ving slowly keeps force

Slowly push the Spring Scale upward or downward ~ 0.5 cm. Mo
effectively constant. Moving ~0.5cm keeps the angle between bar_and. force vector
to make the process work? If you don't

approximately 90 degrees. Why are both necessary
know, ask.
se of the Spring Scale along the

(CAUTION: move the Spring Scale by pushing the magnetic ba
experimental board—do not push on the plastic tube or the stem.) If you push the Spring Scale
slowly enough, the reading on the Spring Scale will not vary appreciably. The simple linear
model we are using to calculate the work done by the applied force assumes a constant force.
Spring Scale reading remain

Thus, it is important that the force as indicated by the

(approximately) constant. Also, by moving the Spring Scale only a small distance, we can
neglect the fact that the forces no longer are acting exactly perpendicular to the beam. Mark the
new position of the bottom of the round base of the Spring Scale with another small piece of

masking tape. Use a ruler to measure the distance from the table to the same point on the
hanging mass you used earlier. Record the distance, dy, the hanging mass moved and the

distance, d», the Spring Scale was moved. See Figure 12.4.
d,= o

d’= /gn- j;ﬂ

ANALYSIS:
3. Calculate and record the weight, W; which is the gravitational force acting on beam as a

result of My. Include hanger and clip masses.

W,@'gﬁ L+ 8805+ 0m)xq= 2 0% AL

4. Calculate and record all the work performed on the system as you slowly moved the Spring
Scale. Subtract the work done by the clip in moving the bar downward.

Work =Fax.dy - Mup X g X d2= |2 L X [ = /0t X
5. Calculate and record the change in potential energy, AU, of the hanging

e earth's constant gravitational field.

X = D ,,,
ass as it was

‘moved
@‘ Wixdi=_g g0l A/
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(N/n), and calculate the value of F, (N). Record the values of F, the measured force along the

inclined plane, in Table 12.1.

Use the correction factor determined above.

NOTE: You may find it convenient to use a second pulley in the setup shown in Figure 12.1 for
the larger angles to avoid having to change the length of the string. One pulley is better-less
friction. You may also have the spring scale at a large angle from vertical as long as the rod
below the spring does not touch the washer at the bottom of the Spring Scale tube.

Table 12.1 Data and calculated values for force parallel to the Inclined Plane

Angle of Spring F. W, = Wsiné
incline | scale reading | (corrected) (N) F oW o 100%
(deg) (n) (N) (calculated) | * P/ = (1/2XF, +W)) i

15 ’g' 3& )
; 2. A380 2 ‘{,/.
30 20 = 5 e
45 ‘ ' A H ; 4 L
60 e 33 /&3,

3. Be sure the string connecting the Rolling Mass to
the Spring Scale is parallel to the Inclined Plane.
Why? If you don’t know, ask. You may (if you must)
use two pulleys for angle of 45 and 60.

ANALYSIS:
4. For each angle, calculate W,, using equation
M L '

( 1'2.1 1). For each angle, calculate percent =
difference between F, and W, using equation in e ol G A
Table 12.1. Record results in column 5, Table 12.1. T R
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5. Answer questions 1. and 2
Force perpendicular to the Inclined Plane: [_1

PROCEDURE: J
6. Measure the force exerted by the Rolling Mass Fi 2 R ey
gure 12.2. Equlpmcm Setup to
perpendicular to the Inclined Plane, F,. Set up the R

equipment as in Figure 12.2. Set 8to 45‘ Place 0.070 kg
' on the mass hanger. Hanger mass is 0.005 kg. Vary the angle of the Inclined Plane until the

- system is in static equnlnbnum Test for static equilibrium. Static equilibrium exists when a light

mlgg on the Rol lmg Mass in one g irection causes about the same amount of motion as an
proximately h in the ite direction. Be sure the string from the Rolling Mass i

'pamllel to the Inclined Plane.

k.
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M ight. W, of the hanging mass plus the hanger, and the angle of
7 SiomRss. 8 Bnd welg of the mass hanger is 0.005 kg. Include units

- Record ,
inclination, 8, of the Inclined Plane. The mass

M = 275 i~ w'= /47¢ 2L :
0= V. _‘% = '
8. Set up the Spring Scale and a pulley as shown In
Figure 12.3. Dopnggg move the lncls\ed Plane. Adjust
the pulley and Spring Scale so the string from the |
Rolling Mass to the pulley is perpendicular to the
Inclined Plane. le., so the Spring Scale pulls the
Rolling Mass bracket at a 90" angle to the surface of
the Inclined Plane. The pulley enables you to make | _
the string lifting the Rolling Mass exactly perpendicular e
to the Inclined Plane. Use a protractor to check the | . b
angle. Move the Spring Scale vertically until the | , 3 \
Rolling Mass just barely lifts off the Inclined Plane. | | |\ % |
Record the Spring Scale reading in Newtons (n), | Vil LA
record your correction factor from page 12-3, and

calculate the value of the force, Fy (N). (TIP: Move Figure 12.3. Measuring Normal
the spring balance very, very slowly until the Rolling
Mass just begins to lift off the Inclined Plane.)

Spring Scale reading =~ __ /.~ Correction factor=______

Force

(From page 12-3.)

»

Corrected force, Fy= __ . = /.
ANALYSIS:
9. Calculate W, (=Wcos 8), the component of the weight of the Rolling Mass perpendicular to

the Inclined Plane.
W,=_26197 _//

10. Answer question 3.

Part 2:
BACKGROUND:
Class | and Class Il levers, like the Inclined Plane, and (as we shall see in Experiment 13) lik¢

pulley systems, enable a reduction in physical force at the cost of a greater distance over whic
the force must act. For levers, the two concepts we need for analysis are the conservation ¢
snergy as shown in equation (12.3) and the concept of torque where torque is to anguli

icceleration of a body what force is to linear acceleration of the body
T=la=dxF

there .z"" is torque, Fis force, d is distance from the point of action of the force to the center

tation, and x indicates a vector cross-product. Thus, torque is the product of a force and '

ngth of a line, perpendicular to the line of action of the force, from the line of action

g ol aine, 4 . of th

the point around which the force causes the body to rotate. AN
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already in motion. We will examine sliding friction.
We will test three hypotheses:

Hypothesis: Friction force depends on the

normal force.
Hypothesis: Friction force depends on the

materials in contact.
Hypothesis: Friction force depends on contact

area.

PROCEDURE:
1. Place the Spring Scale vertically on the
Experiment Board. Zero the Scale. Hang the

wooden Friction Block on the Spring Scale.
Record the Spring Scale reading in Newtons (n),
record the correction factor determined in Part 1.
calculate and record the weight, W(N), of the

Friction Block.
Spring Scale reading = A

Adjust the position of the pulley so

important? If you don’t know, you do not understand the key elem

the effective contact areas for sides A, B, and C of the Friction Block.
en side that is on the bottom in Figure 12.7. Note also: The

3. Measure and record
Note: Side A is the large wood

,.__; correction factor = -

nFe —_— {]
e | Em——Caetse A )
|(Wemg) "wulw” L
A ks
["" c . \ N
BY® o=
"

o

Figure 12.7. Equipment Setup.

5 '.W=

Figure 12.7. Make the Inclined Plane perfectly horizontal

2. Set up the equipment as shown in
tractor. Why is this important when measuring friction?

using the built-in plumb bob and pro
the string is parallel to the Inclined Plane. Why is this
ents of this experiment. Ask.

effective contact area of side C is the area of the two strips of teflon tape.

/7

- Effective AreaC =

AreaA=_ /.- /1_;AreaB=

4. Place side A of the Friction Block against the Inclined Plane. Be sure the string is parallel to
dded to the Friction Block, adjust the mass on the hanger until,

the plane. With no masses a

when you give the Friction Block a small push to start it moving it continues to move at a very
slow, constant speed. Note: The friction of the surface of the plane is not perfectly uniform so

you are not likely to get the Friction Block to move at a slow, constant speed along the entire
length of the plane. A slow constant speed over about 5 cm (~2") is acceptable. When a small
push causes the Friction Block to move without accelerating, the force on the hanging mass

) is equal to the frictior) fprce, Fr. Record the normal force, W + Mg in column 2, Table
the Friction Block and M is the total massadded to the block. In this

(Mhangingd
12.2. W is the weight of

case, M = 0. Record the friction force, Fy, in column 3, Table 12.2.
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Class lll Lever: l

PROCEDURE:
11. Place the pivot clip at extreme left end of the beam

(farther left than in Figure 12.6). Place the clip for the Spring
Scale at the center of mass of the beam. Place the clip for Fy
at extreme right end of the beam (farther right than in Figure l
! g =2

12.6). Repeat the movements of the Spring Scale and
measurements as directed in Step 1. Repeat steps 2

through 5, and 7 for the Class Il lever shown in Figure 12.6.
M, includes 0.100 kg + hanger mass (0.005kg) + clip mass _
(0.002kg). You must subtract the weight of the clip and the | 4
weight of the beam (Mpeam = .031kg) from Fz the Spring

Scale reading. : "y
My-/}.[ +*Rad ¥4 = o o FE ']

Dym oYY pi; Dimg e _»nl. |

Figure 12.6. Class 111 Lever.
Use .100kg M, D2/Ds = S

Spring Scale reading= . . _; Corr. Factor=__ Nin; F2= bs)
+2.K5)g=

di=_Jof w5 da=py v s WasMg=(o L+
Subtract the force of gravity on the clip and beam mass (0.031kg) in moving the bar.

1> s DYDy= =

Work = (Fz - Weip - Woeam)d2 = (_
AU=Wds= » /. s Wi(Fz = Weiip = Woeam) =

ANALYSIS:
12. Answer questions 10, 11, and 12,

Part 3:

BACKGROUND:
In most physical systems, the effects of friction are not easily predicted, or even measured.

Recall our work in Experiment 7 when we measured, ay, the deceleration of our rotating disk as
a result of friction. aywas the slope of our angular velocity versus time plot. Recall also our work
in Experiment 10, Part 2, in which we determined Myicton, the “friction Mass.” Myichon Was the
mass on the hanger that permitted the disk to turn at a constant velocity, with no acceleration,

when given a small push. The friction force was given by Myictiong.

The interactions between objects that cause them to resist sliding against each other seem to be
due in part to microscopic irregularities or the surfaces, but they are also in part due to
interactions on a molecular level. Although the phenomena are not fully understood, there are
some properties of friction that hold for most materials under many different conditions. In this
experiment, we will examine the effect of three variables on friction: The normal force pressing
- the materials -together. the contact material; and the contact area. Typically static friction, the
force that resists the initial slipping of two objects against one another, is larger than sliding
friction, the force that resists the slipping of two objects against each other when they are

12-9



=
==
=
=3
=3
=
e
»
»
5
»
)
y
)

Note that we have not considered the oA
ass.

the clip for the pivot is at the beam center of m

6. Answer question 4.

7. Calculate and record Wi/(F>W.;p) and D2/D1. (

the action points of the forces, W; and F,, respectively, from the piv

careful to move the Spring Scale slowly, the sygtem
was effectively in static equilibrium at any given

instant.

Wl(Fo-Weiip) = 20 O30 - 2120 =
Dz/D1 = .

A

8. Answer questions 5 and 6.

Class Il Lever: D,/D1 =2
PROCEDURE:

9. Figure 12.5 shows a Class Il lever. Place the
pivot clip as close as possible to the left end of the
beam. Place the clip for F; (M) at the beam center
of mass. Place the clip for F, (Spring Scale) as close
as possible to the right end of the beam. Record D+

and D,. Repeat Steps 1 through 5, and 7 for the
Class Il lever shown in Figure 12.5. Include masses

of hanger, clip, and beam (.031kg) in My,
Mi=)C + gpo5 + 20073 7 p2]= 4 R,
D1=p 0 m; | )
D,=_ ., \ ; Spring Scale reading =

1

mass of the beam acting at the center of mass because

Remember, D; and D; are the distances of
ot point.) Since you were

Figure 12.5. Class II Lever.
Use .150kg. Note: D,/D4 =2

n; Corr. Factor=/./ N/n; F;= N

d; ané dziare the distances My and the Spring Scale move respectively.

o

+ 7 + )g: Y, 7

di=gmwi m ; da=gp,y 0 Wi=Mig= (2

In computing the work done by F», subtract the work done by the clip as you did above.

X

X/ o

WOl'k=F2Xd2-Mc/ingXd2=_,4_‘/}' | X 0

1Oy >

AU = W1d1 =, [X,‘/“?Z»f/;// ; w=ﬁ"—'——

ANALYSIS:
10. Answer questions 7, 8, and 9.

12-8
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