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<Introduction>
Objective:
1. To calculate the static frictional force and kinetic frictional force.

2. To investigate the mass of the object and the relationship between the wooden block’s

contact area and its frictional force.

Theory:
® (oecfficient of Maximum Static Frictional Force: u= Fo/N
> Fo: Static friction - the force that opposes the sliding of one nonmoving surface past
another. Maximum static frictional force is greater than the kinetic frictional force as

shown in the graph below.
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»  N: Normal Force
® Coefficient of Kinetic Frictional Force: u’= F’/N
»  F’: Kinetic force - the friction that occurs when surfaces slide against one another.
» N:Normal Force
® () sinb=H/L
H: the height of the wooden board when the wooden block begins to slide down the surface

L: the length of the wooden board

® (Coefficient of static friction: p=tanf
»  0: the angle in which the wooden block starts sliding down the surface, calculated
using the equation sin6=H/L.
® Normal Force: N=mg
» m: mass of the wooden block + weight in kg

>  g:acceleration of gravity, 9.8m/s’



<Experiment>
Apparatus:

Wood board
Spring balance
Wooden block
Pulley

String

Weight (250g)
Stand

Methods:
1. Adjust the spring balance so that its zero will be in the correct position.
2. Measure the mass of the wooden block and the weight.

3. Set up the apparatus as shown below.
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4. Adjust the height of the pulley to make the string and the wooden board parallel. Also, adjust
the position of the spring balance to make it perpendicular to the string

5. Pull the wooden board slowly and record the measurement of the spring balance just before
the wooden block starts sliding the surface.

6. Continue to pull the wooden board slowly to measure the measurement of the spring balance
while the wooden block is moving on the surface. Repeat step 5 and 6 approximately 3 times

to calculate the average.



7. Unhook the wooden block from the string. Place a weight on the wooden block and slowly

life of the wooden board to measure the angle in which the block starts sliding down as

shown below. Begin testing with no weight, 1 weight, 2 weights and 3 weights.

f)kgr'\@ = H/L

8. Repeat 5-7 changing the type of surface (smooth and rough) and the area of contact surface.

There are 4 variations in total.

9. From the results, calculate the maximum coefficient of static force, kinetic force and the

angle in which the block starts sliding. Compare the value of maximum coefficient of static

force calculated from p= F¢/N and from p=tané for every test.

<Results>

Experiment results

(DSurface of the board: smooth

Area of contact surface: 2.45m x 107 m

}ITest 1 2 3 4 5 6 7 8 9 10
Mass of block + weights [x10”kg] 450 | 450 [450 [700 |700 | 700 950 | 950 | 950 1200
Normal Force N [N] 441 | 441 (441 |686 |686 |686 [931 931 |931 |118
!Maximum static frictional force Fq [N] 0.7 0.8 0.8 1.1 1.1 1.1 1.2 1.4 1.4 1.8
Kinetic frictional force F* [N] 09 |09 |09 |13 13 1.3 1.8 18 1.8 3
!Coefﬁciem of static friction (i) 0.159 | 0.181 [ 0.181 [0.160 |0.160 |0.160 [0.129 [0.150 |0.150 |0.153
)lp=- Fy/N

%Coefﬁcient of kinetic friction (") 0.204 | 0.204 [ 0204 [0.190 [0.190 [0.190 |0.193 |0.193 |0.193 |o0.186
W= F/N

:H/L 0.164 | 0.164 | 0.147 [0.189 [0.189 |0.180 |0.180 |0.180 |0.200 |0.180
0 944 |9.44 |845 |109 [109 |109 |103 |103 |115 |103
Coefficient of static friction p=tand 0.167 | 0.167 [ 0.148 [0.193 |0.193 |0.193 |0.182 |0.182 0200 |0.18




@Surface of the board: Smooth
Area of contact surface: 6.138 x 10~ m?

Test 1 2 3 4 3 6 7 8 9 10 11 12
Mass of block + weights [x10°kg] | 450 450 450 700 700 700 950 950 950 1200 | 1200 | 1200
Normal Force N [N] 4.41 4.41 4.41 6.86 6.86 6.86 9.31 9.31 9.31 11.8 11.8 11.8
Maximum static frictional force Fy | 0.9 0.8 0.8 1.3 1.2 1.1 1.8 1.5 1.6 2.0 2.1 2.1
[N]
Kinetic frictional force F’ [N] 1.0 0.9 0.9 1.5 1.4 1.3 1.9 1.8 1.8 2.3 23 2.3
Coefficient of static friction (p) 0.204 | 0.181 | 0.181 | 0.190 | 0.175 | 0.160 | 0.193 | 0.161 | 0.171 | 0.169 | 0.178 | 0.178
p=Fo¢/N
Coefficient of kinetic friction (p’) 0.227 | 0.204 | 0.204 | 0.219 | 0.204 | 0.190 | 0.204 | 0.193 | 0.193 | 0.195 | 0.195 | 0.195
uw=F/N
H/L 0.246 0.223 0.213 0213 rd
0 14.2 // 12.9 N 12.3 i g 12.3 y 4
Coefficient of static friction u~tan@ | 0.253 0220 | 0218 | 0218 |

(@Surface of the board: Rough

Area of contact surface: 2.45i x 107 m?

Test ] 2 3 4 5 6 7 8 9 10 11 12
Mass of block + weights [x10'3kg] 450 450 450 700 700 700 950 950 950 1200 | 1200 | 1200
Normal Force N [N] 441 4.41 4.41 6.86 6.86 6.86 931 9.31 9.31 11.8 11.8 11.8
Maximum static frictional force Fy | 0.7 0.8 0.7 1.3 1.1 1.2 1.5 1.7 e 1.9 2.1 2.0
[N]
Kinetic frictional force F* [N] 0.8 0.9 0.9 1.4 1.5 1.4 1.8 1.9 1.8 2.2 2.2 2.3
Coefficient of static friction (u) 0.159 | 0.181 [ 0.159 [ 0.190 | 0.160 | 0.175 | 0.161 | 0.183 | 0.183 | 0.161 | 0.178 | 0.170
u=Fo/N
Coefficient of kinetic friction (pn”) 0.181 | 0.204 | 0.204 | 0.204 | 0.219 | 0.204 | 0.193 | 0.204 | 0.193 | 0.186 | 0.186 | 0.195
w=F-/N
H/L 0.172 / 0.197 0.197 0.180 /
g 9.90 // 114 11.4 / 10.4
Coefticient of static friction p=tand | 0.175 0.200 0.200 | | 0.184




@Surface of the board: Rough

Area of contact surface: 6.13m x 10 m?

Test 1 2 3 4 5 6 7 8 9 10 11 12
Mass of block + weights [x107°kg] | 450 450 450 700 700 700 950 950 950 1200 | 1200 | 1200
Normal Force N [N] 441 4.41 441 686 |686 |686 |93l 9.31 9.31 11.8 11.8 11.8
Maximum static frictional force Fy | 0.9 0.9 0.8 1.1 1.1 1.1 1.6 1.4 1.6 2.0 2.1 22
[N]

Kinetic frictional force F’ [N] 1.0 0.9 0.9 1.3 1.3 1.3 1.9 1.7 1.7 2.3 2.2 2:2
Coefficient of static friction (p) 0.204 | 0.204 | 0.181 | 0.175 | 0.175 | 0.160 | 0.172 | 0.150 | 0.172 | 0.169 | 0.178 | 0.186
u= Fy/N

Coefticient of kinetic friction (p’) 0.227 | 0.204 | 0.204 | 0.204 | 0.204 | 0.204 | 0.204 | 0.183 | 0.183 [ 0.195 | 0.186 | 0.186
w'=F/N

H/L 0.230 / 0.200 0.230 / 0.230

o 13.3 - 1.5 13.3 13.3

Coefficient of static friction p=tand | 0.236 0.203 0.236 0.236

Average results:

(DSurface of the board: Smooth

@ Surface of the board: Smooth

Test Area of contact surface: Area of contact surface: 6.13m
2.45m x 107 m? x 107 m’

Mass of block + weights [x107kg] | 450 700 950 | 1200 | 450 | 700 | 950 1200

Normal Force N [N] 4.41 6.86 9.31 11.8 | 4.41 6.86 | 9.31 11.8

Average Maximum static

frictional force Fo [N] 0.767 1.10 1.33 | 1.80 | 0.833 | 1.20 | 1.62 2.07

‘[‘b}’]"”ge Koetie Sctional forea ™ | g 13 | 1.8 | 22 0933 140 | 200 | 230

Average coefficient of static o v

friction (1) v=FiN 0.174 0.16 0.143 | 0.153 | D.199 1 0.175 | 0.175 0.175

Aeraes o et orkinetie ietion | g 504 | 0.190 | 0.193 | 0.186 | 0.212 [ 0.204 | 0.197 | 0.195

Coefficient of static friction

p=tand 0.161 0.193 | 0.188 | 0.18 | 0.253 | 0.229 | 0.218 0.218




(@ Surface of the board: Rough

@Surface of the board: Rough

Test Area of contact surface: Area of contact surface: 6.13m
2.45m x 107 m? x 107 m?

Mass of block + weights [x107kg] 450 700 950 1200 | 450 700 950 1200

Normal Force N [N] 441 6.86 9.31 11.8 | 441 | 6.86 | 9.31 11.8

Average Maximum static

frictional force Fy [N] 0.733 1.20 1.63 | 2.00 | 0.867 | 1.10 1.53 2.10

Average kinetic frictional force F’ 0.867 1.43 183 | 223 10933 19 1.77 293

IN] : s ; : . : : :

Average coefficient of sfic | o 166 | 0.175 | 0.176 [ 0.170 | 0.196 | 0.170 | 0.165 | 0.178

riction (i) p= Fy/N

Average coefficient of kinetic friction

() w=F/N 0.196 0.209 | 0.197 | 0.189 { 0.211 | 0.204 | 0.190 0.189

Coefficient of static friction

u=tan@ 0.175 0.20 020 | 0.184 | 0.236 | 0.203 | 0.236 0.236




<Discussion>

The 4 lines of best fit in Figure 1 have a positive slope, and most lines overlaps each other.
This shows that the normal force (N) is directly proportional to the static frictional force
(Fy), and that it is consistent to’”‘fﬁe theory p= Fy/N, in other words Fy=uN. Because the lines
are very close to each other, we can say that the static frictional force does not depend on
the areas of contact area.

The slope of the lines in Figure 2 are almost parallel to the x-axis, meaning that coefficient
of static friction (Fy) does not depend on normal force. (N) The blue and the green line have
a smaller value of coefficient of static friction than the other two lines, meaning that the
coefficient is higher when the surface is rough.

The slope of the lines in Figure 4 is also almost parallel to the y-axis. We can conclude from
this that coefficient of kinetic friction (F’) does not depend on normal force (N). However,
the blue and the green lines that were tested on a smooth surface had a lower coefficient of
kinetic friction than the lines tested on a rough surface. This shows that types of surface
affect the coefficient of kinetic friction.

The lines in Figure 5 rise sharply, so we can conclude that normal force (N) is directly
proportional to the kinetic frictional force (F’), which is consistent to the theory u= F’/N in
other words F’= 11’N. Because the lines overlap each other, we can say that kinetic frictional

force (F’) is not related to the areas of contact surface.

<Conclusion>

The maximum static frictional force and the kinetic frictional force depend on the normal
force, in other words the mass (from the equation N=mg) and is directly proportional to the -
normal force (N).

The areas of contact surface do not affect the maximum static frictional force or the kinetic
frictional force. However, the types of surface affect the coefficient of the static friction and

the kinetic friction.



<Opinion>

I think this was the hardest experiment out of all the experiments we have done so far.
It was difficult to measure the maximum static frictional force because we had to read the spring
scale just before the wooden block starts moving. My partner and | were keep getting different
results and we sometimes had to do it more than 3 times to make the data as precise and accurate
as possible. Even though we tried our best, there were several inaccuracies, which made the

graph different than what is was supposed to look like.

<Reference>
Wakana Tanaka san’s Lab Report

Megumi Kinjo san’s Lab Report
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Figure 4. N vs. p' Graph
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