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I. Purpose of the experiment

o Learn to use length and mass measuring tools.
o Learn how to analys experimental data, and treat measuring errors.

II. Theoretical basis
Volume of aball: V = %D3

Volume of a solid cylinder: V = %DZH
Volume of a hollow cylinder: V =% (D? — d?)H

where D is the outside diameter; d is the inner diameter, and H the height.
m

Density of a substance is calculated from: p=_
4

where m is the mass and V is the volume of the object.

ITI. Experimental plan
3.1. Tools and Materials

o Screw gauge; Vernier caliper;
o Metal ball; solid/hollow cylinder;

3.2. Lab Procedure

1. Use a Panmer (Scraw Gauge) to measure the diameter of a metal ball; mass of the ball
will be given. Write the obtained results on table 1.

2. Calculate volume and density of the ball;

3. Use a vernier caliper to measure the diameter of a hollow cylinder and a solid cylinder;
and use a balance to measure the mass of them. Write the obtained results on table 2, and
Table 3.

4. Calculate volume and density of the cylinders



IV.Experimental results and analysis

4.1. Volume and Mass Density of Metal — A Metal Ball

a) Use a Panme (Screw Gauge) to measure the diameter of a metal ball; and use a balance to
measure the mass of the ball. Write the obtained results on table 1.

Table 1.

Tool error of the Screw Gauge: AD¢y0; =OD/‘MM\,

No. \/ Diameter, D (mm) AD (mm)

! A9 0.006
: M 9% 0 004
: 1. 92 0006
4 “n 4/ 0.006

! 11 94 U0t
The everage 52/‘/(13% \/ E=0.0Q?2, /

b) Diameter
Absolute uncertainty

AD = AD + ADtoot = OO(ﬂ)—iD[Mz Omj[ (mm) /

Measuring results:

p- M2 0.00% e

¢) Volume of the ball

V= ZDB =_T_1__)QU4326 .E)(mm 3)= ....... 88}@3 ............... ><10-9 (mi)/’

+ Percentage uncertainty of volume V-

6 ==ty :...0.0.004.;....5*..@.m.................=...@..% ........ 045
ooro Py 4y M2

+ absolute uncertainty volume V-

v =vxe =5 605 0480 . 5.

d) Mass of the ball:

+ Mass:

e) Mass density of the ball:



p=lm A589.64%. ... (ke/m?)

Estimate the error:
+ Percentage uncertainty of density p:
s =%="3iMos 45 = @L@O/ 0004 =@0/[€§ ......
v T 0007

+ absolute uncertainty density p:
Ap = p X &p =00/ﬁ7\9r885£’l{=/{c]‘0 (kg/m?)

Writing final results:

The average value of g measured for the entire experiment is:

4.2. Volume and Mass Density of a solid cylinder

a) Use a vernier caliper to measure the diameter and the height of a solid cylinder; and use a
balance to measure the mass of the cylinder. Write the obtained results on table 2.

Table 2.

Tool error of the Vernier Caliper: ADyo = AHp1.. 5. D Oq .
Mass of the solid cylinder: m =2.CJDiO/\ (2)

No. Diameter, D (mm) AD (mm) Height, H (mm) AH (mm)

L0098 0-05 SR 0.04

21 A0 00 0.0L 5030 0.04

3140 00 0.0 50 35 0.0Y

1A O 0.0% A0 350 0.01

514000 0.0L 25029 0.0

=400 =004 | m=H.% an=0.03

b) Diameter and height

Absolute uncertainty of diameter and height

AD = AD + ADypy = D024 10%: DO%L" (mm)
AH = AH + AH,py) = 0 D&Jlioocj=0082—(mm)

Measuring results:



p=AVOL . OO?H(m\n{

e .20 0082 m

¢) Volume of the solid cylinder k/

V= EDZH _5M 2 A00L .5..0.'.5(1mms)= ...... 238886 410 ()

+ Percentage uncertainty of volume V-

I+

+

g =t = 20 OO Lo DO DL e
346 W0 03

+ absolute uncertainty volume V-

+ Volume: V= %&Bei LiD(;, ........... £107° (m3)

d) Mass of the solid cylinder:

+ Mass:

d) Mass density of the solid cylinder:

p== _ 053 A5 (ke/m?)

Estimate the error of density:

+ Percentage uncertainty of density p:
_Ap AV | Am _ 7000 _ |
6 =Z=T4l=5 40 = (DAt DU/]_QOQ_Z

o 0.02
+ absolute uncertainty density p:

Ap=p X6, =35:f2/f?))’10012=/186 (kg/m®)

Writing final results:

The average value of density measured for the entire experiment is:

P =85:f2/i/(80 (kg/m?)



4.3. Volume and Mass Density of a hollow c‘ylinder ‘ ' L
Cylinde: and wse 5 batance 10, measure the mase of the eylinder, Witte the | |
obtained results on table 3. "
Table 3. \_/
Tool error of the Vernier Caliper: AD;yo; = Adtoor = AHtoo1. = 00[5 L
Mass of the solid cylinder: m =ﬂ®i04(g)
Outer Diameter Inner Diameter Height
No. AD (mm) Ad (mm) AH (mm)
D (mm) d (mm) H (mm)
1 3) 80 004 | 2440 |00 | 42.20 0.04
2105 80 004 430 | 008 4220 | oo
5280 00 L0 00 [ 4220 | 00
$0052 & |04 L0 002 429 00y
s0%) &0 001 M40 002 42 40 | 0O
p-30..81 | ao-00d6| @=24.3 | 2a-U03 w-AL.2A | 3a-0046
b) Outer/inner diameters and height
Absolute uncertainty of diameter and height
AD =20 + ADewo = M6 000 DDBB (mm)
AH = AH + AH o = L0 igogzuw%(mm)
Measuring results:
p= A8 .06b....... com)
= AL A+ 0006 aom)
¢) Volume of the hollow cylmder
= 02 — aryi _"“"zr"' B8 28) A
NN . . 20508 <100 @)
+ Percentage uncertainty of Volurne V:
5 = Ao Amy g DADrdAd | AR = BOUBA. g Bl 000642458005 goe

1% s D2%2—d? n 0 4'1 {9

ol -y A
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+ absolute uncertainty volume V-

AV =V X 6v =SCJ5(Q_11% ..... KODDS&Z: ......... VI X 453 9,

d) Mass of the hollow cylinder:

+ Mass:

m= 3Oi0/j ..... (g)=ﬁD i04x103 (kg)

e) Mass density of the hollow cylinder:

p="= OOOﬁ:/ﬁ/{Cjﬁji} (kg/m®)
' 59%.18 = A0

Estimate the error of density:

+ Percentage uncertainty of density p:

5, =ty in_ g 8 =OODZ}2+DW)/{=QO/{8
0009

+ Absolute uncertainty density p:

Ap=px36, =4q/ig3:}7‘00/{3=23 (kg/m?)

Writing final results:

The average value of density measured for the entire experiment is:

=/{%4C3 Z:} (kg/m?)

i+
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I. Purpose of the experiment
+ Determine the value of free fall acceleration by experiment.

+ Practice skills in using vibrators and digital time meters to measure small periods of time
thereby reinforcing basic operations of experiments and processing results with calculations
and graphs.

+ Consolidate knowledge about free fall.

II. Theoretical basis
- Free fall is falling only under the influence of gravity.

- Characteristic:
+ Vertical direction, from top to bottom.

+ At a certain place on Earth and near the ground, all objects fall freely with the same
acceleration g. (4 contanst accelertation motion )

- Formula to calculate free fall acceleration: s = i.g 2

In which, s is distance traveled by a freely falling object (m). ¢ is time that the object falls
freely (s) between two points.
2s

" Falling velocity at time £ v=_
t

II1. Experimental plan

3.1. Laboratory instruments
+ Digital timer.

+ Free fall acceleration measuring device.
+ Electromagnet N is installed on the top of the holder.
+ Optical sensor port Q is installed below, at a distance s ~ 0.60 m from N

3.2. Experimental process
+ Adjust the base screws and observe plumb bob D so that the two round holes of Q and N are
coaxial.



+ Place the falling object V (metal pillar) attached to the electromagnet N.

+ Press the switch button R to let the cylinder fall, and at the same time start the meter.

+ Read the falling time results on the clock.

+ Repeat the operation with other distances, for example of 0.200; 0.300; 0.400; 0.500; 0.600 m.

3.3. Record data
+ Read the time measurements t corresponding to different distances s and create an
appropriate data table.

+ Data processing.

- Calculate values for data table.

- Draw a graph of v versus ¢ and s versus £.

- Comment on the obtained graphs.

xperimental results W_’T‘ _
IV.Exp tal result . T
No. |Distance Falling time t (s) Averag At t? g Ag v
s(m) |No.1 [No.2 |No.3 | etime (s) () | m/sd) | (m/s?) | (m/s)
t(s)
0260 0.220] 0 22 ]0254 0 0% porsa| voss a8t [ oAy 925
2 1o w002 | 0232] 00390 s |uva] o | 975 | .05 |2 4
T 0460(0208 0.208 | 0215020 H0Wws 30036 [958 | 04 |2 3T
* 10,560/ 0.545] 0239/ 0.5 0 Y |posk [0 16 | 965 [0S | 3 28
" 16,660 |0.568 |0.592 0570 0 53| 0.066 [045T [96Y (0% | S5
T = 0504 agg_gx
4.1. Graph

a) Based on the results in the Table 1, choose the appropriate scale on the vertical and horizontal

axes to draw the graph s = s(t2).

Draw the straight line of best fit. _
S-S
Determine the gradient of this line. gradient = T s T
o . -1
Because we have: s = .9 t? = s(t2). So: the gradient == g,
Then, g :2><gradient=....H.RL...Z@..Q:..E...j;.?.;.....(m/sz)




s (m)

£ ()

b) Determine value of velocity when it’s passing through

Draw the graph v = wv(t) based on the data in the table, to once again verify the properties of

free fall motion.
$ v (m/s)

t Ss)

- Draw a straight line best fit to the experimental data, then give a conclusion about the
dependence of velocity v on time ¢.



------------------------------------------------------------------------------------------------------------------

4.2. Determine errors and average values
a) The average value of g and error Ag after 3 measurements (at the same distance) are
determined as follows:

2s
+avergae valueof g: = —

®"
+ Percentage uncertainty of g : 6 _ g __As + 2At
& g s t
+ where: As = 2AStool =OOOZ ........ (m)

+ error (absolute uncertainty): Ag = E X Og

Then write coresponding results in Table 1.

b) The average value of g measured for the entire experiment is:

g = BLTE2E e =384+j?ér€ jq&f 3Bf3+8£7; ....... 36& ........ (m/s?)
" 5

The average value of Ag measured for the entire experiment is:

Kg = Dertbmtebds, _ 015+ 00% (0]~ 003 + 0.0% OO? (/s

The results of the free fall acceleration measurement are:

g=g+Ag =ﬂ€>&i003f2-(m/s2)

Compare the obtained value with g-value obtained in section 4.1.(a).
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