An example lab

What follows is a good example of a lab report for 191. It is on an experiment we aren’t
doing. It is not claimed to be perfect (or even a good reference!) for any particular detail,
but is meant to give you a feeling for what a good lab report might look like.

I don’t regard the “Objectives” section as critical, since you normally have been given
those in the lab manual already. Here it’s mainly to stand in for the non-existent lab
manual for this lab, to help you read it.

Some things to notice:

Equations and sample calculations

Lab book pages, tables, and graphs inserted as needed in the text
Good labeling and referencing of tables and figures

I'would have liked, for example, a clearer comparison of the measured values and
expectations, along the lines of:

Page 7 or 9

We expect g = 9.804, and measure 9.780 + .019 cm/s* . Our measurement of gis
consistent with expectations since the t value of the discrepancy is t = -.024/.019 = -1.3
standard deviations, less than 2 standard deviations from the expected result.

Page 13 as the text says, it’s compatible with 0; better would have been:
Then the coefficient is -.021 +.017 J/kg s, which, though it is nonzero, is also statistically
consistent with zero (t = -1.2)

Page 14

Ideally the student would have had time to perform the fits with a custom function, in

which case the uncertainty in the parameter would have been available. So I will

imagine that had happened.

Here is a table with the various parameters of the quadratic fits, and their sums. The sum

of each is expected to be zero. The uncertainties on the sum of the terms come from:
8 +b) =V { (82’ + (3b)’} andt=(a+b-0)/3(a +b)

Term PE/m KE/m sum error(sum) t

constant 0 0.015 0.015 0.02 0.7
Linear -2.06 2.18 0.12 0.07 1.7
quadratic  -47.86 47.52 -0.34 0.13 -2.6

We can see that the constant and linear terms are consistent with zero, but the quadratic
term is not, because |t| > 2.
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Roshan Foadi
(Jim Linnemann)
PHY 191 Sec. 8
Experiment 2

Energy of a Free-Falling Body

Objectives:

1) To observe the changes of the potential energy (PE), the kinetic energy (KE), and the
total energy (TE), of a free-falling body.

2) To verify, graphically, that the TE remains constant in time.

3) To compare the theoretical predictions for the time dependence of the potential
energy and the kinetic energy, with the experimental results.

PART 1

In this part we want to test the conservation of the TE of a free-falling object. In the Behr
apparatus, an object is released from a given height. Falling down, it marks periodically a
tape, with period 7=1/60 s. The latter quantity is given with negligible error. We ignore
the first and the last marks on the tape, because they are affected by the systematic errors
connected to the motion beginning and the motion end. Therefore, the second mark on
the tape corresponds to the 0 point in Tab.1. We assign the instant 1=0 s to the 0™ point,
so that the n™ point corresponds to t=n/60 s. We measure the distance of the n™ point
from the zero-tick of a meter stick, and denote it by Y. The error on y, is 6y=0.0008 m,
as explained in the lab book.

Equations Used

The instantaneous velocity at the n™ mark is
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The relationship between position and time, and between velocity and time, in a free

falling object, are
JE)= L+ VT +2—jjtl
Vit) =0 + jjt

where, v# is the velocity at the instant /=0, and g is the gravitational acceleration. In

Fig.1 we plot velocity vs. time. A linear fit gives the value of g. The error is given by the
formulas reported in Taylor, Chapt.8:

o - %”Lé ;)/A ,(YJU

J= &"GMC‘QYL{ Ae\/wrﬁxom Oi_ Ahe fesiduals = §.7495- 1(53 /‘g“
N=# of cweasurement = 253

A= Ngfm tm) = 4.6l

We obtain: ;
Ot = (\3,730¢ 0.013) om [s*

We calculate the potential energy per unit mass, PE,/m , at each point n. The formula is

PE,,/NY\ = -g,%-l) (’&x T, /rm =838 5 06i¢~15’)w

The error associated to, PE,/m is =-5. 9156 o
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Then we calculate the kinetic energy per unit mass, KE,/m at each point n:

M _ gt <&_ %\_@: ! Q.w-ﬁ,o'i)zg{»i.éﬂi)

7

om A

The error is _
JIE,
3{5——%‘—= %Z%J(VM—[I&;M=%{’VL§ (ex [—W@-—-)

Finally, we calculate the total energy per unit mass, 7E, /m at each point n, which is
given by

75,
OV

= 171201+ 111867
16-451T

TEM/{VVI = FEM/MA + KEM/M,{ <€X :
with the experimental error

"[7
Ty _ § P, § 5 éﬁ‘:"

i
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Results

All of these quantities are reported in Tab.1. In Fig.\l\we show the plot of TE/m vs. time.
Based on the Chauvenet criterion, we reject the 24® the 28" and the 29™ points, which
are sensibly different from the other ones. We also discard the 0™ point, since its velocity
is unknown: it cannot be zero, because we ignored the first mark on the tape. As a
consequence, also the total energy is not zero, as it is clear from FigN\.lThe new data,
after the wrong numbers have been rejected, are shown in Tab.2. Note that we can assign
a velocity to an even lower number of points. The value we get for g is smaller than what
we expect (g=9.804 m/s’). A possible explanation for this discrepancy lies in the
apparatus oscillations during the free fall. All the quantities in Tab.2 have been calculated
based on the obtained value of g. In Fig.2 we show the new TE/m vs. time plot, with the

statistic of the residuals. The constant term, in the linear fit, gives the initial T7E/m. Its
error is '
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The linear coefficient gives the TE average rate of change. Its error is

. - Z - .
Stde = /DT g g pea45% T
N-L A >

We summarize the results for this part in the table below. We observe that the rate of
change is compatible with zero, but a negative value is more likely. This energy loss is
probably due to the friction acting on the falling body. We also observe a clear oscillatory
pattern. These oscillations are mainly along the tape x-axis, as we assumed in the lab
book. They affect the speed measurement, because one has to take into account the total
distance between the two points, not only their vertical displacement. Therefore, a more
accurate measure would require one column for the x-position, in addition to the column
for the y-position of Tab.2.

o(s'2) Em(ms"2) TEM(EON10M2Mkg) Em(10M2Jkg) Rate (10M2JKkg's) Em.(10M2 Jkg*s)
9.78 0.019 25 12 -2.1 4

PART II

In this part we compare the theoretical prediction for the PE and the KE as functions of
time, with the experimental curves.

Equations Used

Inserting the equations for y(z) and v(2) in the formulas for the PE and the KE , we obtain

e gl )b gt

_ 1 4,1
B A Letf < 0 gt Tt

NOTE : THE ABS. VALE
OF THE LINEFR AND RUADRATIC
COLFTICENS ARE IDENTICAL

2




Results

The PE/m vs. time, and the KE/m vs. time plots are in Fig.3 and Fig.4, respectively, with
the statistic of the residuals. The absolute values of the linear and quadratic terms, from
the PE and the KE fits, do not coincide. The main reason for this, once again, is the
oscillations of the apparatus, which affect the speed measurements, mainly because we
ignored the x-displacements. They also affect the y-position measurements, since an
oscillation is never purely transverse. However, the single fits for PE/m and KE/m are
excellent, as the correlation coefficients show.

Questions for Preliminary Discussion

1) Discuss the time PE=TE and the time KE=TE for an object in free fall. What happens
at these points? That is, what are the position, speed, and acceleration of the object at
these points?

The condition PE=TE corresponds to KE=0: this happens at the beginning of the motion,
right after the object is released. At that instant the speed is zero, and the acceleration is
8- The condition KE=TE corresponds to PE=0: this happens at the end of the motion,
right before the object touches the ground. At that instant the speed has its maximum
value, Vi =2TE/m, and the acceleration is of course still g.

2) A student says that the TE of a body is 2.3 J. A different student says that the TE of
the same object is 532.2 J. What do you think is the reason of this discrepancy?

The TE of an object is defined only up to a constant, which is arbitrary. For example, if
we decide that the PE at the top of the free-fall motion is zero, then TE=0. In the same
way, if we decide that the PE at the bottom of the free-fall motion is zero, then
TE=(1/2)M Vmai’.

........................................................................................................

...........................................................................
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) Al 1’0 0 L°0-
T T T _ 1 T T T _ T T T T w T _ i
) Y] ]
............... N T e ZN i
290'2- LN !
............... frovoeeeee |l YHBE6000°0- OW g
: BN + XBN "+ X LN +ON=A ]

9'0 G0 ¥'0
G¥111SZ°0- sisounyy
68¥¥8€EL 0" SSaUMSYS
LE€0SSL¥0000 |Jou3 piS
90-91/%¥9900°G | 8dueuep
8€651£2200'0 uoneneq pIs
222..022000 |SINY
86¥¥./5000'0 uelpaiy
682800020000~ |uesy -
62 sjulod
920¥208G00°0- |wng
£v2665800°0 wnwixepw
6.81610500°0- | wnwiulpy
(B3/r)'sey w/ad

awll] ‘sSA ssey yun Jad 34

5 2nhyt

vi-

¢l-

(Bs/ryw/ad



(sh

90 S0 v'0 €0 A 10 0 10-
T T T 1 ” T T H T — T ~ T T T T O
I S A SRR S SO ORS e |z
I R A A N S S 1+
: : _ " X
i " : m - m
. : : : ] 3
: _ ” m (3
[ m W W m w | o a
€1v92681°0 sisouny| SR R e _
8115966900 SSOUMANS : m ! : -
Y6¥¥6¥EE000 [Joua pis | 86666°0 ,
G9Z£0852000°0 | @oueuep R A il ezs Ly ZN 8
GBEE90910°0 uonelraq pis W 1l 608L°C LN |
£160125100 _ |SH 1 8€8510°0 oW |
98156401000~ | UElps\ W 1l XxBIN + X8I ™ + X, LIN + ON = A _ |
PmmNva Fooo-o CNGE i 1 I 1 m i J. 1 i Tlﬂlll_lull_l 1 _ i 1 i 1 1. 1 1 1 O —\
ez sjulod
awil] 'SA ssel\ yun Jod
1ZEE€8LEE00°0 wng 1L W 3un Eby
1 1G8G+€0°0 wnwixep g 220 TEBJ |
G6LYLLEE00 wnwjuiy
(B/r)'say wy3ay « WINPT
2 u\nﬁl\w
\VM 4 A JQQQHM




Questions to be Discussed

1) Does TE/mass depend linearly on #? If not, what kind of time dependence does it
show?

The plot 7E/mass vs. t is shown in Fig.2. We observe that the dots form, approximately, a
sinusoid whose middle point falls down roughly linearly. The reason for this behavior is
in the systematic error due to the apparatus oscillation, which we (mistakenly) neglected.

2) Does the fit curves for PE/mass and KE/mass fall within the experimental
uncertainties?

The curves, for KE/mass, and, especially, for PE/mass are very accurate: there is no
point, in each plot, that does not contain the curve. We were careful not to overestimate
the error, and tried to be as accurate and precise as possible in determining the mark
positions on the tape. In this way we reduced the only source of casual error to the
minimum, since the time intervals are extremely accurate.

............................................................

............................................................................................................

Conclusions

In the first part of this experiment we tested the conservation of the TE for a free-falling
body. First, we found the gravitational acceleration, by linearly fitting the velocity vs.
time plot. The obtained value of g, g=9.78 m/s’, was slightly below its known value,




£=9.80 m/s’. (The reasons for this discrepancy have been discussed in the Exp.2 Lab
Report.) Then, we calculated the TE, and plotted it vs. time. Our results show that some
energy is lost during the motion, most likely because of frictional forces acting in the
Behr apparatus. Also, we found that the motion was affected by oscillations, which
propagated up to the measured values of the PE, the KE, and the TE. Based on these
observations, we believe that the experiment can be improved by: (1) Trying to keep the
apparatus stable. (2) Measuring also the x-component of the motion, and including it in
the formulas for the KE and the TE. (3) Reducing the apparatus friction, by using a
specific lubricant.

In the second part of the experiment, we compared the theoretical predictions for the PE
and the KE of the falling body (per unit mass), with the data fits. The absolute values of
the coefficients, in the quadratic fits, should be the same, for both PE/m and KE/m. Qur
results show some discrepancy (we did not calculate the error), which are probably due
to the systematic sources of error discussed above: oscillation of the apparatus, and
frictional forces. Our suggestions, summarized in the points (1)-(3) of the last paragraph,
should improve also this part of the experiment. However, the quadratic fits are excellent,
for both PE/m and KE/m, with coefficients of correlation very close to unity: this means
that casual errors have been reduced to a very high level of accuracy. Thus the systematic
errors are mainly responsible for the large uncertainties in the TE and its rate of change,
(as the oscillatory pattern of Fig.2 clearly shows) , and the discrepancies between the
coefficients of the PE/m and KE/m fits.




