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UNIT 1: Introduction to the Scientific Method.

1. THE SCIENTIFIC METHOD. ITS STEPS.

Se recomienda comenzar el tema con una lluvia de ideas, “brainstorming”, sobre el trabajo del cientifico. El
profesor puede plantear preguntas como:

“What do you think scientists do during their working day in a laboratory?”
“Tell me verbs related to a scientist work”
“How does a scientist develop a research?”
En este debate saldran dudas sobre vocabulario. El profesor puede aprovechar para comenzar a introducir

terminologia como “to investigate, research, to measure, measurements, to analyze, conclusion, theory o
hypothesis”.

Se organiza la informaciéon que van dando los alumnos y se completa, resumiendo las etapas del método
cientifico en la pizarra.

A continuacidén, se recomienda terminar la clase con una actividad en grupos que implique el ordenamiento de
etapas en un caso de investigacidn concreto. Para ello, se pueden entregar por grupos oraciones en las que se
resuman cada una de las fases del método cientifico aplicadas a un estudio experimental concreto. Por grupos
tienen que ordenarlas y nombrar la etapa correspondiente.

2. READING COMPREHENSION: GALILEO AND FALLING BODIES.

Se recomienda que los alumnos trabajen la lectura con tranquilidad en casa, tras haber visto en clase las etapas
del método cientifico. Requiere que le dediquen tiempo para poder elaborar las respuestas. Son posibles
respuestas:

Answer the next questions about the text:

1. Identify the different steps of the scientific method in Galileo’s history.

Ask a question: Paragraph three “... Galileo Galilei, was not very convinced that mass and velocity where
proportional, ...”

Plan the experiment: Paragraph three “he designed an experiment to prove it”

Perform the experiment: Paragraph four “he made build a 7 meter slide (very well polished to avoid friction)
and let different balls fall”

Draw a conclusion: Paragraph five “when there is no friction, mass and velocity are independent and two
bodies with different shapes and masses will fall within the same time.”

2. What does it mean that mass and velocity are proportional?
The more mass a body has, the more velocity it moves with.

3. Describe how you think a water watch works.
It consists in a system of water falling down into a container at a constant velocity.

4. If mass and velocity are actually independent, why a piece of paper fall slower than a stone?
A piece of paper falls slower than a stone due to the bigger air friction on its surface.

Podemos aprovechar estas respuestas para introducir estructuras gramaticales como comparativos “slower
than”, “consist in”, “due to” o el uso de “the more ... the more”.
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3. MEASUREMENTS AND MAGNITUDES. INTERNATIONAL UNITS SYSTEM.
MULTIPLES AND SUBMULTIPLES. SCIENTIFIC NOTATION.

El siguiente paso en el proceso ensefianza-aprendizaje es introducir el concepto de magnitud. Podemos hacerlo
con alguna pregunta como:

“Do you remember what’s the most important work scientists do during the experimentation step?”
“What can be measured?” o “ Tell me what can be measured during experimentation”

Se pueden ir ordenando las magnitudes en dos columnas en funcidon de que se trate de fundamentales y
derivadas. Si no conocen los términos en inglés, como es ldgico, se puede dejar que las enumeren en espaiol y
se van escribiendo los términos en inglés.

Terminado el listado, se puede indicar:
“All these properties that can be measured are called magnitudes.”
“Why do you think | have ordered them in two different columns?”

Muy probablemente no lo sabrdn. Entonces podemos preguntar por las unidades:
“In what unit is length/mass/surface/expressed?”

Ayudandose de las unidades es mas facil que vean como efectivamente las magnitudes derivadas dependen de
las fundamentales y se introduce la clasificacion.

1. Convert the following measurements to meters using conversion factors:

a. 100 mm

100mm - 1(1)3% =0,1m
b. 23cm

23cm - % =0,23cm
c. 40fm

40fm - % = 4.10cm
d. 100 km

100km - 220~ 100.000m

1km

e. 12pm

12pm- 101122m =1,2-10"m
f. 45pum

A5um - 1015le =45 .10°m
g. 3Gm

3Gm- %grr:z 3.10°m
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2. Convert the following measurements to square meters using conversion factors:

a.

40 cm?
40cn - %\2 = 4.10%n7
3500 mm?
3500mn - %}2 =35. 107N
3 km?

3T % = 30000007
3500 nm?
3500nn¥ - 1101%]2 =35.10%n?

3. Convert the following measurements to cubic meters using conversion factors:

a.

4. Make the following time conversions using conversion factors:

a.

b.

45 dm?

45dn #’L‘:ﬂs = 0,045n7

3500 hm?

3500h - iﬁ;f =35 - 10°F

35L

35L = 350N - %ﬁ = 0,035n7

460 mL

460mL = 460cn? - fgm = 4,6 - 10“nF
460 mm?

460 1%?; — =46 107

4500 s to hours
1h

4500s - 36005 =1,25h
5 h to min

60min _ .
5h T 300min
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c. 45stomin

Imin
45s - 605

=0,75min

d. 4500 ms to hours

1s 1h

4500ms - T500ms * 36008

=1,25-10%h

5. Make the following mass conversions using conversion factors:

a. 4500kgtog
4500Kg - 1258 = 4.500.000g

b. 3700 mg to kg

3700mg - Flft(r?_\g =37.10%g

c. 600 TgtoKg

600Tg - % =6 -10%%g
d. 40 dagtoKg

40dag - % = 0,4kg
e. 280dgtomg

280dg - 1%29 = 28.000mg

6. Make the following conversions using conversion factors:

a. 5cmtoinches
Im linch

5cm - T00cm 0,0254m =1,97inches
b. 4 km to miles
10°m 1mile _ .
4km - Tk 16093m 2,49miles
c. 25 feet to meters
25feet - 2:309M_ 7 6om
Ifoot
d. 15yards to km
091m 1km _
15yards - Tyard | 1000m 0,014km
e. 2 pints to liters
2pints - 568,26mL 1L =114L

1pint 1000mL

f. 30 pounds to kg
453599  1kg

30pounds - Tpound  10°g

= 13,60kg
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1. Rewrite this numbers using scientific notation: (leave two decimals behind the coma)

a.

2. Rewrite these numbers into decimal notation:
a.
b.
c.

Sm 0o T

0,003 =3.10%

125,45 =1,25-10°
345720,56 = 3,46 - 10°
0,000023 = 2,3 - 10°
725654000 = 7,26 - 10®
245=2,45-10?

8540 = 8,54 - 10°
30000000 = 3 - 10’
0,00025=2,5-10"

2-10”° =0,00002
5,35-10° = 0,00000535
6,7-10°=6.700

3. Solve the next operations:

m o a0 T

(10°)° = 10

(102)* = 10°

(102- 10°°= 10
10°-10%=10°=1

10° + 107 = 1000 + 100 = 1100

j- 8567985 =8,57 - 10°

k. 0,000006 =6 - 10°®

I. 788566488,57 = 7,89 - 10®
. 2,000004 = 2,00

. 0,000024=2,4-10°

. 987654 =9,88 - 10°

. 4156,354 = 4,16 - 10°

. 0,025=2,5-107

2 T O 5 3

d. 4,56- 10° = 4.560.000.000
e. 2,4-10°=0,0000000024

(10° + 10°)/100 = (100.000 + 1.000.000)/100 = 1.100.000/100 = 110.000
(10° - 10°)/100 = 10**/10% = 10° = 1.000.000.000

4. SENSITIVITY AND PRECISION. SIGNIFICANT DIGITS.

Se recomienda el manejo de diferentes instrumentos de medida con escala analdgica y digital para que
comprendan estos conceptos. Se debe aprovechar cada practica de laboratorio para volver a ellos y que no los
olviden.

1. How many significant digits are there in the next numbers?

a.

3400

Two significant digits
0,000078

Two significant digits
0,340

Two significant digits
123,00

Three significant digits
240

Two significant digits
12302,02

Seven significant digits

23,002
Five significant digits
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2. Round off the next numbers so they have 4 significant digits:
Example: 1,8359 = 1,836
a. 23,5=23,50
b. 0,023456 = 0,02346
c. 23,456 =23,46
d. 12,03=12,03

3. Solve the next operations leaving the result with the appropriate number of digits:
a. 45-125=5620
b. 123,4 +13,4567 =136,9
c. 12,34-34,5+123=426+123 =549
d. 1,56+12,3:4,5=1,56+55,4=57,0

5. MEASUREMENTS ERRORS.

1. Five people in your class have measured the height of one of your classmates and they have obtained
these five different results:

1,65m; 1,57 m; 1,63 m; 1,67 m; 1,68 m;

a) What height will you take as the most likely?

The average of all heights:

R = 1,65m+ 1,57m+ 1,(;3m +1,67m+ 1,68m = 1.64m

b) What absolute error has made each of your classmates?
e, = | 1,65m—1,64m| = 0,01m
e,= | 1,65m—157m| = 0,08m
e, = | 1,65m—1,63m| = 0,02m
e, = | 1,65m—167m| = 0,02m
.= | 1,65m—1,68m| = 0,03m

c¢) What is the average of that absolute error?

& _ 0,0Im+0,08m+ O,me +0,02m+0,03m_ 4 43,

Remember that in the result there can’t be more decimal digits than in the wording of the problem.

d) How will you write the final result of this experiment?
(1,64 +£0,03) m
e) What relative error has been made?
e — 0,03m

r . = 0,
1.64m 100 =1,83%

f) Has it been a precise experiment?

It has been a precise enough experiment, as the relative error is close to one.
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2. Your partners have made a race and you are helping with other 3 people to measure the time. For the first,
you have measured the next times:

45,6 s;47,5; 48,2 5; 43,1 s;

a) What time will you take as the most accurate?

The average of all times:

%= 45,65+ 47,55 +448,2$+ 43,1s= 46,1s

b) What absolute error have you and your mates made?
e, = |46,1s- 46,6s| = 0,55
e, = |46,1s-475s| = 1,4s
e,= |46,1s-482s| = 2,1s
e, = |46,1s-431s| = 3s

c) What is the average of that absolute error?

i: 05s+14s+21s+3s _ 1,85
4
d) How will you write the final result of the race?
46,1+ 1,8s
e) What relative error has been made?
18s
Er = . = 0,
26,15 100 =3,9%

f) Has it been a precise experiment?

Not really

6. DATA ANALYSIS IN CHARTS AND GRAPHS.

El objetivo que se persigue es que comprendan que un grafico relaciona dos magnitudes, que sepan construirlo
a partir de una tabla de datos y que interpreten uno dado.

Se puede aprovechar para practicar expresiones gramaticales como:

“The bigger....... The bigger”, “The smaller .... The smaller” que son muy utiles en la materia.

1. A vehicle starts to move. Time and space are measured obtaining the next results:

Time (s) 0 2 3 4 5 6 7

Space (m) 0 20 45 80 125 180 245

a) Draw a graph with these data.

Time (s) vs Space(m)
300

250 »
200 at
150 e
100 /
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b) What kind of graph is it?
It is a quadratic function.

c¢) How many meters will have run at 10 seconds?
Around 500 meters

d) How much time will it take to run 300 meters?
Around 8 seconds.

2. Inthe laboratory, we have measured the pressure and the volume of a balloon, obtaining the next

results:
Pressure (atm) 1 2 3 4 5
Volume(L) 5,00 2,50 1,67 1,25 1,00

a) Draw a graph with these data.
The graph should be something like this:

P (atm)Vs V (L)
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b) What kind of graph is it?
It represents an inverse proportion

c) At what pressure the balloon will have a volume of 6 liters?
According to the graph, it will be around 0,5 atm.

7. LABORATORY ACTIVITY: MEASUREMENT ERRORS.

Esta actividad se puede realizar en clase. Es en realidad otro modo de repetir algin problema mds sobre calculo
de errores. Pero para los estudiantes el simple hecho de modificar el ritmo resulta motivador.

Perseguimos el objetivo de que los alumnos observen que en realidad se cometen errores al medir y que cuanto
menor sea la medida mayor sera el error cometido al utilizar un instrumento de medida de la misma precision.

Se elige una practica de medida de tiempos porque claramente los resultados dependen de la habilidad del
investigador.

Se piden voluntarios. Cuatro alumnos mediran los tiempos y transmitiran los resultados a un quito alumno
gue tomara nota en la pizarra. Se recomienda comenzar con la medida de tiempos menor para evitar que al ir
adquiriendo habilidad no podamos llegar a proponer una hipdtesis. Previo al comienzo de la medida se practica
con ellos hasta que se vea que las medidas van siento razonables.

Realizada la parte experimental, se divide la clase en tres grupos. Cada grupo debe efectuar los calculos en un
experimento concreto y completar la parte correspondiente de la tabla del encerado.
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