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Learning goals 
I. Knowledge and Conceptual understanding:
(1) Students will be able to identify different units representing measurements of time, distance, mass etc. and review the concept of metric and English system of units such as mile, second, meter, kilometer, kilogram, pounds etc. 
(2) Students will be able to do basic unit conversion from larger to smaller units or vice versa in metric system of units. For example meter to centimeter or vice versa.
(3) Students will be able to identify different units representing measurements of time, distance, mass etc. in Astronomy and understand the concept of units in Astronomy such as light year, astronomical unit (AU), parsec, arc minute, arc second etc.
(4) Students will be able to identify the unit 1 (Metric unit) and unit 2  (Astronomy unit) and write correct equation to solve unit conversions for example 1 light year (Unit 2) in meters (Unit 1) converts as 1 ly = 9.46× 1015 meters
II. Thinking and other skills:
(5) Students will be able to develop QL and QR skills by recognizing the scale of bigger and smaller units such as kilo (103), milli (10-3 ),  as well as scale of units frequently used in Astronomy such as million (106 ), billion (109), micro (10-6 ), and nano (10-9 ) to develop thinking skills in  reading graphs, trends or patterns to understand the astronomical data.
III. Attitude, value, disposition and habits of mind:
(6) Students will develop a habit of comparing the values of newly learned Astronomy units to measurements around us such as kilometer, mile in the international unit system (metric). 










Lesson Plan
I. Step 1:  Review metric system of units

Units of measurement for metric system such as time (s), mass (g), volume (L), and length (m) will be reviewed and the definition of metric system will be discussed. The following table will be provided to the students to familiarize with Metric and English system of units and relationship between these two units. (learning goal 1)
Relationship between Metric and English System:
	Measurements
	English System unit
	Metric system

	Length
	1 mile
1 inch
1 yard
	1.61 km
2.54 cm
91.44 cm

	Weight
	1 lb.
	453.59 g

	Volume
	1 gallon
1 oz.
1quart
	3.785 L
29.57 mL
0.946 L


The metric units are internationally accepted units used in Astronomy. 
II. Step 2:  Scales of units in metric system of units
The metric system is built around the standard units and uses powers of 10 to express quantities which are smaller or larger than the standard unit of measurements.  At this point I plan to show the video from the NICHE website the power of 10. 

III. Step 3: Conversion factor in metric system of units
Students will be introduced to conversion factor, which is an important step to convert given unit 1 to new unit 2. (learning goal 3)
Unit 1 x Conversion factor = Unit 2  
 An explanation will be provided for the purpose of introducing the conversion factor: conversion factor will eliminate the unit 1 and will give the result in target unit, which is unit 2.
IV. Step 4:  Provide Examples:  
Table 1: Metric conversions
	King
	Henry
	Died
	Unusually
	Drinking
	Chocolate
	Milk

	Kilo
	Hecto
	Deca
	*Unit*
	Deci
	Centi
	Milli

	10 × 10 × 10
LARGER
than a unit
1 kilo = 1,000 units
	10 × 10 
LARGER
than a unit
1 hecto = 100 units
	10 
LARGER
than a unit
1 deca = 10 units
	Meter (length)
Gram (mass/weight)
Liter    (Liquid Volume)
	10 
SMALLER
than a unit
10 deci  =   1 unit
	10 × 10 
SMALLER
than a unit
100 centi = 1 unit
	10 × 10 × 10
SMALLER
than a unit
1,000 milli= 1 unit


 MULTIPLY numbers by if you are getting smaller (same as moving the decimal point one space to the right.
DIVIDE numbers by 10 if you are getting bigger (same as moving decimal point one space to the left)
i. Unit conversion for the measurement of length: 

Convert 2.5 meters to millimeters: Students will be able to identify unit 1 is meter, unit 2 is millimeter and will learn to set up the conversion factor in such a way to eliminate the unit one to get the answer in unit 2.
  meter × millimeter/ meter = millimeter. 
Using the table provided the students will be able to derive the relationship such as 1000 mm or 103 mm is 1 meter and able to set up the final equation 
2.5  meter x 1000 millimeter/ 1 meter = 2500 millimeter. 
Based on this worked out example the follow up question will be asked in the class to do individual work.  After they finish one student will be called to solve the problem and other students will help or correct their calculation if they do it wrong. 
Assessment question 1 a: Convert 4.5 m to cm? ( 10 2 cm is 1m) 
ii. Unit conversion for the measurement of weight
Fill in the blank:   500 g is _________ 0.5 kg.
a)      larger than                  b)  smaller than                                c)  the same as
Students will be asked to identify unit 1 and unit 2.  They will also be asked to refer the table to find out the relationship between gram and kilogram and will be able to set up the equation with correct conversion factor.
500 g x 1kg/ 1000 g = 0.5 kg. So the correct answer is c, the same as 0.5 kg.
Some related problems like the one below will be given to the students. They will be allowed to do group work or student volunteer can come to the board to solve it (my students always compete to come to the board)
Assessment question 1b : Convert 3.25 g to kg?

V. Step 5: Scales of units used in Astronomy
Students will be introduced to different scales of measurements used in Astronomy. Students will be given problems to do conversions between different scales.   Since the principle is the same such as identifying unit 1, unit 2, and setting up the conversion factor is similar to what they know in metric system. Students will individually do the following sample problems and I will correct them individually so I know who still has problem and I will help them to get it done.
Table 2: Metric system of units and conversions used in Astronomy
	Prefix
	In words
	Multiply by
	Factor

	nano (n)
	Billionth
	1/1000,000,000
	1*10-9

	micro (μ )
	Millionth
	1/1000,000
	1*10-6

	milli (m)
	Thousandth
	1/1000
	1*10-3

	centi (c)
	Hundredth
	1/100
	1*10-2

	deci (d)
	Tenth
	1/10
	1*10-1

	
	
	1
	

	deca (da)
	Ten
	10
	1*101

	hecto (h)
	Hundred
	100
	1*102

	kilo (k)
	Thousand
	1000
	1*103

	mega (M)
	Million
	1000,000
	1*106

	giga (G)
	Billion
	1000,000,000
	1*109


Practice Questions 
(1) Convert 9 nm to meter
(2) Convert 0.6 μm to meter
(3) Convert 5 Mm to meter

VI. Step 6: Students will acquire the knowledge of understanding reasonable unit for measurements to test their QR and QL. Following questions will be asked: 
Predict whether the following measurements are in micrometer, millimeter, meter, or kilometer?
1. Distance between Brooklyn and Bronx
2. Length of average size swimming pool
3. Length of phone chip or sim
4. Distance between Earth and Moon
Using the concept more unit conversion problems will be given to reinforce the habit of writing correct conversion factor and students will able to correct themselves if they made mistake in setting up the conversion factor.
Assessment Question 2a: Convert 5 gigameters (Gm) to meters
Assessment Question 2b: Convert 6 micrometers to meters
VII. Step 7: Students will be introduced to 3 most common units related to distance used in Astronomy and the definitions of theses astronomical units 
	
	 
	kilometres (km)
	Astronomical units (AU)
	Light Years (ly.)
	Parsec (pc)

	1
	kilometres (km)
	1
	149.6 million
	9,460,000,000,000
	30,857,000,000,000

	2
	Astronomical units (AU)
	0.0000000067
	1
	63,240
	206,263

	3
	Light Years (l.y.)
	0.00000000000011
	0.000016
	1
	3.2616

	4
	Parsec (pc)
	0.000000000000033
	0.0000048
	0.3066
	1


VIII. Step 8:  Students will be assisted in conversion of 3 astronomy  related units mentioned in above Table to simple metric system of units. This will help students understand the scales of units used in Astronomy in comparison to  relatable scale kilometer.
Practice: 
i.   Convert 2AU to Km
ii. Convert  5 ly to Km
iii. Convert  3 parsec to Km

IX. Step 9: Students will be shown examples related to distances in Astronomy 
	Object
	Distance in light years (lys)

	Nearest Star (Proxima Centuri)
	4.2 lys

	Sirius the dog star (the brightest star in the sky)
	8.6 lys

	centre of the galaxy
	approximately 30 000 lys

	Andromeda (one of our nearest neighbouring galaxies)
	approximately 2 million lys

	The stars of Orion. (Betelgeuse and Rigel)
	1400 lys


Assessment Question 3a: Convert 11 ly to Km
Assessment Question 3b: Convert 9.4 × 106 Km to light year
X. Step 10:  Students will be asked to identify which units are appropriate to be used in the following question - basic metric system of units or astronomical units. 
a) Distance between Chicago and New York
b) The distance to the nearest star (Proxima Centuri)
c) The distance between Bronx Community College and Brooklyn Bridge.
d) Distance from Roscoe Brown Center to Library within Bronx Community College
e) Length of wine glass
Assessment Question 4: The final assessment will evaluate if students can arrange the following lengths in the correct order from smallest to the largest estimated distance/length. 

HW will be provided at the end of lesson plan.
