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Physics 11 – Unit 1: Mathematical Toolkit

· The Metric System and Number Notations

· Système International d´Unités (SI Units):

	Length
	metre
	m

	Mass
	kilogram
	kg

	Time
	second
	s

	Temperature
	kelvin
	k

	Force
	Newton
	N

	Energy
	Joule
	J

	Electrical Current
	Ampere
	I



· Scientific Notation:

Scientific notation is based on exponential notation.  In scientific notation, the numerical part of a measurement is expressed as a number between 1 and 10 multiplied by a whole-number power of 10.


(Merrill, p.15)

· Prefixes:

	Prefix
	Multiple
	Symbol

	tera
	1012
	T

	giga
	109
	G

	mega
	106
	M

	kilo
	103
	k

	hector
	102
	h

	deca (or deka)
	101
	da

	deci
	10-1
	d

	centi
	10-2
	c

	milli
	10-3
	m

	micro
	10-6
	

	nano
	10-9
	n

	pico
	10-12
	p

	femto
	10-15
	f










· Uncertainty in Measurements

· Precision and Accuracy:

· Precision is the degree of exactness to which the measurement of a quantity can be reproduced.  The precision of an instrument is limited by the smallest division on the measurement scale.

· Accuracy is the extent to which a measured value agrees with the standard value of a quantity.  The accuracy of a measurement describes how well the result agrees with an accepted value.
(Merrill, p. 21-22)

		

		(a) precise and accurate
	(b) precise but not accurate
	(c) neither precise nor accurate










· Significant Digits:

Significant digits are all the digits that are certain plus a digit that estimates the fraction of the smallest division of the measuring scale.  Follow these rules to decide if a digit is significant:

1. Nonzero digits are always significant.  e.g. 1234 – 4 s.d.
2. All final zeros after the decimal point are significant.  e.g. 6.00 – 3 s.d.
3. Zeros between two other significant digits are always significant.  e.g. 2005 – 4 s.d.
4. Zeros to the right of a whole number are considered to be ambiguous.  e.g. 300 – 1 s.d.

(Merrill, p. 22-23)

· Operations Using Significant Digits:

· The sum or difference of two values is as precise as the least precise value.

	e.g.
	



· The number of significant digits in a product or quotient is the number in the factor with the lesser number of significant digits.

	e.g.
	



(Merrill, p. 24-25)

· The Errors:

· Random Error results when an estimate is made to obtain the last significant digit for any measurement.
e.g.	When measuring length, it is necessary to estimate between the marks on the measuring tape.  If thee marks are 1 cm apart, the random error will be greater and the precision will be less than if the marks are 1 mm apart.

· Systematic Error is associated with an inherent problem with the measuring system, such as the presence of an interfering substance, incorrect calibration, or room conditions.
e.g.	If the balance is not zeroed at the beginning, all measurements will have a systematic error; using a slightly worn metre stick will also introduce error.

· % error



e.g.	When we measured the speed of sound, we found it to be 342 m/s.  The accepted values at the same temperature is 352 m/s.



The negative sign indicates that our measured value was less than the accepted value.

· % difference



e.g.	If two measurements of the speed of sound are 342 m/s and 348 m/s.  Their % difference is:



(Hirsch, Martindale, Bibla & Stewart, p. 565; Heath, Macnaughton & Martindale, p. 553-554)
· Graphing Scientific Data

· The procedures:

1. Choosing the Axes:
Determine which of the physical quantities is the dependent variable and which is the independent variable.  The independent variable is plotted on the horizontal axis and the dependent variable on the vertical axis.  (y versus x)

2. Scaling the Axes:
When choosing scales, spread the measured values across the graph paper as widely as possible.  The scales chosen must be easy to read and must have equal divisions.  Each axis is labeled with the symbol for what is being plotted and the unit.  

3. Plotting the Date:
Find each data point and mark it with a small dot in pencil.  Around each dot draw a small circle not exceeding two small scale divisions in diameter.  With a well-sharpened pencil, lightly draw in the smooth curve that best joins the small circles.  Do not try to force your line to go through all dots, since experimental error will cause some points to be slightly off the smooth curve.  If the points seem to lie on a straight line, use a ruler, preferably a transparent one, so that you can see all the points while selecting the best line.  Sometimes a point obviously has no experimental error, so the line must go through it.
(Heath, Macnaughton & Martindale, p. 554-555)

· Linear Equations:



m is the slope of line and y0 is the initial value on the vertical axis (y intercept)
 
· Quadratic Equations:



c is vertical factor and y0 is the max. or mim. Value

· Reciprocal Relations:



c is vertical factor

· Radical Relations:



· Proportioning Techniques

The statement of how one quantity varies in relation to another is called a proportionality expression.

	



e.g.
	Time (s)
	1
	2
	3
	4
	5
	6
	7

	Distance (m)
	28
	56
	84
	112
	140
	168
	196



	
	d  t



e.g.	The force of air resistance (F) on a moving body is related to the speed of the body (v) by the proportion F  v2.  If the speed triples, how many times greater is the force?

e.g.	The cylindrical water tank holds 1.0  105 L of water.  How much would it hold if all of its dimensions were doubled?
	


· Manipulating Equations


e.g.	Find l, if .


e.g.	Find  i, if .


e.g.	Find d i, if  .


e.g.	Find v i, if .

 
· Conversion of Units

e.g.	Changes 4.5 km to cm.


e.g.	How many s are contained in 2.5 h?


e.g. Convert 80.0 km/s to m/s.























Physics 11 - Unit 1: Mathematic Toolkits: Practice
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Practice
Express each of the following measurements in terms of the basic
SI unit, e.g., 1.6 km = 1600 m.

(a) 0.56 km f)y 7564 ¢

(b) 75 cm (g) 0.056 1

(¢) 3224 mm (hy 252 ¢g

(d) 655 mm (i) 52 ps

(e) 961 pm @) 15 a (15 years)

(560 m, 0.75 m, 3.224 m, 0.655 m, 9.61 x 10 *m,
7.564 kg, 56 kg, 2.52 x 107" kg, 5.2 x 1075, 4.7 x 10%s)
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Practice
1. State the number of significant digits in cach of the following.
(@ 908 (b) 7.60 () 0.0050 (d) 0.010 (e) 760
(f)  0.000 000 000 69 (g) 6.743
2. Express each of the following in scientific notation.
(@) 6807  (b) 0.000 053 (¢) 5200 (twosignificantdigits)
(d) 39879 280 000 (seven significant digits)
(e) 0.000 000 000 813 (h 0.070 40
(g) 40 000 000 000 (one significant digit)
(h) 0.80 (i) 68
3. Express each of the following in common notation.
(@) 7 x 10! (b) 5.2 x 10° () 83 x 10°
(d) 10.1 x 102 () 6.3868 x 10°  (f) 4.086 x 10 *
(g) 6.3 % 10

Answers

1.

2.

@3 (3
@2 (H2
(a) 6.807 X 10
() 52 x 10°
() 8.13 x 10
(g) 4 x 100
(i) 6.8 x 10

. (a) 70

(c) 8300 000 000
(e) 638 680
(g) 630

(©2 (d2
(8) 4
(b) 5.3 x 10-*

(d) 3.987 928 x 10°
(f) 7.040 x 102
(h) 8.0 x 10-!

(b) 5200
(d) 0.101
(f) 0.004 086
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Practice

1.

Answers
1. (a) 493.0 (b) 387.5
(©) L1 x 10 (d) 8.7 x 10
(€) 8.6 (f) 1.6 x 10
(2) 38 (h) 3.9 x 10°
(i) 12 ) 2.2
2. (a) 10° (b) 10°
(c) 10° (d) 10~
(€) 10~ (10
(g) 10 (h) 10"
(i) 4 x 10° () 7.0 x 10, 0r70 .

(k) 2.0 x 107 () 1.7 x 10°
(m) 1.4 X 10 (n) 1.8 X 10°
(0)333 X 1077 (p) 8.3 X 10+
(q) 6.0 x 10 (r) 4.1

3. 4.0 x 107 atoms

4. 1.1 X 10” atoms

Perform the following mathematical operations, expressing the
answers to the correct number of significant digits.
(a) 463.66 + 29.2 + 0.17 (b) 426.66 — 39.2

(©) (2.6)(42.2) (d) (65)(0.041)(325)
(e) (0.0060)(26)(55.1) ) 2%
0.452 (5.21)(0.45)
® 0012 M5 6060
(i) 3.5? G) V4.9

Simplify each of the following, using scientific notation where
appropriate.

(@) 10° x 10" (b) 10" X 10°  (c) 102 x 10°

(d) 107¢ x 10°  (e) 10° = 10°  (f) 10° = 10

(g) 10°¢+ 10> (h) 10 107 (i) (1.4 x 10%)(3 x 10")
() (3.5 x 109(2.0 x 10~ (k) (5.0 X 10°)(4.00 x 10~?)
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[y 20X 107 (m) 6:63 % 107
3.0 X 10° 4.8 X 10 °
(ny (B:0X 109(7.0 X 104 (6.63 X 10 *%(3.00 x_10%)

2.00 X 10 ° (0) 598 % 10 7
() 0334162 X 107 (@ 360250 x 107
P 4.0 x 10' a 0.000 30
.67 X 10°1)(5.98 X 10*)(50
(166 0 1)(5.98 ) (50)
(7.0 X 107)*

. If a gold atom is considered to be a cube with sides 2.5 x 10 " m,

how many gold atoms could stack on top of one another in
gold foil with a thickness of 1.0 x 107 m?
On the average, 1.0 kg of aluminum consists of 2.2 x 10* atoms.
How many atoms would there be in a block of aluminum
10 cm by 1.2 cm by 15.6 ¢m, if the density of aluminum is
2.7 g/lem?, or 2.7 X 10° kg/m>.




image23.png
Practice

1.

A student measures the acceleration due to gravity and finds
it to be 9.72 m/s>. What is his percentage error, if the accepted
value is 9.81 m/s?? (—0.92%)
You estimate that the maximum possible error of an equal-arm
balance is 0.01 g. What is the possible percentage error when
you use this balance to measure cach of the following masses?
(a) 700g () 20¢g (¢) 3kg d) 1.0g

(0.001%, 0.05%, 0.0003%, 1%)

. When determining Planck’s constant (see Section 18.1), a

student’s measurements produce values of 5.78 x 10 *"Js
and 7.29 x 10 * J-s. If the accepted valueis 6.63 X 10 > J-s,
what is

(a) the percentage difference for the measured values?

(b) the percentage error for each value?

(23%; —12.8%, 10.0%)
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Practice

1. Express each of the following equations as proportions, using
only the variables indicated.
(@ V = 4/3wr*; Vand r

Oy Fo="55 () Foandv, (i) F and R
G PR s 7o
(©F, = i@ (i) F,and m,, (ii) F, and R, where G is a
R constant
R
(d) K = T R and 7T, where K is a constant

2. Given the relationship E o« mv?:  (a) If Eis 98 units when m
is 4.0 units and v is 7.0 units, express the proportion as an

equation.
(b) What is the value of E when m is 10 units and v is 42 units?
(8.8 x 10°)
3. X 0.2 0.4 0.6 0.8 1.0
Y 200 50 222 12.5 8.0

(a) Determine the proportion relating y and x.
(b) Write an equation relating y and x.
(c) If x = 0.55, what is y, predicted from (b)? (26)
4. Two neighbours have swimming pools with identical shapes.
One pool holds 2.0 x 10* L of water. How many litres will the
second pool hold if all its dimensions are 1.6 times as large?
(8.2 x 10*L)
m?
R
What is the effect on F, of each of the following?
(a) increasing m by a factor of 3
(b) decreasing v to 1/3 of its former value
(c) decreasing R to 1/4 of its former value

5. Given F, =

(d) all of the above (X 3, X 1/9, X 4, X 4/3)
6. Ifaccb’anda = 4.0 whenb = 3.5, what is a when b = 7.0?
(32)

7. Given thatd « ar’. If a = 2.0 m/s*> and t = 4.0 whend = 32 m,
what will be the value of d when a = 4.0 m/s*> and 1 = 12 s?

(5.8 x 10°m)

8. Given that p = @*/r?, and that p = 400 when q = 5.0 and

r = 3.0. Calculate the value of p when q = 15and r = 5.0.

(3.9 x 10
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