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Chapter 1 A Physics Toolkit 
1.1 Mathematics and Physics 
Physics 
Is a branch of science that involves the study of the physical world: energy, matter, and how they are 
related 

An electric current is a flow of electrons, in a wire 

The potential difference, or voltage, across a circuit  
Equals the current multiplied by the resistance in the circuit. That is, 

         V (volts) = I (amperes) X R (ohms). 

Q. What is the resistance of a lightbulb that has 0.75 amperes current when plugged into 
     a 120-volt outlet? 
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SI Units 
The Système International d’Unités, or SI, uses seven base quantities 

Derived units 
Are created units by combining the base units in various ways. 

Energy is measured in joules, where  
1 joule equals one kilogram-meter squared per second squared, 
Or                            1 J = 1 kg.m2/s2 

Electric charge is measured in 
coulombs, where 1 C = 1 A.s 

Prefixes Used with SI Units   ex. If we say one kilogram = 1 kg = 1 x 1000 g 
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Dimensional analysis 
The method of treating the units as algebraic quantities, which can be cancelled 

        1 kg = 1000 g 
 you can construct the following conversion factors 

 𝟏𝟏 𝐤𝐤𝐤𝐤 
 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐠𝐠 

 = 1 = 
 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐠𝐠  

 𝟏𝟏𝟏𝟏𝟏𝟏 

For example, to convert 1.34 kg of iron ore to grams, do as shown below 

1000 g1.34 kg 1340 1 kg
 
 
 
 

× = g  

To convert 43 km/h to m/s 

Significant Digits or 
Significant figures. 

Arithmetic with significant digits 
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A box has a length of 18.1 cm and a width of 19.2 cm, and it is 20.3 cm tall. 
a. What is its volume?

  7.05 x 103 cm3 
b. How tall is a stack of 12 of these boxes?

  243.6 cm 

Scientific Methods 

Scientific theory  
Is an explanation based on many observations supported by experimental results. 

• Theories may serve as explanations for laws.
• A theory is the best available explanation of why things work as they do.

 For example, the theory of universal gravitation states that all the mass in the universe is 
 attracted to other mass. Laws and theories may be revised or discarded over time 
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1.2. Measurement 

A measurement  
is a comparison between an unknown quantity and a standard 

Comparing Results 
Precision:-  
Precision is the degree of exactness with which a quantity is measured. 
This refers to how close the measured values are to one another.  

• Readings may be very precise, but wildly inaccurate.
• Precision relates to the reproducibility of results.

If a series of readings is taken with high precision, it indicates that the repeated values are all very 
close together and close to the mean (average) value. 

Accuracy:-  
is the extent to which a measurement matches the true value. 

Repeatable:-  
This is linked to precision in that if one person is conducting the same experiment and produces 
precise results the experiment is said to be repeatable. 

Reproducible:-  
The is effectively the same as repeatable, but for other groups, or studies that produce the same 
precise results. 

The significant digits in an answer show its precision.  
A measure of 67.100 g is precise to the nearest thousandth of a gram 
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All measurements are subject to some uncertainty. 

Student 1       (14.6 ± 0.2) cm. 
Student 2       (14.8 ± 0.3) cm. 
Student 3       (14.0 ± 0.1) cm. 

Errors 
1. Systemic error

  Because of the measuring Device 

2. Random error
 Because of the measuring person or surrounding environment 

 Parallax error doesn’t affect the precision of a measurement 
 Because it doesn’t change the fineness of the divisions on its scale. 

Parallax error 
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A box has a length of 18.1 cm and a width of 19.2 cm, and it is 20.3 cm tall. 
a. What is its volume?

  7.05 x 103 cm3 
b. How precise is the measure of length? Of volume?

  nearest tenth of a cm;    nearest 10 cm3 
c. How tall is a stack of 12 of these boxes?

  243.6 cm 
d. How precise is the measure of the height of one box? Of 12 boxes?

  nearest tenth of a cm; nearest tenth of a cm 

Question 
Determine who has the most accurate and precise value. 
Ronald, Kevin, and Paul perform an experiment to determine the value of acceleration due to gravity 
on Earth (which most scientists agree is about 980 cm/s2). The following results were obtained: 
Ronald — 961 ± 12 cm/s2, Kevin — 953 ± 8 cm/s2, and Paul — 942 ± 4 cm/s2.  
Ans. 
Ronald’s value is the most accurate, while Paul’s value is the most precise. 

1.3 Graphing Data 

Graph the relationship between independent and dependent variables 

Identifying Variables 
A variable is any factor that might affect the behavior of an experimental setup. 
It is the key ingredient when it comes to plotting data on a graph. 

The independent variable is the factor that is changed or manipulated during the experiment. 
The dependent variable is the factor that depends on the independent variable 

Say that we are looking at the effect of changing temperature on the pH of water. 
Independent variable:  What you change (temperature) X-axis  
Dependent variable: What changes because of the above. What you measure (pH) Y-axis 
Controlled variables: Stuff that you keep (or should keep but don’t really keep, but it doesn’t matter) 

        constant throughout your trials 
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Plotting Line Graphs 
1. Identify the independent and dependent variables in your data.

  The independent variable is plotted on the horizontal axis, the x-axis. 
  The dependent variable is plotted on the vertical axis, the y-axis. 

2. Determine the range of the independent variable to be plotted.
3. Decide whether the origin (0, 0) is a valid data point.
4. Spread the data out as much as possible. Let each division on the graph paper stand for a

  convenient unit. This usually means units that are multiples of 2, 5, or 10. 
5. Number and label the horizontal axis. The label should include the units, such as Mass (grams).
6. Repeat steps 2–5 for the dependent variable.
7. Plot the data points on the graph.
8. Draw the best-fit straight line or smooth curve that passes through as many data points as possible.

 This is sometimes called eyeballing.  
 the least-squares technique, that produces a unique best-fit line, 

9. Give the graph a title that clearly tells what the graph represents.

Linear Relationships 

Linear Relationship Between Two Variables y = mx + b 
b is the intercept with y-axis 
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Nonlinear Relationships 
Quadratic Relationship Between Two Variables 

y = ax2 + bx + c 
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Chapter Test Practice 
 

1 
The standard SI unit of mass is the ____________. 

A)
kilometer 

B)
kilogram 

C)
pound 

D)
kilomole 

  
 

2 
If one were to divide 3.90 by 7.2, what would the answer be with the correct number of significant 
digits?  

A)
0.54 

B)
0.542 

C)
1 

D)
0.5417 

  
 

3 
The valid digits in a measurement are called _________. 

A)
uncertain digits 

B)
significant digits 

C)
powers of 10 

D)
valid digits 

  
 

4 
Solve the following problem and express the answer in scientific notation: 4.75×103 kg + 8.24×103 kg. 

A)
1.299x103 kg 

B)
1.299×104 kg 

C)
1299×103 kg 

D)
12,990 kg 
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5 
Convert 243 ng to its equivalent in kilograms. 

A)  
2.43×10-10 kg 

B)
2.43×10-11 kg 

C)
2.43×109 kg 

D)
2.43×10-7 kg 

  
 

6 
The multiplier for SI units with the prefix pico is __________. 

A)
10-15

B)
10-12

C)
10-9

D)
10-6

  
 

7 
The SI base unit of length is the __________. 

A)
foot 

B)
meter 

C)
kilometer 

D)
candela 

  
 

8 
In order to convert a quantity expressed in one unit into the same quantity in a different unit, use a(n) 
__________. 

A)
calculation coefficient 

B)
notation factor 

C)
conversion factor 

D)
algebraic quantity 
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9 
The multiplier for SI units with the prefix mega is __________. 

A)
106 

B)
109 

C)
1012 

D)
1,015 

   
 

10 
Convert 57.7 kg to grams. 

A)
5.77 x 105 g 

B)
5.77×103 g 

C)
5.77×104 g 

D)
5.77×106 g 

   
 

11 
Combinations of SI base units are called __________. 

A)
significant units 

B)
base units 

C)
calculated units 

D)
derived units 

   
 

12 
Which of the following operations would yield an answer of 0.5417 to the correct number of significant 
digits?  

A)
3.900/7.200 

B)
3.9000/ 7.20 

C)
3.900/7.20 

D)
3.9000 / 7.2000 
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13 
The multiplier for SI units with the prefix micro is __________. 

A)
10-15 

B)
10-12 

C)
10-9 

D)
10-6 

   
 

14 
Convert 1.45 km to meters. 

A)
14.5×103 m 

B)
1.45×10-3 m 

C)
0.145×10-3 m 

D)
1.45×103 m 

   
 

15 
The multiplier for SI units with the prefix femto is __________. 

A)
1015 

B)
39733 

C)
10-9

D)
10-6

   
 

16 
The standard SI unit of time is the __________. 

A)
minute 

B)
hour 

C)
millisecond 

D)
second 
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17 
The multiplier for SI units with the prefix deci is __________. 

A)
101 

B)
102 

C)
10-1

D)
10-2

   
 

18 
The apparent shift in the position of an object when it is viewed from different angles is caused by 
__________. 

A)
imprecise measurement 

B)
inaccuracy 

C)
parallax 

D)
faulty instruments 

      
 

19 In the figure below, if a fourth student measured the spring's length to be 14.2 ± 0.2 cm, would this 
agree with any of the other students' measurements? 

A)
Yes, it agrees with only student 1. 

B)
Yes, it agrees only with student 3 

C)
Yes, it agrees with students 1 and 3. 

D)
No. 
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20 
__________ describes how well the results of an experiment agree with the standard value. 

A)
Significance 

B)
Accuracy 

C)
Certainty 

D)
Precision 

   
 

21 
__________ describes the degree of exactness in a measurement. 

A)
Precision 

B)
Significance 

C)
Certainty 

D)
Accuracy 

   
 

22 
The property of a straight line on a graph that is the ratio of the vertical difference between two points 
to the horizontal difference between the same two points is the __________. 

A)
slope 

B)
rise 

C)
intercept 

D)
tangent 
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Extrapolating from the figure below, if a mass of 45.0 g were hung on the spring, how long would the 
spring be? 

A)
17.3 cm 

B)
576 cm 

C)
3.6 cm 

D)
46.1 cm 

   
 

24 
What value is calculated by dividing rise by run?  

A)
acceleration of a moving object exhibiting uniform motion 

B)
angular velocity 

C)
the slope of a straight line 

D)
the angle of a straight line 
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25 

In the figure below, what is the physical meaning of the value for b? 

A)
It is the distance from the bottom of the spring to the suspended mass. 

B)
It is the length of the spring when no masses are suspended from it. 

C)
It is the length of the spring when the experiment is over. 

D)
It is the distance from the top of the spring to the suspended mass 

Ans. 
1. B            2. A          3. B           4. A          5. A           6. B           7. B         8. C          9. A          10. A

11. D         12. A        13. D         14. D       15. A          16. D        17. C      18. C         19. B         20. B
21. A          22. A       23. A          24. C       25.B
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Standardized Test Practice 

1 
There is a linear relationship between volume, V, and absolute temperature, TK, for an ideal gas at 
constant pressure: 

If the constant is positive, which graph could represent this relationship? 

A)  

B)

C)

D)

2 
A sprinter set a world record with a speed of 12.9 m/s. Using correct significant figures, what is 
this speed in km/hr?  

A)  46.44 km/hr

B)  46.4 km/hr

C)  47 km/hr

D)  46.8 km/hr
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3 
The relationship between kinetic energy of a moving object and its velocity is expressed as 

Which of the following graphs represent this relationship? 

A)

B)

C)

D)
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4 

The graph above shows a nonlinear relationship. Which equation best represents the graph shown 
above? 

A)

B)

C)  y = ax2 + bx + c

D)

Ans. 
1. D              2. B                 3. C                4. C
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