
Summer Assignment 2022           IB Physics Year 1          Mr. Hardee           Name: ________________________ 

There are 10 parts to your summer assignment.  They are all easy tasks that are usually taken care of during the first 
couple of weeks of school.  By completing these tasks over the summer we will be able to start doing physics on day 1.  
The first two assignments require you to print something, sign it, have your parents sign it, and turn it in the first day of 
school.  Some assignments require you to do some problems and turn them in on the first day of school.  If the 
assignment is labeled as “notes” you just have to print it, read it, and put it in your notebook for future reference.  In 
addition to the ten assignments, the following activities may help you prepare for physics: 

1. Ride a bike. 
2. Ride a bike up hill and down hill. 
3. Walk up stairs 
4. Run up stairs 
5. Ride in a car accelerating. 
6. Ride in a car at a constant speed. 
7. Jump on a trampoline 
8. Slide down a water slide. 
9. Push a grocery cart. 
10. Pull a grocery cart. 
11. Swing on a swing. 
12. Ride a carousel or merry go round 
13. Ride a rollercoaster. 
14. Do a “cannonball”.  “Jack-knife” is an acceptable substitute. 
15. Turn a switch on/off. 
16. Turn up/down the volume on a stereo with a “knob”. 
17. Play an instrument.  
18. Read a book you want to read. 
19. Enjoy every minute of your summer, and when I see you in the fall – be ready to work.  

See you in August, 

Mr. Hardee 

 

 

 

 

 

 

 

 

 



Centennial High School Physical Sciences Safety Contract 
(Astronomy, Chemistry, Earth Systems, Physics, and Physical Science) 

 

General Guidelines for Physical Science Labs  
1. Review safety procedures before beginning any lab. 
2. Closed toed shoes and long pants are required for heat, chemicals, 

and glassware.  
3. Goggles should be worn over eyes for liquids which require heat, 

chemicals, or glassware. Goggles should have an ANSI Z87.1 rating. 
4. Always report accidents to your teacher.  
5. Clean all work surfaces and dry them before leaving. 
6. Be serious and alert when working in the laboratory. Never “horse 

around” in the laboratory. 
7. Be prepared to work when you arrive in the laboratory. Be sure that 

you understand the procedure to be employed in any laboratory 
investigation and the possible hazards associated with it.  

8. Perform only those experiments authorized by the instructor. Never 
do anything in the laboratory that is not outlined in the laboratory 
procedures or given by your instructor. Carefully follow all 
instructions, both written and oral. Unauthorized experiments are 
prohibited.  

9. Never handle any equipment unless you have specific permission. 
10. Labels and equipment instructions must be read carefully before 

use. Set up and use the prescribed apparatus as directed in the 
laboratory instructions or by your instructor. 

11. Take extreme care not to spill any material in the laboratory. If spills 
occur, ask your teacher immediately about the proper cleanup 
procedure. Never simply pour chemicals or other substances into 
the sink or trash container. Dispose of all chemical waste properly 

12. Never eat or taste anything or apply cosmetics in the laboratory 
unless directed to do so. This includes food, drinks, candy, and gum, 
as well as chemicals.  

13. Know the location and proper use of safety equipment such as the 
fire extinguisher, fire blanket, first-aid kit, safety shower, and 
eyewash station. 

14. Notify your teacher of any medical problems you may have, such as 
allergies or asthma. 

15. Keep your laboratory area clean and free of unnecessary books, 
papers, and equipment. 

16. Keep aisles clear. Push your chair under the desk when not in use. 
17. Always work in a well-ventilated area. Use the fume hood when 

working with volatile substances or poisonous vapors. Never place 
your head into the fume hood. 

18. Be alert and proceed with caution at all times in the laboratory. 
Notify the instructor immediately of any unsafe conditions you 
observe. 

19. Keep hands away from face, eyes, mouth and body while using 
chemicals or preserved specimens. Wash your hands with soap and 
water after performing all experiments. Clean (with detergent), 
rinse, and wipe dry all work surfaces (including the sink) and 
apparatus at the end of the experiment. Return all equipment clean 
and in working order to the proper storage area. 

20. Experiments must be personally monitored at all times. You will be 
assigned a laboratory station at which to work. Do not wander 
around the room, distract other students, or interfere with the 
laboratory experiments of others. 

 
Chemical Safety 
 

21. When conducting labs with chemicals, wear chemical splash 
goggles with vents.  

22. Clean up spills immediately. 
23. Wash hands after chemical use. 
24. Run ventilation system or work under the fume hood when handling 

volatile chemicals or reactions that produce gases. 
25. Only put water in wash bottles. Never fill with chemicals. 
26. Put the lids on the chemicals after using them so they will not 

absorb too much water from the atmosphere. 
27. All chemicals in the laboratory are to be considered dangerous. Do 

not taste any of the chemicals including rocks and mineral samples, 
unless specifically instructed to do so. You will be shown the proper 
technique for smelling chemical fumes will be demonstrated to you. 

28. Check with your teacher for disposal procedures for all chemicals 
used in the lab.  
 

29.  
Acids 
 The stock bottles of concentrated acids should always stay in the 

prep room.  
 When preparing dilute solutions of acids from the concentrated 

stock bottle, always use the fume hood to prepare the solution 
and wear safety goggles. 

  Only transfer what you need for a lab to a labeled container.  
 When making acidic solutions, always add acid to the water.  
 For disposal of acids, dilute and neutralize before pouring down 

sink.  
 

        Flammable chemicals  
 Never use flammable chemicals over an open flame and use 

extreme care near any heat source. 
 Know where the gas shut off valve is in a room when using the 

Bunsen burner.  
 Turn off the gas, at the burner, when the lab is complete.  

 
Electrical Safety  
30. Make sure the power button or dial is turned off before plugging or 

unplugging electrical equipment.  
31. Make sure hands and feet are dry before plugging and unplugging 

electrical equipment 
32. Check all electrical equipment for defects, especially for frayed 

cords, exposed wires, and loose connections. Do not use defective 
electrical equipment. 

33. Report defective equipment immediately 
34. Do not use extension cords or power strips for lab equipment 
35. Be careful not to overload outlets 
36. For all electrical devices in any lab:  

 When removing plugs from sockets grasp by       the plug, not the 
cord.     

37. For circuit and electricity labs use a DC voltage source for 9 V or 
less.  

38. Always make sure hands are clean and dry when working with 
electricity. 

39. Do not use the Van de Graaff generator unsupervised.  
 People with cardiac pacemakers should never operate the Van de 

Graaff generator or come in contact with it.  
 Keep the Van de Graaff generator at a safe distance from the outlet 

where you plan to plug it in. If you're too close, you won't be able to 
turn it off safely.  

 Always discharge the collector dome of the Van de Graaff generator 
between experiments and when you are finished.  

 Keep the entire Van de Graaff generator clean and dry. Dust and 
moisture degrade the generator's performance.  

 
Glassware Safety 
20.   Be careful with streak plates. They can easily break and release 

sharp shards of ceramic material. 
21. Use of glassware is vital when doing some science labs. If not 

handled with care, glassware can cause serious harm.  
22. Safety glassware should be used when heating substances. 
23. Pyrex, Duran, Kimax, or Tekk all refer to borosilicate safety 

laboratory glassware.  
24. Examine glassware before each use.  Never use chipped, cracked, or 

dirty glassware. 
25. Notify your teacher if you break glassware. Dispose of broken glass 

in the appropriate container. 
26. Do not immerse hot glassware in cold water.  The glassware may 

shatter.  
27. Inserting and removing glass tubing from rubber stoppers can be 

dangerous and cause serious cuts.  
28. Always lubricate glassware (tubing, thistle tubes, thermometers, 

etc.) before attempting to insert it in a stopper.  Do not allow 
students to do this.  

29. Always protect your hands with towels or cotton gloves when 
inserting glass tubing into, or removing it from, a rubber stopper.   

30. If a piece of glassware becomes "frozen" in a stopper, use glycerin 
to loosen. (Twist the tubing, wearing gloves or using a towel, and 
gently pull.) 



 
Heat Safety 
 
31. Goggles are required any time heat, glassware, or liquids are used! 

(Heating water is also included). 
32. Long hair and loose clothing should be tied back and secured before 

using any heat source. 
33. Disconnect hot plates and burners when not in use. 
34. Make sure that cords do not touch hot plates. 
35. Make sure hoses do not get in the flame of the Bunsen burner. 
36. Only the appropriate glassware should be placed on a hot plate.  
37. Hold the back of your hand near an object to determine if it is too 

hot to pick up. 
38. Hot glassware or cold glassware can not be distinguished by sight. 
39. Use heat resistant gloves or the correct tongs to pick up hot 

glassware and objects.  
i. crucible tongs for crucibles and  evaporating dishes  

ii. rubber coated beaker tongs for beakers 
40.    Add test tube clamps for test tubes under the correct tongs.  
41. Lab stations should be monitored at all times, but especially when 

heat sources are being used. 
42. When substances are being heated in test tubes, make sure they 

are aimed away fro all people! 
43. Never look into a container that is being heated. 
44. Use Pyrex or other glassware with low thermal expansion to avoid 

breakage due to temperature change.  
45. Regardless of glassware type it is a good idea to place hot 

glassware on an insulating pad, not directly on the table top.  
46. Do not immerse hot glassware in cold water, especially if it is not 

Pyrex. 
47. Always examine glassware for chips and cracks before usage, 

especially when heating. 
48. Do not use glassware that is cracked, chipped, or broken.Projectile 

Safety 
 

49. Must wear impact goggles (ANSI Z87.1 rating) when operating any 
projectile in a lab.  

50. Only use projectiles in an open area. 
51. Make sure the launcher is not aimed at any person or breakable 

object. 
 
         Astronomy   

52. Never observe the sun directly.  
53. You should use the pin-hole reflection method.  

 
        Sharp objects  
 

54. Be careful when using sharp objects, like saws.  
55. Wear safety goggles. 
56. Dispose of sharp objects in the designated container.  
57. Keep a good inventory of all sharp objects 

 
Accidents and Injuries 

 
41. If a chemical splashed in your eye(s) or on your skin, immediately 

flush with running water from the eyewash station or safety shower 
for at least 20 minutes. Notify the instructor immediately. 

42. When mercury thermometers are broken, mercury must not be 
touched. Notify the instructor immediately.



 

Student Agreement 

Do you wear contact 
lenses?  

o Yes 
o No 

Are you color blind?  

o Yes 
o No 

Do you have 
allergies?  

o Yes 
o No 

Do you have 
asthma?  

o Yes 
o No 

Do you have other 
medical conditions?  

o Yes 
o No 

If “yes” to allergies and/or medical conditions, list here. 

 

 

 

I have read and agree to follow all the safety rules set forth in this contract. I realized that I must obey these rules to insure my own safety and that of my fellow 
students and the teacher. I will cooperate fully with my teacher and fellow students to maintain a safe lab environment. I also will closely follow the oral and 
written instructions provided by the teacher. I am aware that any violation of this safety contract is misbehavior on my part and is unsafe conduct in the 
laboratory; it may result in my being removed from the lab or other disciplinary action. Since laboratory work is addressed in course standards, any unsafe 
behavior on my part that requires disciplinary action may negatively impact my grade.  

 

Student Name (printed)  

 

 

Student Signature 

 

Date 

 

Dear Parent or Guardian:  

We believe that you should be informed regarding Centennial High School’s effort to create and maintain a safe science classroom and laboratory environment. 
With the cooperation of the teachers, parents/guardians, and students, laboratory safety instruction can prevent, correct, and eliminate possible hazards. You 
should be aware of the safety instruction your child will receive before engaging in any lab work. Please read the list of safety rules above. No student will be 
permitted to perform laboratory activities unless this contract is signed by the student, signed by a parent/ guardian, and on file with the teacher. Your signature 
on this contract indicates that you have read this Science Laboratory Safety Contract, and are aware of the measures taken to insure the safety of your child in 
the science laboratory, and will instruct your child to uphold his/her agreement to follow these rules and procedures in the laboratory.  

 

 

 

 

 

 

 

 

 

 

Parent/Guardian Name (printed)  

 

 

Parent/Guardian Signature 

 

Date 



Assignment 4: Significant Figures Notes 
 
Why do we have significant figures? 

• The number of significant figures is simply the number of integers in a number that are known for certain, plus 
the estimated digit.  The last significant digit in a measurement or calculated value is the estimated digit and it is 
assumed it could be off by one. 

• The purpose of significant figures is to truthfully represent the precision of values measured or calculated. 
• The IB Physics exam does not use strict grading policies on significant figures, but you can lose points on free 

response for unreasonable significant figures and for rounding too much so that you get erroneous results. 
• I will expect you to have correct significant figures on both the free response portions of exams and on labs. 
 

Rules for determining significance 
Rule Example 
1.   All non-zero digits are significant a)   3.456 has 4 significant figures 

b)   4.9 has 2 significant figures 
2.   Zeroes between nonzero digits are significant  
Bookend case! 

a)  2.6708 has 5 significant figures 
b)  508.9012 has 7 significant figures 

3.  Zeroes to the left of the first non-zero digit are 
not significant; they only indicate the position of 
the decimal point.  Place holders case! 

a)  0.001 has 1 significant figure 
b)  0.012 has 2 significant figure 
c)  0.2 has 1 significant figure 

4.  Zeros at the end of a number and to the  
     right of a decimal point are significant. 
 

a)  0.01200 has 4 significant figures 
b) 12000.000 has 8 significant figures 
c.   33.0 has 3 significant figures 

5.  Zeros at the end of a number but to the left 
of an understood decimal point are not significant.  
If a decimal point is present those zeros are 
significant. 
Use scientific notation to remove the  
ambiguity. 
 

a) 2000 has 1significant figure 
b) 156700000000 has 4 sig figs 
c)  2000. has 4 sig. figs 
d)  2 x 103       1 sig. figs. 
     2.0 x 103     2 sig. figs.  
     2.00 x 103   3 sig. figs. 
  

 
The Easy Way 
-If the number does not have a decimal point count from right to left.  The first non-zero digit and everything after is 
significant. 
-If the number has a decimal point count from left to right.  The first non-zero digit and everything after is significant. 
 
“Exact numbers” 

• Some numbers are exact because they are known with complete certainty 
• Most exact numbers are integers.  For example there are exactly 12 inches in one foot, or there might be exactly 

25 students in a chemistry class.  Exact numbers are often found in conversions    1 dollar = _____________ 
quarters 

• Exact numbers can be considered to have an infinite number of significant figures.  Thus, they are ignored when 
considering the total number of significant figures in a calculation. 

 
 
 
 
 
 
 
 
 



Rounding Rules 
 

If the digit following the last digit to 
be retained is: 

then the last digit 
should: 

Example (rounded to three 
significant figures) 

greater than or equal to 5 be increased by 1 42.68 g    →    42.7 g 

less than 5 stay the same 17.32 m    →   17.3 m 

 
Calculating with Significant Figures 
The result of a calculation cannot be more exact than the measurements used to calculate the value, nor should the 
result be less exact.  Here are the rules for rounding calculated values: 
 
Addition and Subtraction 
The answer to the calculation should be rounded to the same place as the least exact number used. 
 
Ex: A mountain climber was 500.2 m above sea level and then climbed up 24 m and down 10 m.  What is her new 
height? 
 
500.2 + 24 – 10 = 514.2 m in calculator 
 
The correct answer is 510 m because 10 m is not a very precise measurement at all, it is rounded to the tens place.  
Therefore the final answer is rounded to the tens place.  If she climbed up 24.0 m and then back down 10.0 m then the 
correct answer would be 514.2 m. 
 
Multiplication and Division 
When multiplying and dividing numbers the calculated result should have the same number of significant figures as the 
number used that has the least number of significant figures. 
 
Ex: A cylinder is 3.45 m tall and has a radius of .34 m.  What is its volume? 
 
V = pi r2 h = pi x .342 x 3.45 = 1.2529….. m3 in the calculator 
 
The correct answer is 1.3 m3 because the radius was only measured to two significant figures.  The height has three 
significant figures and the calculator round pi to at least ten sig figs. 
 
Mixed Operation Problems 
When performing problems with mixed operations perform the entire calculation and write down the answer the 
calculator gives you.  Then go back and determine the sig figs for each step in order of operations (PEMDAS).  Round the 
original answer you wrote down to the correct number of sig figs. 
 
Ex: You determine the acceleration due to gravity to be 8.95 m/s2.  The correct value is 9.81 m/s2.  What is your percent 
error? 
 
% error = (8.95-9.81) / 9.81 * 100 = -8.76656……….. 
 
When 8.95 – 9.81 = -.86, which is a two digit number.  You are then dividing by a three digit number and multiplying by 
an exact number, so the answer should have two sig figs. 
 
The correct answer is -8.8% 
 
When in doubt on a test and especially the IB exam, round to three significant figures.  It is rare that three sig figs would 
be considered unreasonable, and those times should be obvious. 



Assignment 5: Complete the Significant Figures Problems 
You measure a box and determine that it is .76 m tall, 1.23 m long, and . 5 m wide.  Determine the following: 

1.  The perimeter of the box if you walk around the length and width.  P = l + l + w + w 

 

 

2.  The surface area of the smallest side.  SA = w h 

 

 

3.  The surface area of the biggest side.  You figure out the formula. 

 

 

4.  The volume of the box.  You figure it out. 

 

 

5.  The surface area of the entire box.  SA = 2lw + 2hw + 2lh 

 

 

 

 

 

 

 

 

 

 

 

 



Assignment 6: Unit Conversion Notes 
The best way to convert units is using dimensional analysis, especially when converting complex units or 
units you are not familiar with.  When using dimensional analysis, use an equality to create a conversion 
factor (a fraction).  Multiply by the conversion factor that allows you to cancel out the old units and obtain 
the new units. 

The following metric prefixes are provided on the IB Physics Table of Information and may be used on the 
exam. 

Prefix Symbol Equality 
giga- G 1 gigabase = 109 base 
mega- M 1 megabase = 106 base 
kilo- K 1 kilobase = 103 base 
centi- C 1 centibase = 10-2 base 
milli- M 1 millibase = 10-3 base 
micro- µ 1 microbase = 10-6 base 
nano- N 1 nanobase = 10-9 base 
pico- P 1 picobase = 10-12 base 

 

There are also some useful equalities for converting between SI units and other common units. 

1.0 kg = 2.2 lb (Earth) 454 g = 1.00 lb 1 mL = 1 cm3 1 m3 = 1000 L 
4.186 J = 1.000 cal 1.000 mi = 1.609 km 1.00 in = 2.54 cm 1.000 ft = .3048 m 

If a man has a mass of 81 kg, what is his weight on Earth? 

81 kg x (2.2 lb / 1.0 kg) = 178.2 lb = 180 lb 

If a race is 10.0 km long, how many centimeters long is it? 

10.0 km x (103 m / 1 km) x (1 cm / 10-2 m) = 1.00 x 106 cm 

If a piece of paper has a surface area of 104 cm2, what is the surface area in square meters? 

104 cm2 x (10-2 m / 1 cm)2 = .0104 m2 

Aluminum has a density of 2.7 g/cm3, what is its density in kg/m3? 

2.7 g/cm3 x (1 kg / 103 g) x (1 cm / 10-2 m)3 = 2700 kg/m3 

When you are converting between a base and a metric prefix you are familiar with you may get used to 
moving the decimal.  Make sure that you move it the right way!  There should be more little units than big 
units!  I always recommend dimensional analysis for complex units or converting from one prefix to the 
other. 



Assignment 7: Dimensional Analysis Practice 
 

1 dollar = 4 quarters, 5 nickels = 1 quarter, 5 pennies = 1 nickel 
 
1.  How many nickels are in 3 quarters? 
 
2.  If you have 3452 pennies, how many dollars do you have? 
 
5280 feet = 1 mile, 3 feet = 1 yard, 1 foot = 12 inches 
 
3.  How many inches are in 67.8 yards? 
 
4.  If you run 10020394 inches, how many miles did you run? 
 
760.0 mmHg = 101.3 kPa = 1.000 atm = 14.70 psi 
 
5.  How many mmHg are in 5.67 atm? 
 
6.  How many kPa are in 23.4 psi? 
 
1 dozen = 12, 1 gross = 12 dozen, 1 mol = 6.02*1023 
 
7.  How many dozen are in 1 mol? 
 
8.  How many mol are in 73872943 gross? 
 
1.0 kg = 2.2 lb, .3048 m = 1.000 ft 
 
9.  The density of gold is 19,300 kg/m3, what is its density in lb/ft3? 
 
10.  The density of an unknown metal is 41 lb/ft3.  What is the density in kg/m3? 
 
Use metric prefixes for the following problems. 
 
11.  How many meters are in 45698234134 pm? 
 
12.  How many liters are in 3.56 ML? 
 
13.  How many mg are in 3.78 kg? 
 
14.  How many pm are in 2.56 mm? 
 
15.  How many cm2 are in 3.7 m2? 
 
16.  How many cm3 are in 2.1 m3? 
 
17.  If the density of silver is 10.5 g/cm3.  What is the density of silver in kg/m3? 
 
 
 
 
 



Assignment 8: Graphing Notes 
There are three types of graphs: pie graphs, bar graphs, and line graphs.  We will mostly focus on line graphs in this 
course but here is a brief overview of all three types. 

1.  Pie Graphs: used to show parts of a whole or percentages.  Each piece of the pie should correlate to the percentage it 
represents.  A whole circle is 3600, and the piece of the pie should be the correct percentage of 3600.  A protractor 
should be used to draw the piece of the pie. 

Ex: 19 % of my socks are white.          360 x .19 = 680 

Each piece of the pie graph should be correctly labeled and the graph should have a title! 

2.  Bar graphs: used to compare one quantitative aspect of different objects or groups.  The quantitative axis of the 
graph should be labeled with units and should be numbered evenly from zero to a logical maximum value with no 
breaks.  The other axis should be labeled with the objects or groups and the graph should of course have a title. 

3.  Line Graphs: used to show the relationship between two variables.  Often the independent variable is on the x axis 
and the dependent variable is on the y axis, but there will be other times you will be asked to determine what needs to 
be graphed on each axis to achieve a desired slope, y-intercept, or x-intercept.  Both axes should be labeled and 
numbered zero to an appropriate maximum value with no breaks.  The graph should always be titled y vs x.  You will also 
often be asked to determine a best fit line and find the slope of that line.  Use a ruler to draw a straight line that is as 
close as possible to all of the data points and then calculate the slope of the line using two points on the line, not two 
data points! 

Ex: a car is travelling at its top speed and someone measured the time it took to travel different random distances. 

distance(m) time (s) 
4.9 0.081 
9.7 0.179 

109.3 1.972 
72.3 1.407 
34.6 0.712 

0.0 0.000 
59.4 1.001 

 

 

 

Eventually I will teach you how to use the computer to determine a line of best fit but it is imperative that you are able 
to construct one by hand and determine the slope and y intercept.  You will have to do it for the IB exam. 

 
 

y = 54.638x - 0.3172
R² = 0.9936
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Assignment 9: IB Physics Graphing Practice 
A student hooked up a variable voltage power source to a resistor.  Then they measured the current running 
through the resistor at different voltages.  Here is their data. 

Voltage (V) 
Current 
(mA) Current (A) 

3.0 12.7  
6.0 23.0  
9.0 33.9  

12.0 45.4  
0.0 1.1  
1.0 5.1  
5.0 19.6  

The student then determined that they could determine the resistance of the resistor by graphing voltage on 
the y-axis and current on the x-axis.  In order for this to work the student had to first convert milliampere to 
ampere. 

1.  Convert all of the currents from mA to A and place the results on the table. 

2.  Construct a graph of the data points below.  Refer to the notes to make sure you have everything correct. 

                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    
                                    

 

3.  Construct a best fit line, circle two points on the line and write down the coordinates of the points. 

 

4.  Calculate the slope of the line.  Show your work. 



Assignment 10: Problem Solving Process Notes 
Problem solving in science is not just about getting the right answer; it is also about clearly explaining why your answer 
is correct.  Many teachers require their students to label the steps of the GUESS method (Givens, Unknowns, Equation, 
Substitute, and Solve).  While I do not want you to label each section, I do require that you label what is given, what you 
are looking for, write the equation and rearrange it, plug in your known values, and solve. 

Here is an example using displacement (Δx), average velocity (vavg) , and time (t). 

A car is moving at a constant velocity of 23 m/s.  How long will it take for the car to travel 127 
m? 

1.  Label the knowns and unknowns.  Make sure the units jive. 

vavg = 23 m/s          Δx = 127 m          t = ? 

2.  Write the equation and rearrange it to solve for the unknown variable. 

vavg = Δx / t 

t = Δx / vavg 

3.  Plug in and solve.  Don’t forget significant figures and units! 

t = 127 / 23 

t = 5.5 s 
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