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SPH3U: Problem Solving

<
A: Problem Solving Example k

We can build a deep understanding of physics by describing and representing a problem in many different ways. An example will be

be shown to the following question:

A runner passes two markers on a track, one of which is 60.0 m from her starting point, the other 80.0 m. If she is running at 9.7 m/s
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[East] along the track, how long did it take for hef to cover this distance?
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A: Pictorial Representation
Sketch, coordinate system, label givens using sygjbols, conversions, describe events —1-_
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B: Word Representation ’2(7 = 80 0 " \/ = 1. 7 '47/5' EE]

Describe motion (no numbers), assumptions
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C: Physics Representation
Motion diagram, motion graphs, velocity vectors, events
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D: Mathematical Representation
Number and describe stegg, complete equations, substitutions with units, final statement with units, direction and significant digits
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1. Explain. Is the athlete in this problem running in @s’i@r negative direction? In how many ways is this shown in the

solution?

2. Explain. In the word description, it is assumed that the runner travels 4t constant velocity. Find all the examples in the solution
that show the runner travelling at constant velocity. - )
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B: Problems Unsolved
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Use the new process to solve the following problems. To conserve paper, some people divide each page down the centre and do two

problems on one page.

1. Usain Bolt ran the 200 m sprint at the 2012 Olympics in London in 19.32 s. Assuming he was moving with a constant velocity,
what is his speed in km/h during the race? (37.3 km/h)

2. In February 2013, a meteorite streaked through the sky over Russia. A fragment broke off and fell downwards towards Earth with
a speed of 12 000 km/h. The fragment was first spotted just as it entered our atmosphere at a position of 127 km above Earth.

What was its position above Earth 10.0 seconds later? (93.7km)
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D: Mathematical Representation
Number and describe steps, complete equations, substitutions with units, final statement with units, direction and significant digits
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SPH3U: Changing Velocity

A: Motion with Changing Velocity
~ Vour teacher will show you a demonstration of a cart rolling down an inclined plane, pulling a tickertape through a tickertape timer.

1. Find a Pattern. From the first dot on the tickertape below, draw lines that divide the dot pattern into intervals of six spaces as

shown here. Do this for 10 intervals. {. ce e { ‘ ‘ ‘ ¢ ‘ {

2. Reason. The timer is constructed so that it hits the tape 60 times every second. How much time does each six-space interval take?
Explain your reasoning.

~ 3. Measure. Collect a set of position/time data from the tickertape. Each position measurement should start from the first mark: “0”.
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4. Find a Pattern. Plot the data in a 11
graph of position vs. time. What | = 4§ o/ i1
general shape do the data make?
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5. Represent. Draw a smooth curve
B through the data points. You do = S S N S IS S
not have to actually connect the 00 N2 w3y a4 Bs e 07 gk 0y 10
dots. Time, r1s)
11 “Tec Meyer, 2017




6. Explain. During the time interval from 0 to 1.0 seconds, how can you tell if the velocity is changing:
:!1) from the tlcker tape? b) from the table of values? ¢) from the position-time graph?
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Draw & Calculate. Draw a secant line on your graph connecting the position at 0.2 s with the position
at 0.5 s, and then determine the slope of that line. tangent line

riSe = \"{‘3 :” 2% A 2 s “Cm 3é 7_6"7/}4 toudhes 1
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8. Imterpret. What does the slope of this secant line represent in this case?
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LThe slope of the secant line on a curving position-time graph gives the objectﬁ average velocity ,vz'er that time interval ]

9. Draw & Calculate. Draw a tangent line on your graph at 0.8 s. Determine the slope gfithat line.
(1.0,4%) me 16-26 2L em 31.1 ¢
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10. Interpret. What does the slope of this tangent line represent in this case?

ﬂ,\e VG/(JLJ\7 at 0.9 s
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| The slope of the tangent to a cﬁrving position-time graph give the objeq(s instantaneous velocity )

11. Reason. Is it possible for the average velocity over a given | 12. Reason. A student claims that during any time interval

interval to be the same as the instantaneous velocity at some there must be an instantaneous velocity that is the same as
specific time during that interval? Consider a diagram to the average velocity over that interval. Do you agree?
help explain. Consider diagrams to help explain.
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SPH3U: The Idea of Acceleration

A: The Idea of Acceleration

Interpretations are powerful tools for making calculations. Please answer the following questions by thinking and explaining your
reasoning to your group, rather than by plugging into equations. Consider the situation described below:

A car was traveling with a constant velocity 20 km/h. The driver presses the gas pedal and the car begins to speed up at a
steady rate. The driver notices that it takes 3 seconds to speed up from 20 km/h to 50 km/h.

1. Reason. How fast is the car going 2 seconds after starting to speed up? Explaln

E\/L/\/ S(/L,{)y\y( %\( cars j 4(/,.3 / L\ S-O |'/‘ /Z,
S%‘JAJK ;"{ ja/’ﬂS 0 lGW\/L\ j Sm;) \/G(OC'J‘] (§ 294+20 =40 fl(m/é

2. Reason. How much time does it take to go from 20 km/h to 80 km/h"f' Explain.
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3. Interpret. A student who is studying this motion subtracts 50 — 20, obtaining 30. How would you interpret the number 30? What

are its units? ‘
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4. Interpret. Next, the student divides 30 by 3 to get 10. How would you interpret the number 10? (Warning: don’t use the word
acceleration, instead explain what the 10 describes a change in. What are the units?)

E‘O b /(q Eve f‘\/ 5CinA Jfa S/ﬂ@?//
=it D o L seco-d,
/B < / pkj (ACreate S ;‘)\4? f O k""“ /L

/
/

B: Watch Your Speed!

Shown below are a series of images of a speedometer in a car showing speeds in km/h. Along with each is a clock showing the time
(hh:mm:ss). Use these to answer ?/the questions regarding the car’s motion.

1. Reason. What type of velocity (or speed) is shown on a speedometer — average or instantaneous" Explain.
(Ag”ok/\’,l‘otm(,o,w; -~ q Sﬁlﬁﬂa’&wg@(‘?/ by\(? gl/k—JV‘) §/191,J ”ﬁ 2
Car 18 cuv rontl / \LfavL j
2. Explain. Is the car speeding up or slowing down? Is the change in speed steady?
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3. Explain and Calculate. Explain how you could find the acceleration of the car. Calculate this value and write the units as

A 0,'\,,0(9 ﬁfw (}Z‘u&,?g, A ved e “(/ Ai {)7 Ql{/\Q
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4. Interpret. Marie exclaims, “In our previous result, why are there two different time units: hours and seconds? This is strange!”
Explain to the student the significance of the hours unit and the seconds unit. The brackets provide a hint.

sy ot & goooged with b o5 ¥y, [ repronihy velocity

S cgiglh wr} gﬁww; (/\Jow muwé\ Vs (/Lmj,}\ e/ g.(:-‘,(’o/\{f’

C: Interpreting Velocity Graphs
To the right is the velocity versus time graph for a particular

object. Two moments, 1 and 2, are indicated on the graph. 15 7
1. Interpret. What does the graph tell us about the object at e )
moments 1 and 2? w 4
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2. Interpret. Give an interpretation of the interval labelled G
What symbol should be used to represent this?

s (,%Vlv derval behueen S s al s,

0 1 2 3 4 5 6 7 8 9 10
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3. Interpret. Give an interpretation of the interval labelled d. What symbol should be used to represent this?
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4. Interpret. Give an interpretation of the ratio d/c. How is this related to our discussion in fan A?
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5. Calculate. Calculate the ratio d/c including units. Write the units in a similar way to question B#3.
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6. Explain. Use your grade 8 knowledge of fractions to explain how the units of (m/s)/s are simplified.
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