
    
      Chapter 1: Basic Physics SE-Units
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      The Big Idea
    

    
      Units identify what a specific number represents. For example, the number 42 can be used to represent 42 miles, 42 pounds, or 42 elephants! Without the units attached, the number is meaningless. Also, correct unit cancellation can help you find mistakes when you work out problems.
    

    
      Key Concepts
    

    
      	Every calculation and answer to a physics problem must include units. Even if a problem explicitly asks for a speed in meters per second (m/s), the answer is 5 m/s, not 5.
      

      	When you’re not sure how to attack a problem, you can often find the appropriate equation by thinking about which equation will provide an answer with the correct units. For instance, if you are looking to predict or calculate a distance, use the equation where all the units cancel out, with only a unit of distance remaining.
      

      	This book uses SI units (La Système International d’Unités).
      

      	When converting speeds from one set of units to another, remember the following rule of thumb: a speed measured in mi/hr is about a little more than double the value measured in m/s (i.e., 10 m/s is equal to about 20 MPH). Remember that the speed itself hasn’t changed, just our representation of the speed in a certain set of units.
      

      	If a unit is named after a person, it is capitalized. So you write “10 Newtons,” or “10 N,” but “10 meters,” or “10 m.”
      

      	Your weight is simply the force of gravity on you, so pounds are just the English version of Newtons
      

    

    
      Key Equations
    

    
      	1 meter = 3.28 feet
      

      	1 mile = 1.61 kilometers
      

      	1 lb. (1 pound) = 4.45 Newtons
      

      	1 kg is equivalent to 2.21 lb. on Earth where acceleration of gravity is [image: 9.8 \ m/s^2]
      

    

    
      An Example of unit conversion:
    

    
      20 m/s = ? mi/hr
    

    
      20 m/s (1 mi/1600 m) = .0125 mi/s
    

    
      .0125 mi/s (60 s/min) = .75 mi/min
    

    
      .75 mi/min (60 min/hr) = 45 mi/hr
    

    
      Calculator 101 –TI83
    

    
      	
        Arrow Keys: Use the arrow keys to scroll around on the line that your typing your calculation and use the DEL key to delete anything. Use the insert key (type [image: 2^{\text{nd}}] then DEL) to add something in.
      

      	
        Calculator only does what you tell it to: The order of operation is as follows and in order: exponents, multiplication and division, adding and subtracting.
      

      	
        Some useful tips: The orange key in the upper left corner is very handy. If you hit this button first and then another key, the calculator will operate the command in orange above the key. Here are some good ones
      

    

    
      	
        [image: \boxed{2^{\text{nd}}}] then [image: \boxed{(-)}] = ANS: the calculator will put in the answer from last calculation into your equation
      

      	
        [image: \boxed{2^{\text{nd}}}] then [image: \boxed{\text{ENTER}}] = ENTRY: the calculator will repeat the last line. If you want the one above it, do it twice. Etc.
      

    

    
      	
        Scientific Notation: On the calculator the best way to represent [image: 3 \times 10^8] is to type in 3E8, which means 3 times ten to the eighth power. You get the ‘E’ by hitting the [image: \boxed{2^{\text{nd}}}] then [image: \boxed{,}].
      

      	
        Common Problems: Student wants to divide 400 by [image: 2 \pi], but types ‘[image: 400/2 \pi]’ into calculator. The calculator reads this as ‘400 divided by 2 and multiplied by [image: \pi]’. What you should do is either ‘[image: 400/(2 \pi)]’ or ‘[image: 400/2]’ enter then ‘[image: /\pi]’ enter.
      

    

    
      	
        Negative Exponents: You must use the white ‘[image: (-)]’ key for negative exponents.
      

      	
        Make sure you are in degree mode: hit the ‘MODE’ key and then use the arrow to highlight ‘Degree’ and hit ENTER.
      

      	
        Student types in a long series of operations on the calculator, hits enter and realizes the answer is not right. Solution is to do one operation at a time. For example, instead of typing in ‘[image: 2E3*10/\pi + 45*7 - 5]’. Type in [image: 2E3], hit enter then hit ‘[image: x]’ key then ‘10, hit enter, etc. Note that Answer will automatically appear if start a line with an operation (like adding, subtracting, multiplying, dividing)’.
      

      	
        Student wants multiply 12 by the result of 365-90, but types in ‘[image: 12*365-9]’. The calculator multiplies 12 by 365 then subtracts 90. What you should do is type in ‘[image: 12*(365-90)]’.
      

    

    
      	
        Rounding: Round your answers to a reasonable number of digits. If the answer from the calculator is 1.369872654389, but the numbers in the problem are like 21 m/s and 12s, you should round off to 1.4. To report the full number would be misleading (i.e. you are telling me you know something to very high accuracy, when in fact you don’t). Do not round your numbers while doing the calculation, otherwise you’ll probably be off a bit due to the dreaded ‘round off error’.
      

      	
        Does your answer make sense: Remember you are smarter than the calculator. Check your answer to make sure it is reasonable. For example, if you are finding the height of a cliff and your answer is 0.00034 m. That can’t be right because the cliff is definitely higher than 0.34 mm. Another example, the speed of light is [image: 3 \times 10^8 \ m/s] (i.e. light travels 300 million meters in one second). Nothing can go faster than the speed of light. If you calculate the speed of a car to be [image: 2.4 \times 10^{10} \ m/s], you know this is wrong and possibly a calculator typ-o.
      

    

    
      Key Applications
    

    
      The late, great physicist Enrico Fermi used to solve problems by making educated guesses. For instance, say you want to guesstimate the number of cans of soda drank by everybody in San Francisco in one year. You’ll come pretty close if you guess that there are about 800,000 people in S.F., and that each person drinks on average about 100 cans per year. So, 80,000,000 cans are consumed every year. Sure, this answer is wrong, but it is likely not off by more than a factor of 10 (i.e., an “order of magnitude”). That is, even if we guess, we’re going to be in the ballpark of the right answer. That is always the first step in working out a physics problem.
    

    
      
        
          	
            Type of measurement
          
          	
            Commonly used symbols
          
          	
            Fundamental units
          
        

      
      
        
          	
            length or position
          
          	
            [image: d, x, L]
          
          	
            meters (m)
          
        

        
          	
            time
          
          	
            [image: t]
          
          	
            seconds (s)
          
        

        
          	
            velocity
          
          	
            [image: v]
          
          	
            meters per second (m/s)
          
        

        
          	
            mass
          
          	
            [image: m]
          
          	
            kilograms (kg)
          
        

        
          	
            force
          
          	
            [image: F]
          
          	
            Newtons (N)
          
        

        
          	
            energy
          
          	
            [image: E, K, U, Q]
          
          	
            Joules (J)
          
        

        
          	
            power
          
          	
            [image: P]
          
          	
            Watts (W)
          
        

        
          	
            electric charge
          
          	
            [image: q, e]
          
          	
            Coulombs (C)
          
        

        
          	
            temperature
          
          	
            [image: T]
          
          	
            Kelvin (K)
          
        

        
          	
            electric current
          
          	
            [image: I]
          
          	
            Amperes (A)
          
        

        
          	
            electric field
          
          	
            [image: E]
          
          	
            Newtons per Coulomb (N/C)
          
        

        
          	
            magnetic field
          
          	
            [image: B]
          
          	
            Tesla (T)
          
        

      
    

    
      Pronunciation table for commonly used Greek letters
    

    
      [image: &\mu \ \text{“mu”} & & \tau \ \text{“tau”} & & \Phi \ \text{“phi”}^\ast & & \omega \ \text{“omega”} & & \rho \ \text{“rho”}\ &\theta \ \text{“theta”} & & \pi \ \text{“pi”} & & \Omega \ \text{“omega”}^\ast & & \lambda \ \text{“lambda”} & & \Sigma \ \text{“sigma”}^\ast \ &\alpha \ \text{“alpha”} & & \beta \ \text{“beta”} & & \gamma \ \text{“gamma”} & & \Delta \ \text{“delta”}^\ast & & \varepsilon \ \text{“epsilon”}]
    

    
      [image: ^\ast]upper case
    

    
      (a subscript zero, such as that found in [image: “X_0”] is often pronounced “naught” or “not”)
    

    
      Units and Problem Solving Problem Set
    

    
      ‘Solving a problem is like telling a story.’ -Deb Jensen 2007
    

    
      For the following problems and all the problems in this book, show the equation you are using before plugging in the numbers, then show each and every step as you work down line by line to get the answer. Equally important, show the units canceling at each step.
    

    
      Example:
    

    
      Problem: An [image: 8^{\text{th}}] grader is timed to run 24 feet in 12 seconds, what is her speed in meters per second?
    

    
      Solution:
    

    
      [image: D & = rt\ 12 \ ft & = r(12 \ s)\\ r & = 24 \ ft/12 \ s = 2 \ ft/s\ r & = 2 \ ft/s \ast (1 m/3.28 \ ft) = 0.61 \ m/s]
    

    
      	Estimate or measure your height.
        
          	Convert your height from feet and inches to meters
          

          	Convert your height from feet and inches to centimeters (100 cm = 1 m)
          

        

      

      	Estimate or measure the amount of time that passes between breaths when you are sitting at rest.
        
          	Convert the time from seconds into hours
          

          	Convert the time from seconds into milliseconds (ms)
          

        

      

      	Convert the French speed limit of 140 km/hr into mi/hr.
      

      	Estimate or measure your weight.
        
          	Convert your weight in pounds on Earth into a mass in kg
          

          	Convert your mass from kg into [image: \mu g]
          

          	Convert your weight into Newtons
          

        

      

      	Find the SI unit for pressure (look it up on internet).
      

      	An English lord says he weighs 12 stones.
        
          	Convert his weight into pounds (you may have to do some research online)
          

          	Convert his weight from stones into a mass in kilograms
          

        

      

      	If the speed of your car increases by 10 mi/hr every 2 seconds, how many mi/hr is the speed increasing every second? State your answer with the units mi/hr/s.
        
          [image: ]
        

      

      	A tortoise travels 15 meters (m) in two days. What is his speed in m/s? mi/hr?
      

      	
        [image: 80 \ m + 145 \ cm + 7850 \ mm = X \ mm.] What is [image: X]?
      

      	A square has sides of length 45 mm. What is the area of the square in [image: mm^2]?
      

      	A square with area [image: 49 \ cm^2] is stretched so that each side is now twice as long. What is the area of the square now? Convert to [image: m^2]
      

      	A spacecraft can travel 20 km/s. How many km can this spacecraft travel in 1 hour (h)?
      

      	A dump truck unloads 30 kilograms (kg) of garbage in 40 s. How many kg/s are being unloaded?
      

      	Looking at the units for Electric field (E) in the table at the beginning of the chapter, what do you think the formula is for Force in an electric field?
      

      	Estimate the number of visitors to Golden Gate Park in San Francisco in one year. Do your best to get an answer that is right within a factor of 10. Show your work and assumptions below.
      

      	Estimate the number of plastic bottles of water that are used in one year at Menlo.
      

    

    
      Answers:
    

    
      	
        
          	A person of height 5 ft. 11 in. is 1.80 m tall
          

          	The same person is 180 cm
          

        

      

      	
        
          	
            [image: 3 \ seconds = \frac{1}{1200 \ hours}]
          

          	
            [image: 3 \times 10^3 \ ms]
          

        

      

      	87.5 mi/hr
      

      	(c) If the person weighs 150 lb. this is equivalent to 668 N
      

      	Pascals (Pa), which equals [image: N/m^2]
      

      	168 lb., 76.2 kg
      

      	5 mi/hr/s
      

      	
        [image: 0.0000868 \ m/s = 8.7 \times 10^{-5} \ m/s, 1.9 \times 10^{-4} \ mph]
      

      	89,300 mm
      

      	
        [image: 2025 \ mm^2]
      

      	
        [image: 196 \ cm^2, 0.0196 \ m^2]
      

      	72,000 km/h
      

      	0.75 kg/s
      

      	
        [image: F = qE]
      

      	Discuss in class
      

      	Discuss in class
      

    

  
    
      Chapter 4: Basic Physics SE-Optics
    

    
      [image: ]
    

    
      PART II: Reflection, Refraction, Mirrors and Lenses
    

    
      The Big Idea
    

    
      Fermat’s Principle states that light will always take the path of least amount of time (not distance). This principle governs the paths light will take and explains the familiar phenomena of reflection, refraction, lenses and diffraction. Light rarely travels in a straight-line path. When photons interact with electrons in matter the time it takes for this interaction determines the path. For example, higher frequency blue light is refracted more than red because blue wavelengths interacts more frequently with electrons than red wavelengths and the path of least time is for blue to bend more then red in order to get out of this ‘slow’ area faster. The rainbows we see are a result of this. Fermat’s Principle explains the many fascinating phenomena of light from rainbows to sunsets to the haloes around the moon.
    

    
      Key Concepts
    

    
      	Fermat’s Principle makes the angle of incident light equal to the angle of reflected light. This is the law of reflection.
      

      	When light travels from one type of material (like air) into another (like glass), the speed slows down due to interactions between photons and electrons. If the ray enters the material at an angle Fermat’s Principle dictates that the light also changes the direction of its motion. This is called refraction. See the figure shown to the right, which demonstrates the refraction a light ray experiences as it passes from air into a rectangular piece of glass and out again. Because light travels at slower than usual speed in transparent materials (due to constantly being absorbed and re-emitted), the light ray bends in order to get out of this material quicker and satisfy Fermat’s Principle. Note that this means that light doesn’t always travel in a straight line.
      

    

    
      [image: ]
    

    
      	When light is refracted its wavelength and speed change; however, its frequency remains the same as the frequency of the light source. Proof of this is that light retains its original color under water. For example, blue light is still blue under water.
      

    

    
      Key Applications
    

    
      	
        Total internal reflection occurs when light goes from a slow (high index of refraction) medium to a fast (low index of refraction) medium. With total internal reflection, light refracts so much it actually refracts back into the first medium. This is how fiber optic cables work: no light leaves the wire.
      

    

    
      [image: ]
    

    
      	
        Lenses, made from curved pieces of glass, focus or de-focus light as it passes through. Lenses that focus light are called converging lenses, and these are the ones used to make telescopes and cameras. Lenses that de-focus light are called diverging lenses.
      

      	Lenses can be used to make visual representations, called images.
      

      	
        Mirrors are made from highly reflective metal that is applied to a curved or flat piece of glass. Converging mirrors can be used to focus light – headlights, telescopes, satellite TV receivers, and solar cookers all rely on this principle. Like lenses, mirrors can create images.
      

      	The focal length, [image: f], of a lens or mirror is the distance from the surface of the lens or mirror to the place where the light is focused. This is called the focal point or focus. For diverging lenses or mirrors, the focal length is negative.
      

      	When light rays converge in front of a mirror or behind a lens, a real image is formed. Real images are useful in that you can place photographic film at the physical location of the real image, expose the film to the light, and make a two-dimensional representation of the world, a photograph.
      

    

    
      [image: ]
    

    
      	When light rays diverge in front of a mirror or behind a lens, a virtual image is formed. A virtual image is a trick, like the person you see “behind” a mirror’s surface when you brush your teeth. Since virtual images aren’t actually “anywhere,” you can’t place photographic film anywhere to capture them.
      

      	Real images are upside-down, or inverted. You can make a real image of an object by putting it farther from a mirror or lens than the focal length. Virtual images are typically right-side-up. You can make virtual images by moving the mirror or lens closer to the object than the focal length.
      

      	When using the lens makers equation, remember that real things get positive numbers and virtual things get negative numbers. Thus, diverging lenses and virtual images get negative numbers. The object distance is always positive.
      

    

    
      Key Equations
    

    
      	
        [image: c = \lambda f] - The product of the wavelength [image: \lambda] of the light (in meters) and the frequency [image: f] of the light (in Hz, or [image: \frac{1}{sec}]) is always equal to a constant, namely the speed of light [image: c = 300,000,000 \ m/s].
      

      	
        [image: n = \frac{c}{v}] - The index of refraction, [image: n], is the ratio of the speed [image: c] it travels in a vacuum to the slower speed it travels in a material. [image: n] can depend slightly on wavelength.
      

      	
        [image: n_i \sin(\theta_i) = n_r \sin(\theta_r)]
      

    

    
      [image: ]
    

    
      	
        [image: \frac{1}{f}=\frac{1}{d_0}+\frac{1}{d_i}] - For lenses, the distance from the center of the lens to the focus is [image: f]. Focal lengths are positive for converging lens and negative for diverging lens. The distance from the center of the lens to the object in question is [image: d_0], where distances to the left of the lens are positive in sign. The distance from the center of the lens to the image is [image: d_i]. This number is positive for real images (formed to the right of the lens), and negative for virtual images (formed to the left of the lens).
      

    

    
      For mirrors, the same equation holds! However, the object and image distances are both positive for real images formed to the left of the mirror. For virtual images formed to the right of the mirror, the image distance is negative.
    

    
      Light Problem Set
    

    
      	What’s the difference between diffuse reflection and specular reflection? The size of the irregularities on the surface of a material will affect how the light reflects. Do a little research online and diagram light reflecting from a) a rough asphalt road and b) the same road made smooth by filling in the bumps with water. Explain why this makes it difficult to drive at night in the rain.
      

      	If you’re standing on the side of a lake spearfishing, do you aim right at the fish you’re trying to hit, above it, or below it? Explain and include a diagram.
        
          If you’re hitting the fish with a laser instead where would you aim?
        

      

      	Consider the following table, which states the indices of refraction for a number of materials.
      

    

    
      
        
          	
            Material
          
          	
            [image: n]
          
        

      
      
        
          	
            vacuum
          
          	
            1.00000
          
        

        
          	
            air
          
          	
            1.00029
          
        

        
          	
            water
          
          	
            1.33
          
        

        
          	
            typical glass
          
          	
            1.52
          
        

        
          	
            cooking oil
          
          	
            1.53
          
        

        
          	
            heavy flint glass
          
          	
            1.65
          
        

        
          	
            sapphire
          
          	
            1.77
          
        

        
          	
            diamond
          
          	
            2.42
          
        

      
    

    
      (a) For which of these materials is the speed of light slowest?
    

    
      (b) Which two materials have the most similar indices of refraction?
    

    
      (c) What is the speed of light in cooking oil?
    

    
      	A certain light wave has a frequency of [image: 4.29 \times 10^{14} \ Hz]. What is the wavelength of this wave in empty space? In water?
      

      	A light ray bounces off a fish in your aquarium. It travels through the water, into the glass side of the aquarium, and then into air. Draw a sketch of the situation, being careful to indicate how the light will change directions when it refracts at each interface. Include a brief discussion of why this occurs.
      

      	In the “disappearing test tube” demo, a test tube filled with vegetable oil vanishes when placed in a beaker full of the same oil. How is this possible? Would a diamond tube filled with water and placed in water have the same effect?
      

      	Imagine a thread of diamond wire immersed in water. Can such an object demonstrate total internal reflection? Draw a picture along with your calculations.
      

      	Explain with a diagram how an optical fiber works. Do a little online research – what are optical fibers used for?
      

      	Explain (include a diagram) how dispersion and total internal reflection combine to create the sparkly colors seen in a diamond. What’s the importance of the high index of refraction of diamond to this effect?
        
          [image: ]
        

      

      	The figure above is immersed in water. Draw the light ray as it enters the Gas medium through its exit back into the water medium at the bottom. Be very careful drawing your light rays, making sure that it is clear when (and by how much) the angle is increasing, when decreasing and when staying the same. You may want to calculate the refracted angles to check your light ray drawings.
      

      	Use your ruler to draw the path of the ray as it goes through the following stack of materials. At each boundary draw the normal line.
        
          [image: ]
        

      

      	Who can see whom in the plane mirror below? Draw the lines with a ruler to prove your results.
        
          [image: ]
        

      

      	Does the size of your image in a mirror as seen by you depend upon your distance from the mirror? Put another way, do you need a bigger mirror to see your entire face if you’re close to the mirror, but smaller if you’re far away? Try this after you shower: rub out a section of your bathroom mirror just large enough to contain your face. Then move closer, then farther away. What happens? Discuss briefly.
      

      	Marjan is looking at herself in a mirror (a normal flat mirror). Assume that her eyes are 10 cm below the top of her head, and that she stands 180 cm tall. Calculate the minimum length flat mirror that Marjan would need to see her body from eye level all the way down to her feet. Sketch at least 3 ray traces from her eyes showing the topmost, bottommost, and middle rays.
        
          In the following six problems, you will do a careful ray tracing with a ruler (including the extrapolation of rays for virtual images). It is best if you can use different colors for the three different ray tracings. When sketching diverging rays, you should use dotted lines for the extrapolated lines behind a mirror or in front of a lens in order to produce the virtual image. When comparing measured distances and heights to calculated distances and heights, values within 10% are considered “good.” Use the following cheat sheet as your guide.
        

        
          CONVERGING (CONCAVE) MIRRORS
        

        
          Ray #1: Leaves tip of candle, travels parallel to optic axis, reflects back through focus.
        

        
          Ray #2: Leaves tip, travels through focus, reflects back parallel to optic axis.
        

        
          Ray #3: Leaves tip, reflects off center of mirror with an angle of reflection equal to the angle of incidence.
        

        
          DIVERGING (CONVEX) MIRRORS
        

        
          Ray #1: Leaves tip, travels parallel to optic axis, reflects OUTWARD by lining up with focus on the OPPOSITE side as the candle.
        

        
          Ray #2: Leaves tip, heads toward the focus on the OPPOSITE side, and emerges parallel to the optic axis.
        

        
          Ray #3: Leaves tip, heads straight for the mirror center, and reflects at an equal angle.
        

        
          CONVERGING (CONVEX) LENSES
        

        
          Ray #1: Leaves tip, travels parallel to optic axis, refracts and travels to through to focus.
        

        
          Ray #2: Leaves tip, travels through focus on same side, travels through lens, and exits lens parallel to optic axis on opposite side.
        

        
          Ray #3: Leaves tip, passes straight through center of lens and exits without bending.
        

        
          DIVERGING (CONCAVE) LENSES
        

        
          Ray #1: Leaves tip, travels parallel to optic axis, refracts OUTWARD by lining up with focus on the SAME side as the candle.
        

        
          Ray #2: Leaves tip, heads toward the focus on the OPPOSITE side, and emerges parallel from the lens.
        

        
          Ray #3: Leaves tip, passes straight through the center of lens and exits without bending.
        

      

      	Consider a concave mirror with a focal length equal to two units, as shown below.
        
          (a) Carefully trace three rays coming off the top of the object in order to form the image.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i] and record their values below
        

        
          (c) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (d) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (e) Measure the magnification [image: M] in your ray tracing above.
        

      

      	Consider a concave mirror with unknown focal length that produces a virtual image six units behind the mirror.
        
          (a) Calculate the focal length of the mirror and draw an [image: \times] at the position of the focus.
        

        
          (b) Carefully trace three rays coming off the top of the object and show how they converge to form the image.
        

        
          [image: ]
        

        
          (c) Does your image appear bigger or smaller than the object?
        

      

      	Consider a concave mirror with a focal length equal to six units.
        
          (a) Carefully trace three rays coming off the top of the object and form the image.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i].
        

        
          (c) Is it an virtual image or a real one?
        

        
          (d) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (e) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (f) Measure the magnification [image: M] from your drawing above.
        

      

      	Consider a converging lens with a focal length equal to three units.
        
          (a) Carefully trace three rays coming off the top of the object and form the image. Remember to treat the center of the lens as the place where the light ray bends.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i].
        

        
          (c) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (d) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (e) Measure the magnification [image: M] from your drawing above.
        

      

      	Consider a converging lens with a focal length equal to three units.
        
          (a) Carefully trace three rays coming off the top of the object and form the image. Remember to treat the center of the lens as the place where the light ray bends.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i].
        

        
          (c) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (d) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (e) Measure the magnification [image: M] from your drawing above.
        

      

      	Consider a diverging lens with a focal length equal to four units.
        
          (a) Carefully trace three rays coming off the top of the object and show where they converge to form the image.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i].
        

        
          (c) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (d) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (e) Measure the magnification [image: M] from your drawing above.
        

      

      	A piece of transparent goo falls on your paper. You notice that the letters on your page appear smaller than they really are. Is the goo acting as a converging lens or a diverging lens? Explain. Is the image you see real or virtual? Explain.
      

      	An object is placed 30 mm in front of a lens. An image of the object is formed 90 mm behind the lens.
        
          	Is the lens converging or diverging? Explain your reasoning.
          

          	(optional) What is the focal length of the lens?
          

        

      

      	To the right is a diagram showing how to make a “ghost light bulb.” The real light bulb is below the box and it forms an image of the exact same size right above it. The image looks very real until you try to touch it. What is the focal length of the concave mirror?
        
          [image: ]
        

      

      	Little Red Riding Hood (aka R-Hood) gets to her grandmother’s house only to find the Big Bad Wolf (aka BBW) in her place. R-Hood notices that BBW is wearing her grandmother’s glasses and it makes the wolf’s eyes look magnified (bigger).
        
          	Are these glasses for near-sighted or far-sighted people? For full credit, explain your answer thoroughly. You may need to consult some resources online.
          

          	Create a diagram below of how these glasses correct a person’s vision.
          

        

      

      	Draw ray diagrams and explain why some eyes are nearsighted and others farsighted – what’s the problem with the eye in each case? Draw a second set of diagrams and explain what kind of lens is used to correct each problem.
      

      	Do a little online research and explain below how LASIK surgery can correct vision.
      

      	Explain the fundamental differences between how a camera focuses and how the eye focuses. You may need to do a little research here. While you’re researching, look up how a whale’s eye focuses. Is it more like the human eye or like a camera?
      

    

    
      Answers:
    

    
      	
        
          	Diamond
          

          	vacuum & air
          

          	
            [image: 1.96 \times 10^8 \ m/s]
          

        

      

      	
        [image: 6.99 \times 10^{-7} \ m; \ 5.26 \times 10^{-7} \ m]
      

    

    
      	85 cm
      

      	(c) 4 units
        
          (e) -1 (same size, but inverted)
        

      

    

    
      	(a) 6 units
        
          (c) bigger (about twice as big)
        

      

      	(b) [image: d_o = 2 \ units, \ d_i -3 \ units], virtual image
        
          (c) 3 units
        

        
          (e) Image should be about 1.5 times as big
        

      

      	(c) [image: \frac{21}{4} \ units]
        
          (e) About [image: \frac{3}{4}] as big
        

      

      	(c) -6 (so 6 units on left side)
        
          (e) 3 times bigger
        

      

      	(c) [image: \frac{28}{11} \ units].
      

    

    
      	(b) 22.5 mm
      

      	32 cm
      

    

    
      OPTIONAL PROBLEMS USING SNELL’S LAW
    

    
      [image: ]
    

    
      	Nisha stands at the edge of an aquarium 3.0 m deep. She shines a laser at a height of 1.7 m that hits the water of the pool 8.1 m from the edge.
        
          	Draw a diagram of this situation. Label all known lengths.
          

          	How far from the edge of the pool will the light hit bottom?
          

          	If her friend, James, were at the bottom and shined a light back, hitting the same spot as Nisha’s, how far from the edge would he have to be so that the light never leaves the water?
          

        

      

      	A light source sits in a tank of water, as shown.
        
          [image: ]
        

        
          	If one of the light rays coming from inside the tank of water hits the surface at [image: 35.0^\circ], as measured from the normal to the surface, at what angle will it enter the air?
          

          	Now suppose the incident angle in the water is [image: 80^\circ] as measured from the normal. What is the refracted angle? What problem arises?
          

          	Find the critical angle for the water-air interface. This is the incident angle that corresponds to the largest possible refracted angle, [image: 90^\circ].
          

        

      

      	Consider a convex mirror with a focal length equal to two units.
        
          (a) Carefully trace three rays coming off the top of the object and form the image.
        

        
          [image: ]
        

        
          (b) Measure [image: d_o] and [image: d_i].
        

        
          (c) Use the mirror/lens equation to calculate [image: d_i].
        

        
          (d) Find the percent difference between your measured [image: d_i] and your calculated [image: d_i].
        

        
          (e) Measure the magnification [image: M] from your drawing above.
        

      

    

    
      Answers to Optional Problems:
    

    
      	(b) 11.4 m
        
          (c) 11.5 m
        

      

      	
        
          	
            [image: 49.7^\circ]
          

          	no such angle, it reflects
          

          	
            [image: 48.8^\circ]
          

        

      

      	(c) 1.5 units
        
          (e) About [image: \frac{2}{3}] as big
        

      

    

  
    
      Chapter 5: Basic Physics SE-Motion
    

    
      [image: ]
    

    
      The Big Idea
    

    
      Speed represents how quickly an object is moving through space. Velocity is speed with a direction, making it a vector quantity. If an object’s velocity changes with time, the object is said to be accelerating. As we’ll see in the next chapters, understanding the acceleration of an object is the key to understanding its motion. We will assume constant acceleration throughout this chapter.
    

    
      Key Definitions
    

    
      Vectors
    

    
      [image: x =] position (m)
    

    
      [image: \Delta x =] displacement [image: = x_f - x_i]
    

    
      [image: v =] velocity (m/s)
    

    
      [image: v_i =] initial velocity
    

    
      [image: v_f =] final velocity
    

    
      [image: \Delta v =] change in velocity [image: = v_f - v_i]
    

    
      [image: a =] acceleration [image: (m/s^2)]
    

    
      Scalars
    

    
      [image: t =] time (s)
    

    
      [image: d =] distance [image: (m) = | \Delta x_1 | + | \Delta x_2 | + \ldots]
    

    
      [image: v =] speed (m/s) [image: = | v |]
    

    
      Symbols
    

    
      [image: \Delta \text{(anything)} = \text{final value} - \text{initial value}]
    

    
      Key Equations
    

    
      	
        [image: v_{avg} = \frac{\Delta x}{\Delta t}]
      

      	
        [image: a_{avg} = \frac{\Delta v}{\Delta t}]
      

    

    
      The Big Three
    

    
      	
        [image: \Delta x = v_it + \frac{1}{2} at^2] ; allows you to calculate the displacement at some time [image: t].
      

      	
        [image: \Delta v = at] ; allows you to calculate the velocity after some time [image: t].
      

      	
        [image: v_f{^2} = v_i{^2} + 2a( \Delta x)] ; a combination of previous two equations.
      

    

    
      Key Concepts
    

    
      	When you begin a problem, define a coordinate system. For positions, this is like a number line; for example, positive [image: (+x)] positions can be to the right of the origin and negative [image: (-x)] positions to the left of the origin.
      

      	For velocity [image: v] you might define positive as moving to the right and negative as moving to the left. What would it mean to have a positive position and a negative velocity?
      

      	For acceleration [image: a], you might define positive as caused by a force to the right and negative as a force to the left. What would it mean to have a negative velocity and a positive acceleration? Careful, positive acceleration does not always mean increasing speed!
      

      	Be sure you understand the difference between average velocity (measured over a long period of time) and instantaneous velocity (measured at a single moment in time).
      

      	Gravity near the Earth pulls an object downwards toward the surface of the Earth with an acceleration of [image: 9.8 \ m/s^2 ( \approx 10 \ m/s^2)]. In the absence of air resistance, all objects will fall with the same acceleration.
      

      	
        Deceleration is the term used when an object’s speed is decreasing due to acceleration in the opposite direction of its velocity.
      

      	If there is constant acceleration the graph [image: x] vs. [image: t] produces a parabola. The slope of the graph equals the instantaneous velocity. The slope of a [image: v] vs. [image: t] graph equals the acceleration.
      

      	The slope of the graph [image: v] vs. [image: t] can be used to find acceleration; the area of the graph [image: v] vs. [image: t] can be used to find displacement. Welcome to calculus!
      

      	At first, you might get frustrated trying to figure out which of the Big Three equations to use for a certain problem, but don’t worry, this comes with practice. Making a table that identifies the variables given in the problem and the variables you are looking for can sometimes help.
      

    

    
      Solved Examples
    

    
      Example 1: Pacific loggerhead sea turtles migrate over 7,500 miles (12,000 km) between nesting beaches in Japan and feeding grounds off the coast of Mexico. If the average speed of a loggerhead is about 45 km/day, how long does it take for it to complete a one-way migration?
    

    
      Question: [image: t = ?] [days]
    

    
      Given: [image: d = 12,000 \ km]
    

    
      [image: {\;} \qquad v_{avg} = 45 \ km/day]
    

    
      Equation: [image: v_{avg} = \frac{d}{t}] therefore [image: t = \frac{d}{v_{avg}}]
    

    
      Plug n’ Chug: [image: t = \frac{d}{v_{avg}} = \frac{12,000 \ km}{45 \ km/day} = 267 \ days]
    

    
      Answer: [image: \boxed{\mathbf{267 \ days}}]
    

    
      Example 2: A Top Fuel dragster can accelerate from 0 to 100 mph (160 km/hr) in 0.8 seconds. What is the average acceleration in [image: m/s^2]?
    

    
      Question: [image: a_{avg} = ? \ [m/s^2]]
    

    
      Given: [image: v_i = 0 \ m/s]
    

    
      [image: {\;} \qquad \ \ v_f = 160 \ km/hr]
    

    
      [image: {\;} \qquad \ \quad t = 0.8 \ s]
    

    
      Equation: [image: a_{avg} = \frac{\Delta v }{t}]
    

    
      Plug n’ Chug: Step 1: Convert km/hr to m/s
    

    
      [image: v_f = \left( 160 \frac{km}{hr} \right ) \left( \frac{1,000 \ m}{1 \ km} \right ) \left ( \frac{1 \ hr}{3,600 \ s} \right ) = 44.4 \ m/s]
    

    
      Step 2: Solve for average acceleration:
    

    
      [image: a_{avg} = \frac{\Delta v}{t} = \frac{v_f - v_i}{t} = \frac{44.4 \ m/s - 0 \ m/s}{0.8 \ s} = 56 \ m/s^2]
    

    
      Answer: [image: \boxed {\mathbf{56 \ m/s^2}}] Note that this is over [image: 5 \frac{1}{2}] g’s!
    

    
      Example 3: While driving through Napa you observe a hot air balloon in the sky with tourists on board. One of the passengers accidentally drops a wine bottle and you note that it takes 2.3 seconds for it to reach the ground. (a) How high is the balloon? (b) What was the wine bottle’s velocity just before it hit the ground?
    

    
      Question a: [image: h = ? [m]]
    

    
      Given: [image: t = 2.3 \ s]
    

    
      [image: {\;} \qquad \quad g = 10 \ m/s^2]
    

    
      [image: {\;} \qquad \quad v_i = 0 \ m/s]
    

    
      Equation: [image: \Delta x = v_it + \frac{1}{2}at^2] or [image: h = v_it + \frac{1}{2}gt^2]
    

    
      Plug n’ Chug: [image: h = 0 + \frac{1}{2}(10 \ m/s^2)(2.3 \ s)^2 = 26.5 \ m]
    

    
      Answer: [image: \boxed{\mathbf{26.5 \ m}}]
    

    
      Question b: [image: v_f = ? [m/s]]
    

    
      Given: (same as above)
    

    
      Equation: [image: v_f = v_i + at]
    

    
      Plug n’ Chug: [image: v_f = v_i +at = 0 + (10 \ m/s^2)(2.3 \ s) = 23 \ m/s]
    

    
      Answer: [image: \boxed{\mathbf{23 \ m/s}}]
    

    
      Example 4: The second tallest building in the world is the Petronas Tower in Malaysia. If you were to drop a penny from the roof which is 378.6 m (1242 ft) high, how long would it take to reach the ground? You may neglect air friction.
    

    
      Question: [image: t = ? [s]]
    

    
      Given: [image: h = 378.6 \ m]
    

    
      [image: {\;} \qquad \quad g = 10 \ m/s^2]
    

    
      [image: {\;} \qquad \quad v_i = 0 \ m/s]
    

    
      Equation: [image: \Delta x = v_it + \frac{1}{2}at^2] or [image: h = v_it + \frac{1}{2}gt^2]
    

    
      Plug n’ Chug: since [image: v_i = 0], the equation simplifies to [image: h = \frac{1}{2} gt^2] rearranging for the unknown variable, [image: t], yields
    

    
      [image: t = \sqrt{\frac{2h}{g}} = \sqrt{\frac{2(378.6 \ m)}{10.0 \ m/s^2}} = 8.70 \ s]
    

    
      Answer: [image: \boxed{\mathbf{8.70 \ s}}]
    

    
      One-Dimensional Motion Problem Set
    

    
      	A car drives around the circle in front of Stent Hall at 5 mph. Is it moving with a constant speed? Constant velocity? Is it accelerating? Explain.
      

      	Answer the following questions about one-dimensional motion.
        
          (a) What is the difference between distance [image: d] and displacement [image: \Delta x ?] Write a sentence or two explaining this and give an example of each.
        

        
          (b) Does the odometer reading in a car measure distance or displacement?
        

        
          (c) Imagine a fox darting around in the woods for several hours. Can the displacement [image: \Delta x] of the fox from his initial position ever be larger than the total distance [image: d] he traveled? Explain.
        

        
          (d) What is the difference between acceleration and velocity? Write a paragraph that would make sense to a [image: 5^{th}] grader.
        

        
          (e) Give an example of a situation where an object has an upward velocity but a downward acceleration.
        

        
          (f) What is the difference between average and instantaneous velocity? Make up an example involving a trip in a car that demonstrates your point.
        

        
          (g) If the position of an object is increasing linearly with time (i.e., [image: \Delta x] is proportional to [image: t]), what can we say about its acceleration? Explain your thinking.
        

        
          [image: ]
        

        
          (h) If the position of an object is increasing non-linearly with time (i.e., [image: \Delta x] is not proportional to [image: t]), what can we say about its velocity? Explain your thinking for each graph below.
        

        
          [image: ]
        

      

      	A cop passes you on the highway. Which of the following statements must be true at the instant he is passing you? You may choose more than one answer.
        
          	Your speed and his speed are the same.
          

          	Your position [image: x] along the highway is the same as his position [image: x] along the highway.
          

          	Your acceleration and his acceleration are the same.
          

        

      

      	If a car is slowing down from 50 MPH to 40 MPH, but the [image: x] position is increasing, which of the following statements is true? You may choose more than one.
        
          	The velocity of the car is in the [image: +x] direction.
          

          	The acceleration of the car is in the same direction as the velocity.
          

          	The acceleration of the car is in the opposite direction of the velocity.
          

          	The acceleration of the car is in the [image: -x] direction.
          

        

      

      	A horse is galloping forward with an acceleration of [image: 3 \ m/s^2]. Which of the following statements is necessarily true? You may choose more than one.
        
          	The horse is increasing its speed by 3 m/s every second, from 0 m/s to 3 m/s to 6 m/s to 9 m/s.
          

          	The speed of the horse will triple every second, from 0 m/s to 3 m/s to 9 m/s to 27 m/s.
          

          	Starting from rest, the horse will cover 3 m of ground in the first second.
          

          	Starting from rest, the horse will cover 1.5 m of ground in the first second.
          

        

      

      	Below are images from a race between Ashaan (above) and Zyan (below), two daring racecar drivers. High speed cameras took four pictures in rapid succession. The first picture shows the positions of the cars at [image: t = 0.0]. Each car image to the right represents times 0.1, 0.2, and 0.3 seconds later.
        
          [image: ]
        

        
          (a) Who is ahead at [image: t = 0.2 \ s]? Explain.
        

        
          (b) Who is accelerating? Explain.
        

        
          (c) Who is going faster at [image: t = 0.3 \ s]? Explain.
        

        
          (d) Which car has a constant velocity throughout? Explain.
        

        
          (e) Graph [image: x] vs. [image: t] and [image: v] vs. [image: t]. Put both cars on same graph; label which line is which car.
        

        
          [image: ]
        

        
          [image: ]
        

        
          (f) Who is going faster at [image: t = 0.2 \ s?] Justify your answer (this one is a thinker!)
        

      

      	The position graph below is of the movement of a fast turtle who can turn on a dime.
        
          [image: ]
        

        
          [image: ]
        

        
          	Sketch the velocity vs. time graph of the turtle below.
          

          	Explain what the turtle is doing (including both speed and direction) from
            
              	0-2s
              

              	2-3s
              

              	3-4s
              

            

          

          	How much distance has the turtle covered after 4s?
          

          	What is the turtle’s displacement after 4s?
          

        

      

      	Draw the position vs. time graph that corresponds to the velocity vs. time graph below. You may assume a starting position [image: x_0 = 0]. Label the [image: y-]axis with appropriate values.
        
          [image: ]
        

        
          [image: ]
        

      

      	The following velocity-time graph represents 10 seconds of actress Halle Berry’s drive to work (it’s a rough morning).
        
          [image: ]
        

      

    

    
      (a) Fill in the tables below – remember that displacement and position are not the same thing!
    

    
      
        
          	
          	
          	
          	
            Instantaneous Time (s)
          
          	
            Position (m)
          
        

      
      
        
          	
            Interval (s)
          
          	
            Displacement (m)
          
          	
            Acceleration [image: (m/s^2)]
          
          	
            0 sec
          
          	
            0 m
          
        

        
          	
            0-2 sec
          
          	
          	
          	
          	
        

        
          	
          	
          	
          	
            2 sec
          
          	
        

        
          	
            2-4 sec
          
          	
          	
          	
          	
        

        
          	
          	
          	
          	
            4 sec
          
          	
        

        
          	
            4-5 sec
          
          	
          	
          	
          	
        

        
          	
          	
          	
          	
            5 sec
          
          	
        

        
          	
            5-9 sec
          
          	
          	
          	
          	
        

        
          	
          	
          	
          	
            9 sec
          
          	
        

        
          	
            9-10 sec
          
          	
          	
          	
          	
        

        
          	
          	
          	
          	
            10 sec
          
          	
        

      
    

    
      (b) On the axes below, draw an acceleration-time graph for the car trip. Include numbers on your acceleration axis.
    

    
      [image: ]
    

    
      (c) On the axes below, draw a position-time graph for the car trip. Include numbers on your position axis. Be sure to note that some sections of this graph are linear and some curve – why?
    

    
      [image: ]
    

    
      	Two cars are drag racing down El Camino. At time [image: t = 0], the yellow Maserati starts from rest and accelerates at [image: 10 \ m/s^2]. As it starts to move it’s passed by a ’63 Chevy Nova (cherry red) traveling at a constant velocity of 30 m/s.
        
          (a) On the axes below, show a line for each car representing its speed as a function of time. Label each line.
        

        
          [image: ]
        

        
          (b) At what time will the two cars have the same speed (use your graph)?
        

        
          (c) On the axes below, draw a line (or curve) for each car representing its position as a function of time. Label each curve.
        

        
          [image: ]
        

        
          d. At what time would the two cars meet (other than at the start)?
        

      

      	Two cars are heading right towards each other but are 12 km apart. One car is going 70 km/hr and the other is going 50 km/hr. How much time do they have before they collide head on?
      

      	A cheetah can accelerate at almost one “[image: g]”, or [image: 10 \ m/s^2], for short periods of time. Suppose a cheetah sees a gazelle and accelerates from rest for 2.8 s at [image: 10 \ m/s^2].
        
          	Calculate the cheetah’s final velocity.
          

          	Calculate the cheetah’s average velocity.
          

          	Calculate the cheetah’s displacement.
          

        

      

      	Sketchy LeBaron, a used car salesman, claims his car is able to go from 0 to 60 mi/hr in 3.5 seconds.
        
          	Convert 60 mi/hr to m/s. Show your work!
          

          	What is the average acceleration of this car? Give your answer in [image: m/s^2]. (Hint: you will have to perform a conversion.)
          

          	What’s the car’s average velocity for this time period? How much distance does this car cover in these 3.5 seconds? Express your answer twice: in meters and in feet.
          

          	What is the speed of the car in mi/hr after 2 seconds?
          

        

      

      	A car is smashed into a wall during Weaverville’s July [image: 4^{th}] Destruction Derby. The car is going 25 m/s just before it strikes the wall. It comes to a stop 0.8 seconds later. What is the average acceleration of the car during the collision?
      

      	You are speeding towards a brick wall at a speed of 55 MPH. The brick wall is only 100 feet away.
        
          	What is your speed in m/s?
          

          	What is the distance to the wall in meters?
          

          	What is the minimum acceleration you should use to avoid hitting the wall?
          

        

      

      	You throw a ball straight up into the air. At the top of its trajectory, what is its instantaneous velocity? Its instantaneous acceleration? Explain why these values are not the same.
      

      	You drop a rock from the top of a cliff. The rock takes 3.5 seconds to reach the bottom.
        
          	What is the initial speed of the rock?
          

          	What is the acceleration of the rock at the moment it is dropped?
          

          	How fast is the rock going half-way (in time) down?
          

          	What is the acceleration of the rock when it is half-way down the cliff?
          

          	How fast is the rock traveling when it hits bottom?
          

          	What is the height of the cliff?
          

        

      

      	Michael Jordan had a vertical jump of about 48 inches.
        
          	Convert this height into meters.
          

          	Assuming no air resistance, at what speed did he leave the ground?
          

          	What is his speed [image: \frac{3}{4}] of the way up?
          

          	What is his speed just before he hits the ground on the way down?
          

        

      

      	What acceleration should you use to increase your speed from 10 m/s to 18 m/s over a distance of 55 m?
      

      	You are standing on a balcony on the [image: 15^{th}] floor of the Bank of America building in San Francisco. The balcony is 72 m above the ground; the top of the building is 52 floors (237 m) high. You launch a ball straight up in the air from the balcony. The initial vertical speed is 75 m/s. (For this problem, you may ignore your own height, which is very small compared to the height of the building.)
        
          [image: ]
        

        
          	How high up does the ball go above the ground?
          

          	After the ball has been in the air for 4.2 sec, calculate
            
              	its instantaneous velocity at 4.2 s . Is it rising or falling? How can you tell?
              

              	its average velocity for the first 4.2 s.
              

              	its position at 4.2 s. Is it above or below the balcony? How can you tell?
              

            

          

          	How fast is the ball going right before it reaches the top of the building?
          

          	For how many seconds total is the ball in the air (assuming he catches it on balcony–ouch!)?
          

        

      

      	Measure how high you can jump vertically on Earth. Then, figure out how high you would be able to jump on the Moon, where acceleration due to gravity is [image: 1/6^{th}] that of Earth. Assume you launch upwards with the same speed on the Moon as you do on the Earth.
      

      	You drive to San Francisco along 101 at 60 mph (30 miles north your home). On the return trip, there is traffic on 101 (next time take Caltrain...), so you are only going 30 mph.
        
          	How long does it take you while traveling to San Francisco?
          

          	How long does it take you while traveling back home?
          

          	Calculate your average speed for the whole trip (Hint: the answer is NOT 45 mph).
          

        

      

    

    
      Answers (answers assume [image: 10 \ m/s^2] for acceleration of gravity):
    

    
      	discuss in class
      

      	discuss [image: n] class
      

      	b
      

      	a,c,d
      

      	a,d
      

      	(a) Zyan
        
          (b) Ashaan is accelerating
        

        
          (c) Ashaan
        

        
          (d) Zyan
        

        
          (f) Ashaan
        

      

      	(c) 25 m
        
          (d) -5 m
        

      

      	discuss in class
      

      	discuss in class
      

      	(b) 3 sec
        
          (d) 6 sec
        

      

      	6 min.
      

      	
        
          	28 m/s
          

          	14 m/s
          

          	39.2 m
          

        

      

      	
        
          	26.8 m/s
          

          	
            [image: 7.7 \ m/s^2]
          

          	13.4 m/s, 46.9 m
          

          	34 mph
          

        

      

      	
        [image: -31 \ m/s^2]
      

      	
        
          	25 m/s
          

          	30.5 m
          

          	
            [image: 10.2 \ m/s^2]
          

        

      

      	discuss in class
      

      	
        
          	0 m/s
          

          	
            [image: -10 \ m/s^2]
          

          	-17.5 m/s
          

          	
            [image: -10 \ m/s^2]
          

          	-35 m/s
          

          	61 m
          

        

      

      	
        
          	1.22 m
          

          	4. m/s
          

          	2.47 m/s
          

          	-4.94 m/s
          

        

      

      	
        [image: 2 \ m/s^2]
      

      	
        
          	353 m
          

          	33 m/s rising; 54 m/s, 227 m above balcony
          

          	48.2 m/s
          

          	15.0 s
          

        

      

      	6 times higher
      

      	
        
          	0.5 hr
          

          	1 hr
          

          	40 mph
          

        

      

    

    
      OPTIONAL PROBLEMS
    

    
      	In the picture to the right, a ball starting at rest rolls down a ramp, goes along at the bottom, and then back up a smaller ramp. Ignore friction and air resistance. Sketch the vertical position vs. time and vertical speed vs. time graphs that accurately describe this motion. Label vertical axes of your graphs.
        
          [image: ]
        

        
          [image: ]
        

        
          [image: ]
        

      

      	You are sitting on your bike at rest. Your brother comes running at you from behind at a speed of 2 m/s. At the exact moment he passes you, you start up on your bike with an acceleration of [image: 2 \ m/s^2].
        
          (a) Draw a picture of the situation, defining the starting positions, speeds, etc.
        

        
          (b) At what time [image: t] do you have the same speed as your brother?
        

        
          (c) At what time [image: t] do you pass your brother?
        

        
          (d) Draw another picture of the exact moment you catch your brother. Label the drawing with the positions and speeds at that moment.
        

        
          (e) Sketch a position vs. time graph for both you and your brother, labeling the important points (i.e., starting point, when you catch him, etc.)
        

        
          [image: ]
        

        
          (f) Sketch a speed vs. time graph for both you and your brother, labeling the important points (i.e., starting point, when you catch him, etc.)
        

        
          [image: ]
        

      

      	A helicopter is traveling with a velocity of 12 m/s directly upward. Directly below the helicopter is a very large and very soft pillow. As it turns out, this is a good thing, because the helicopter is lifting a large man. When the man is 20 m above the pillow, he lets go of the rope.
        
          [image: ]
        

        
          	What is the speed of the man just before he lands on the pillow?
          

          	How long is he in the air after he lets go?
          

          	What is the greatest height reached by the man above the ground? (Hint: this should be greater than 20 m. Why?)
          

          	What is the distance between the helicopter and the man three seconds after he lets go of the rope?
          

        

      

    

    
      Answers to Optional Problems:
    

    
      	discuss in class
      

      	(b) 1 sec
        
          (c) 2 sec
        

        
          (d) 4 m
        

      

      	
        
          	23 m/s
          

          	3.5 s
          

          	27.2 m
          

          	45 m
          

        

      

    

  
    
      Chapter 7: Basic Physics SE-Force
    

    
      [image: ]
    

    
      The Big Idea
    

    
      Acceleration is caused by force. The more force applied, the greater the acceleration that is produced. Objects with high masses have more inertia and thus resist more strongly changes to its current velocity. In the absence of applied forces, objects simply keep moving at whatever speed they are already going. All forces come in pairs because they arise in the interaction of two objects — you can’t hit without being hit back! In formal language[image: ^1]:
    

    
      Newton’s [image: 1^{st}] Law: Every body continues in its state of rest, or of uniform motion in a right (straight) line, unless it is compelled to change that state by forces impressed upon it.
    

    
      Newton’s [image: 2^{nd}] Law: The change of motion is proportional to the motive force impressed; and is made in the direction of the right (straight) line in which that force is impressed.
    

    
      Newton’s [image: 3^{rd}] Law: To every action there is always opposed an equal reaction: or, the mutual actions of two bodies upon each other are always equal, and directed to contrary parts.
    

    
      [image: ^1]Principia in modern English, Isaac Newton, University of California Press, 1934
    

    
      Key Concepts
    

    
      	An object will not change its state of motion (i.e., accelerate) unless an unbalanced force acts on it. Equal and oppositely directed forces do not produce acceleration.
      

      	If no unbalanced force acts on an object the object remains at constant velocity or at rest.
      

      	The force of gravity is called weight and equals mg, where [image: g] is the acceleration due to gravity of the planet ([image: g = 9.8 \ m/s^2 \sim 10 \ m/s^2], downward, on Earth).
      

      	Your mass does not change when you move to other planets, because mass is a measure of how much matter your body contains, and not how much gravitational force you feel.
      

      	Newton’s [image: 3^{rd}] Law states for every force there is an equal but opposite reaction force. To distinguish a third law pair from merely oppositely directed pairs is difficult but very important. Third law pairs must obey three rules: they must be of the same type of force, they are exerted on two different objects and they are equal in magnitude and oppositely directed. Example: A block sits on a table. The Earth’s gravity on the block and the force of the table on the block are equal and opposite. But these are not third law pairs, because they are both on the same object and the forces are of different types. The proper third law pairs are: (1) earth’s gravity on block/block’s gravity on earth and (2) table pushes on block/ block pushes on table.
      

      	
        Pressure is often confused with force. Pressure is force spread out over an area; a small force exerted on a very small area can create a very large pressure; i.e., poke a pin into your arm!
      

      	The force of friction can actually be described in terms of the coefficient of friction, [image: \mu]. It is determined experimentally and varies depending upon the two surfaces in contact.
      

      	
        Static friction acts between two surfaces that are in contact but not in motion with respect to each other. This force prevents objects from sliding. It always opposes potential motion, and it rises in magnitude to a maximum value given by the formula below.[image: ^2]
      

      	
        Kinetic friction acts between two surfaces that are in contact and in motion with respect to each other. This force reduces the acceleration and it always opposes the direction of motion.[image: ^2]
      

    

    
      [image: ^2]Ultimately many of these “contact” forces are due to attractive and repulsive electromagnetic forces between atoms in materials.
    

    
      Key Equations
    

    
      	
        [image: a = \frac{F_{net}}{m}] ; the acceleration produced depends on the net force on an object and its mass.
      

    

    
      	
        [image: F_{net, y} = \sum F_{y- \text{direction forces}} = ma_y] ; acting on the object.
      

      	
        [image: F_{net, x} = \sum F_{x - \text{direction forces}} = ma_x]
      

      	
        or [image: F_{net} = \sum F_{\text{individual forces}} = ma] ; the net force is the vector sum of all the forces
      

    

    
      	
        [image: F_g = mg] ; the force of gravity acting on an object, often simply called the “weight” of the object. On Earth, [image: g = 9.8 \ m/s^2] in the downward direction.
      

      	
        [image: N] or [image: F_N] ; the normal force is a contact force that acts in a perpendicular direction to a surface.[image: ^2]
      

      	
        [image: T] or [image: F_T] ; the force of tension is a force that acts in strings, wires, ropes, and other non-stretchable lines of material.[image: ^2]
      

      	
        [image: f \le \mu F_N] ; the force of friction acting between two surfaces, can be at rest [image: (\text{static friction,} \ f_s)] or moving [image: (\text{kinetic friction}, f_k)^2]
      

      	
        [image: P = \frac{F}{A}] ; Pressure is a force exerted over some area
      

    

    
      Problem Solving for Newton’s Laws, Step-By-Step
    

    
      1. Figure out which object is “of interest.”
    

    
      If you're looking for the motion of a rolling cart, the cart is the object of interest. Draw a sketch! This may help you sort out which object is which in your problem.
    

    
      2. Using your object as the “origin”, draw an [image: x-y] coordinate system on your sketch.
    

    
      This will help you properly place the directions of all your forces. Label to the right the [image: +x] direction and up as the [image: +y] direction. Label the mass.
    

    
      3. Identify all the forces acting on the object and draw them. This is called a free body diagram (FBD). LABEL all forces – not with numbers, but with the symbol representing the force; i.e. [image: T] is tension, mg is weight, [image: N] is normal, etc. Be careful - If you can’t identify a force it may not really exist! INERTIA IS NOT A FORCE!
    

    
      a. If the object has mass and is near the Earth, the easiest (and therefore first) force to write down is the force of gravity, pointing downward, with value mg.
    

    
      b. If the object is in contact with a surface, it means there is a normal force acting on the object. This normal force points away from and is perpendicular to the surface.
    

    
      c. There may be more than one normal force acting on an object. For instance, if you have a bologna sandwich, remember that the slice of bologna feels normal forces from both the slices of bread!
    

    
      d. If a rope, wire, or cord is pulling on the object in question, you've found yourself a tension force. The direction of this force is in the same direction that the rope is pulling (you can’t push on a rope!). Don’t worry about what’s on the OTHER end of the rope – it’s just “tension”.
    

    
      e. Remember that Newton's 3rd Law, calling for “equal and opposite forces,” does not apply to a single object. Only include forces acting on the ONE object you have identified.
    

    
      f. Recall that scales (like a bathroom scale you weigh yourself on) read out the normal force acting on you, not your weight. If you are at rest on the scale, the normal force equals your weight. If you are accelerating up or down, the normal force had better be higher or lower than your weight, or you won’t have an unbalanced force to accelerate you.
    

    
      g. Never include “ma” as a force acting on an object. “ma” is the result for which the net force [image: F_{net}] is the cause.
    

    
      4. Identify which forces are in the [image: x-]direction, which are in the [image: y-]direction, and which are at an angle.
    

    
      a. If a force is upward, make it in the [image: y-]direction and give it a positive sign. If it is downward, make it in the [image: y-]direction and give it a negative sign.
    

    
      b. Same thing applies for right vs. left in the [image: x-]direction. Make rightward forces positive.
    

    
      5. “Fill in” to Newton’s second law:
    

    
      [image: & \quad \qquad \ \sum F_{\text{individual forces}}\qquad \ = ma. \ & \qquad \text{or} \ \ \sum F_{x-\text{direction forces}}\quad \ \ = ma_x \ & \qquad \qquad \nearrow \qquad \qquad \qquad \qquad \qquad \ \nwarrow \ & Add \ forces \ from \ diagram \qquad always \ ma \ on \ right \ side!]
    

    
      a. Remember that all the rightward forces add with a plus (+) sign, and that all the leftward forces add with a minus (–) sign.
    

    
      b. Now repeat, but for the [image: y-]forces and this will be equal to the mass multiplied by the acceleration in the [image: y-]direction.
    

    
      Solved Examples
    

    
      For Newton Law Problems, in addition to the ‘5-Step Process’, ALWAYS draw a Free-Body Diagram (FBD), before attempting to answer the question or solve the problem.
    

    
      Example 1: A 175-g bluebird slams into a window with a force of 190 N. What is the bird’s acceleration?
    

    
      [image: ]
    

    
      Question: [image: a = ? [m/s^2]]
    

    
      Given: [image: m = 175\ grams = 0.175\ kg]
    

    
      [image: {\;}\qquad \quad F = 19.0 \ N]
    

    
      Equation: [image: a = \frac{F_{net}}{m}]
    

    
      Plug n’ Chug: [image: a = \frac{F_{net}}{m} = \frac{19.0 \ N}{0.175 \ kg} = \frac{19.0 \frac{kg \cdot m}{s^2}}{0.175\ kg} = 109 \frac{m}{s^2}]
    

    
      Answer: [image: \boxed{\mathbf{109 \ m/s^2}}]
    

    
      Example 2: Calculate the acceleration of a rocket that has 500N of thrust force and a mass of 10kg.
    

    
      [image: ]
    

    
      Question: [image: a = ? [m/s^2]]
    

    
      Given: [image: m = 10\ kg]
    

    
      [image: {\;} \qquad \quad F_{\text{thrust}} = 500\ N]
    

    
      [image: {\;} \qquad \quad g = 10.0\ m/s^2]
    

    
      Equations: [image: \sum F_{\text{individual forces}} = ma]
    

    
      or, in this case, [image: \sum F_{y-\text{direction forces}} = ma_y]
    

    
      Plug n’ Chug: Use FBD to “fill in” Newton’s second law equation:
    

    
      [image: \sum F_{y-\text{direction forces}} &= ma_y \ F - Mg & = Ma \ 500N - 10\ kg(10\ m/s^2) & = 10kg (a) \ a & = 40\ m/s^2]
    

    
      Example 3: Calculate the force necessary to slide a 4.7-kg chair across a room at a constant speed if the coefficient of kinetic friction between the chair and the floor is 0.68.
    

    
      [image: ]
    

    
      Question: [image: F = ? [N]]
    

    
      Given: [image: m = 4.7\ kg]
    

    
      [image: {\;}\qquad \quad \mu_k = 0.68]
    

    
      [image: {\;} \qquad \quad g = 10.0\ m/s^2]
    

    
      Equations: [image: \sum F = ma]
    

    
      [image: {\;}\qquad \ \qquad \sum F_y = N - mg = 0, \text{so}\ N = mg]
    

    
      [image: {\;}\qquad \ \qquad \sum F_x = ma_x]
    

    
      [image: {\;}\qquad \ \qquad F_{\text{pull}} - f_k = 0 \ (\text{because the chair is moving at}\ constant \ speed,\ \text{so}\ a=0)]
    

    
      [image: {\;}\qquad \ \qquad F_{\text{pull}} = \mu_k N]
    

    
      Plug n’ Chug: The force necessary to move the chair at a constant speed is equal to the frictional force between the chair and the floor. However in order to calculate the frictional force you must first determine the normal force which is (in this case) equal to the weight (i.e. [image: F_g]) of the chair.
    

    
      [image: N & = mg = (4.7 \ kg)(10 \ m/s^2) = 47 \ N \ F_{\text{pull}} &= \mu_k \ N = (0.68)(47 \ N) = 32 \ N]
    

    
      Answer: [image: \boxed{\mathbf{32 \ N}}]
    

    
      Example 4: How much pressure does a 340-g Coke can exert on a table if the diameter of the can is 8.0 cm?
    

    
      [image: ]
    

    
      Question: [image: P = ? [Pa]]
    

    
      Given: [image: m = 340\ grams = 0.340\ kg]
    

    
      [image: {\;}\qquad \quad \text{diameter} = 8.0\ cm = 0.08\ m]
    

    
      [image: {\;}\qquad \quad g = 10\ m/s^2]
    

    
      Equations: [image: P = \frac{F}{A}] Area of a circle: [image: A = \pi \cdot r^2]
    

    
      Plug n’ Chug: [image: P = \frac{F}{A} = \frac{mg}{ \pi \cdot r^2} = \frac{(0.340 \ kg)\left (10 \frac{m}{s^2} \right )}{\pi \left (\frac{0.08 \ m}{2} \right )^2}= \left (\frac{3.4 \frac{kg \cdot m}{s^2}}{5.0 \times 10^{-3} m^2} \right ) = 680 \frac{N}{m^2} = 680 \ Pa]
    

    
      Answer: [image: \boxed{\mathbf{680 \ Pa}}]
    

    
      Newton’s Laws Problem Set
    

    
      	Is there a net force on a hammer when you hold it steady above the ground? If you let the hammer drop, what’s the net force on the hammer while it is falling to the ground?
      

      	If an object is moving at constant velocity or at rest, what is the minimum number of forces acting on it (other than zero)?
      

      	If an object is accelerating, what is the minimum number of forces acting on it?
      

      	You are standing on a bathroom scale. Can you reduce your weight by pulling up on your shoes? (Try it.) Explain.
      

      	When pulling a paper towel from a paper towel roll, why is a quick jerk more effective than a slow pull?
      

      	If you hang from the monkey bars with your arms completely vertical, what’s the force in each of your arms compared to your weight? Does that force increase, decrease, or remain constant if you reach over several bars with one arm, thus increasing the angle between your arms? Is it possible to hand with your arms completely horizontal? Why not? Explain in terms of force components; draw FBDs to support your argument.
      

      	You’re riding in a train moving at a constant velocity and you flip a coin. When it hits the floor, where does it land compared to where you dropped it? If instead the coin lands a meter away, what will you assume about the motion of the train? Explain using Newton’s law of inertia.
      

      	When hit from behind in a car crash, a passenger can suffer a neck injury called whiplash. Explain in terms of inertia how this occurs, and how headrests can prevent the injury.
      

      	A cheetah can outrun a gazelle in a short straight race, but the gazelle can escape with its life by zigzagging. The cheetah is more massive than the gazelle – explain how this strategy works.
      

      	If your hammer develops a loose head, you can tighten it by banging it on the ground. A little physics secret though – it’s better to bang the hammer head up rather than head down. Explain, using inertia.
      

      	A car moves down the road with a constant positive velocity. A negative force is applied. Explain how this could occur, and what happens to the speed of the car as a result.
      

      	During a rocket launch, the rocket’s acceleration increases greatly over time. Explain, using Newton’s Second Law. (Hint: most of the mass of a rocket on the launch pad is fuel).
      

      	Why does a sharp knife cut so much better than a dull one?
      

      	Go online and find out what is meant by saying a watch has “jeweled bearings”. What’s the purpose of those bearings, and why are they made of jewels?
      

      	As a sky diver free falls from a plane what happens to the force of air resistance acting on her? What happens to the NET force acting on her? Explain what is meant by “terminal velocity” and why it occurs, in terms of Newton’s second law.
      

      	A stone with a mass of 10 kg is sitting on the ground, not moving.
        
          	What is the weight of the stone?
          

          	What is the normal force acting on the stone?
          

        

      

      	For a boy who weighs 500 N on Earth what are his mass and weight on the moon (where [image: g = 1.6 \ m/s^2])?
      

      	The man is hanging from a rope wrapped around a pulley and attached to both of his shoulders. The pulley is fixed to the wall. The rope is designed to hold 500 N of weight; at higher tension, it will break. Let’s say he has a mass of 80 kg. Draw a free body diagram and explain (using Newton’s Laws) whether or not the rope will
        
          break.
        

        
          [image: ]
        

      

      	Now the man ties one end of the rope to the ground and is held up by the other. Does the rope break in this situation? What precisely is the difference between this problem and the one before?
        
          [image: ]
        

      

      	Draw arrows representing the forces acting on the cannonball as it flies through the air. Assume that air resistance is small compared to gravity, but not
        
          negligible.
        

        
          [image: ]
        

      

      	Draw free body diagrams (FBDs) for all of the following objects involved (in bold) and label all the forces appropriately. Make sure the lengths of the vectors in your FBDs are proportional to the strength of the force: smaller forces get shorter arrows!
        
          (a) A man stands in an elevator that is accelerating upward at [image: 2 \ m/s^2].
        

        
          (b) A boy is dragging a sled at a constant speed. The boy is pulling the sled with a rope at a [image: 30^\circ] angle.
        

        
          (c) The picture shown here is attached to the ceiling by three wires.
        

        
          [image: ]
        

        
          (d) A bowling ball rolls down a lane at a constant velocity.
        

        
          (e) A car accelerates down the road. There is friction [image: f] between the tires and the road.
        

      

      	Mary is trying to make her 70.0-kg St. Bernard to out the back door but the dog refuses to walk. The force of friction between the dog and the floor is 350 N, and Mary pushes horizontally.
        
          	Draw a FBD for the problem after she gets the dog going. Label all forces.
          

          	If Mary pushes with a force of 400 N, what will be the dog’s acceleration?
          

          	If her dog starts from rest, what will be her dog’s final velocity if Mary pushes with a force of 400 N for 3.8 s?
          

          	How hard must Mary push in order to move the dog with a constant speed? Explain your answer.
          

        

      

      	A crane is lowering a box of mass 50 kg with an acceleration of [image: 2.0 \ m/s^2].
        
          	Find the tension [image: F_T] in the cable.
          

          	If the crane lowers the box at a constant speed, what is the tension [image: F_T] in the cable?
          

        

      

      	A rocket of mass 10,000 kg is accelerating up from its launch pad. The rocket engines exert a vertical upward force of [image: 3 \times 10^5 \ N] on the rocket.
        
          	Calculate the weight of the rocket.
          

          	Draw a FBD for the rocket, labeling all forces.
          

          	Calculate the acceleration of the rocket (assuming the mass stays constant).
          

          	Calculate the height of the rocket after 12.6 s of acceleration, starting from rest.
          

          	In a REAL rocket, the mass decreases as fuel is burned. How would this affect the acceleration of the rocket? Explain briefly.
          

        

      

      	It’s a dirty little Menlo secret that every time the floors in Stent Hall are waxed, Mr. Colb likes to slide down the hallway in his socks. Mr. Colb weighs 950 N and the force of friction acting on him is 100 N.
        
          	Draw a FBD for Mr. Colb.
          

          	Calculate Mr. Colb’s acceleration down the hall.
          

          	Oh no! There’s an open door leading nowhere at the end of the second floor hallway! Mr. Colb is traveling at 2.8 m/s when he becomes a horizontally launched projectile and plummets to the ground below (don’t worry, he lands on a pile of backpacks and only his pride is injured). If the window is 3.7 m high, calculate how far from the base of the wall Mr. Colb lands.
          

        

      

      	A physics student weighing 500 N stands on a scale in an elevator and records the scale reading over time. The data are shown in the graph below. At time [image: t = 0], the elevator is at rest on the ground floor.
        
          [image: ]
        

        
          [image: ]
        

        
          	Draw a FBD for the person, labeling all forces.
          

          	What does the scale read when the elevator is at rest?
          

          	Calculate the acceleration of the person from 5-10 sec.
          

          	Calculate the acceleration of the person from 10-15 sec. Is the passenger at rest?
          

          	Calculate the acceleration of the person from 15-20 sec. In what direction is the passenger moving?
          

          	Is the elevator at rest at [image: t=25 \ s]. Justify your answer.
          

        

      

      	Nathan pulls his little brother in a wagon, using a rope inclined at [image: 30^\circ] above the horizontal. The wagon and brother have a total mass of 80 kg, the average coefficient of friction between the wagon wheels and the floor is 0.08, and Nathan pulls on the rope with a force of 100 N.
        
          [image: ]
        

        
          	Draw a force diagram for the wagon, labeling all forces.
          

          	Calculate the horizontal and vertical components of Nathan’s pull. Label them on your diagram (use dotted lines for components so as not to confuse them with other forces).
          

          	Calculate the normal force acting on the wagon. (HINT: It is NOT equal to the weight! Use your FBD above).
          

          	Calculate the force of friction on the wagon.
          

          	Calculate the horizontal acceleration of the wagon.
          

        

      

      	When the 20 kg box to the right is pulled with a force of 100 N, it just starts to move (i.e. the maximum value of static friction is overcome with a force of 100 N). What is the value of the coefficient of static friction, [image: \mu_S]?
        
          [image: ]
        

      

      	A different box, this time 5 kg in mass, is being pulled with a force of 20 N and is sliding with an acceleration of [image: 2 \ m/s^2]. Find the coefficient of kinetic friction,
        
          [image: \mu_K].
        

        
          [image: ]
        

      

      	Every day Fakir likes to spend about an hour meditating on his bed of nails. Fakir’s mass is 60 kg, his bed contains 2000 nails, and each nail point has a surface area of [image: 4 \ mm^2].
        
          	Calculate the total surface area of all the nail points, then convert that area into square meters.
          

          	Calculate the pressure exerted on Fakir by the nails. Compare this to your answer from the previous question.
          

        

      

      	Estimate the pressure in Pascals that you exert on the ground when you stand in your bare feet. Clearly state your assumptions.
      

      	A VW Bug hits a huge truck head-on. Each vehicle was initially going 50 MPH.
        
          	Which vehicle experiences the greater force?
          

          	Which experiences the greater acceleration? Explain briefly.
          

        

      

      	Is it possible for me to wave my hand and keep the rest of my body perfectly still? Why or why not?
      

      	How does a rocket accelerate in space, where there is nothing to ‘push off’ against?
      

    

    
      Answers (using [image: g = 10 \ m/s^2]):
    

    
      	Zero; weight of the hammer minus the air resistance.
      

      	2 forces
      

      	1 force
      

      	No
      

      	The towel’s inertia resists the acceleration
      

      	
        
          	100 N
          

          	100 N
          

        

      

      	50 kg; 80 N
      

      	The rope will not break because his weight of 800 N is distributed between the two ropes.
      

      	Yes, because his weight of 800 N is greater than what the rope can hold.
      

    

    
      	(b) [image: a = 0.71 \ m/s^2]
        
          (c) [image: v = 2.7 \ m/s]
        

        
          (d) 350 N
        

      

      	
        
          	400 N
          

          	500 N
          

        

      

      	
        
          	100,000 N
          

          	
            [image: 20 \ m/s^2]
          

        

      

      	(b) [image: -1.1 \ m/s^2]
        
          (c) 2.4 m
        

      

      	(b) 500 N
        
          (c) [image: 6 \ m/s^2]
        

        
          (d) 0
        

        
          (e) [image: -4 \ m/s^2]
        

      

      	(b) [image: F_x = 87 \ N, F_y = 50 \ N]
        
          (c) [image: N = 750 \ N]
        

        
          (d) [image: f = 60 \ N]
        

        
          (e) [image: 0.34 \ m/s^2]
        

      

      	0.5
      

      	0.2
      

      	
        
          	
            [image: 0.008 \ m^2]
          

          	75 kPa
          

        

      

    

    
      OPTIONAL PROBLEMS
    

    
      	The physics professor holds an eraser up against a wall by pushing it directly against the wall with a completely horizontal force of 20 N. The eraser has a mass of 0.5 kg. The wall has coefficients of friction [image: \mu_S = 0.8] and [image: \mu_K = 0.6].
        
          [image: ]
        

        
          	Draw a free body diagram for the eraser.
          

          	What is the normal force [image: F_N] acting on the eraser?
          

          	What is the maximum mass [image: m] the eraser could have and still not fall down?
          

          	What would happen if the wall and eraser were both frictionless?
          

        

      

      	A tug of war erupts between you and your sweetie. Assume your mass is 60 kg and the coefficient of friction between your feet and the ground is 0.5 (good shoes). Your sweetie’s mass is 85 kg and the coefficient of friction between his/her feet and the ground is 0.35 (socks). Who is going to win? Explain, making use of a calculation.
      

      	A stunt driver is approaching a cliff at very high speed. Sensors in his car have measured the acceleration and velocity of the car, as well as all forces acting on it, for various times. The driver’s motion can be broken down into the following steps:
        
          [image: ]
        

        
          Step 1: The driver, beginning at rest, accelerates his car on a horizontal road for ten seconds. Sensors show that there is a force in the direction of motion of 6000 N, but additional forces acting in the opposite direction with magnitude 1000 N. The mass of the car is 1250 kg.
        

        
          Step 2: Approaching the cliff, the driver takes his foot of the gas pedal (There is no further force in the direction of motion.) and brakes, increasing the force opposing motion from 1000 N to 2500 N. This continues for five seconds until he reaches the cliff.
        

        
          Step 3: The driver flies off the cliff, which is 44.1 m high, and begins projectile motion.
        

        
          (a) Ignoring air resistance, how long is the stunt driver in the air?
        

        
          (b) For Step 1:
        

        
          i. Draw a free body diagram, naming all the forces on the car.
        

        
          ii. Calculate the magnitude of the net force.
        

        
          iii. Find the change in velocity over the stated time period.
        

        
          iv. Make a graph of velocity in the [image: x-]direction vs. time over the stated time period.
        

        
          [image: ]
        

        
          v. Calculate the distance the driver covered in the stated time period. Do this by finding the area under the curve in your graph of (iv). Then, check your result by using the equations for kinematics.
        

        
          (c) Repeat (b) for Step 2.
        

        
          i. Draw a free body diagram, naming all the forces on the car.
        

        
          ii. Calculate the magnitude of the net force.
        

        
          iii. Find the change in velocity over the stated time period.
        

        
          iv. Make a graph of velocity in the [image: x-]direction vs. time over the stated time period.
        

        
          [image: ]
        

        
          v. Calculate the distance the driver covered in the stated time period. Do this by finding the area under the curve in your graph of (iv). Then, check your result by using the equations for kinematics.
        

        
          (d) Calculate the distance that the stunt driver should land from the bottom of the cliff.
        

      

      	The large box on the table is 30 kg and is connected via a rope and pulley to a smaller 10 kg box, which is hanging. The 10 kg mass is the highest mass you can hang without moving the box on the table. Find the coefficient of static friction [image: \mu_S].
        
          [image: ]
        

      

    

    
      Answers to Optional Problems:
    

    
      	(b) 20 N
        
          (c) 4.9 N
        

        
          (d) Eraser would slip down the wall
        

      

      	You will win because you have a slightly larger frictional force (300N compared to 297.5N)
      

      	(a) 3 seconds
        
          (d) 90 m
        

      

      	
        [image: \mu_s = \frac{1}{3}]
      

    

  
    
      Chapter 13: Basic Physics SE-Electrostatics
    

    
      [image: ]
    

    
      The Big Idea
    

    
      Conservation of charge is the fourth of the 5 conservation laws in physics. There are two charges, + and -, and the symmetry of the electric charge indicates that the total charge in the universe remains the same. In any closed system, charge can be transferred from one body to another but the amount of electric charge in the universe remains the same.
    

    
      Electromagnetism is associated with charge and is a fundamental force of nature like gravity. If charges are static (i.e. not moving) the electromagnetic force is the Coulomb electric force. In the same way that the gravitational force depends on mass, the Coulomb electric force depends on the property known as electric charge. Like gravity the Coulomb electric Force decreases with the square of the distance. The Coulomb electric force is responsible for many of the forces discussed previously: the normal force, contact forces, friction, and so on… all of these forces arise in the mutual attraction and repulsion of charged particles.
    

    
      The law determining the magnitude of the Coulomb electric force has the same form as the law of gravity. The electric constant is 20 orders of magnitude greater than the gravitational constant. That is why electricity normally dominates gravity at the atomic and molecular level. However, gravity will dominate in large bodies. The reason is that atoms and molecules have equal number of positive and negative charges and are therefore electrically neutral (thus the Coulomb electric force is canceled out).
    

    
      Key Equations
    

    
      	
        [image: q = Ne] ; the total charge of an object is always some integer [image: N] multiplied by the fundamental charge [image: e = 1.6 \times 10^{-19}\ C].
      

      	
        [image: F = \frac{kq_1q_2}{r^2}] ; the force exerted by two charges on one another depends on the amount of the charge, the distance between them, and a fundamental constant [image: k = 9 \times 10^9 Nm^2/C^2].
      

      	
        [image: F = qE] ; a charged object in an electric field feels a force.
      

      	
        [image: E = \frac{kq}{r^2}] ; the electric field produced by a charged object depends on the charge of the object and the distance to the object. through a changing electric potential.
      

      	
        [image: E = \frac{- \Delta V}{\Delta x}] ; the electric field depends on how quickly the electric potential varies over space; alternatively [image: \Delta V = - E \cdot \Delta x].
      

      	
        [image: V = \frac{kq}{r}] ; the electric potential produced by a charged object depends on the charge of the object and the distance to the object.
      

    

    
      Key Concepts
    

    
      	In any process, electric charge is conserved. The total electric charge of the universe does not change. Therefore, electric charge can only be transferred – not lost – from one body to another.
      

      	Electrons have negative charge and protons have positive charge. The magnitude of the charge is the same for both, [image: e = 1.6 \times 10^{-19}\ C].
      

      	Normally, electric charge is transferred when electrons leave the outer orbits of the atoms of one body (leaving it positively charged) and move to the surface of another body (causing the new surface to gain a negative net charge). In a plasma all electrons are stripped from the atoms, leaving positively charged ions and free electrons.
      

      	Similarly charged objects have a repulsive force between them. Oppositely charged objects have an attractive force between them.
      

      	The value of the electric field tells you the force that a charged object would feel if it entered this field. Electric field lines tell you the direction a positive charge would go if it were placed in the field.
      

      	Electric potential is measured in units of Volts [image: (V)] – thus electric potential is often referred to as “voltage.”
      

      	Positive charges move towards lower electric potential; negative charges move toward higher electric potential
      

    

    
      Key Applications
    

    
      	In problems that ask for excess negative or positive charge, remember that each electron has one unit of the fundamental charge [image: e].
      

      	To find the speed of a particle after it traverses a voltage difference, use the equation for the conservation of energy: [image: q \Delta V = \frac{1}{2}mv^2]
      

      	Force and electric field are vectors and thus have direction as well as their value.
      

      	Electric field lines point from high electric potential to low potential and are perpendicular to the electric potential line. Note that this agrees with the fact that electric field lines tell you the direction a positive charge would travel, since positive charges go from high potential (i.e. big voltage) to low potential (i.e. low voltage).
      

    

    
      Electricity Problem Set
    

    
      	After sliding your feet across the rug, you touch the sink faucet and get shocked. Explain what is happening.
      

      	What is the net charge of the universe? Of your toaster?
      

      	As you slide your feet along the carpet, you pick up a net charge of +4 mC. Which of the following is true?
        
          	You have an excess of [image: 2.5 \times 10^{16}] electrons
          

          	You have an excess of [image: 2.5 \times 10^{19}] electrons
          

          	You have an excess of [image: 2.5 \times 10^{16}] protons
          

          	You have an excess of [image: 2.5 \times 10^{19}] protons
          

        

      

      	You rub a glass rod with a piece of fur. If the rod now has a charge of [image:  -0.6 \ \mu C], how many electrons have been added to the rod?
        
          	
            [image: 3.75 \times 10^{18}]
          

          	
            [image: 3.75 \times 10^{12}]
          

          	6000
          

          	
            [image: 6.00 \times 10^{12}]
          

          	Not enough information
          

        

      

      	What is the direction of the electric field if an electron initially at rest begins to move in the North direction as a result of the field?
        
          	North
          

          	East
          

          	West
          

          	South
          

          	Not enough information
          

        

      

      	Two metal plates have gained excess electrons in differing amounts through the application of rabbit fur. The arrows indicate the direction of the electric field which has resulted. Three electric potential lines, labeled [image: A, B,] and [image: C] are shown. Order them from the greatest electric potential to the least.
        
          [image: ]
        

        
          	
            [image: A, B, C]
          

          	
            [image: C, B, A]
          

          	
            [image: B, A, C]
          

          	
            [image: B, C, A]
          

          	
            [image: A = B = C]... they’re all at the same potential
          

        

      

      	The diagram to the right shows a negatively charged electron. Order the electric potential lines from greatest to least.
        
          [image: ]
        

        
          	
            [image: A, B, C]
          

          	
            [image: C, B, A]
          

          	
            [image: B, A, C]
          

          	
            [image: B, C, A]
          

          	
            [image: A = B = C] ... they’re all at the same electric potential
          

        

      

      	The three arrows shown here represent the magnitudes of the electric field and the directions at the tail end of each arrow. Consider the distribution of charges which would lead to this arrangement of electric fields. Which of the following is most likely to be the case here?
        
          [image: ]
        

        
          	A positive charge is located at point [image: A]
          

          	A negative charge is located at point [image: B]
          

          	A positive charge is located at point [image: B] and a negative charge is located at point [image: C]
          

          	A positive charge is located at point [image: A] and a negative charge is located at point [image: C]
          

          	Both answers a) and b) are possible
          

        

      

      	Particles [image: A] and [image: B] are both positively charged. The arrows shown indicate the direction of the forces acting on them due to an applied electric field (not shown in the picture). For each, draw in the electric field lines that would best match the observed force.
        
          [image: ]
        

      

      	To the right are the electric potential lines for a certain arrangement of charges. Draw the direction of the electric field for all the black dots.
        
          [image: ]
        

      

      	A suspended pith ball possessing [image: +10 \ \mu C] of charge is placed 0.02 m away from a metal plate possessing [image: -6 \ \mu C] of charge.
        
          	Are these objects attracted or repulsed?
          

          	What is the force on the negatively charged object?
          

          	What is the force on the positively charged object?
          

        

      

      	Consider the hydrogen atom. Does the electron orbit the proton due to the force of gravity or the electric force? Calculate both forces and compare them. (You may need to look up what is inside the hydrogen atom to complete this problem.)
      

      	As a great magic trick, you will float your little sister in the air using the force of opposing electric charges. If your sister has 40 kg of mass and you wish to float her 0.5 m in the air, how much charge do you need to deposit both on her and on a metal plate directly below her? Assume an equal amount of charge on both the plate and your sister.
      

      	Copy the arrangement of charges below. Draw the electric field from the –2 C charge in one color and the electric field from the +2 C charge in a different color. Be sure to indicate the directions with arrows. Now take the individual electric field vectors, add them together, and draw the resultant vector. This is the electric field created by the two charges together.
        
          [image: ]
        

      

      	Miriam wants to recharge her dead 12-V car. If she sends 28,000 C of charge into the terminals,
        
          	how much electrical potential energy will the battery store?
          

          	If all this electrical PE was converted into heat energy, what mass of water at [image: 100^\circ C] could be boiled away into steam?
          

        

      

      	Let’s say a Van de Graff generator has [image: 1 \times 10^6] electrons on its dome, via the rubber belt inside. The dome of the generator is at a potential of 10 million volts.
        
          	How much energy is transferred when the charge jumps to ground?
          

          	If you had an equivalent amount of energy in the form of the kinetic energy of a moving 100-g bullet, how fast would the bullet be moving?
          

        

      

      	Sitting on his porch one sultry summer evening, Boris sips a mint julep and listens to the sound of the “bug zapper” killing mosquitoes. If two plates in a bug zapper are 6.0 cm apart and create an electric field of [image: 3 \times 10^6 \ V/m] between them, what is the potential difference across the plates?
      

      	A lightning bolt hits the Menlo swimming pool after passing through a potential difference of [image: 10^8 \ V]. If the lightning bolt vaporizes 1000 kg of water in that was originally at a temperature of [image: 20.0 ^\circ C],
        
          	How much energy did it transfer? (HINT: calculate the amount of heat required to raise temp of water and boil it)
          

          	If one assumes all of the lightning bolt energy was deposited in the water, how much charge was the lightning bolt carrying to supply that much energy across a potential of [image: 10^8 \ V]?
          

        

      

      	Collisions of electrons with the surface of your television set give rise to the images you see. How are the electrons accelerated to high speed? Consider the following: two metal plates (The right hand one has small holes allow electrons to pass through to the surface of the screen.), separated by 30 cm, have a uniform electric field between them of 400 N/C. Note that the arrows in the picture show the direction the electrons are going, the electric field is going the other way.
        
          [image: ]
        

        
          	Find the force on an electron located at a point midway between the plates
          

          	Find the voltage difference between the two plates
          

          	Find the speed of the electron just before striking the front plate (the screen of your TV)
          

          	Suppose your TV tube had a proton instead (it doesn’t - just pretend). Considering that the charge on a proton is equal and opposite to that on an electron, and the mass of the proton is [image: 1.67 \times 10-27 \ kg], how would your answers to a-c be different? Would the proton accelerate in the same direction as the electron? Would it still gain KE?
          

        

      

      	A proton traveling to the right moves in-between the two large plates. A vertical electric field, pointing upwards with magnitude 3.0 N/C, is produced by the plates.
        
          [image: ]
        

        
          	What is the direction of the force on the proton when between the plates?
          

          	Draw the electric field lines on the diagram.
          

          	If the electric field is 3.0 N/C, what is the acceleration and direction of the proton in the region of the plates?
          

          	Ignore the force of gravity (it is too small compared to electro force to be a factor) and sketch the path of the proton as it travels through the plates.
          

        

      

    

    
      Answers:
    

    
      	(b) 1350 N
        
          (c) 1350 N
        

      

      	
        [image: F_G = 1.0 \times 10^{-47}\ N] and [image: F_e = 2.3 \times 10^{-8}\ N].
        
          The electric force is 39 orders of magnitudes bigger.
        

      

      	
        [image: 1.0 \times 10^{-4}\ C]
      

    

    
      	
        
          	
            [image: 3.36 \times 10^5 \ J]
          

        

      

      	
        
          	
            [image: 1.6 \times 10^{-6}\ J]
          

          	0.0057 m/s
          

        

      

      	
        [image: 1.8 \times 10^5 \ V]
      

      	
        
          	
            [image: 620 \times 10^6 \ cal]
          

          	26 C
          

        

      

      	
        
          	
            [image: 6.4 \times 10^{-17}\ N]
          

          	120V
          

          	
            [image: 6.5 \times 10^6 \ m/s]
          

        

      

      	
        
          	down
          

          	Up
          

          	
            [image: 4.8 \times 10^{-19}\ N]
          

          	
            [image: 2.9 \times 10^8 \ m/s^2]
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