Year 13 Net-Based, Animated-Homework #3 - Simple Harmonic Motion
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Unless otherwise specified: acceleration due to gravity on Earth= 9.81 ms-2
acceleration due to gravity on Moon = 1/6th Earth gravity
Question #1:  Tarzan Swingin’
Tarzan, 81kg, swings from a 55m magically, mass-less vine.  The diagram to the right shows the forces of tension, weight and their sum as Tarzan passes through the middle of the swing.  Assume all of Tarzan's mass can be represented by the blue dot at the base of the vine, and the swing starts at 19.3m horizontally from the central position shown.

(a)  Draw the force vector diagram if Tarzan was at the right edge of the swing.
(b)  Calculate the period of Tarzan's motion.
(c)  Explain the 2 reasons that Tarzan's motion can be considered "simple harmonic motion".
(d)  List the locations where Tarzan's linear acceleration is maximum and zero, and list the locations where Tarzan's linear velocity is maximum and zero. 



TRY IT (Harrison)
(e)  Calculate Tarzan's angular frequency.
(f)  Explain how Tarzan would feel at either end of the swing and at the middle of the swing.
(g)  Calculate Tarzan's total energy (not including the gravitational potential energy at the base of the swing).
Check your work
 

Question #2:  Jumpin’ Jane
Jane decides to join in the fun by bungee-jumping.  Her mass is 64.2kg and she attaches her ankles to a 5.77m long bungee cord.  She knows (somehow) that her mass will stretch the bungee cord 3.43m if she were just to hang from it without bouncing.  
(a) Calculate the spring constant of the bungee cord.
Assuming no energy-loss in this bungee-motion, the animation to the right shows Jane descending to the bottom of the bungee and then travelling all the way back up to where she jumped.  Her motion then repeats again and again and again (up and down without ever stopping).



TRY IT (Amiri)
(b)  Carefully explain why this motion cannot be considered “simple harmonic motion”.

Later, Jane is dangling from the bungee cord (at equilibrium) and is pulled 2.48m below equilibrium by Tarzan trying to help her down.  Tarzan loses his grip on Jane and she starts to oscillate in SHM.

(c) What energy types are involved in this motion?  Explain the conversions between the types as Jane completes one complete cycle.
(d)  Calculate the period of her SHM motion.
(e)  Calculate the angular frequency of her SHM motion.
(f)  What will her maximum speed and acceleration be?  And when will these happen?
(g)  What will the maximum net force on Jane be and when will this happen?

(h)  Carefully explain in detail how she will feel at the top, middle and bottom of the bungee jump.
Question #3: Jungle Physics Lab
Tarzan and Jane are later in their jungle physics lab and start to investigate springs that Jane brought with her.  Luckily Tarzan has some old masses he found in a plane wreck.  Some have labels, some don't.
First they place a 250g mass on spring #1 and note that it stretches 25cm before settling into equilibrium.
(a)  Show that the spring constant for this spring (on earth) is 9.8Nm-1.
They stretch the mass 15cm below equilibrium and release.  Assume no energy is lost in this SHM.
(b)  Calculate the angular frequency of the 250g mass.
(c)  Calculate the maximum velocity and acceleration of the 250g mass.


TRY IT (Phet)
Jane has the magical ability to instantaneously transport their jungle physics lab to the moon (into a large air-tight, heated and air-filled room so they'd live).
(d)  Would the period of motion of the 250g mass change (compared to that of Earth's).  Include specific reasons.
(e)  Would the mass's maximum velocity and acceleration change (compared to that of Earth's). Include specific reasons.
Later Tarzan puts on two identical masses, each on an identical spring.  At t=0 he starts mass #1 oscillating from the bottom of the bounce while mass #2 is at the top its bounce.

(f)  Explain the phase difference of the two masses, and sketch the graph displacement vs time for both masses using the same set of axis.

Question #4:  Chewie the Chimp
Chewie the chimp has learnt physics from Tarzan and Jane.  He somehow knows how to solve SHM problems with reference circles and phasors (like the animation to the right uses).  Chewie steals some gear and one of Jane's springs to prove his intelligence (trying to impress a possible mate).  Back on Earth he attaches and then pushes a 580g mass upwards 7.5cm above equilibrium and releases it.  With a stopwatch he measures 14.5 cycles in 8.21 seconds.

(a)  Calculate the spring constant for Chewie's stolen spring.
(b)  What is the angular velocity of the dot circulating on the phasor that represents the above situation?



TRY IT (CKNg)

 

(c)  Sketch the displacement phasor and the displacement-time graph for one cycle. (assume t=0 represents the moment Chewie lets go of the mass). (include at least 3 numbers on the vertical axis and 2 numbers on the horizontal axis)
(d)  Sketch the velocity phasor and the velocity-time graph for the same cycle. (include at least 3 numbers on the vertical axis and 2 numbers on the horizontal axis)
(e) Sketch the acceleration phasor and acceleration-time graph for the same cycle. (include at least 3 numbers on the vertical axis and 2 numbers on the horizontal axis)
(f) Write the 3 equations that describe this specific case of SHM for displacement, velocity and acceleration.
(g)  What should Chewie remember for his calculator if he plans on solving anything with the equations from (f)?
(h)  Calculate the displacement, velocity and acceleration of the mass two-thirds of a cycle after it started.
(i)  Use a new reference circle diagram and calculate the time per cycle that the mass is within 5cm of equilibrium.
Question #5: Back to the Moon
When Jane instantaneously transports Tarzan and her palls to the moon, they actually are transported to a very large, heated, luxurious arboretum.   Tarzan gets bored playing with springs and finds a very long vine (180m) attached to the very high roof of the arboretum. He decides to go for a swing and starts at 14m horizontally left of equilibrium.
(a)  Calculate Tarzan's period of motion and his frequency.


TRY IT (Bauer)

(b)  Calculate Tarzan's angular frequency.
(c)  If Tarzan were to do the same motion with the same distances on the Earth, explain if things would be different.  Be specific with your reasons.

Jane grabs a stopwatch but only starts watching Tarzan's swing as he's 1/4th of the way through his first cycle.  Assume t=0 represents the time Jane starts the stopwatch and that the top of the reference circle represents the right edge of Tarzan's swing.
(d)  Sketch the 3 phasor arrows starting from the same point for his displacement, velocity and acceleration at from t = 0.  Also give the 3 associated equations for this situation.

(e)  Describe the phase difference between displacement, velocity and acceleration at any point in time.

(f)  Use a new phasor diagram to calculate the time in each cycle that Tarzan is more than 12m from equilibrium.
Tarzan gets bored again and starts to bounce on a trampoline.  Being Tarzan, he can’t contain his glee and joy.  He starts to jump so high that for some time he is not in contact with the trampoline.

(g)  Carefully explain why this situation is not considered SHM

 

Question #6: Jane’s Air Chamber
Jane decides to revise the types of SHM where energy is either lost or added.  1st she sets up a 3.70kg mass onto a spring with a spring constant of 16.0N/m that is displaced from equilibrium by – 5.00cm.  In a special pressurized air-chamber Jane increases the air pressure to the point that air friction is a factor to the mass's SHM.   
(a)  Calculate the mass's period and angular frequency.
(b)  Sketch the displacement vs time graph for the 1st 3 cycles.
(c)  Explain how the motion would change (and stay the same) if Jane were to further increase the air pressure inside the chamber.
(d)  What is the name of this type of SHM?
Tarzan sets up another type of SHM with 2 springs and a mass.  Each spring is attached to the mass in the middle of an almost frictionless table, and each spring is attached to the left and right ends of the same table.


TRY IT (Bauer)

WATCH IT (Takoma Bridge 0.7Mb)
WATCH IT (BBC Millennium Bridge 5min  part 2 12M & part 3 6Mb)
(e)  If Tarzan pushes and pulls the table at the right times the mass's motion changes.  Explain what type of SHM motion Tarzan is tying to produce.
(f)  What is the name of the timing of pushes and pulls that Tarzan must do to get the maximum amplitude of the mass's motion?
(g)  If the table lost its ability to be frictionless, and Tarzan got tired of shaking the table, what term would best explain the mass's motion?
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