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Lesson 8-4
1. Big Idea(s):
a. Big Idea 3:  The interactions of an object with other objects can be described by forces.
b. Big Idea 4:  Interactions between systems can result in changes in those systems.
2. Enduring Understanding(s):
a. A force exerted on an object can cause a torque on that object.
b. A net torque exerted on a system by other objects or systems will change the angular momentum of the system.
3. Essential Knowledge(s):
a. Only the force component perpendicular to the line connecting the axis of rotation and the point of application of the force results in a torque about that axis.
i. The lever arm is the perpendicular distance from the axis of rotation or revolution to the line of application of the force.
ii. The magnitude of the torque is the product of the magnitude of the lever arm and the magnitude of the force.
iii. The net torque on a balanced system is zero.
b. The presence of a net torque along any axis will cause a rigid system to change its rotational motion or an object to change its rotational motion about that axis.
i. Rotational motion can be described in terms of angular displacement, angular velocity, and angular acceleration about a fixed axis.
ii. Rotational motion of a point can be related to linear motion of the point using the distance of the point from the axis of rotation.
iii. The angular acceleration of an object or rigid system can be calculated from the net torque and the rotational inertia of the object or rigid system.
c. [bookmark: _GoBack]A torque exerted on an object can change the angular momentum of an object.
i. Angular momentum is a vector quantity, with its direction determined by a right-hand rule.
ii. The magnitude of angular momentum of a point object about an axis can be calculated by multiplying the perpendicular distance from the axis of rotation to the line of motion by the magnitude of linear momentum.
iii. The magnitude of angular momentum of an extended object can also be found by multiplying the rotational inertia by the angular velocity.
iv. The change in angular momentum of an object is given by the product of the average torque and the time the torque is exerted.
d. Torque, angular velocity, angular acceleration, and angular momentum are vectors and can be characterized as positive or negative depending upon whether they give rise to or correspond to counterclockwise or clockwise rotation with respect to an axis.
4. Learning Objective(s):
a. The student is able to use representations of the relationship between force and torque.
b. The student is able to compare the torques on an object caused by various forces.
c. The student is able to estimate the torque on an object caused by various forces in comparison to other situations.
d. The student is able to design an experiment and analyze data testing a question about torques in a balanced rigid system.
e. The student is able to calculate torques on a two-dimensional system in static equilibrium, by examining a representation or model (such as a diagram or physical construction).
f. The student is able to make predictions about the change in the angular velocity about an axis for an object when forces exerted on the object cause a torque about that axis.
g. The student is able to plan data collection and analysis strategies designed to test the relationship between a torque exerted on an object and the change in angular velocity of that object about an axis.
h. The student is able to predict the behavior of rotational collision situations by the same processes that are used to analyze linear collision situations using an analogy between impulse and change of linear momentum and angular impulse and change of angular momentum.
i. In an unfamiliar context or using representations beyond equations, the student is able to justify the selection of a mathematical routine to solve for the change in angular momentum of an object caused by torques exerted on the object.
j. The student is able to plan data collection and analysis strategies designed to test the relationship between torques exerted on an object and the change in angular momentum of that object.
k. The student is able to describe a representation and use it to analyze a situation in which several forces exerted on a rotating system of rigidly connected objects change the angular velocity and angular momentum of the system.
l. The student is able to plan data collection strategies designed to establish that torque, angular velocity, angular acceleration, and angular momentum can be predicted accurately when the variables are treated as being clockwise or counterclockwise with respect to a well-defined axis of rotation, and refine the research question based on the examination of data.
5. Read section 8-4 in your textbook.
6. Define lever arm (or moment arm).    		
7. Define torque.    		
8. Using the body data on page 197, determine how much work is needed to lift your backpack from a position where your arm is straight down to a position where your lower arm is horizontal.  Use your own height to determine the distance.
					
9. From #5 above, what is the force required to lift your backpack?
					


10. In lifting your backpack, your elbow is the pivot point and does not move during the lift.  Using the body data on page 197, determine how much torque is needed to lift your backpack from a position where your arm is horizontal.  
					
11. Design and solve a torque problem involving the amount of force your biceps must exert to lift your backpack.  Use information in Example 8-8 and the body data on page 197 to assist you.
Problem 
					
Solution
					
12. Now create and solve two problems involving torque that you are involved with on a regular basis.
Problem #1
					
Solution
					
Problem #2
					
Solution
					

13. This assignment may be typed or neatly printed.  Drawings may be freehand, but try to make use of the ‘Shapes’ or ‘Insert Clipart” functions of MS Word.  Also try to make use of the “Equations” function of MS Word.  If you submit this assignment electronically, the filename must be in the following format, “LastnameFirstinitialPerXReadActX-X”.  
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