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9.7: Vector Nature of Rotational Kinematics

learning objectives

o Identify the direction of a vector using the Right Hand Rule

Angular momentum and angular velocity have both magnitude and direction and, therefore, are vector quantities. The direction of
these quantities is inherently difficult to track—a point on a rotating wheel is constantly rotating and changing direction. The axis
of rotation of a rotating wheel is the only place that has a fixed direction. The direction of angular momentum and velocity can be
determined along this axis.

Imagine the axis of rotation as a pole through the center of a wheel. The pole protrudes on both sides of the wheel and, depending
on which side you’re looking at, the wheel is turning either clockwise or counterclockwise. This dependency on perspective makes
determining the angle of rotation slightly more difficult. As with all physical quantities, there is a standard for measurement that
makes these types of quantities consistent. For angular quantities, the direction of the vector is determined using the Right Hand
Rule, illustrated in.
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The Right Hand Rule: Figure (a) shows a disk is rotating counterclockwise when viewed from above. Figure (b) shows the right-
hand rule. The direction of angular velocity o size and angular momentum L are defined to be the direction in which the thumb of
your right hand points when you curl your fingers in the direction of the disk’s rotation as shown.

The right hand rule can be used to find the direction of both the angular momentum and the angular velocity. From a spinning disc,
for example, let’s again imagine a pole through the center of the disc, at the axis of rotation. Using the right hand rule, your right
hand would be grasping the pole so that your four fingers (index, middle, ring, and pinky) are following the direction of rotation.
That is, an imaginary arrow from your wrist to your fingertips points in the same direction as the disc is rotating. In addition, your
thumb is pointing straight out in the axis, perpendicular to your other fingers (or parallel to the ‘pole’ at the axis of rotation). Using
this right hand rule, the direction of angular velocity o and angular momentum L are defined as the direction in which the thumb of
your right hand points when you curl your fingers in the direction of the disc’s rotation.

Gyroscopes

A gyroscope is a spinning wheel or disk in which the axle is free to assume any orientation.

learning objectives

o Compare the concept of a rotating wheel with a gyroscope

A gyroscope is a device for measuring or maintaining orientation based on the principles of angular momentum. Mechanically, a
gyroscope is a spinning wheel or disk in which the axle is free to assume any orientation. Although this orientation does not remain
fixed, it changes in response to an external torque much less and in a different direction than it would without the large angular
momentum associated with the disk’s high rate of spin and moment of inertia. The device’s orientation remains nearly fixed,
regardless of the mounting platform’s motion, because mounting the device in a gimbal minimizes external torque.

How It Works: Examples
Torque: Torque changes angular momentum as expressed by the equation,
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This equation means that the direction of AL is the same as the direction of the torque that creates it, as illustrated in. This direction
can be determined using the right hand rule, which says that the fingers on your hand curl towards the direction of rotation or force
exerted, and your thumb points towards the direction of angular momentum, torque, and angular velocity.
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Direction of Torque and Angular Momentum: In figure (a), the torque is perpendicular to the plane formed by r and F and is the
direction your right thumb would point to if you curled your fingers in the direction of F. Figure (b) shows that the direction of the
torque is the same as that of the angular momentum it produces.

Rotating wheel: Consider a bicycle wheel with handles attached to it, as in. With the wheel rotating as shown, its angular
momentum is to the woman’s left. Suppose the person holding the wheel tries to rotate it as in the figure. Her natural expectation is
that the wheel will rotate in the direction she pushes it, however, what happens is quite different. The forces exerted create a torque
that is horizontal toward the person, and this torque creates a change in angular momentum L in the same direction, perpendicular
to the original angular momentum L, thus changing the direction of L but not the magnitude of L. AL and L add, giving a new
angular momentum with direction that is inclined more toward the person than before. The axis of the wheel has thus moved
perpendicular to the forces exerted on it, instead of in the expected direction.
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Gyroscopic Effect: In figure (a), a person holding the spinning bike wheel lifts it with her right hand and pushes down with her left
hand in an attempt to rotate the wheel. This action creates a torque directly toward her. This torque causes a change in angular
momentum AL in exactly the same direction. Figure (b) shows a vector diagram depicting how AL and L add, producing a new
angular momentum pointing more toward the person. The wheel moves toward the person, perpendicular to the forces she exerts on
it.

Gyroscope: This same logic explains the behavior of gyroscopes (see ). There are two forces acting on a spinning gyroscope. The
torque produced is perpendicular to the angular momentum, thus the direction of the angular momentum is changed, but not its
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magnitude. The gyroscope precesses around a vertical axis, since the torque is always horizontal and perpendicular to L. If the

gyroscope is not spinning, it acquires angular momentum in the direction of the torque (L=AL), and it rotates around a horizontal
axis, falling over just as we would expect.

)
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Gyroscopes: As seen in figure (a), the forces on a spinning gyroscope are its weight and the supporting force from the stand. These
forces create a horizontal torque on the gyroscope, which create a change in angular momentum AL that is also horizontal. In figure
(b), AL and L add to produce a new angular momentum with the same magnitude, but different direction, so that the gyroscope
precesses in the direction shown instead of falling over.

Applications

Gyroscopes serve as rotational sensors. For this reason, applications of gyroscopes include inertial navigation systems where
magnetic compasses would not work (as in the Hubble telescope) or would not be precise enough (as in ICBMs). Another
application is the stabilization of flying vehicles, such as radio-controlled helicopters or unmanned aerial vehicles.

Key Points

o Angular velocity and angular momentum are vector quantities and have both magnitude and direction.

o The direction of angular velocity and angular momentum are perpendicular to the plane of rotation.

o Using the right hand rule, the direction of both angular velocity and angular momentum is defined as the direction in which the
thumb of your right hand points when you curl your fingers in the direction of rotation.

o Torque is perpendicular to the plane formed by r and F and is the direction your right thumb would point if you curled the
fingers of your right hand in the direction of F.

o The direction of the torque is thus the same as that of the angular momentum it produces.
e The gyroscope precesses around a vertical axis, since the torque is always horizontal and perpendicular to L. If the gyroscope is

not spinning, it acquires angular momentum in the direction of the torque, and it rotates about a horizontal axis, falling over just
as we would expect.

Key Items
o angular momentum: A vector quantity describing an object in circular motion; its magnitude is equal to the momentum of the
particle, and the direction is perpendicular to the plane of its circular motion.

o right hand rule: Direction of angular velocity & and angular momentum L in which the thumb of your right hand points when
you curl your fingers in the direction of rotation.

o angular velocity: A vector quantity describing an object in circular motion; its magnitude is equal to the speed of the particle
and the direction is perpendicular to the plane of its circular motion.

o gimbal: A device for suspending something, such as a ship’s compass, so that it will remain level when its support is tipped.
e torque: A rotational or twisting effect of a force; (SI unit newton-meter or Nm; imperial unit foot-pound or ft-1b)
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