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Gyro magic Mechanical MEMS
1. A mechanical gyroscope consists of a rapidly spinning rotor A MEMS gyroscope has micro-sized vibrating
mounted inside a set of pivoted frames called gimbals. structures, circuits, @d sensors b“i‘lt on a silicon
2. The gimbals allow the rotor to rotate freely about ‘Chlp' The core partis a tiny vibrating element,
. ; ; ; ) like a comb or mass, that moves back and forth.
perpendicular axes, isolating it from movements of its base. When the device rotates, Coriolis forces cause
3. Its operation is baﬁd ()Dn the conservation of angular the vibrating mass to deflect sideways. This
momentum, given by L=IoL=Iw, which keeps the spin axis deflection is detected by capacitive sensors as a
stable in space. Gimbal Rotor WTr"T a1 V\;g\/__ change in electrical signals. The onboard
4. According to Newton’s First Law, the spinning rotor resists st 4 circuits convert this signal into rotation data.

any change in its orientation unless acted on by an external

force.

— . o
5. When an external torque 77 is applied, the rotor’s axis shifts at

6.

7.

8.

9.

right angles to both the spin axis and torqueDdireé‘,tion —a
phenomenon called precession, with rate Q=7LQ=Lr.
This precession is predictable and depends on the rotor’s ?eer?é’o?“‘
moment of inertia, spin speed, and applied torque.
The high angular momentum gives the gyroscope strong
rigidity in space, maintaining a fixed orientation despite
platform motion.
This stability enables it to act as a dependable reference
direction in navigation systems.

In ships, aircraft, spacecraft, and precision instruments, it

helps determine heading and maintain balance.

MEMS gyros are compact , fit inside phones
and used in screen rotation and gaming.

Optical
An optical gyroscope has a laser source, beam
splitters, mirrors (or fiber loops), and

Mirror photodetectors. It works by sending light

beams in opposite directions around a closed

path, usually a ring or fiber coil. If the system
Laser beams rotates, the path lengths change slightly due
Source of to the Sagnac effect. This creates a

laser input measurable phase shift between the two

Nrar beams when they meet at the detector. The
amount of phase shift corresponds to the rate
of rotation. Since no physical parts spin, the

system is wear-free and highly precise.

GPS AND GYRO
GPS provides absolute position by satellite signals but updates slowly and fails indoors or in tunnels.

A gyroscope measures orientation and short-term motion changes instantly but drifts over time.. Combining both gives accurate time navigation:

Stabilization in Cameras and Drones

Gyroscopes help maintain Gyros detect shake and angular
direction in flight and sea. velocity in real-time. Data feeds into
Inertial navigation systems rely  motors that adjust lens or drone
on their stability. They resist position. Result: smoother videos and

external motion, holding true stable aerial footage. They’re the
orientation. Crucial for autopilot

secret behind perfect cinematic

and safe, accurate travel.

Motorbikes, Bicycles.
Spinning wheels act like gyroscopes

in motion. Their angular momentum

resists tilting and falling.
This helps two-wheelers stay upright

while moving. The faster they go, the
more stable they become.

motion.

bl e Testing Einstein’s Relativity with

IM Pegasi
(nks;%a] L Gyroscopes

_~Frame-dragging Precession *(:400,miles Gravity Probe B used ultra-precise

39 milliarcseconds/year . .
(0.000011 degrees/year) #l gyroscopes in Earth orbit. It tested
Einstein’s general relativity by measuring

tiny space-time warps. The gyros stayed

I x ’
oo i " / 2ol nearly fixed while Earth’s gravity curved

(0.0018 degrees/year)

space around them. Two effects—frame-
dragging and geodetic precession—were
detected as predicted. It confirmed that

massive bodies like Earth twist and bend

space-time.
Science world Thlc)e Smartphone Gyroscope Lab
# 1. NASA-ISRO NISAR Satellite Launched 1. Downloada free gyroscope sensor app

.. . (e.g., “Physics Toolbox Sensor Suite”).
The joint NISAR satellite launched on July 30, 2025

via India’s GSLV-F16 will deliver high-resolution,
all-weather Earth imagery. It aims to enhance climate

2. Open the app and locate the gyroscope or
rotation sensor section.
3. Hold your phone flat and slowly rotate it

monitoring and disaster management globally. left/right (yaw), up/down (pitch), and side
&8 2. Rare Interstellar Comet 31/ATLAS Spotted tilt (roll).
Astronomers discovered 3I/ATLAS on July 1-2, 2025 4. Observe the real-time angular velocity
—the third known comet entering our solar system readings on the screen.

5. Note how different axes respond to each
kind of motion.
6. Try spinning in place while holding the

from another star system. Its unusual trajectory and
size (potentially ~10 km across) offer a rare chance to
study interstellar material. Scientists are prepari
y . . preparng phone and record changes.
observations as it approaches the Sun.

® 3. Deep Biosphere Powered by Earthquakes

7. Place the phone in a toy car or rotate it on
a turntable to see automated movement

A China-led study reports that deep underground data.
ecosystems, home to up to 95% of Earth's 8. Record the angle of rotation in degrees
prokaryotes, are powered by energy from tectonic and time taken.
shifts and earthquakes. These findings suggest 9. Compare steady motion vs sudden jerks—
Earth's crust hosts vibrant microbial life previously see how gyros detect rapid shifts.

unknown. The ecosystems may constitute nearly R R e

I ity.
one-fifth of Earth’s total biomass. nventor or Unity.

11. Use the phone's gyroscope data to control
a digital balance beam.
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Role of Gyroscopes in Robotics
Gyroscopes help robots sense and maintain
their orientation during motion. They detect
rotational changes, allowing robots to balance
on uneven or moving surfaces.

In bipedal robots, gyros prevent tipping and
enable stable walking. They aid in smooth
turning, posture control, and coordination
with other sensors. Overall, gyroscopes are
key to agile, stable, and responsive robot

movement.
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Jargon buster
= Gyroscope @ O O ) Angular Velocity

— The rate at which an object

Range: +34.91 rad/s () @

rotates around an axis,
. measured in degrees or radians
0 '0’0 per second.
c— Precession
— The slow, circular shift in the

_ Total Angular
orientation of a spinning

Velocity 0.00 rad/s
object’s axis when an external
force is applied.
Torque
— A twisting force that causes
rotation; it's what changes a
gyroscope’s orientation.

B i) 10— Gimbal
— A pivoted support that allows
the rotation of an object (like a
gyroscope) on one or more
axes.
Drift
— The gradual deviation of a

oo gyroscope’s output over time

. due to internal errors or noise.

Best in the market

MPU-9250 9-Axis IMU Module

Combines a 3-axis gyroscope, 3-axis accelerometer, and
3-axis magnetometer.Enables better drift correction through
magnetic field orientation reference.Widely used in drones,
robotics, and hobby electronics projects.

From the research lab
— Researchers are

developing atomic interferometer-based gyroscopes that use quantum states of
atoms for unprecedented precision, enabling GPS-free navigation in submarines,

drones, and spacecraft. 2. -

Microelectromechanical systems (MEMS) gyroscopes now integrate machine

learning to reduce drift and noise, improving accuracy in consumer electronics (e.g.,

Man smartphones) and autonomous vehicles.3.

— Scientists are miniaturizing fiber-optic gyroscopes (FOGs) onto silicon

knowledgeinap age.com photonic chips, making them smaller, cheaper, and more energy-efficient for use in

robotics and aerospace.



