wiring subs in parallel

wiring subs in parallel is a common practice in car audio and home theater systems to achieve the
desired impedance and power distribution. Properly wiring subwoofers in parallel allows for optimal
amplifier performance and maximizes sound quality. This article explores the technical aspects of
wiring subwoofers in parallel, including impedance considerations, benefits, potential risks, and step-
by-step wiring instructions. Understanding how to wire subs correctly in parallel ensures that users can
safely and efficiently enhance their audio systems. Additionally, this guide covers troubleshooting tips
and compares parallel wiring with other wiring configurations such as series and series-parallel. By the
end, readers will have a comprehensive understanding of wiring subs in parallel and how it impacts

overall system performance.
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Understanding Wiring Subs in Parallel

Wiring subs in parallel involves connecting the positive terminals of multiple subwoofers together and
the negative terminals together, creating a parallel electrical circuit. This method affects the overall
impedance load presented to the amplifier, which is a crucial factor in system design. Parallel wiring is
often chosen to achieve lower impedance values, allowing more current to flow from the amplifier and
resulting in increased power output. It is essential to understand the basics of parallel circuits and how

subwoofer impedance combines in such configurations to avoid damaging the audio equipment.

What is Parallel Wiring?

Parallel wiring is a circuit connection where multiple components share the same voltage across their
terminals but carry different currents based on their individual impedance. When subwoofers are wired
in parallel, the total impedance decreases according to the formula for parallel resistances. This

configuration contrasts with series wiring, where impedances add up, increasing the total load. Proper

parallel wiring ensures the amplifier sees the correct load and operates within safe limits.

How Impedance Works in Parallel Wiring

Each subwoofer has an impedance rating, typically measured in ohms ([l). When wiring subs in

parallel, the total impedance (Z_total) can be calculated using the formula:
1/Z total=1/Z 1+1/Z2+..+1/2Zn

For example, wiring two 4-ohm subwoofers in parallel results in a total impedance of 2 ohms.
Understanding this calculation is key to matching the amplifier’s capabilities and preventing damage

due to overly low impedance.



Impedance and Electrical Considerations

Impedance plays a critical role in wiring subs in parallel, as incorrect impedance loads can lead to
amplifier overheating or failure. Knowing how to calculate and manage impedance ensures system
stability and longevity. Electrical considerations also include wire gauge, power handling, and amplifier

compatibility, all of which must be addressed when wiring subs in parallel.

Calculating Total Impedance

Calculating the total impedance when wiring subs in parallel is essential for selecting the proper
amplifier and ensuring safe operation. The combined impedance decreases as more subs are added in
parallel, which can increase the current draw significantly. Using the impedance formula for parallel

circuits helps determine if the load is compatible with the amplifier’s rated impedance range.

Amplifier Compatibility

Most amplifiers specify a minimum impedance load they can handle safely. Wiring subs in parallel may
reduce the total impedance below this minimum threshold. It is crucial to match the subwoofer wiring
configuration to the amplifier’s specifications to avoid thermal shutdowns or permanent damage.

Amplifiers designed for low-impedance loads are better suited for parallel wiring setups.

Wire Gauge and Power Handling

When wiring subs in parallel, the current flowing through the wires increases as total impedance
decreases. Using an appropriate wire gauge is vital to prevent voltage drops and overheating. Thicker
wires with lower gauge numbers are recommended for parallel wiring configurations, especially when

handling high power levels.



Benefits of Wiring Subs in Parallel

Wiring subs in parallel offers several advantages, particularly in achieving lower impedance and
increasing power output. This section outlines the key benefits to help users understand why parallel

wiring is often preferred in high-performance audio systems.

Increased Power Output

By lowering the total impedance, wiring subs in parallel allows the amplifier to deliver more current and
power to the subwoofers. This results in louder, deeper bass response and improved overall sound
quality. The increased power output can significantly enhance the audio experience in both car and

home audio setups.

Flexibility in System Design

Parallel wiring provides flexibility when combining multiple subwoofers with different impedance ratings.
It allows designers to tailor the total load to match amplifier capabilities and desired performance
characteristics. This adaptability is beneficial for customizing and upgrading audio systems without

replacing existing components.

Improved Heat Dissipation

Lower impedance loads reduce strain on individual subwoofers, distributing the power more evenly
across the system. This can lead to improved heat dissipation and longer subwoofer lifespan, as no
single driver is overworked. Parallel wiring can thus contribute to more reliable and durable audio

setups.



Step-by-Step Guide to Wiring Subs in Parallel

Wiring subs in parallel requires careful attention to detail to ensure proper connections and system
safety. This step-by-step guide outlines the process for correctly wiring two or more subwoofers in

parallel.

Materials Needed

Before starting, gather the necessary materials:

e Subwoofers with matching or compatible impedance ratings
o Amplifier suitable for low-impedance loads

e Speaker wire with appropriate gauge

¢ Wire strippers and connectors

e Screwdriver or soldering equipment

Wiring Procedure

1. Turn off the amplifier and disconnect all power sources to ensure safety.
2. Strip the insulation off the ends of the speaker wires.

3. Connect the positive terminals of all subs together using speaker wire.



4. Connect the negative terminals of all subs together similarly.

5. Attach the combined positive wire to the amplifier’s positive output terminal.
6. Attach the combined negative wire to the amplifier’'s negative output terminal.
7. Double-check all connections for tightness and correct polarity.

8. Restore power and test the system at low volume before increasing to desired levels.

Common Mistakes and Troubleshooting

Errors during wiring subs in parallel can damage equipment or degrade sound quality. Recognizing

and avoiding common mistakes is essential for successful installation and performance.

Incorrect Polarity

Reversing positive and negative connections can cause phase cancellation, resulting in weak or

distorted bass. Always verify that all subwoofer terminals are wired with consistent polarity.

Using Incorrect Wire Gauge

Thin wires can overheat or cause voltage drops, reducing amplifier performance. Ensure the wire

gauge matches or exceeds the recommended size for the total current expected in the parallel circuit.



Overloading the Amplifier

Wiring too many subs in parallel can reduce impedance below the amplifier’s safe limit, causing

overheating or shutdowns. Calculate total impedance carefully and adhere to amplifier specifications.

Troubleshooting Tips

¢ Measure impedance with a multimeter to confirm wiring correctness.
¢ Check for loose or corroded connections.
o Listen for distortion or unusual noises that may indicate wiring issues.

¢ Test subs individually to isolate problems.

Comparing Parallel Wiring with Other Configurations

While wiring subs in parallel is popular, alternative wiring methods such as series and series-parallel
offer different impedance and performance characteristics. Understanding these differences helps in

selecting the best configuration for a given setup.

Series Wiring

In series wiring, subwoofers are connected end-to-end, adding their impedances. This increases total
impedance, reducing current draw and power output but often improving amplifier stability. Series

wiring is useful when a higher impedance load is needed to match amplifier constraints.



Series-Parallel Wiring

Combining series and parallel wiring can balance impedance and power distribution. This method is
commonly used in multi-subwoofer systems to achieve a target impedance while maintaining
manageable current levels. Series-parallel wiring offers design flexibility for complex audio

configurations.

Choosing the Right Wiring Method

The choice between parallel, series, and series-parallel wiring depends on the number of subs, their
impedance, amplifier capabilities, and desired sound characteristics. Evaluating system requirements

and consulting manufacturer specifications ensures optimal wiring decisions and system performance.

Frequently Asked Questions

What does wiring subs in parallel mean?

Wiring subs in parallel means connecting the positive terminals of all subwoofers together and all the
negative terminals together, allowing the amplifier to see the combined impedance of the subs as a

lower value.

Why would | wire subwoofers in parallel?

Wiring subwoofers in parallel is often done to achieve a lower total impedance, which can allow the

amplifier to deliver more power and produce louder bass output.

How do | calculate the total impedance when wiring subs in parallel?

To calculate total impedance in parallel wiring, use the formula 1/Rtotal = 1/R1 + 1/R2 + ... + 1/Rn,

where R1, R2, etc. are the impedances of each subwoofer.



Is it safe to wire multiple subwoofers in parallel?

It is safe only if the total impedance load matches the amplifier’s minimum impedance rating. Wiring

too many subs in parallel can reduce impedance too much and potentially damage the amplifier.

What happens if | wire subs in parallel and the impedance is too low
for my amplifier?

If the impedance is too low, the amplifier may overheat, go into protection mode, or get permanently

damaged due to excessive current draw.

Can | wire subwoofers with different impedances in parallel?

While possible, wiring subs with different impedances in parallel is not recommended as it can lead to

uneven power distribution and possible damage to the subs or amplifier.

How does wiring subwoofers in parallel affect the sound quality?

Wiring subs in parallel can increase power output and bass volume, but improper wiring or impedance

mismatch can cause distortion or damage, negatively affecting sound quality.

What tools do | need to wire subwoofers in parallel?

You will need speaker wire, wire strippers, a soldering iron or crimp connectors, a multimeter to check
impedance, and possibly a wiring diagram specific to your subwoofers.

Can | mix series and parallel wiring for subwoofers?

Yes, combining series and parallel wiring is common to achieve a desired impedance load that

matches your amplifier’s capabilities.



How many subwoofers can | safely wire in parallel to one amplifier
channel?

The number depends on the impedance of each subwoofer and the amplifier’s minimum impedance
rating. Always calculate the total impedance to ensure it does not drop below the amplifier’s safe

minimum.

Additional Resources

1. Mastering Parallel Wiring: A Comprehensive Guide to Subwoofer Setup

This book offers an in-depth look at wiring subwoofers in parallel, explaining the electrical principles
behind the process. It covers practical steps for achieving optimal sound quality and system
performance. Readers will find detailed diagrams and troubleshooting tips to ensure their setups are

both safe and effective.

2. Subwoofer Wiring Simplified: Parallel Connections Explained

Ideal for beginners, this book breaks down the complexities of parallel wiring in a straightforward
manner. It discusses the benefits and potential pitfalls of parallel configurations and provides easy-to-
follow instructions for various subwoofer models. The guide also includes tips on impedance matching

and amplifier compatibility.

3. Audio Engineering Essentials: Parallel Subwoofer Wiring Techniques
Focused on audio professionals and enthusiasts, this title delves into the technical aspects of parallel
wiring for subwoofers. It explores the impact of wiring schemes on sound reproduction and amplifier

load handling. The book also features case studies and practical examples to enhance understanding.

4. The Sound System Builder’s Handbook: Wiring Subs in Parallel
This handbook is a practical resource for DIY sound system builders looking to wire subwoofers in
parallel. It explains how to calculate total impedance and provides step-by-step wiring diagrams. Safety

considerations and common mistakes to avoid are also thoroughly discussed.



5. Parallel Wiring for Subwoofers: Theory and Practice

Combining theoretical foundations with hands-on advice, this book guides readers through the
electrical principles of parallel wiring and their application in subwoofer setups. It includes explanations
of current flow, voltage distribution, and how these affect speaker performance. The author also covers

amplifier matching and system optimization.

6. DIY Audio Projects: Wiring Subs in Parallel for Maximum Bass

A project-based book that encourages readers to build their own parallel-wired subwoofer systems. It
features step-by-step instructions, component recommendations, and tips for tuning the system to
achieve deep, powerful bass. The book is designed to be accessible for hobbyists with basic electrical

knowledge.

7. The Audio Technician’s Guide to Parallel Subwoofer Wiring
This guide targets audio technicians and installers who need reliable methods for wiring subwoofers in
parallel. It discusses industry standards, wiring best practices, and how to handle multiple subwoofers

efficiently. The book also addresses troubleshooting and maintenance for long-term system stability.

8. Understanding Speaker Impedance: Parallel Wiring for Subwoofer Arrays

Focusing on the electrical characteristics of speaker systems, this book explains how parallel wiring
affects impedance and overall system load. It provides mathematical formulas and practical examples
to help readers design balanced subwoofer arrays. The author also discusses how to prevent damage

to amplifiers and speakers.

9. High-Performance Audio Systems: Parallel Subwoofer Wiring Strategies

This advanced book explores strategies for integrating multiple subwoofers wired in parallel into high-
performance audio systems. It covers acoustic considerations, wiring configurations, and amplifier
matching to maximize sound quality. The book is ideal for audiophiles and professionals seeking to

optimize their sound setups.
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wiring subs in parallel: Car Audio For Dummies Doug Newcomb, 2008-02-11 Thinking about a
knockout audio system for your car? Not sure what you need, want, or can afford? Car Audio For
Dummies is a great place to find some answers! But wait — what if speakers that vibrate your
floorboards don’t turn you on? What if you're thinking more about hands-free phone access and a
DVD player to entertain the kids? Surprise! Car Audio For Dummies can give you a hand there, too.
Whether you want to feel as if your favorite band is performing right on top of your dashboard or
you want to keep the soccer team entertained on the way to the tournament, this friendly guide can
help. From planning your system and buying components to getting them installed and protecting
your investment, you’ll find plenty of wise advice. Get the scoop on: Figuring out what kind of
equipment you need to do what you want Identifying good sound quality when you hear it Adding
components to a factory system Choosing a video player, hands-free phone system, amplifiers,
speakers, and more Finding a reliable installer (today’s automotive electronics systems are so
complex that you probably won’t want to go it alone) Understanding warranties and returns
Protecting and insuring your system Car Audio For Dummies is sort of like that knowledgeable
friend you want to take along when you tackle a project like this. Sounds like a good idea, doesn’t it?

wiring subs in parallel: How to Design and Install In-Car Entertainment Systems
Jefferson Bryant, 2009 The Ultimate Guide to In Car Entertainment presents the entire spectrum of
audio/video, navigation, communication, and entertainment technology, and how the enthusiast can
create a complete custom system or an integrated stock/aftermarket system. It explains how to a
plan, select, integrate and install popular systems under a specific budget for a certain level of
performance. This includes design and installation considerations for audio and video, such as DVD
players, TV tunes, and video screens (in-dash, in-seat, overhead, rear truck, etc.) GPS navigation,
video game systems (PS3, X-Box 360, and more), iPod integration with head units, satellite radio,
digital audio broadcasting, car security and even computers (carputers). The book features how-to
installations, thorough explanations of professional only builds, descriptions of hook-ups, mechanical
upgrades, such as charging systems, and a comprehensive resource guide.

wiring subs in parallel: How to Install Automotive Mobile Electronic Systems Jason Syner,
2009

wiring subs in parallel: NFPA's Residential Wiring H. Brooke Stauffer, 2005 New from the
leaders in electrical safety. Get step-by-step advice for working in homes, and concentrate on cable
wiring methods used in over 90% of dwellings! NFPA teamed up with well-known electrical safety
expert H. Brooke Stauffer, NECA's Executive Director of Standards and Safety, to create this
essential primer for designing and installing house wiring. NFPA's Residential Wiring outlines the
steps and precautions needed to install power wiring, residential smoke detectors, and systems
covered in Article 800 of the NEC(R)--such as telephone, cable TV, and broadband. With easy-to-read
text and detailed illustrations, it addresses specific challenges room by room, including: AFCI
protection for bedrooms, small appliance branch circuits for kitchens and dining rooms, GFCI
protection for bathrooms and outdoor areas, finished and unfinished basements, HVAC equipment
including water heaters, laundry rooms, general living areas, pools, fountains, spas, hot tubs, and
more! The guide makes an excellent on-the-job source for beginning practicing electrical
professionals, plus it's the ideal text for classroom instruction.
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2015-08-31 Tips & Tricks in Interventional Cardiology is a concise collection of essential knowledge
concerning day to day procedures in cardiology. Comprised of fourteen chapters, the book
emphasises the reduction of morbidity and mortality in patients undergoing cardiovascular
intervention when strict protocol is followed. Enhanced by 156 full colour images and illustrations,
this is an invaluable resource for practitioners involved in interventional cardiology procedures.

wiring subs in parallel: Practical Interventional Cardiology Ever D. Grech, 2017-09-25 This
new and comprehensively revised third edition of Practical Interventional Cardiology, led by an
eminent UK Cardiologist and supported by contributing authors from around the world, discusses
the different interventional procedures by context and addresses current guidelines and ongoing
trials, including European experience with non-FDA approved devices. It represents an extended
practical reference for the Interventional Cardiologist, Fellows in training, catheter laboratory
Nursing and Technical staff as well as the non-invasive Cardiologist and General Physician. Rather
than providing detailed and exhaustive reviews - a criticism of many Interventional Cardiology texts
- the purpose of this book is to present practical information regarding Interventional procedures
and important topics in Cardiology. An emphasis on clarity, clinical relevance and up-to-date
information has been favoured as well as discussion of points of controversy so frequently
overlooked.

wiring subs in parallel: Soft Computing Applications Kanad Ray, Millie Pant, Anirban
Bandyopadhyay, 2018-03-29 This book provides a reference guide for researchers, scientists and
industrialists working in the area of soft computing, and highlights the latest advances in and
applications of soft computing techniques in multidisciplinary areas. Gathering papers presented at
the International Conference on Soft Computing: Theories and Applications (SoCTA 2016), which
was held in Jaipur, Rajasthan, India, on December 28-30, 2016, it focuses on applying soft
computing to solve real-life problems arising in various domains, from medical and healthcare to
supply chain management, image processing and cryptanalysis. The term soft computing represents
an umbrella term for computational techniques like fuzzy logic, neural networks and nature inspired
algorithms. In the past few decades, there has been an exponential rise in the application of soft
computing techniques to address complex and intricate problems in diverse spheres of life. The
versatility of these techniques has made them a favourite among scientists and researchers alike.

wiring subs in parallel: Specifications and Drawings of Patents Issued from the United States
Patent Office United States. Patent Office, 1904

wiring subs in parallel: Technical Manual United States. War Department, 1944

wiring subs in parallel: Official Gazette of the United States Patent and Trademark
Office United States. Patent and Trademark Office, 2001

wiring subs in parallel: BuDocks Technical Digest , 1949

wiring subs in parallel: Official Gazette of the United States Patent Office United States.
Patent Office, 1953

wiring subs in parallel: MPPEB Sub Engineer Civil Exam (Madhya Pradesh Vyapam) - 10 Full

Length Mock Tests (2000 Solved Objective Questions) with Free Access to Online Tests EduGorilla
Prep Experts, 2020-12-28 Madhya Pradesh Professional Examination Board (MPPEB) popularly

known as Vyapam is a professional examination board of Madhya Pradesh, India. The Madhya
Pradesh Professional Examination Board will recruit MP Vyapam Sub Engineer group 3 posts in
Civil, Mechanical, Electrical and other Engineering trades. There is a good opportunity to grab this
post for candidates to become Sub Engineer by clearing this exam. To hire the suitable contenders
the MP Vyapam will conduct different rounds as a process of selection. The applicants have to
undergo all stages successfully. The rounds are Online Test and Interview. There are approx 661
vacancies for the posts of Sub Engineer Civil.

wiring subs in parallel: Low Rider , 2004-04

wiring subs in parallel: Advances in Cryptology - CRYPTO 2013 Ran Canetti, Juan A. Garay,
2013-08-15 The two volume-set, LNCS 8042 and LNCS 8043, constitutes the refereed proceedings of
the 33rd Annual International Cryptology Conference, CRYPTO 2013, held in Santa Barbara, CA,



USA, in August 2013. The 61 revised full papers presented in LNCS 8042 and LNCS 8043 were
carefully reviewed and selected from numerous submissions. Two abstracts of the invited talks are
also included in the proceedings. The papers are organized in topical sections on lattices and FHE;
foundations of hardness; cryptanalysis; MPC - new directions; leakage resilience; symmetric
encryption and PRFs; key exchange; multi linear maps; ideal ciphers; implementation-oriented
protocols; number-theoretic hardness; MPC - foundations; codes and secret sharing; signatures and
authentication; quantum security; new primitives; and functional encryption.

wiring subs in parallel: Arun Deep’s Self-Help to ICSE Physics Class 10 : 2024-25
Edition (Based on Latest ICSE Syllabus) Amar Bhutani, 2024-02-28 “Self-Help to ICSE Physics
Class 10” has been meticulously crafted to cater to the specific needs of 10th-grade ICSE students.
This resource is designed to comprehensively guide students in preparing for exams effectively,
ensuring the attainment of higher grades. The primary goal of this book is to assist any ICSE student
in achieving the best possible grade by providing continuous support throughout the course and
offering valuable advice on revision and exam preparation. The material is presented in a clear and
concise format, featuring ample practice questions. Key Features: Chapter At a Glance: This section
provides necessary study material supported by definitions, facts, figures, flowcharts, etc. Solved
Questions: The condensed version is followed by solved questions and illustrative numericals along
with their answers/solutions. Answers to Textbook Questions: This book includes answers to
questions found in the Concise Physics Class 10 textbook. Previous Year Question Papers: It
incorporates questions and answers from previous year ICSE Board Question Papers.
Competency-based Questions: Special questions based on the pattern of Olympiads and other
competitions are included to expose students to various question formats. Experiments and Sample
Question Papers: The book is complete with experiments and two sample question papers based on
the exam pattern and syllabus. Latest ICSE Specimen Question Paper: At the end of the book, there
are the latest ICSE specimen question papers. In conclusion, “Self-Help to ICSE Physics for Class
10” provides all the necessary materials for examination success and will undoubtedly guide
students on the path to success.

wiring subs in parallel: Principles of Electrical, Electronics and Instrumentation
Engineering Gupta B.R., 2001 This book Principles of Electrical, Electronics, and Instrumentation
Engineering presents a comprehensive, intuitive, conceptual, and hand-on introduction with an
emphasis on creative problem-solving. The book is an attempt that has been made to keep each topic
very simple and self-explanatory.

wiring subs in parallel: Photovoltaic Power Generation Willeke Palz, 2012-12-06 Since
1977 the U.S. National Photovoltaic Program has actively supported the design, construction and
operation of a variety of photovoltaic power system applications classed as Intermediate size
systems and ranging in size from 15 kW to 1000 kW. To date fourteen systems have been built and
generally are operating as planned. One I00kW application project was terminated before the
completion of the project due to exhaustion of funds and too ambitious of a project. The fourteen
operating systems represented a total installed peak generating capacity of 1,164 kW and have
delivered nearly 2,000 MWH of energy. Under the U.S. National Program two additional
intermediate size photovoltaic power plants are under construction and are expected to become
operational during 1984. These two plants represent a total of 1,300 kW of peak generating capacity
and should deliver over 1800 MWH of energy per year. In addition the U.S. Photovoltaic Program
has committed most of the funding to support the design, procurement and construction of a 1000
kW photovoltaic plant. This .plant will be constructed and installed during the 1984-1985 period.
Current U. S. Program Plans do not anticipate funding any further Intermediate size photovoltaic
power plants. In parallel with the government program, the private sector has begun building and
installing Intermediate (and larger) size photovoltaic power systems. Over the past 21 months, the
private sector has installed four Intermediate size PV systems in the U.S.

wiring subs in parallel: Electrical - Solar Technician (Theory) Mr. Rohit Manglik,
2024-05-18 EduGorilla Publication is a trusted name in the education sector, committed to



empowering learners with high-quality study materials and resources. Specializing in competitive
exams and academic support, EduGorilla provides comprehensive and well-structured content
tailored to meet the needs of students across various streams and levels.

wiring subs in parallel: Multi-Core Cache Hierarchies Rajeev Balasubramonian, Norman P.
Jouppi, Naveen Muralimanohar, 2022-06-01 A key determinant of overall system performance and
power dissipation is the cache hierarchy since access to off-chip memory consumes many more
cycles and energy than on-chip accesses. In addition, multi-core processors are expected to place
ever higher bandwidth demands on the memory system. All these issues make it important to avoid
off-chip memory access by improving the efficiency of the on-chip cache. Future multi-core
processors will have many large cache banks connected by a network and shared by many cores.
Hence, many important problems must be solved: cache resources must be allocated across many
cores, data must be placed in cache banks that are near the accessing core, and the most important
data must be identified for retention. Finally, difficulties in scaling existing technologies require
adapting to and exploiting new technology constraints. The book attempts a synthesis of recent
cache research that has focused on innovations for multi-core processors. It is an excellent starting
point for early-stage graduate students, researchers, and practitioners who wish to understand the
landscape of recent cache research. The book is suitable as a reference for advanced computer
architecture classes as well as for experienced researchers and VLSI engineers. Table of Contents:
Basic Elements of Large Cache Design / Organizing Data in CMP Last Level Caches / Policies
Impacting Cache Hit Rates / Interconnection Networks within Large Caches / Technology /
Concluding Remarks
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seven common types of electrical wiring, each with its own set of advantages and drawbacks.
Whether you're a homeowner, a DIY enthusiast, or a professional

Wiring - Fine Homebuilding With advice from the master electricians who have contributed to
this comprehensive guide, you'll be able to approach any wiring project with confidence, whether it's
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The Ultimate Guide to Electrical Wiring Installation: Step-by-Step Learn how to install
electrical wiring with this comprehensive guide. Get step-by-step instructions and safety tips on
proper installation techniques
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