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test gear.

How the Late Flying Legend Chuck Yeager Broke
the Sound Barrier

On October 14, 1947, a test pilot with the right stuff changed the future
of aviation forever. Here's how America's ace did it, in his own words.

// BY CHUCK YEAGER DEC 8, 2020
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Gen. Charles Edwood "Chuck" Yeager, the legendary American test pilot, passed away

on December 7, 2020 at age 97, his wife Victoria announced late Monday night. On
October 14, 1947, Yeager—a U.S. Air Force Captain at the time—flew the Bell X-1

experimental plane 45,000 feet over the Mojave Desert, becoming the first person on

Earth to travel faster than the speed of sound.

Though Yeager would go on to shatter several other speed and altitude records—
cementing his reputation as, arguably, America's greatest pilot—it was that historic
Mach 1 mark, announced in June 1948, that stands as Yeager's crowning achievement.
When Yeager broke the sound barrier, he rewrote the history of aviation and aerospace;
his "pioneering and innovative spirit advanced America's abilities in the sky and set our
nation's dreams soaring into the jet age and the space age," NASA Administrator Jim

Bridenstine said in a statement.

In November 1987, to mark the 40th anniversary of Yeager's signature accomplishment,
he retold the gripping story of how he broke the sound barrier in the pages of Popular
Mechanics, as only he could. To honor his life, Pop Mech is reprinting that story in its

entirety. May he rest in peace.

The joke was on me.

It was just after sunup on the morning of October 14, 1947, and as I walked into the
hangar at Muroc Army Air Base in the California high desert, the XS-1 team
presented me with a big raw carrot, a pair of glasses and a length of rope. The gifts
were a whimsical allusion to a disagreement I'd had the previous evening with a
horse. The horse won. I broke two ribs. And now, as iridescent fingers of sunlight
gripped the eastern mountain rims, we made ready to take a stab at cracking the

sound barrier—up until that point aviation's biggest hurdle.

¥ You love badass planes. So do we. Let's nerd out over them together.
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scale barely 5 minutes after the drop from our mother B-29, America entered the

second great age of aviation development.

READ THIS

How the B-29 Modernized the U.S. Air Force

We'd fly higher and faster in the XS-1 No. 1 in later months and years. Its sister ships
would acquit themselves ably as the newly formed U.S. Air Force continued to
"investigate the effects of higher Mach numbers.' And Edwards Air Force Base,
formerly known as Muroc Army Air Base, would witness remarkable strides in

supersonic and even transatmospheric flight.

ADVERTISEMENT - CONTINUE READING BELOW
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But with the XS-1, later shortened to X-1, we were flying through uncharted territory,
the "ugh-known' as we liked to call it. And as ominous as it seemed to us then, that

was the whole point.

America was at war with Germany and Japan in December 1943 when a conference
was called at the fledgling National Advisory Committee for Aeronautics (NACA,
NASA's forerunner) in Washington. The subject was how to provide aerospace
companies with better information on high-speed flight in order to improve aircraft
design. A full-scale, high-speed aircraft was proposed that would help investigate
compressability and control problems, powerplant issues and the effects of higher
Mach and Reynolds numbers. It was thought that a full-scale airplane with a trained
pilot at the controls would yield more accurate data than could be obtained in a wind
tunnel. And, following the English experience with early air-breathing jet propulsion,

the notion of using a conventional jet powerplant was advanced.

Discussions continued through 1944, but winning the war was first on everyone's
agenda. It wasn't until March of 1945, with the war drawing to a close, that the
project picked up momentum. Researchers concluded, however, that jet engines of

the period weren't powerful enough to achieve the required speeds.
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Rocket propulsion was explored—specifically, a turbo-pump-equipped rocket made by
Reaction Motors Inc. Delivering 6,000 pounds of thrust, the acid-aniline-fueled
engine was believed to be capable of boosting an airplane to the fringes of the known
performance envelope. Ultimately, the Reaction Motors turbo pump became stalled in
development, so another 4-chamber Reaction Motors engine, this one fueled by liquid
oxygen and diluted ethyl alcohol, was slated for installation. A pressure system using
nitrogen gas provided a basis for fuel delivery. This fallback meant the X-1 could carry

only half the fuel originally anticipated, but at least the project could move ahead.

With an engine in place, Larry Bell of Bell Aircraft Corp. and chief design engineer
Robert J. Woods could proceed on the design of the X-1. It was to be unlike any other
airplane designed up to that day.

FROM THE ARCHIVES

Will Rocket Planes Reach the Stars?

The Germans had experimented with rocket planes in the waning days of the war.
The ME-163, with its HWK 509C engine, was credited with a top speed of around
600 mph. (The ME-262, with two jet engines, was clocked at 527 mph.) But the Bell
X-1 would be far superior—with a clean, aerodynamic profile that whispered "power"

even while dormant on the tarmac.

The nose was shaped like a .50-cal. bullet, and its high-strength-aluminum fuselage
stood a mere 10.85 ft. high and 30.9 ft. long. Wingspan was 28 ft. and wing area was
130 sq. ft. Launch weight was 12,250 pounds. Landing configuration was close to
7000 pounds. Packed inside the X-1's diminutive frame were two steel propellant
tanks, 12 nitrogen spheres for fuel and cabin pressurization, three pressure

regulators, retractable landing gear, the wing carry-through structure, the Reaction
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Performance penalties, fuel limits and safety concerns dictated an air launch by a
specially modified B-29. (However, I did make a successful ground takeoff on Jan. 5,
1949.) The Army Air Technical Service awarded the contract for the XS-1 No. 1
(serial No. 46-062) to Bell on March 16, 1945, the first of six in the X-1 series. XS-1
No. 2 (serial No. 46-063) was later flight-tested by NACA and was modified to
become the X-1E Mach 2+ research plane. The X-1 No. 3 (serial No. 46-064) had a
turbo-pump-driven, low-pressure fuel-feed system. It was destroyed in an explosion
on the ground in 1951. The X-1A, X-1B and X-1D were also test-flown. The A and D

were also lost to propulsion system explosions.

You get the idea that designing, maintaining—and particularly flying-these research
tools was not without hazard. But despite the risks, the first X-1 flew like a dream. Its
smooth, precise flight characteristics defined the plane's personality. I remember
pulling three slow rolls on the first unpowered flight in midsummer 1947. And as we
embarked on the quest to explore aviation's potential, fear—albeit subsurface—

supplied a businesslike edge to the work.
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It lurked in the shadows of the psyche as the great B-29, piloted by Maj. Bob
Cardenas, lumbered into the crystalline California air with the X-1 clutched to its
underbelly. The bomber's gear would come up and the prospect loomed of having to
get into the driver's seat of the X-1 "in the usual fashion," as the unemotional post-
flight reports described it. It was the worst part of the whole ride—suited more for a

contortionist than a pilot.
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named Glamorous Glennis after my wife, who had happily suffered the standard
deprivations as an Army Air Corps wife. It was cold and windy as I made my way to
the small steel ladder mounted on slides that would descend to the X-1's cabin door.

I'd bounce on it a little and it would drop into position.

PM ILLUSTRATION BY FRED WOLFF

Then the fun would start. I'd place my right hand up inside the door and hold on
tight to the top of the frame-inches away from all that sky. Then I'd slide in feetfirst
with my left hand still holding the ladder behind my back. I'll never forget that bad
moment when I'd have to release my right hand and shift my weight from the ladder
to the plane. This was the moment—half in and half out—when I always figured the
X-1 would get inadvertently released (crack!) from the cable attachment point

overhead.

Once inside the plane, I'd have to bend around double to turn and slide into the
pilot's seat. But it wasn't over. I'd still have to contend with the parachute (as much
good as it would do in an emergency) and retrieve my helmet and oxygen mask from
behind the seat-I'd stuffed my helmet and oxygen mask behind the seat of the X-1

before takeoff, two less items to worry about.

When I'd settled, Ridley would lower the cabin door on a small cable and position it
over the doorframe. He'd push from the outside and I'd latch from the inside and
somehow, in the icy wind, with thinning oxygen and mounting anticipation, we'd get
the X-1 ready for flight.
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The drop itself was the next big obstacle, and like entering the bird, it's something
that I never really got used to. During preflight checks, I'd practice neutralizing the
controls and brace myself for the release. Cardenas would go through the
countdown, finishing with an emphatic "Drop!" The X-1 would float from the B-29
and I'd get launched right up to the cockpit overhead, caressing the canopy with my
helmet in the sudden swell of microgravity. My heart was in my mouth, stomach right
behind it.

ADVERTISEMENT - CONTINUE READING BELOW

The pilot's reports I wrote afterward were devoid of these sensations—as a
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"After pilot entry in the usual fashion at 7000 ft., the XS-1 was dropped from the
B-29 at 20,000 ft. and at 260 mph indicated airspeed. . . . Immediately after the
drop, all cylinders were started in rapid sequence, and with all four in operation
it was noted that No. 1 and No. 3 had 210-psi chamber pressure, No. 2 and No.
4 having 220 psi, with approximately 290-psi LOX and fuel line pressure. . . .
The climb was made at .85 to .88 Mach until 40,000 ft. was reached. .. ."

That flight, on October 10, signaled enormous progress in the X-1 program. We

thought it was only a matter of time before we'd push through the sound barrier.

What would it be like? A pebble in the road of aviation we had merely to step over?
Or an insurmountable Chinese Wall that would destroy the X-1-and me with it?
Naturally, thoughts at these moments turned to Glennis and my boys, who sacrificed
plenty out in the desert in those brightly lit days of the late 1940s. I wanted to fly,
wanted to take my shot at the speed of sound. And they were my own personal

cheering section.
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As I stood looking at my carrot, my glasses and my rope on the morning of October
14-broken ribs secretly knifing at my side-I thought that this just might be the day.
The eighth powered flight had gone exceedingly well. We had flown as fast or faster
than anyone ever had before. And it looked as though we only had to step over the

line to enter aviation's new age.

MORE BADASS PLANES

The B-52 Stratofortress

The F/A-18 Super Hornet

The C-130 Spitfire

The day of the ninth powered flight began in the usual way. I fried the eggs while
Glennis got ready to drive me over to the airfield. I'd had a bad night's sleep—from the
pain in my side, but also from the indecision about whether or not to fly the mission
incapacitated. Tossing and turning, I decided to make up my mind in the air. If it
became physically impossible to climb into the X-1, then I'd scrub the mission. If I

could get into the pilot's seat, I knew I could fly.
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As the team swarmed over the X-1, with cords from trouble lights dangling in the
early morning gloom, and tools, racks, ladders and other gear surrounding the little
ship, Ridley began the preflight coaching. "We got that Drene shampoo for the
windshield," he said, "so you shouldn't have any trouble with the windscreen frosting
over. Now remember, you play around with the stabilizer setting before you make
your high-speed run. We know you'll lose some elevator control, so find out where
you get the most longitudinal control with the stabilizer. Try it at different settings
and different speeds above .85 or .86 Mach."

Discussions continued over coffee. There was a heightened intensity, a new
determination, on the part of everyone involved. This was it. This was the day. Would

it end with another record shattered? Or with failure's grim finality?
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After the X-1 was fueled, I returned to the ready room with Ridley to don my flight
suit. Briefings continued, peppered by admonitions and warnings: "Under no

circumstances are you to . . .," "In the event of . . .," "You'd better be sureto . . . ."
Their whole point was to make sure I didn't take the X-1 over .96 Mach if I didn't

think the plane could handle it.

Fear crouched in the deep recesses of the mind—present, accounted for, but well
controlled. With the fueling and mating procedures completed, I walked back out to
the B-29 and stooped low to make a last-minute check of the X-1's instrumentation.
My helmet and oxygen mask were well secured behind the seat, I jogged to the
boarding ladder and started climbing. Then there was the long wait as the B-29's
engines fired, the big bird began its takeoff roll and lumbered up to the drop altitude.
I sat on a metal box inside the plane, ignoring my safety belt against the regulations.
At 5000 ft., I nudged Ridley and said, "Let's go."

We walked back to the bomb bay hatch and strode through. There was the little X-1,
dangling in all that wind and cold and thinning air. Every move was torturous at this
altitude. Getting into the X-1 on a good day was tiring enough. But I struggled
through, wangled the hatch closed with the help of a 10-in. piece of broomhandle I'd
fashioned for the purpose (because of the limits imposed by my broken ribs) and

continued checking the X-1's pressurization, fuel delivery and controls.
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Richard Frost, Bell project engineer, was flying low chase that morning, and Lt. Bob
Hoover was flying high chase well ahead of the B-29, both in Lockheed P-80s. In the
standard routine, Frost would pull into a slight climb as I lighted the first chamber,
aiming for Hoover's P-80 about 10 miles ahead. I would try to pass Hoover at
relatively close range as the fuel supply depleted, and he'd follow me down for an

unpowered landing on the lakebed.

Everything was set inside X-1 as Cardenas started the countdown. Frost assumed his
position and the mighty crack from the cable release hurled the X-1 into the abyss. I
fired chamber No. 4, then No. 2, then shut off No. 4 and fired No. 3, then shut off No.
2 and fired No. 1. The X-1 began racing toward the heavens, leaving the B-29 and the
P-80 far behind.

I then ignited chambers No. 2 and No. 4, and under a full 6,000 pounds of thrust, the
little rocket plane accelerated instantly, leaving a contrail of fire and exhaust. From
.83 Mach to .92 Mach, I was busily engaged testing stabilizer effectiveness. The
rudder and elevator lost their grip on the thinning air, but the stabilizer still proved
effective, even as speed increased to .95 Mach. At 35,000 ft., I shut down two of the

chambers and continued to climb on the remaining two.

We were really hauling! I was excited and pleased, but the flight report I later filed

maintained that outward cool:


https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

accelerate until an indication of .965 on the cockpit Machmeter was obtained.
At this indication, the meter momentarily stopped and then jumped up to 1.06,
and the hesitation was assumed to be caused by the effect of shock waves on the

static source."

I had flown at supersonic speeds for 18 seconds. There was no buffet, no jolt, no

shock. Above all, no brick wall to smash into. I was alive.

And although it was never entered in the pilot report, the casualness of invading a
piece of space no man had ever visited was best reflected in the radio chatter. I had to
tell somebody, anybody, that we'd busted straight through the sound barrier. But
transmissions were restricted. "Hey Ridley!" I called. "Make another note. There's

something wrong with this Machmeter. It's gone completely screwy!"

"If it is, we'll fix it," Ridley replied, catching my drift. "But personally, I think you're

seeing things."

Now Watch This:

Need to know the biggest scientific breakthroughs in our galaxy?

Get our newsletter for most fascinating space insights.

Enter your email address.



https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

MORE FROM

FLIGHT

Best Drones for Kids The Russian Wingship Future That
Never Took Flight

Pop Mech Pro

ADVERTISEMENT - CONTINUE READING BELOW

New York to Europe by Clipper: A Another Mysterious Jetpack Sighting
Historic Flicht Over LAX


https://www.popularmechanics.com/flight/drones/g33752310/best-drones-for-kids/
https://www.popularmechanics.com/flight/a34509550/the-russian-wingship-future-that-never-took-flight/
https://www.popularmechanics.com/flight/airlines/a34526537/yankee-clipper-history/
https://www.popularmechanics.com/flight/a34381781/jetpack-sighting-lax-los-angeles-airport/
https://www.popularmechanics.com/flight/airlines/a34096095/concorde-reveal-history/
https://www.popularmechanics.com/flight/a34129624/ugliest-plane-ever-m15-belphegor/
https://www.popularmechanics.com/flight/
https://www.flashtalking.com/consumer-privacy
https://statsf-tm.everesttech.net/stats/1/ct?cpKey=345wsUQS4pKI9gJYdqEj&mpKey=WpiBsmLP1kuFd09asZ9s&adKey=n3kTe8Pnrx6jewqwprpI&sessId=0470FC05995E5607.1&seller_id=187614&psId=mjQq4x2vr0LpTiPmne6B&sId=0&dur=0&date=&auth=&did=XWg3FwAAFYF4q_vR&didtype=EVEREST_COOKIE_ID&stch_id=XWg3FwAAFYF4q_vR&conn=unknown&env=site&bi=B09HIneqiz7NrahytrQ6GzrFkFqrYrVS0d_9VrVz1bbEvbXK4ro3x65QkyLC_wXEhuoXZ1r37ZIbjNqWL4roaaTaZxakXjNjH9jP06SBAqfWFBLNFD1vsrAqhM0YNdqBMRBFDSduXeSh6ckFAYg6pCSAOUnIIRakZQQET0VebfSBiKTznilI6sTC16UT20UsErHcWOyOyQEGZn5pz0pUvaBuDbni26JnO7k6chCYZWZGvw&PG=F&s=H4sIAAAAAAAAAAEwAc_-g6atLdeeYz0915IRmT8HGD2WdHxoBvqRrEy4dc7bbgHQj5xe42AXX88WErnimRWxi7JaEkdPvwyqIfMqNkD3k1xB6JIdC7wssBehBzFaW32iUoyRKhcmnlWwyIhg3F4cwka_zc1VFwsyfSssfZ-BGW2Zyg6SFVXxsTCx_-2dgaEycZW9IZjvi9rkWPY1yCbYugAYLxWWa4zp58iKmB2X0mqzyzutrSxpI80cL8i5PJj2k4q9MarsNRVByoVaARFRQe_4Wl0n7_Q9Hr1hO4HoMbHfKdiGDWIMunwaBJwPW9V9sQU3CLjYJO3qDMFxSqngWOFswBwdbfusrbbrK2rdNFmj_XS636kJlf3xsmwhdcD7pq7uoC9V5C5fLxzEAsxKx50cUPyrsHSfymCft4SsGxTbB5wwAQAA&redir=https://servedby.flashtalking.com/click/8/115749;4864157;3139316;210;0/?ft_impID=E6F9DF41-808A-E88F-D81E-1CF850E8AF82&gdpr=!!GDPR!&gdpr_pd=!!GDPR_PD!&us_privacy=!!US_PRIVACY!&g=4259BDADD28CC1&random=542053647&ft_width=300&ft_height=250&url=https://acrobat.adobe.com/us/en/free-trial-download.html?sdid=7RZ367W3&mv=display
https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

You, Too, Can Break the Sound Barrier Here It Is: The Ugliest Plane That Ever

Pop Mech Pro Lived

Guy Builds Foam F/A-18 With Real Jet Airbus Reveals New Hydrogen-Powered
Turbine Aircraft

Like Birds, Airliners Could Soon Fly in The Flying Wing of the Future

Formation Pop Mech Pro


https://www.popularmechanics.com/flight/airlines/a34096095/concorde-reveal-history/
https://www.popularmechanics.com/flight/a34129624/ugliest-plane-ever-m15-belphegor/
https://www.popularmechanics.com/flight/a34117437/watch-guy-build-foam-f-18-with-real-jet-turbine-engine/
https://www.popularmechanics.com/flight/airlines/a34100227/airbus-hydrogen-powered-aircraft-photos-designs/
https://www.popularmechanics.com/flight/airlines/a34054051/airliners-fly-in-formation-birds-airbus/
https://www.popularmechanics.com/flight/airlines/a33955602/flying-wing-of-the-future/
https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

FLIGHT ARE PILOTS —OR ROBOTS—THE FUTURE OF NAVAL AVIATION ? 10 UNSOLVED AVIATION MYSTERIES

HOW PLANE CRASH FORENSICS LEAD TO SAFER AVIATION AIR FRANCE 447 AND THE LIMITS OF AVIATION SAFETY

AIRBUS A380: INSIDE AVIATION’S NEW JUMBO TROUBLE (WITH VIDEO) THE BEST AIRCRAFT OF OSHKOSH AIR SHOW 2011

POPULAR
MECHANICS

f v » @ ©

Newsletter About Us

Media Kit Press Room

Contact Us Community Guidelines
Advertise Online Customer Service
Subscribe Other Hearst Subscriptions
Give a Gift Events & Promotions
Giveaways Being Green

BestProducts


https://www.googleadservices.com/pagead/aclk?sa=L&ai=CmW21MV_XX8XECpepmwSCqaeIAcDG8LNgqe3ljJUKtpAfEAEgu-OHJGDJlq-H3KPwEKABoYGoxgPIAQLgAgCoAwHIAwiqBIACT9DfBHbzIRoxPBVXOuzcZRpGL_dDlaSaPYZVr_E9b2HCE1hpaGedOspuy6mkynsA_1VTdDQQheal8sZG4ulaqdvOGQi4-yLjAeveyHVzUd5LkkpLu6y8f7taKCJuAjRCV3vmW0c9X3kG_5UdgOJcn79pzKUbiXcwtZUd_IK4XvNQOhDwNlxjWR3bod31MWQM-Q91ka0XOxsbGKg2kIGAdQVDwdpymY4qCnci7OQMlBWqeGPpIIeF5GB_gOluzUz-AuLwaHz3UL_3bh2CfbcKnHJ08gPouz7ENeoiQJuYzaWEhx1mJT8ZUCU049GPZBj7oBFWxAydRWYKtpuOsUfCjsAE4p_Lq7AC4AQBkAYBoAYCgAfH_tc5iAcBkAcCqAfVyRuoB_DZG6gH8tkbqAeUmLECqAel3xuoB47OG6gHk9gbqAe6BqgH7paxAqgHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BvYBwHSCAYIABACGA2xCRI0mvs_tf29gAoDmAsByAsBuAwB2BMM&ae=1&num=1&cid=CAMSeQClSFh3mmj2LDKVTBIOQrz5WmbQFuYZlimyL8wcvzJrIRdgARpaxP0vsmqe7_e7YG6JfXIGMyDQAHicTKNi4r4PzwiRhfyXDRUyku7DH1K5RGdM09D-5lme1iL0cnsWa8a_lCD462ngJ4qzPVZbPxCReTQUruKkWVI&sig=AOD64_2s2NOAH9ks-yipsUMOyKKSn-yuPg&client=ca-pub-1301581561755234&nx=CLICK_X&ny=CLICK_Y&nb=2&adurl=https://www.ridgewallet.com/pages/comparison%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D%26nbt%3Dnb%253Aadwords%253Ad%253A7873410166%253A81695789026%253A394633640573%26gclid%3DCjwKCAiAt9z-BRBCEiwA_bWv-NOlPrHLNlTJa0UP0zgDDnVcT1ba3wSyEiDsH-wSn934SPeCGuzH5BoC_bMQAvD_BwE
https://www.popularmechanics.com/flight/
https://www.popularmechanics.com/military/a7224/are-pilots-or-robots-the-future-of-naval-aviation/
https://www.popularmechanics.com/flight/g1460/10-unsolved-aviation-mysteries/
https://www.popularmechanics.com/flight/a4991/4338827/
https://www.popularmechanics.com/flight/a7813/air-france-447-and-the-limits-of-aviation-safety-10487501/
https://www.popularmechanics.com/flight/a982/4201627/
https://www.popularmechanics.com/flight/g606/best-aircraft-of-oshkosh-air-show-2011/
https://www.facebook.com/popularmechanics
https://twitter.com/PopMech
https://www.pinterest.com/popmech/?auto_follow=1
https://www.instagram.com/popularmechanics/
https://www.youtube.com/c/popularmechanics?sub_confirmation=1
https://www.popularmechanics.com/newsletter
https://www.popularmechanics.com/about/a45/about-us/
http://www.popularmechanicsmediakit.com/r5/home.asp
http://www.hearst.com/newsroom
https://www.popularmechanics.com/about/a2922/contact-us/
https://www.popularmechanics.com/about/a3024/community-guidelines/
https://www.popularmechanics.com/about/a3025/advertise-online/
http://www.service.popularmechanics.com/
https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=footer
http://subscribe.hearstmags.com/circulation/shared/index.html
https://subscribe.hearstmags.com/subscribe/splits/popularmechanics/pop_gift_nav_link?source=pop_gift_nav_footer
https://www.popularmechanics.com/promotions/
http://popularmechanics.hearstmobile.com/sweeps/
http://beinggreen.hearst.com/
https://www.bestproducts.com/tech/
https://www.popularmechanics.com/
https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

“‘Hearst Men's and
Enthusiast Media
Group - A Part of
Hearst Digital Media

A Part of Hearst Digital Media

Popular Mechanics participates in various affiliate marketing programs, which means we may get paid commissions on editorially chosen
products purchased through our links to retailer sites.

©2020 Hearst Magazine Media, Inc. All Rights Reserved.

Privacy Notice/Notice at Collection  Your California Privacy Rights  Interest-Based Ads = Terms of Use  Site Map

Do Not Sell My Personal Information



https://www.hearst.com/-/us-magazines-privacy-notice
https://www.hearst.com/-/us-magazines-privacy-notice#_ADDITIONAL_INFO
https://www.hearst.com/-/us-magazines-privacy-notice#_INTEREST_BASED
https://www.hearst.com/-/us-magazines-terms-of-use
https://www.popularmechanics.com/sitemap/
https://optout.hearstmags.com/servlet/OrdersGateway?cds_mag_code=A99&cds_page_id=246801&client_id=35hrtv401vr6kfniu4r980hkda
https://join.popularmechanics.com/pubs/HR/POP/POP1_Plans.jsp?cds_page_id=250088&cds_mag_code=POP&cds_tracking_code=journeyoverlayNPMPV2&mrefurl=%2Fflight%2Fa4396%2F1280546%2F

