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FOREWORD

his book is for hunters and shooters keen to know more about

the behavior of bullets in flight. Until you know what a ects a

bullet, after all, you can’t control its path. A bullet is moving so
fast that air can’t easily get out of its way. Air imposes tremendous
pressure against the bullet’s nose and shank, and a vacuum behind the
heel. Pressure results in drag, which can amount to many times the
force of gravity. As drag overcomes inertia, the bullet slows down.
Meanwhile, gravity pushes it to earth. The slower the bullet goes, the
more time gravity has to work on it, and the steeper its arc. That’s why
a bullet scribes a parabolic course, not one shaped like a rainbow.
Wind puts on bends that curve right or left.

Here you’ll learn not only why bullets behave like they do but how to
aim so they go where you want them to. You’'ll shoot better at long
range, in wind, up and down hills and at moving targets. You'll find out
what makes some rifles kick harder than others and some loads shoot
more accurately than others. You'll get a short course on mirage—what
causes it, how to read it, and why bullets riding three o’clock mirage
may also rise, while mirage from the left commonly depresses the shot.
You'll get straight talk on bullet deflection in brush, and the ballistic
e ects of temperature and elevation.

Terminal bullet performance matters to hunters, often even more so
than accuracy and flat flight. This book sifts out the best loads for big
game and examines the trend toward lead-free bullets. It tells how
bullets are made and compares the most popular. There’s also a
concise treatise on powder manufacture. If you're a handloader, you’ll
appreciate knowing how the most popular propellants came to be, and
how to choose among them. The chapter on handloading technique is
your step-by-step guide to more e ective ammunition.



After four decades studying ballistics then testing what | learned on
the range and in the field, I'm still a student. Fortunately, you don’t need
a graduate degree in physics to understand exterior ballistics or to
accurately direct a bullet. I'd like to say all you need is this book. In
truth, you need trigger time, too.

—Wayne van Zwoll
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INTRODUCTION

describe things hurtling through air.

A basketball at rest in a corner of the gym is a lot like a bullet
in the chamber of a rifle. Neither is very interesting, because neither is
moving. Put the basketball in play or fire the rifle, and you set in motion
a raft of variables that comprise the study of ballistics. Acceleration,
deceleration, velocity, mass, energy, inertia, drag, profile, sectional
density and the tug of gravity—to name just a few—a ect the paths of
all objects hurled through our atmosphere, from rocks to rockets. The
name “ballistic missile” is oddly redundant, because every missile
becomes “ballistic” at launch. Every projectile has ballistic properties.

In this book, ballistics has to do with bullet behavior. Once it leaves
the muzzle, a bullet has only momentum to carry it (unlike a guided
missile, which gets both power and direction during flight). A firm grasp
of ballistics is a first step toward more e ective shooting. Ballistics is
really a three part discipline. Interior ballistics describes the turbulence
inside a rifle; primer ignition, gas production and pressure, bullet
release and acceleration. Exterior ballistics has to do with bullet flight—
velocity, energy and trajectory as the bullet moves from muzzle to
target. Terminal ballistics comes in after the strike; most commonly it's
a measure of bullet penetration and upset in a game animal or an
adversary.

Interior ballistics is mostly a laboratory science. Sophisticated
instruments measure high pressures over tiny slices of time. Charting
pressure curves, ballisticians assess performance and design
propellants and bullets for commercial loads. Though it represents a
small fraction of the eye-blink delay between striker fall and the bullet’s
impact 100 yards away, the launch has a profound e ect on bullet

f ; ure, there’s math. But ballistics is also intuitive. It's how we



trajectory and accuracy. Few shooters, though, are equipped to
measure interior ballistics or manipulate them based on what happens
before bullet exit. Riflemen have a much easier task with exterior
ballistics. You can clock a bullet with a chronograph to determine its
velocity. Plugging bullet speed and weight into a formula yields a
measure of its energy. Drop and drift are a snap to determine—simply
measure displacement at the target. By changing loads, you a ect both
interior and exterior ballistics, except for pressure signs on cartridge
cases, meaningful measures of bullet performance all come forward of
the muzzle.

Bullet velocity, energy, and trajectory have become standard items in
ballistics charts provided by makers of ammunition and ammunition
components. The properties of bullets in flight are relatively easy to
guantify, very easy to compare in charts. With them, you can assess
the practical reach of your rifle (as regards killing power, not accuracy)
and its most e cient zero range.

Understanding ballistics, you can wring the most reach, accuracy,
and power from your rifle.
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1. Hurling Things that Hurt

game and adversaries. Rocks predated spears, boomerangs,
arrows, darts, and bolts. All had limited range, because they
depended directly on the power of the human arm.

By some accounts, the bow dates back 15,000 years, to early
Oranian and Caspian cultures. It enabled the Persians to conquer the
civilized world. Around 5,000 B.C., Egypt managed to free itself from
Persian domination, at least in part because the Egyptians became
skilled in the use of bows and arrows.

By 1,000 B.C. Persian archers had adapted the bow for use by
horsemen. Short recurve bows, suitable for use while on horseback,
arrived as early as 480 B.C. The Turks are credited with launching
arrows half a mile in flight in contests with sinew—backed recurves.

Evidently it was the Greeks who first studied ballistics, around 300
B.C. Their inspiration was no doubt the development of better
armament. At that time, little was known about gravity and air
resistance, the two main forces impeding a projectile in flight. Later,
such bright lights as Isaac Newton, Leonardo da Vinci, Galileo, Francis
Bacon, and Leonard Euler would examine how these forces could be
measured and countered.

L ong before they had bullets, people used other projectiles to Kill



A hunter and his tracker scout for game atop a termite mound. Hunting is more than
shooting.

Early on, arrows helped people understand the principles of
ballistics. The arrow’s arc was visible, and during the Middle Ages its
role in battle can hardly be overstated. Years after gunpowder was
invented, archers determined who would be the victor and the
vanquished. At the Battle of Hastings in 1066, Normans drew their
English foes onto the field with a false retreat, then drove arrows en
masse toward the oncoming troops, inflicting heavy casualties to win
the day. Unlike the Turks, English archers preferred a one—piece bow.
It was called a longbow not for its tip-to-tip measure, but for the manner
of the archer’s draw, with an anchor point at the ear or cheek. Short
bows of the day were commonly drawn to the chest. The English
adopted the Viking and Norman tactic of hailing arrows into distant
troops. But they could be deadly up close, too. A charge toward well-
positioned archers resulted in huge casualties, even when the attackers
had armor. The armor wearied the advancing foot soldiers who wore it.
English bowmen aimed for the joints in the armor and for the exposed



head and neck of any man so foolish as to shed his helmet on a hot
day. They shot deliberately at horses during a cavalry assault, not only
to cripple and kill but to make the steeds unmanageable and spill their

riders.

By becoming proficient in the use of bows and arrows, ancient Egyptians were able to
free themselves from Persian domination.

Tower, Archers.  Canpan

Longbows usually spelled the di erence between victory or defeat during the middle
ages.



Modern arrows are colorful and accurate, uniform in weight and spine. But primitive
shafts from longbows and recurves shaped history!

In those days, English conscripts were required to practice with their
bows. Royal statutes dictated that anyone earning less than 100 pence
a year had to own a bow and arrows—which could at any time be
inspected! Poachers in Sherwood Forest (hung with their own
bowstrings if caught in the act) were o ered a pardon if they agreed to
serve the king as archers. Many did, and a contingent of these outlaws
won a spectacular victory at Halidon Hill in 1333. Their arrows killed
4,000 Scots in a conflict that left only 14 English dead. At Crecy (1346)
and Agincourt (1415), England’s archers vanquished the French army
with volleys of arrows.

The English longbow became an everyday tool. Specimens were not
embellished or displayed as were early firearms or swords. Bow wood
deteriorated with age and weather. Only a few examples remain:
unfinished staves in the Tower of London and a bow recovered in 1841
from the wreck of the Mary Rose, sunk in 1545. The “war” bow of
English legend averaged six feet in length with a flat back and curved
belly. Yew was the preferred wood, but English yew couldn’t match that
from Mediterranean countries for purity and straightness. Some of the
best bows derived from Spanish wood. After the longbow gained its
fearsome reputation, Spain forbade the growing of yew on the premise
that it might find its way to England and thence to battlefields in which
Spain might feel its sting. Desperate for staves, the English got around



the ban by requiring that some staves be included with every shipment
of Mediterranean wine!

An early version of the crossbow, a popular weapon during the 15th century.

According to Samuel Colt, Indians could “shoot their bows faster than you can fire a
revolver.”



In North America, bows varied regionally in shape and construction.
Generally, those with wide, flat limbs were fashioned from soft woods
like the yew preferred by Indians in the Pacific Northwest. Ash, hickory,
and other hardwoods in the East, and Osage orange in the Midwest,
provided the raw material for slender bows, rectangular in cross-
section. Some tribes added sinew to protect the back of the bow at its
extreme arch. Strips of horn occasionally found their way onto the
bellies of bows. Unlike sinew, horn has no virtually no stretch; but it
delivers resilience under compression.

Before horses became available on the plains, bows of Indians there
averaged nearly five feet from tip to tip, almost as long as bows used by
forest tribes east of the Mississippi. Mounted warriors soon switched to
bows around 40 inches long, like those favored by Northwest tribes.
Arrows favored by Eastern Indians were long and beautifully made, with
short feathers to clear the bow handle while the hunter was stalking.
Accuracy was of paramount importance because one shot was all that
could be expected. On the plains, where hunters rode alongside bison
and elk and shot several arrows quickly at short range, accuracy
mattered less. And arrows driven through bison seldom survived for a
second use. Fletching was long because the crude shafts needed
strong steering and because the feathers spend little time against the
bow handle before the shot. Raised nocks aided the “pinch” grip
preferred by horsemen under pressure to shoot quickly. Most big game
arrowheads were small, to penetrate, while arrows for smaller animals
had bigger heads.

The Plains Indian pushed the bow as much as he pulled the string.
This technique enabled him to shoot quickly and get lots of thrust from
a short but strong bow. He normally drew only to the chest, and well shy
of the arrowhead—a 24 inch arrow might be pulled 20 inches. That
draw stacked enough thrust to drive arrows through big animals.
Indians did not soon abandon their bows for muskets. In fact, the speed
with which repeat arrows could be launched kept the bow popular
among mounted warriors until Samuel Colt's Walker revolver came
along in 1839. “Bigfoot” Walker, the nineteenth century Texas Ranger
who helped Colt develop that 4-Ib handgun, respected the plains
Indian and his bow. “I have seen a great many men in my time spitted
with ‘dogwood switches’ ... [Indians] can shoot their arrows faster than
you can fire a revolver, and almost with the accuracy of a rifle at the
distance of fifty or sixty yards.”



Even in the East, the first flintlock muskets had little to o er red men
skilled with the bow. These guns were not only slow to load; they were
unwieldy and delivered poor accuracy—besides making a frightful
noise and spewing thick smoke that obscured the animal or adversary.

Powder and ball had to be bought or stolen, but arrows could be
fashioned in the field.



2. Gunpowder!

centuries before Roger Bacon, an English friar and philosopher,

described gunpowder in 1249. But those first compounds were
hardly reliable propellants. Also, the idea of bottling gas pressure from
burning powder and directing a projectile from a barrel had yet to be
explored. Not until the early fourteenth century would crude guns
appear in England, following experimental work on propulsion by
Berthold Schwarz. In 1327 Edward Il used guns as weapons during his
invasion of Scotland.

Early gunpowder comprised roughly 40 percent saltpeter, with equal
proportions of charcoal and sulfur. In 1338 French chemists changed
the composition to 50-25-25. The English later settled on a mix of 75
percent saltpeter, 15 percent charcoal and 10 percent sulfur. That
composition became established as black powder until the
development of guncotton in 1846.

Powder manufacture in the US antedated gun-building. A powder
mill in Milton, Mass., near Boston, was probably the first such facility.
By the beginning of the Revolution, enterprising colonists had
amassed, by manufacture or capture, 40 tons of black powder! Half
went to Cambridge, where it was wasted before George Washington
took charge of the Revolutionary Army. In short order, the Continental
Army had no powder at all'! New mills became a top priority, and by
war’s end American forces had stocks of powder totaling 1,000 tons.
By 1800 the new nation’s powder mills were producing 750 tons
annually.

I he explosive “Chinese snow” appeared in fireworks a couple of



Roger Bacon, friar and philosopher, wrote descriptions about gunpowder in the 13th
century, more than 400 years after its invention in China.

Igniting black powder was easy in open air, not so easy in a chamber
that bottled the expanding gas to launch a ball. The first guns,
developed in Europe a century and a half before Columbus sailed for
the New World, were heavy tubes that required two attendants. The
Swiss called these firearms culverins. The culveriner held the tube,
while his partner, the “gougat,” lit a priming charge with a smoldering
stick or rope. Culverins were clumsy and inaccurate and often misfired.
Still, the noise and smoke they generated could unnerve an enemy
armed with spears or pikes or even bows. Culverin muzzles were also
fitted with ax heads, to make them useful when ignition failed.
Eventually these firearms were modified so one soldier could load and
fire unassisted. Mechanical rests helped shooters steady the heavy
barrels. A forked brace adapted from fourteenth century artillery
supported the petronel, a hand cannon held against the breast for firing.
Forks could be made to support infantry guns or even used on the
saddle of a mounted soldier.



In the Revolutionary War, British troops were no match for the French-style flintlocks
favored by the Americans.

Stationary guns aimed at a wall or a mass of men could be fired
without regard to timing because gun and target had a fixed
relationship. But soldiers on the move could ill a ord to wait for a wick
to burn through to the charge. They needed a mechanism to cause
instant ignition. The first lock was a crude lever by which a long,
smoldering wick was lowered to the touch-hole in the barrel. This wick
was later replaced by a shorter wick or match that got help from a cord
kept smoldering atop the barrel. The shooter eased a serpentine
device, holding the match, onto the cord until the match caught fire.
Then he moved it to the side and lowered it to the touch-hole. A trigger
adapted from crossbows a orded more control.

A Spanish arquebus, one of the first matchlocks.



Guns with this crude mechanism became known as matchlocks. The
Spanish arquebus was one. Arquebusiers carried extra wicks
smoldering in perforated metal boxes on their belts. But no preparation
could ensure steady or reliable discharges. In 1636, during eight hours
of battle at Kuisyingen, one soldier managed only seven shots! At
Wittenmergen two years later the rate of fire doubled to seven shots in
four hours. Eliminating the wick became the priority of sixteenth century
German gun designers, who developed the “monk’s gun” with a
spring—loaded jaw that held a piece of pyrite (flint) against a serrated
bar. To fire, the shooter pulled a ring at the rear of the bar, scooting it
across the pyrite to produce sparks. The sparks fell in a pan containing
a trail of fine gunpowder that entered the barrel’'s touch-hole. This
design led to another, in Nuremberg, around 1515. The wheellock had
a spring-loaded sprocket wound with a spanner wrench and latched
under tension. Pulling the trigger released the wheel to spin against a
fixed shard of pyrite held by spring tension against the wheel’s teeth.
Sparks showered into the pan. Wheellocks were less a ected by wet
weather than were matchlocks. They also gave quicker ignition and
were faster to set.




White smoke from black powder: at ignition, a flintlock’s discharge can obscure the
target.

After lifting thumbing frizzen (left) and hammer, a shooter charges a flintlock pan and
touch-hole with powder. The frizzen is then lowered. The hammer’s flint strikes it,
sparks firing the powder.

In the Lock a la Miquelet, the roles of pyrite and steel were reversed.
Named after the Spanish miquelitos (marauders) operating in the
Pyrenees, this design appears to have Dutch origins. It would later be
modified to become what we Americans know as the flintlock. Guns of
this type have a spring—loaded cock that holds a piece of flint and
swings in an arc when released. At the end of its travel, the flint in the
jaws of the cock hits a pan cover or hammer, knocking it back to
expose the primed pan. Sparks shower into the pan, igniting a charge
of priming powder, which conducts flame through the touch-hole. The
cock eventually became known as a hammer, the hammer a frizzen.
Flintlocks were less expensive to build than were wheellocks and in
time proved more reliable.

The common weakness of matchlock, wheellock, and flintlock
mechanisms was exposed priming. It was vulnerable to moisture which
could quickly render the gun useless. A weak spark might fail to ignite
even dry priming. If it did ignite, flame might not reach the main charge,
yielding only a “flash in the pan.” Generating spark inside the gun
became possible early in the eighteenth century, with the discovery of
fulminates. Chemists found that fulminic acid (an isomer of cyanic acid)
produced shock sensitive salts. A sharp blow caused them to release
their energy immediately and more reliably than flint generated sparks.



In 1774 the chief physician to Louis XV wrote about the explosiveness
of mercury fulminate. Adding saltpeter to fulminates of mercury
produced a shock sensitive but stable explosive. Called “Howard’s
powder” after Englishman E. C. Howard who discovered it in 1799, this
compound may have figured into experiments by Scotch clergyman
Alexander John Forsythe. In 1806 Forsythe became the first on record
to ignite a spark in the chamber of a gun. Two years later the Swiss
gun maker Johannes Pauly designed a breech—loading percussion gun
that employed a cartridge with a paper percussion cap on its base. A
spring—loaded needle pierced the cap, detonating the fulminate. The
Lefauchex needle gun came later.

Clearly a landmark development, the advent of internal combustion
drew enormous interest from military and civilian circles. New
ammunition and guns to fire it were developed simultaneously by
legions of inventors. In 1818 Joseph Manton, an Englishman, built a
gun with a spring—loaded catch that held a tiny tube of fulminate
against the side of the barrel over the touch-hole. The hammer crushed
the fulminate, and breech pressure blew the tube o to the side. The
Merrill gun, 14,500 of which were bought by the British government,
featured this mechanism. In 1821 the London firm of Westley Richards
designed a percussion gun that used fulminate primers in a flintlock—
style pan. The pan cover, forced open by the falling hammer, exposed
a cup of fulminate. The hammer’s sharp nose pierced it. Two years
later American physician Dr. Samuel Guthrie found a way to make a
much more convenient fulminate pellet.

Though many inventors have claimed credit for the percussion cap,
its development is most commonly attributed to sea captain Joshua
Shaw of Philadelphia. In 1814 Shaw was denied a patent for a steel
cap because he was British-born and yet to become an American
citizen. He persevered with a disposable pewter cap then one made of
copper. The hollow nipple appeared soon. It provided a tunnel that
caught sparks at their origin and funneled them to the chamber. In
1822 Shaw patented his own lock. Twenty-four years later, Congress
awarded the 70-year-old inventor an honorarium for his work.

Between 1812 and 1825 the US patent o ce issued 72 patents for
percussion caps. Only a few proved out. Some caps fragmented,
splattering the shooter. Others had so little priming mixture they failed
to ignite the main charge—or so much they started the ball before the
burning powder could build pressure. To throttle primer blast, an



Englishman named Nock designed an antechamber perpendicular to
the bore and behind the chamber. Powder burning there ignited the
main charge through a short tunnel.

Oddly enough, percussion rifles were slow to gain acceptance. In the
early nineteenth century, chemistry was still viewed with suspicion by
the masses, and fulminates were chemicals. Also, some early caps
produced erratic results. Governments resisted replacing pyrite.
Flintlocks, after all, had been refined mechanically and esthetically.
Besides, percussion guns were rumored to kick harder while delivering
a weaker blow downrange. Even Britain’s Colonel Hawker, a firearms
authority, throttled his praise of percussion ignition: “For killing single
shots at wildfowl! rapidly flying, and particularly by night, there is not a
guestion in favor of the detonating system, as its trifling inferiority to the
flint gun is tenfold repaid by the wonderful accuracy it gives in so readily
obeying the eye. But in firing a heavy charge among a large flock of
birds the flint has the decided advantage.”

Eventually percussion caps would win over the doubters. Meanwhile,
firearms were changing in other ways. The Pilgrims had landed with
unwieldy smoothbores, typically 6 foot long .75-caliber flintlocks.
Though the superior accuracy of rifled bores was well known by that
time (rifle matches had been held as early as 1498 in Leipzig,
Germany, and 1504 in Zurich, Switzerland), rifled barrels were
expensive and slow to load. But in the New World, battles between
settlers and Indians did not follow the traditional European pattern.
There was no wall of uniforms, squarely presented as a collective
target. The enemy was commonly a single antagonist, partly hidden
behind vegetation. Accuracy mattered to soldiers and hunters alike.
Then too, the huge lead balls used in British muskets constituted a
waste of valuable lead. For these reasons, Americans came to favor the
French-style flintlock popular in Europe at the beginning of the
eighteenth century. From it evolved the jaeger (hunter) rifle. The typical
jaeger had a 24 to 30 inch barrel of .65 to .70-caliber, with seven to
nine deep, slow-twist grooves. Most wore a rectangular patch box on a
stock with a wide, flat butt. Double set triggers were common. To
conserve lead, frontier gunsmiths started making jaegers with .50-,
45—, even .40-caliber bores. (A pound of lead will yield 70 .40-caliber
balls, but only 15 of .70 inch diameter.) They lengthened the barrel,
replaced the jaeger’s sliding patch box cover with a hinged lid and
trimmed the stock, giving it a “crescent” butt to fit comfortably against



the shooter’s upper arm. The result became known as the Kentucky
rifle, though most of the changes were wrought in Pennsylvania by
riflesmiths of German extraction.

The jaeger’s rifled bore made it much more accurate than the Brown
Bess musket British troops brought to the Revolutionary War. To speed
loading, Americans learned early on to swath undersize balls in
greased patches that took the rifling. Strangely, the crack Jaeger
troops against whom they also fought, still loaded their rifles with tight—
fitting balls. The colonists beat the Jaegers almost as handily as they
defeated British regulars. The patched ball soon emerged as a
standard for hunters, who appreciated the cleaning action of the patch
and its protection of the bore against leading.



3. Rifles for a Frontier

River, Eliphalet (“Lite”) Remington pumped the bellows. When the

rod he had chosen for the barrel of his first rifle glowed red, he
hammered it until it was half an inch square in cross-section. Then he
wound it around an iron mandrel, heated it again until it was white-hot
and sprinkled it with Borax and sand. He held one end with his tongs
and pounded the other on the stone floor to seat the near—molten coils.
After it cooled, Lite checked it for straightness and hammered out the
curves. Then he ground and filed eight flats on the .45-caliber tube,
because octagonal barrels were popular. Lite traveled to Utica to pay a
gunsmith four double reales (about $1 in country currency, when $200
a year was a living wage) to rifle the .45—caliber bore. That took two
days. Returning home, Remington bored a touch-hole and forged a
breech plug and the lock parts. He shaped them with a file, then brazed
the priming pan to the lock plate. He used uric acid and iron oxide, a
preservative known as hazel brown, to finish the steel. Lite fashioned
the walnut stock from scratch with draw-knife and chisel. He smoothed
it with sandstone and sealed it with bees-wax. Hand—-made screws and
pins joined the parts.

The year was 1816. Lite Remington promptly took his new rifle to a
local shooting match. He placed second. So impressed was the match
winner that he asked if Lite would build a rifle for him. Lite agreed to
deliver one in 10 days for $10.

As the US frontier edged south and west, hunters found their needs
changing. Grizzly bears and bison didn’t fall to the light charges fired
from svelte Kentucky rifles. Neither were long barrels and fragile stocks
ideal for hunting on horseback. While Daniel Boone was probing the
Cumberlands in the late 1700s, gun makers began re-configuring the
Kentucky rifle. They made it sturdier and gave it iron hardware and a

I n his father’s forge on Staley Creek, four miles from the Mohawk



bigger bore. The result: the “mountain” or “Tennessee” rifle. During this
transition in rifle design, General W. H. Ashley, head of the Rocky
Mountain Fur Company, promoted the rendezvous as a way to collect
furs from trappers in the West. Tons of pelts funneled from frontier
outposts to St. Louis. Among the many Easterners seeking fortunes in
Missouri, then gateway to the West, was gunsmith Jacob Hawkins. In
1822 his brother Samuel closed a gun shop in Xenia, Ohio to join Jake.
The two changed their name to the original Dutch “Hawken” and
started building rifles.

The Hawkens rifle was the plains rifle of choice in the 1800s.

The flint lock comprises a frizzen (here open), a pan, and a hammer holding flint. The
percussion lock, more reliable, employs a primed copper cap on a short tube. A
hammer blow ignites the cap.

As Youmans in North Carolina had become a pre-eminent maker of
Tennessee rifles, the Hawken brothers would define the plains rifle. It
borrowed from Youmans’ design but had a shorter, heavier barrel for
horseback carry and to accommodate bigger powder charges. The full
length stock was replaced by a half-stock, typically maple with two. The
traditional patch box was often omitted. Until 1840, the standard firing
mechanism was a flintlock, sometimes purchased, more often
fabricated in house. The Hawkens used Ashmore locks as well as their
own, and typically installed double-set triggers. A typical Hawken



weighed just under 10 Ibs, with a 38 inch, .50—caliber octagonal barrel
made of soft iron with a slow rifling twist. Hawken barrels were less
susceptible to fouling problems than the hard, quick twist barrels
common to “more advanced” English rifles of the day. They retained
traces of bullet lube and delivered better accuracy with patched round
balls. Other makers—notably Henry Lehman, James Henry, George
Tryon—produced plains rifles that looked like (and in some cases were
patterned after) Hawkens.

Hunters with Hawken rifles reported kills at 200 to 300 yards, long
shooting in those days. Charge weights typically ran 150 to 215 grains.
Bore size increased as lead became easier to get and bu alo more
valuable at market. In an article for the Saturday Evening Post
(February 21, 1920 as cited by Hanson in “The Plains Rifle”), Horace
Kephart wrote of finding a new Hawken rifle in St. Louis:

-

The Kentucky rifle was a common weapon on the American frontier.

“ ... It would shoot straight with any powder charge up to a one-to-one
load, equal weights of powder and ball. With a round ball of pure lead
weighing 217 grains, patched with fine linen so that it fitted tight, and
205 grains of powder it gave very low trajectory and great smashing
power, and yet the recoil was no more severe than that of a .45-caliber
breech loader charged with 70 grains of powder and a 500-grain
service bullet ...”

In 1849, when the California Gold Rush began, you could buy a
Hawken rifle for $22.50. That year Jake Hawken died of cholera. Sam
continued building and repairing rifles alone. In 1859 he made his first
trek to the Rocky Mountains, where many of his rifles had gone. Sam
apparently worked in Colorado mines for a week, then started back to
Missouri, where upon his return he was quoted as saying “ ... and here |
am once more at more at my old trade, putting guns and pistols in order

William Stewart Hawken, Sam’s son, rode with Kit Carson’s mounted
rifles. He was wounded during the Battle of Monterey, September 23,
1847, when he and a small group of frontiersmen fought to hold a



bridge over San Juan Creek. Vastly superior numbers gave Mexico the
victory. The clash left only nine ambulatory men among 43 Texas
Rangers. William Hawken, age 30, made his way back to Missouri.

The Battle of Monterrey was a turning point in the Mexican-American War.

When Sam went west he left William in charge of the Hawken facility.
William got this letter:

Evans Landing Nov. 27" 1858
Mr. Wm. Hawkins

Sir, | have waited with patience for my gun, | am in almost in a
hurry 2 weeks was out last Monday | will wait a short time for it
and if it don’t come | will either go or send. If you are still waiting
to make me a good one it is all right. Please send as soon as
possible.
Game is plenty and | have no gun. Yours a friend.

Daniel W. Boon.

After his return to St. Louis, Sam Hawken hired a shop hand. J. P.
Gemmer had immigrated to the US from Germany in 1838. He proved
capable and industrious and in 1862 bought the Hawken enterprise. He
may have used the “S. Hawken” stamp on some rifles, but marked
most “J. P. Gemmer, St. Louis.” Sam Hawken continued to visit his
shop in retirement and once built a complete rifle. He outlived Jim
Bridger and Kit Carson and many other frontiersmen who had
depended on Hawken rifles. When he died at age 92 the shop was still
open for business! It closed in 1915; J. P. Gemmer died four years
later.



A patched ball can be loaded easier than bare lead. The patch takes the rifling,
spinning the ball.



4. Breech-Loaders at Last!

on a breech-loading rifle. While firearms with a hinged breech

date to at least 1537, little practical advantage was possible
without the percussion cap. Neither did early cartridges advance under
flint ignition. The first, assembled in 1586, were of paper. They had no
priming, and the guns were still loaded from the muzzle. Biting or
ripping o the cartridge base was necessary before loading to expose
the charge. The paper burned to ashes upon firing. Replacing pyrite
with the percussion cap did away with the biting and tearing because
the cap’s more powerful spark could penetrate thin paper.

A major problem early on was building a breechloader stout enough
to withstand the heavy powder charges used for hunting big game and
reliable enough to keep functioning while hot and dirty. The first
American breechloader that won popular acceptance was developed
by John Harris Hall in 1811.

Six years later the US government issued a limited number of these
rifles to soldiers. But the Hall was weak and crude, a flintlock firing
paper cartridges. As war with Mexico threatened to drain US arsenals
in 1845, factories fell back to producing the Harpers Ferry muzzle-
loading rifle, a design dating to 1803!

Johann Nikolaus von Dreyse was among the first inventors to install a
primer in a cartridge. The bullet, actually, held the pellet, inside a paper
hull. A long striker penetrated the charge to pinch the pellet against the
bullet. The von Dreyse “needle gun,” developed in 1835, became very
popular. About 300,000 were built for the Prussian army over the next
30 years. (Incidentally, the “needle gun” mentioned by post-Civil War
writers was not the European Dreyse. It was the .50-70 Springfield that
became in 1873 the .45-70 “trap—door” rifle used in the last of the
Indian Wars. Its long breech block required a needle like striker.)

D evelopment of the percussion cap energized inventors focused



Meanwhile, Eliphalet Remington bought (for $2,581) the gun
company and services of William Jenks, a bright Welsh engineer who
had designed a breech loading service rifle but had wearied of awaiting
a reply from the US government. Remington adapted the Jenks rifle to
use Edward Maynard’s percussion lock, which advanced caps on a
strip of paper. Later J. H. Merrill improved the Jenks rifle. In
government tests, its tallow coated cardboard cartridges fired reliably,
even after a minute’s submersion in water.

During the mid-nineteenth century, rail transport, meat markets, and
immigrants establishing homesteads on the Great Plains exacted a
heavy toll from wildlife. But development of self-contained rifle
cartridges accelerated its decline as no single event had before.

In 1847 Stephen Taylor patented a hollow base bullet with an internal
powder charge held in place by a perforated cap that admitted sparks
from an external primer. The following year, New York inventor Walter
Hunt devised a similar bullet with a paper-covered cork cap. Primer
sparks shot through the paper to ignite the charge. What made Hunt’s
“rocket ball” exciting, however, was his repeating rifle to fire them. The
Hunt “Volitional Repeater” had a brilliantly conceived tubular magazine,
and a pillbox mechanism to advance the metallic primers. But the
action, operated by a finger lever under the breech, was prone to
malfunction. Lacking the money to promote or even improve his rifle,
Hunt sold patent rights to fellow New Yorker and machinist George A.
Arrowsmith. In Arrowsmith’s shop a talented young engineer named
Lewis Jennings began correcting design deficiencies in the Hunt
repeater.

The first popular American breechloader was developed by John Hall in 1811.

In 1849, after receiving patents for Jennings’ work, Arrowsmith sold
the Hunt rifle for $100,000 to railroad magnate and New York hardware
merchant Courtland Palmer. With Palmer’s financial backing, designers



Horace Smith and Daniel Wesson began work in 1852 on a metallic
cartridge like that patented in 1846 and 1849 by the Frenchman
Flobert. Rather than using a ball atop a primer as Flobert had, Smith
and Wesson modified a rocket ball to include a copper base that held
the fulminate priming. The pistols they fashioned for this ammunition
failed to sell. In 1854 Courtland Palmer invested $10,000 in new tooling
to bankroll a new partnership with his employees, and a firm that would
become known as Smith and Wesson.

The 1874 .50-caliber Sharps rifle was favored by most bu alo hunters.

In 1855 a group of 40 New York and New Haven investors bought
out Smith and Wesson and Palmer to form the Volcanic Repeating
Arms Company. The investors chose one of their own as company
director: a shirt salesman named Oliver F. Winchester. He moved the
enterprise from Norwich to New Haven. When sluggish sales of
Volcanic guns sent it into receivership in 1857, Winchester bought all
assets for $40,000. He reorganized the company into the New Haven
Arms Company, and hired Benjamin Tyler Henry as chief mechanic. In
1860 Henry received a patent for a 15-shot repeating rifle chambered
for .44 rimfire cartridges. The brass—-frame Henry would father
Winchester’s first lever rifles: the 1866, 1873, and 1876. Confederates
called the Henry “that damned Yankee rifle you loaded on Sunday and
fired all week.” Underpowered, prone to leak gas, and marginally
reliable, it was nonetheless coveted by hunters as well as soldiers
because it could be recharged with a flick of the hand.

The middle of the nineteenth century was the most active period in
the history of firearms design. Many inventors threw all their energy into
repeating rifle designs, but young Christian Sharps decided to build a
better breech—loading single—shot. Sharps, a New Jersey native, had
worked under John Hall at the Harpers Ferry Arsenal. In 1848 he



received his first patent for a mechanism with a sliding breechblock.
Fitted to an altered 1841 Springfield, the prototype could handle
powerful loads. Alas, Sharps failed to give it a proper launch at market.
He was bailed out by businessman J. M. McCalla and gunsmith A. S.
Nippes. A couple of decades later, five years before Christian Sharps
succumbed to tuberculosis, the Sharps Rifle Manufacturing Company
introduced the New Model 1869, its first rifle in metallic chamberings.

Oliver Winchester invented the volcanic repeating rifle in 1854.

The New Model 1874 appeared the next year, a rifle targeted to
market hunters. George Reighard was one. In a 1930 edition of the
Kansas City Star, he explained how he shot bison:

“In 1872 | organized my own oultfit ... to shoot bu aloes for their
hides. | furnished the team and wagon and did the killing. (My
partners) furnished the supplies and did the skinning, stretching
and cooking. They got half the hides and | got the other half. | had
two big .50 Sharps rifle with telescopic sights....

“The time | made my biggest kill | lay on a slight ridge, behind a
tuft of weeds 100 yards from a bunch of a thousand bu aloes
that had come a long distance to a creek, had drunk their fill and
then strolled out upon the prairie to rest, some to lie down.... After
| had killed about twenty-five my gun barrel became hot and
began to expand. A bullet from an overheated gun does not go
straight, it wobbles, so | put that gun aside and took the other. By
the time that became hot the other had cooled, but then the
powder smoke in front of me was so thick | could not see through



it; there was not a breath of wind to carry it away, and | had to
crawl backward, dragging my two guns, and work around to
another position on the ridge, from which | killed fifty-four more. In
one and one-half hours | had fired ninety-one shots, as a count of
the empty shells showed afterwards, and had killed seventy-nine
bu aloes....”

The Sharps Rifle Company folded in 1880, having failed to market its
hammerless Model 1878 rifle or design a practical repeater. A
peacetime military budget and the decimation of game by commercial
hunters contributed to the firm’s collapse. By the early 1880s, so many
bison had been killed that human scavengers would glean more than
three million tons of bones from the plains.

Meanwhile, a young man began fashioning even more e ective
firearms. He was John Moses Browning, son of gunsmith Jonathan
Browning, who arrived on Utah’s Wasatch Front in 1852, five years
after the first of his Mormon brethren completed the trip from Nauvoo,
lllinois. John was born in 1855, one of Jonathan’s 22 children. The lad
showed an early knack for gun design and by the time he was 11 had
built a working shotgun. Later he ran his father’s shop. In 1878, shortly
after turning 23, John designed a breech loading single-shot rifle. He
built its prototype by hand, with files, chisels, and a foot-lathe his father
had brought from lllinois. In May 1879, he received a patent for the
dropping-block mechanism.

At this time, the Winchester Repeating Arms Company was a
behemoth, with a net worth of $1.2 million. By 1875 it had reached an
output of a million cartridges per day. Nonetheless, declining demand
for military rifles and ammunition prompted the company to shift its
focus in the late 1870s. For the next 36 years it would cater primarily to
hunters. To that end it developed the Model 1876 lever rifle, a big, iron-
frame version of the popular Model 1873, whose roots reached to
Walter Hunt’s Volitional repeater. But the 1876, while massive, lacked
the strength to bottle pressures from the .45-70, a favorite not only of
ex-soldiers but of elk and bison hunters. Then, in 1883, a Winchester
salesman showed company president Thomas Bennett a single-shot
rifle he had bought, used, during a trip west. The action was of clever
design and evidenced great strength. The maker, whose nhame Bennett



did not recognize, had a shop in Ogden. Bennett booked train passage
there immediately.

Winchester’s 92, a Browning design, was a huge hit. Phil Filing and Doug Mosier
restored this one.

America’s premier gun designer John Browning brought stout, reliable repeating rifles
to the western frontier. He later tapped the energy of fired cartridges to cycle
autoloading mechanisms, as in the .22 rifle he’s holding here.



He arrived to find a group of brothers barely out of their teens,
laboring in a small facility under a sign proclaiming it the “Largest Arms
Factory Between Omaha and The Pacific.” The boss, John, was 28.
Bennett came straight to the point: He wanted to buy all rights to the
single-shot. John said he could have them for $10,000. Bennett
countered at $8,000; Browning accepted. It was the start of a
relationship that would last 17 years and yield 40 gun designs for
Winchester. Thomas Bennett was on the train back to New Haven six
hours later.

Barely had Winchester dubbed Browning’s rifle the Model 1885 than
John and his brother Matt arrived at company headquarters with a new
idea: a repeating lever-action rifle that would handle the .45-70.
Bennett bought the design, reportedly for $50,000—or, as John would
say later, “more money than there was in Ogden.” The rifle later
became Winchester’'s Model 1886. John Browning returned from his
two year Mormon mission in March, 1889, to design more firearms.
During the next four years, he garnered 20 patents. His primary
contribution to Winchester was the 1892, a petite lever—action with the
Model 86’s vertical locking lugs. The ‘92 would spawn the Model 1894,
designed for black powder but chambered in 1895 for the .30-30,
America’s first centerfire smokeless round.




The Marlin Model 1894, not as celebrated as Winchester's M94, was sturdy, reliable,
accurate. This modern version chambers the .357 Magnhum.

Development of the metallic cartridge accelerated the pace of rifle
design in Europe too, thanks in large part to a talented young German.

This Winchester 92 in .32-20 is equipped for precise shooting, with tang sight, double
set trigger.



5. Rifles from a Door Latch

Mauser did not succeed right away as a gun designer. His first
project went nowhere. He and brother Wilhelm persevered to
submit a viable infantry arm to the Prussian army. In 1872 the single-
shot 11mm Mauser Model 1871 was accepted as the country’s o cial
infantry arm. Its rugged turn-bolt action derived, legend has it, from
Paul’s inspection of a door latch. Other governments took notice.
Mauser Bros. and Co. was founded in February, 1874. Following
Wilhelm’s premature death, it became a stock company. In 1889
Fabriqgue Nationale d’Armes de Guerre (FN) was established near
Liege to build Mauser rifles for Belgium’s military. The 1889 rifle,
designed for smokeless—powder cartridges, confirmed Paul Mauser as
the dominant rifle engineer in Europe. Over the next six years he
improved the action. A staggered box magazine appeared in 1893.
Two years later the Model 1895 incorporated most of the features that
would make Mauser’s 1898 the top choice of ordnance o cers from
eastern Europe to the tip of South America. By the late 1930s, Mauser
was selling rifles to sportsmen in the US through A. F. Stoeger of New
York. At one time Stoeger listed 20 types of Mauser actions, di ering
not only in length (four were available), but in magazine configuration.
These rifles didn’t come cheap. In 1939 retail prices ranged from $110
to $250. Since the second world war, modifications of Paul Mauser’s
Model 1898 action have appeared in all the world’s game fields.

B orn in 1838 in the Swabian village of Oberndorf, Peter Paul



Peter Paul Mauser developed a single-shot 11mm Mauser Model 1871, soon accepted
as Prussia’s o cial infantry arm. It featured a turn-bolt action.

Buzz Fletcher built this lovely custom rifle on a 98 Mauser action. It’s chambered in
.256 Newton.

The shift among American hunters to the centerfire bolt rifle began
with their introduction to the Mauser-inspired 1903 Springfield. The
Springfield’s fine accuracy and the reach of its .30-06 cartridge quickly



won converts. Smokeless powder and jacketed bullets o ered new
possibilities to experimenters seeking better ballistic performance.

One of the most active cartridge designers during the Springfield’s
heyday was Charles Newton. Educated as a lawyer, Newton designed
the .250-3000 Savage, so named because its 87—grain bullet sped
away at a reported 3,000 feet per second. He also fashioned, around
1912, the .25-06. With Fred Adolph, he designed other potent hunting
cartridges. Newton started his own Newton Arms Company in August,
1914, intending to build his own rifles from DWM Mausers. Alas, his
timing couldn’t have been worse: Germany went to war a day before
the first shipment of Mausers was due. Not easily deterred, Newton
designed a new rifle from scratch and loaded his own rounds (he even
designed and built softnose bullets that would penetrate tough game).
But he depended on Remington for brass. The first production run of
Newton rifles was finished in January, 1917—just as America entered
the war and the government seized control of all cartridge production.

A 1903 Springdfield.

Again making the best of bad luck, Newton tooled up to make
cartridge cases. But in August 1918, the banks supporting his venture
sent it into receivership. He persevered with the Chas. Newton Rifle
Corporation in April 1919. A deal with Eddystone Arsenal to supply
equipment fell through, however, and Newton sold only a few rifles on
imported Mauser actions. Later he formed the Bu alo Newton Rifle
Corporation, which manufactured rifles of his design. It failed in 1929,
shortly before Newton’s death.

More firmly grounded American gun companies began o ering
commercial bolt rifles soon after World War |. Remington’s Model 30
was followed in 1922 by Winchester’'s Model 54. The versatile .30-06
proved the most popular chambering in both. In 1925 Winchester
chambered its 54 for a new cartridge, the .270. Blessed with a
receptive press, the .270 prospered. The .300 Holland & Holland
Magnum, introduced at the same time, wooed some hunters, but its



long case and belted head were not suited to standard-length military
rifle actions. In 1937 Winchester replaced the Model 54 with the Model
70, destined to become the most popular centerfire rifle of the century.
Chambered for every useful big game round, it had an action long
enough to accommodate the .300 and .375 H&H Magnums. The strong
Mauser-type extractor and a rugged but finely—adjustable trigger
helped boost Model 70 sales.

Charles Newton was a brilliant inventor—of both cartridges and rifles like this late bolt
gun.

The two-lug Mauser bolt has evolved. McMillan rifles feature both fixed and plunger
ejectors.

About this time, Charles Newton’s quest for more powerful hunting
cartridges and innovative rifle designs was taken up by another
experimenter. In 1937 insurance salesman Roy Weatherby moved from
his native Kansas to California. To pursue his interest in firearms
design, he bought a drill press and a lathe from Sears. He rebarreled or



rechambered 1898 Mausers, 1903 Springfields, and 1917 Enfields to
cartridges of his own design. His first publicized round, the .220
Weatherby Rocket, was a blown-out Swift. His next, the .270
Weatherby Magnum, became the first in a stable of fast stepping
numbers on .300 Holland brass.

Nearly a century ago, Charles Newton developed rifles and cartridges far ahead of
their time. The .30 Newton (right) and .256 Newton (actually a .264) sent bullets
downrange as fast as do some modern magnums—despite the relatively primitive
powders of that day.

Weatherby soon made a business of his avocation, hawking high
velocity as the path to lightning like kills at long range. His .270
Magnum drove a bullet 300 fps faster than a .270 Winchester. The
257 and 7mm Weatherby Magnums that followed were, like the .270
Magnum, based on a shortened Holland & Holland case to fit .30-06—
length actions. The .300 Weatherby Magnum, a 1946 o ering, had a
full length case. All Weatherby rounds were distinguished by minimal
body taper and a double shoulder radius. Roy marketed these
cartridges (and the rifles he built for them) expertly, making sure that
prominent politicians and movie stars were photographed with
Weatherby products. In 1948 he standardized the Weatherby rifle,
using a commercial Fabrique Nationale (FN) action. Ten years later he
and company engineer Fred Jennie completed work on a new action
they called the Weatherby Mark V. Its full-diameter bolt had nine



locking lugs in three rows of three. The stock gave the rifle a futuristic
look.

Remington briefly produced this Mauser-action sporter in .375. Wayne’s test rifle shot
well!

During the last half-century, bolt—action rifles have changed little. The
biggest shift, perhaps, has been in stock materials. Walnut has been
replaced by hardwood like beech and birch in some instances but most
commonly by synthetic materials. These range widely in quality,
appearance, and fit. Detachable box magazines have become popular.
So, too, stainless steel as an alternative to the traditional chrome-moly
barrels and receivers. Iron sights have all but vanished as standard
equipment, except on rifles intended for close shooting at dangerous
game. Bolt-face extractors and plunger ejectors have largely replaced
the stout Mauser claw and fixed ejector, but few shooters would say the
1898’s action has been improved. Some new actions are smoother and
safeties are more scope-friendly. Still, Paul Mauser’'s mechanism
remains among the strongest and most reliable ever designed.



Roy Weatherby pioneered high-velocity wildcats on the Holland case. His .300
appeared in 1945,

Paul Mauser’s rifles saw dawn-to-dusk service in the African bush. Mauser-inspired
rifles still do.



Roy Weatherby and his family.



6. What the Numbers Mean

cartridges have been labeled for their dimensions. But the

numbers don’t all refer to the same dimensions. Also, units of
measure can vary—inches and millimeters, for example. Other
numbers can be thrown in: year of origin, bullet weight, even bullet
speed. Sometimes numbers are rounded up or down so as not to
duplicate numbers already in use. ]

Best to start at the beginning. Labels on boxes of rifle cartridges
usually specify bore diameter and parent firm (originator), plus the
name of the manufacturer. So you’ll find .243 Winchester ammunition
loaded by Remington and .257 Roberts cartridges by Federal.
Numbers designating caliber can confuse because in rifled barrels
there are two diameters: one for the bore and one for the grooves cut to
spin the bullet. The bore diameter (measured across the lands between
grooves) is smaller than the groove diameter, and either number could
be used as “caliber.” The .250 Savage and .257 Roberts, for example,
have bullets of the same diameter: .257 inch. That’s groove diameter.
Both .250 and .257 rifle bores have a .250 land diameter. The .270
Winchester is .277 across the grooves; all .300s mike .308 across the
grooves, as do the .308 Winchester and .308 Norma Magnum.
Centerfire .22’s, from the .218 Bee to the .225 Winchester, use the
same .224 bullets. Bullets for the .303 British measure .311. Those for
modern .338’s and Weatherby’s .340 Magnums mike .338 for the .350
Remington and .358 Norma Magnum’s .358.

f ; ince their inception around the time of our Civil War, metallic



The .416 Rigby is still popular after its first century. This hunter is loading a CZ rifle
with solids.

What about two-digit designations like the .22 Hornet, .30 Carbine,
and .45 Colt? These numbers simply indicate bore diameter in
hundredths, not thousandths of an inch. Add a zero, and you’ll often
come up with the name of a similar cartridge and a good idea of the
bullet diameter. Sometimes the rule doesn’t hold, though.
Handgunnners know the .38 Special uses the same .357 bullet as the
357 Magnum! Two two-digit numbers usually mean the cartridge
dates to black powder days, the second pair indicating grains of black
powder in an original load. The .45-70 was charged with 70 grains of
black powder before it climbed aboard the smokeless wagon. Of
course, “grains” here is a weight measure, not a physical description as
in “grains of sand.” There are 437.5 grains in one ounce. The best-
known exception to the paired double—digit tradition is the .30-06. This



is a .30 caliber cartridge adopted by the US Army for its new
Springfield rifle in 1906. It replaced the .30-03. Another anomaly: the
.250-3000 Savage. Developed by Charles Newton for Savage around
1913, it featured an 87—-grain bullet at an advertised speed of 3,000
feet per second. The company wanted that velocity (high for that day)
in the cartridge name. Some old cartridges wear a third set of numbers,
designating bullet weight in grains, as in .45-70-405, a designation for
the o cial US Army cartridge from 1873 to 1892. Three number
sequences can also show caliber, bullet weight, and case length, as in
45-120-3 ¥4 Sharps. The 3-¥4 inch case is exceptionally long.

In Europe, rifled bores are commonly measured in millimeters, not
hundredths of an inch. Some American rounds have been labeled this
way. The 6mm Remington uses a .243 bullet, the 6.5 Remington
Magnum a .264 bullet (like Winchester’'s .264 Magnum). The various
7mm’s fire .284 bullets, the 8mm Remington Magnum a .323 bullet.
European cartridge designations also include case length in millimeters:
The 7x57 Mauser has a 7mm groove diameter and a case 57mm long.
Our .308 Winchester cartridge is known in military circles as the
7.62x51 NATO (51mm is the case length).

“Wildcat” cartridges are those not commercially manufactured but
fashioned by handloaders from existing cases. The .338-06 is the .30-
06 with its case “necked up” to .33 caliber. Some wildcats, notably the
.25-06 and .22-250 (on the .250 Savage case), have gone commercial.
For years, hunters handloaded the .35 Whelen, a .30-06 derivative
named after Colonel Townsend Whelen, a firearms authority in the
decades between the world wars. Remington began producing .35
Whelen rifles and ammunition in 1988. Long-range enthusiasts necked
the never-popular .284 Winchester hull to 6.5mm and liked it so well
that Norma now loads it. Many commercial rounds have other cases in
their ancestry. The 7x57 Mauser, circa 1892, was revamped to
produce the .257 Roberts and, later, the 6mm Remington. The .308
Winchester case fathered the .243 and .358. Remington’s 7mm-08 and
.260, and the .338 Federal, later joined that group. The 7-30 Waters is
a .30-30 case blown forward and necked to .284.

The selection of rimfire rounds has also grown of late. (The priming
compound in rimfire lies in the rim itself instead of in a separate, central
primer). The patriarch of this family could be the .22 BB Cap, designed
in 1845 for what were then known as parlor or saloon (salon) rifles. The
“BB” stands for “bulleted breech.” This round initially held no powder;



the priming alone delivered enough thrust for indoor target shooting.
During the 1880s the CB (conical bullet) Cap appeared, loaded with 1-
Y grains of black powder. The .22 Short and Long appeared early too.
They di er in case length. Originally, the Long Rifle had the Long’s
case but a heavier bullet: 40 grains compared to 29. A 37-grain hollow
point followed. Now some hyper-velocity .22 Long Rifle rounds feature
bullets of 33 to 36 grains. The .22 Special is dead, but not the .22
WMR (Winchester Magnum Rimfire), available in a variety of loads and
bullet weights. Hornady’s wildly successful .17 HMR is based on that
hull. The logical follow up, the .17 Mach 2 (also by Hornady, on the .22
Long Rifle case) has not achieved the HMR’s success at market. Still,
both give tiny (20-grain) bullets a very fast start.

Based on the .308 Winchester, the .338 Federal o ers greater e ciency and more
bullet weight.

At just 6 pounds, Kimber’s 84M is still pleasant to shoot in 7mm-08, a fine plains game
cartridge.



The term “magnum” means a cartridge boasts extra-high energy or
velocity. But some magnums are not as potent as others with the same
bore diameter. Some rounds not called magnums (though they may
come from magnum cases) outperform cartridges that carry the
magnum label. Remington’s 7mm STW (Shooting Times Westerner)
derives from the 8mm Remington Magnum and has a bigger case than
the 7mm Remington Magnum. “Belted magnum” refers to the belt in
front of the extractor groove, present on cartridges based on the .300
H&H case and, later, the .378 Weatherby. Almost all belted magnum
rifle cartridges were fashioned from the .300 H&H, itself an o shoot of
the .375 H&H, circa 1912. The belt is a headspacing device; it has
essentially nothing to do with structural reinforcement. The belt is a
stop, to be arrested by the chamber to ensure proper fit between case,
chamber and bolt head. The rim on a .30-30 hull, and the shoulder on a
270, perform the same function. All prevent the case from entering the
chamber too far. End play in a chambered round can result in case
separation on firing. Incidentally, magnum handgun rounds like the .357
and .44 magnums are much smaller than the .300 H&H and aren’t
belted.

“Nitro Express” is the British equivalent of “magnum.” The name
derives from nitroglycerine, the explosive used in some gunpowders
and evokes images of a fast moving train. Mainly it applies to rifle
cartridges designed for thick skinnned African game. “Black Powder
Express” predated it, during the late 1800s. By the way, dual numbers
on British cartridges signify parent cartridge and bore, in reverse order
from American custom. A .450/.400 fires a .400 (actually .405)
diameter bullet.

A word about shotshell nomenclature: Gauge is an early measure of
bore diameter, indicating the number of lead balls the size of the bore
that equal a pound. So the bigger the bore, the smaller the gauge. Balls
that fit a 16 gauge shotgun bore weigh an ounce apiece; those that fit a
20 gauge weigh less because the bore is smaller in diameter and more
small balls are required to equal one pound. An exception is the .410,
actually a caliber designation: .410 inch bore diameter. The .410 is
equivalent to 67-%2 gauge. You can substitute “bore” for “gauge” when
referring to a shotgun, as in “a 12 bore double.” Common shotgun
gauges are 10, 12, 16, 20 and 28. During the late nineteenth century,
“punt guns” of 4 gauge and even larger were mounted in small boats to
kill waterfowl for market. Early African explorers used 1,250-grain



bullets in 8 gauge muskets, delivering 3 tons of energy to big game,
even at the sedate speed of 1,500 feet per second!

Wayne fires a Ruger No.1, an elegant rifle that employs a dropping-block action much
like the one John Browning used in many of his designs.

This fine buck fell to a 412 yard shot with a GreyBull-stocked Remington 700, 7mm
Magnum.

Labels on shotshell boxes show powder charges in “drams
equivalent,” the designation dating to black powder days. A dram is a
unit of weight; 16 drams equal one ounce. When smokeless supplanted
black powder at the turn of the century, it was of a type known as “bulk
powder” and could be loaded in place of black “bulk for bulk” (not by
weight). “Dense” smokeless powders came later. They took up less
space in the shell, so neither bulk nor weight equivalents applied. A “3-
Y4 dram equivalent” charge is a smokeless charge that approximates



the performance of a 3-¥2 dram black powder charge. It has nothing to
do with the amount of smokeless powder actually loaded. The other
numbers on a shotshell box refer to shot charge weight and pellet size.
A series that reads “3-¥%—1-¥%—6" tells you there’s an ounce and a
quarter of #6 shot in each shell.

Magnum shotshells may be longer than standard shells or may just
have a heavier charge of shot. Standard length magnum shotshells
commonly carry extra heavy payloads at modest velocities.
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/. Primers: Sparkplugs with Bang!

nineteenth century. Drawn brass, solid head cartridge cases

have no anvil, so beginning in 1880, primer cups have been
manufactured with anvils. Installed in cases with a central flash hole,
they're called Boxer style primers. They come in two sizes for rifle
cartridges, two for handguns.

Large and small rifle primers are of the same diameter as large and
small pistol primers respectively, but the pellets inside di er. You need
more spark to ignite heavy charges of slow rifle powders. The spark of
magnum primers lasts longer than that of standard primers. By the way,
a large rifle primer weighs about 5.4 grains and carries .6-grain of
priming compound.

Early on, European cartridge designers followed their own path,
incorporating the anvil in the case and punching two flash holes in the
primer pocket on either side of the anvil, which is part of the case. This
Berdan design has a couple of advantages over the Boxer: there’s
more room in it for priming compound and the flame can go straight
through the holes rather than having to scoot around the anvil and its
braces. The Boxer primer owes its popularity largely to hand-loaders,
who can pop the old primer out while sizing the case in a die with a
decapping pin. Berdan primers must be pried out with a special hook or
forced free with hydraulic pressure. Oddly, Edward Boxer, for whom
American style primers are named, was British. Europeans named their
primer after Hyram Berdan, an American. Both men were military
0 cers.

Early Boxer primers ignited black powder easily but sometimes failed
to fire smokeless. When more fulminate was added to the priming mix,
cases began to crack. Blame fell on the propellant, but the culprit was
really mercury residue from the primer. Absorbed by black powder left

C enterfire rifle primers hail from the percussion cap of the mid-



in the cases, mercury accumulated to attack the zinc in case walls,
causing them to split. A typical primer at this time contained 41 percent
potassium chlorate, 33 percent antimony sulfide, 14 percent mercury
fulminate, and 11 percent powdered glass.

Centerfire rifle primers feature an anvil, here a tripod-shaped fixture. The hardened
mix of explosives beneath is ignited by the striker’s blow, which crushes it against the
anvil.

A centerfire cartridge (left) holds a self-contained primer, with anvil and explosive. In a
rimfire case, the priming mix is deposited inside the rim. The chamber lip serves as
the anvil for the striker.

The first successful non-mercuric primer for smokeless loads was
the military H-48, developed in 1898 for the .30-40 Krag. Its primary
detonating component was potassium chlorate, whose corrosive salts
did not damage the case. It could wreak havoc with bores, however, by
attracting water and causing rust. Cleaning with hot water and
ammonia, followed by oiling, was required after shooting to keep rifling
shiny.



In 1901 the German Company Rheinische-Westphalische
Sprengsto (RWS) introduced a primer with barium nitrate and picric
acid instead of potassium chlorate. These compounds did not cause
rust. Ten years later the Swiss had a non-corrosive primer and German
rimfire  ammunition featured Rostfrei (rust-free) priming. Rostfrei
contained neither potassium chlorate nor ground glass, an element
commonly used in other primers to generate friction when the striker hit.
Unfortunately, this otherwise ideal sparkplug left a residue of barium
oxide, which could scour a barrel as aggressively as did glass.
American military primers were glass-free before World War | when the
FH-42 supplanted the H-48.

Primer production during the Great War overloaded drying houses
Stateside, causing sulfuric acid to build up in priming mix. Misfires
resulted. The FH-42 was replaced by the Winchester 35-NF primer,
later known as the FA-70. This corrosive primer contained 53percent
potassium chlorate, 25 percent lead thiocyanate, 17 percent antimony
sulfide, and 5 percent TNT. It remained in military service through
World War Il.

The .22 rimfire cartridge dates to the 1850s and work by Horace Smith and Dan
Wesson. Note the striker mark on the rim of this fired .22 cartridge.

Remington was the first US firm to announce non-corrosive priming
in sporting ammo under the “Kleanbore” label in 1927. Winchester
followed with “Staynless,” Peters with “Rustless.” All contained
mercury fulminate. German chemists Rathburg and Von Hersz later
managed to remove both potassium chlorate and mercury fulminate
from primers. Again Remington took the lead with the first US version of



a non-corrosive, non-mercuric primer. The main ingredient (then
comprising up to 45 percent of the mix) was lead tri-nitro-resorcinate,
or lead styphnate. It remains an important component in small arms
primers. The US Army adopted non-corrosive, non-mercuric primers in
1948 and currently uses one designated FA-956. It comprises 37
percent lead styphnate, 32 percent barium nitrate, 15 percent antimony
sulfide, 7 percent aluminum, 5 percent PETN, and 4 percent tetracene.

During the 1940s, development of big, broad-shouldered rounds and
extra-slow-burning powders called for a stronger ignition flame. More
priming compound was not the answer, because it might shatter
powder directly in front of the flash hole, causing erratic pressures and
performance. Dick Speer and Victor Jasaitis, a chemist from Speer
Cartridge Works, came up with a better idea, adding boron and
aluminum to the lead styphnate to make the primer burn longer. The
result would be more heat and more complete ignition before primer
fade. Other munitions companies latched onto this development. Speer
primers, still made in Lewiston, Idaho, wear a di erent label these days:
CCI (Cascade Cartridge Industries).

The same primer problems were visited on shotshell production—
which found its salvation in the same quarters. But shotshell cup
assemblies di er from rifle primers. A deep battery cup holds the anvil
and a smaller cup containing the detonating material, protected by a foil
cover. A shotshell’s primer pocket has no bottom, hence, no flash hole.
The flash hole is in the battery cup. Made of thin, folded brass like old
balloon-head rifle cases, shotshell heads are reinforced with a dense
paper base wad or a thick section of hull plastic. Battery cups seal the
deep hole in the base wad.

While the machines that produce primers are more sophisticated
now, primer manufacture is much the same as it was at the outbreak of
the second world war. Huge batches of primer cups are still punched
and drawn from sheet metal and indexed on large perforated metal
tables. Perforated plates are smeared with wet priming compound the
consistency of fresh dough and laid precisely on top of the tables so the
dabs in the holes can be punched down into open faced cups. Or the
cups are filled by workers brushing the compound across the face of
the table. Next comes the thin foil disc (or a shellacked paper cover).
Anvils, punched from another metal sheet, are inserted as the plates
line up. Priming mix is stable when it is wet, but extremely hazardous to
work with when dry. No mix is ever allowed to dry in the primer room.



Winchester’s Model 70, now in production again, has been chambered from .22
Hornet to .458.

Primer choice can influence pressures, velocity, and accuracy;
however, most modern primers are both reliable and uniform in their
ignition characteristics.

This modern rendition of th