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Flash sync and the black-bar mystery, light modifiers, the inverse
square law, ND filters, astro math, hyperfocal focus, and panning —
the physics behind the shots that look impossible, explained plainly.
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«l BEFORE WE START

Track day.

The Camera Pocket Guide taught the three dials. This one is for the day the dials stop being enough — when the
flash photo has a black bar across it, when f/2 at noon is blown out with nowhere to go, when the stars streak, when

the gym footage strobes. Every one of those walls has a reason, the reason is always physics, and the physics is

friendlier than it sounds.

I'm no expert — | just know what | know. Everything here came from hitting these walls on real shoots and figuring
out why. Use it the same way: read the chapter when the wall shows up.

-

L

-

HOW TO USE THIS GUIDE

Skim 01 once so flash makes sense forever. Keep the tables in 05-07 in your bag. Everything in this guide also
lives as interactive demos at nathanielrohr.com/advanced-guide — drag the sliders, break things, then come

shoot.

/I What's inside

01 -
02 -
03 -
04 -
05 -
06 -
07 -
08 -
09 -
10 -

Sync Speed
Rear-Curtain
Modifiers
Inverse Square
ND Filters

Long Exposure
Focus, Advanced
Flicker

Panning

Field Notes

Why flash photos grow black bars — and the traveling slit behind it.
Motion trails that point the right way.

Softboxes, umbrellas, grids — how each one casts light.

The physics dial: distance, falloff, and free black backdrops.
Sunglasses for your lens — and the f/2-at-noon wall.

Silky water, star points, and the 500 rule.

Hyperfocal distance, zone focusing, stacking.

Why gym photos band — and the three safe shutter speeds.
Speed you can see: sharp subject, streaked world.

ETTR, bracketing, gels, ratios, and other judgment calls.
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@1 The Shutter, Truthfully

Your shutter is two curtains, not one door. The first curtain drops to reveal the sensor; the second chases it to cover
things back up. At slow speeds there is a moment when the sensor is fully open. Past a certain speed — your sync
speed, usually 1/200 or 1/250 — the second curtain launches before the first one lands. No moment of full exposure
exists: what travels across the sensor is a moving slit.

AT 1/125 - BELOW SYNC AT 1/1000 - ABOVE SYNC HSS - ABOVE SYNC

Fully open — flash lights A traveling slit — flash Flash pulses continuously

the whole frame catches only a stripe to paint the slit as it moves

A speedlight fires in a fraction of a millisecond — one instant pop. Above sync speed, that pop can only light whatever
stripe the slit happens to be uncovering. Everything hidden behind a curtain at that instant comes out black. That is
the whole mystery: the dreaded black bar across your flash photo is a photograph of your own shutter curtain.

/I The two escapes

Stay at or below sync. The free fix. 1/200 is fast enough to freeze almost anything a flash is already freezing — the flash
itself is your action-stopper.

High-speed sync (HSS). The flash gives up the single pop and strobes thousands of times as the slit travels, painting every
stripe. It works at any shutter speed — but the strobing costs roughly 2 stops of power and drains batteries fast.

HARD-EARNED - IF A FLASH PHOTO HAS A CLEAN BLACK BAND ON ONE EDGE, YOU SHOT ABOVE SYNC
WITHOUT HSS. DROP TO 1/200 AND IT VANISHES. THIS ONE FACT RESCUES MORE
FLASH SHOOTS THAN ANY GADGET
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©1 Sync Speed — the working rules

/I When to use which

SITUATION DO THIS WHY

Indoor flash, events Stay at 1/200 Flash freezes motion; ambient needs the slower shutter anyway
Sunny portrait, f/2 HSS - or ND (ch. 05) You need 1/2000+ to tame the sun at wide apertures
Overpowering the sun Stay at sync + more power Every stop of shutter you avoid is flash power you keep

Studio strobes At or below sync, always Most studio strobes cannot HSS — they are single-pop lights

[ 1

THE NUMBERS THAT MATTER

Find your sync speed in the manual (usually 1/200 or 1/250) and write it in the MY NUMBERS card at the back.
Set it as your flash-mode default: dial M, 1/200, /5.6, ISO 200 is a starting recipe that works in almost any room.

L _
/I Why your camera may refuse the dial

With a flash attached, most bodies silently cap the shutter at sync speed — the dial spins and nothing happens. That is
not a malfunction; the camera is protecting you from the black bar. Enable HSS on the flash and the cap lifts.
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@2 TRAILS THAT POINT THE RIGHT WAY
Rear-Curtain Sync

Slow shutter + flash = a sharp subject plus a motion trail. The only question is when the pop happens. Front-curtain
(the default) fires the instant the shutter opens — the subject is frozen first, then drifts, so the trail streaks out in front of
them. They look like they are moving backwards.

Rear-curtain sync fires the pop at the end of the exposure: ambient records the movement first, then the flash stamps
the subject sharp at the finish line. The trail lands behind them — physics drawing speed lines exactly where a comic
artist would.

FRONT-CURTAIN — trail ahead (wrong-looking)

REAR-CURTAIN — trail behind (natural)

Where it lives: flash menu, listed as rear-curtain or 2nd-curtain sync. Set it and forget it — at fast shutters it is identical to
front-curtain, so it costs nothing.

Where it shines: dance floors, cars at dusk, anything with light trails at 1/8—1/30. Pair it with dragging the shutter (ch. 10).

One quirk: with long exposures, the pop comes late — warn your subject to hold the pose until the click finishes, not until
the flash.

02 - REAR-CURTAIN il NATHANIEL ROHR



03

SAME FLASH

Light Modifiers

DIFFERENT WEATHER

A flash is a tiny, angry sun. A modifier changes the weather — and the entire topic collapses into one rule: the bigger
the light is relative to your subject, the softer the shadows. A small light hits from one direction and carves
knife-edge shadows; a big light wraps around, each part of its surface filling the shadows the other parts cast.

/I The lineup — what each one actually does

MODIFIER

Bare flash

Umbrella

Softbox

Beauty dish

Snoot / grid

Ceiling bounce

03 - MODIFIERS

SMALL SOURCE = HARD EDGE

EDGE

Razor

Soft

Soft

Crisp

Hard

Barely there

SPILL

Everywhere

The whole room

Controlled

Moderate

Almost none

The whole room

BIG SOURCE = SOFT EDGE

WHAT IT IS FOR

Grit, drama, paparazzi punch — harshness on purpose
Cheapest softness alive; sprays light everywhere

The workhorse: soft on the subject, dark where you point it away
Sculpted cheekbones — the fashion-cover in-between

A narrow pool of light; backgrounds fall to black

The event default — the ceiling becomes the softbox
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@3 Modifiers — the judgment calls

L

1

Modifiers do two jobs: soften the shadows, and control where light is allowed to go. Umbrellas soften but spray; softboxes
and grids keep the spill on a leash.

Distance undoes softness: the same softbox goes hard when you back it across the room — what matters is how big it
looks from where your subject stands. (This is chapter 04 wearing a different hat.)

Hard light is not wrong: bare flash builds grit and drama. The sin is harsh light by accident.

The room is a modifier: white walls bounce free fill at your subject; a colored ceiling tints everything it touches — check
before you trust it.

Snoots and grids subtract: most modifiers make light bigger; these make it narrower — hair lights, background spots,
film-noir shafts.

MY ONE-LIGHT ANSWER

A $25 shoot-through umbrella teaches you 80% of lighting. When its spray starts fighting you, graduate to a
24-36" softbox — soft and obedient. Everything else — dishes, grids, gels — is seasoning you add when you
know what flavor you are missing.

_

Ceiling bounce, done right

Tilt the flash up 60-75°, not straight up — you want light coming from slightly in front of your subject, not raining from

directly above (raccoon eyes). Add the little white bounce card if your flash has one; it throws a touch of direct fill
forward. Watch chins: bounced light falls downward, so shadows collect under jaws.

HA
OR
PA

03 -

RD-EARNED - BEFORE YOU BOUNCE, LOOK UP. A WOOD-PANELED CEILING TURNS EVERY GUEST
ANGE, AND A 30-FOOT BLACK CEILING EATS THE FLASH ENTIRELY. THE CEILING IS
RT OF YOUR LIGHT — AUDIT IT LIKE ONE.
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@4 THE PHYSICS DIAL
The Inverse Square Law

The law in one breath: move a light twice as far away and your subject gets a quarter of the light — not half. Light
spreads in every direction, so the same energy covers four times the area at double the distance. In camera language:
every doubling of distance costs 2 stops.

The creative part: falloff is not a straight line. It is a cliff near the light that flattens into a plain far away — and
where you place your subject on that curve decides what happens to everything behind them.

SOFTBOX AT POWER NEEDED WALL 2M BEHIND THE LOOK

1m 1/64 Nearly black (-3.2 stops) Moody portrait — free black backdrop
2m 1/16 Dark (-2 stops) Rich, directional

4m 1/4 Holding tone (1.2 stops) Balanced, editorial

8m 1/1 — maxed Almost even (=0.6 stops) Flat, clean group-photo light

Light close = dark background. At 1m the wall behind has already fallen off the cliff. Instant black-backdrop portrait in an
ordinary room.

Light far = even background. Across the room, subject and wall sit on the flat plain — clean group light, no hot spots.

The close softbox wins twice: nearer = bigger relative to the subject = softer (ch. 03), and darker background (this
chapter). One move, two upgrades.

Window light is this law: a subject beside a window lives on the steep part of the curve — glowing face, room melting
behind them.

THE MEMORY TRICK - 1-2M, 2-4M, 4 .8M — EACH DOUBLING COSTS EXACTLY 2 STOPS. THAT IS THE
ENTIRE LAW.
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@5 SUNGLASSES FOR YOUR LENS
ND Filters

A neutral density filter does one thing: it removes light without changing color. Rated in stops: ND8 cuts 3 stops (8%
less light), ND64 cuts 6, ND1000 cuts 10. Why want less light? Because sometimes the light forces settings you do not
want — and no dial can save you.

/I The wall: f/2 in full sun

You want the creamy f/2 portrait look at ISO 100, high noon, no external lighting. Full sun at f/2 needs about 1/16,000
of a second — and your shutter stops at 1/4000 or 1/8000. ISO is already at the floor. There is no dial left: the photo is
two stops overexposed and staying that way. That is not a technique problem; it is a wall. A 3-stop ND is the door
through it — same sun, same ISO, same aperture, correctly exposed at 1/2000.

[ 1

THE RULE OF THUMB

Wide aperture in bright sun without lights = ND territory. If your meter pins past the max shutter at the aperture you
want, no amount of skill fixes it — only removing light does: ND, HSS (ch. 01), or waiting for the sun to drop.

/I When you would reach for one
Shallow depth in bright light — the f/2-at-noon wall above. A 3-stop ND usually buys the headroom.

Daylight long exposures — silky waterfalls, ghosted crowds, streaked clouds. 6- and 10-stop territory: 1/60 becomes a full
second, or 17 seconds.

Flash above the wall — instead of HSS burning 2 stops of power, ND can pull the exposure back under sync speed.

Video — filming at the natural-motion shutter (1/50-1/60) in daylight basically requires ND. It is why cinema cameras build
them in.
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@5 ND — the conversion table

Meter without the filter, then read across. (Past a few seconds, use bulb mode and a phone timer — and expect to
bracket.)

BASE (NO FILTER) ND8 - 3 STOPS ND64 - 6 STOPS ND1000 - 10 STOPS
1/4000 1/500 1/60 1/4

1/1000 1/125 1/15 1s

1/250 1/30 1/4 4s

1/60 1/8 1ls 17s

1/15 1/2 4s 68s

1/4 2s 16s 4.5 min

/I Buying advice, plainly
One good 3-stop for portraits and one 6- or 10-stop for long exposures covers 95% of life. Buy the filter size of your
biggest lens and use cheap step-up rings for the rest. Cheap ND glass adds color casts that are miserable to correct —

mid-tier is worth it here. Variable NDs are convenient but can cross-hatch at their extremes; fixed-strength glass is safer
money.

HARD-EARNED - WITH A 10-STOP ND THE VIEWFINDER GOES NEARLY BLACK. COMPOSE AND FOCUS
FIRST, THEN THREAD THE FILTER ON, SWITCH TO MANUAL FOCUS, AND SHOOT.
EVERY 10-STOP OWNER LEARNS THIS THE SAME AFTERNOON.
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@6 Long Exposure & Astro

Everything below one second is a different sport with different rules: the tripod is your camera now, and your hands are
the enemy. Lock the legs, hang your bag from the hook for weight, kill the stabilizer (on a tripod it hunts and blurs), and
fire with a 2-second timer or remote so your finger never touches the body during the exposure.

/I The long-exposure looks

SUBJECT EXPOSURE
Waterfall, silky 05-2s

Ocean, glassy 30s—-2min
Ghosted crowds 10-30s

Car light trails 5-20s

Star trails 15 min + (or stack)

/I The 500 rule — star points, not streaks

WHAT HAPPENS

Water turns to ribbon; rocks stay sharp

Waves average into fog; ND1000 by day

Moving people vanish; architecture remains

Headlights draw ribbons; dusk beats full dark

Stars arc around the pole star

The Earth turns, so stars smear if the shutter stays open too long. Divide 500 by your focal length (full-frame
equivalent) for the longest shutter that keeps stars as points. On a crop body, multiply the focal length by 1.5

(Sony/Nikon) or 1.6 (Canon) first.

LENS
14 mm
20 mm
24 mm
35 mm

50 mm

06 - LONG EXPOSURE

FULL FRAME
35s
25s
21s
14's

10 s

CROP 1.5x
23s
16s
14 s
9s

6s

NATHANIEL ROHR



@6 A night-sky starting recipe

M 1

MILKY WAY - FIRST ATTEMPT
Widest lens you own - aperture wide open - shutter from the 500 rule - ISO 3200 and adjust from the histogram.
Focus: live view, punch in on the brightest star, manual focus until it is the smallest dot it gets. Then do not touch
the ring again all night.
Moonlight is sunlight. A full moon is a sunlit rock: it meters like a daylight subject. Expose the moon itself around 1/125 -
/8 - 1ISO 200 — night sky exposures just blow it to a white disc.
Noise reduction: long-exposure NR doubles every shot (it captures a dark frame). Worth it for single frames; turn it off when
stacking star trails or the gaps show.

Batteries hate the cold. A night of long exposures in winter can eat three batteries. Keep spares in an inside pocket, warm.
Check the corners. Wide open, cheap wide lenses stretch corner stars into little seagulls (coma). Stopping down half a stop

usually tames it.

HARD-EARNED - SHOOT ONE FRAME, THEN ZOOM TO 100% ON THE PLAYBACK AND CHECK A CORNER
STAR. TEN SECONDS OF CHECKING SAVES A WHOLE NIGHT OF SOFT FRAMES —
FOCUS DRIFTS, TRIPODS SETTLE, AND NOBODY NOTICES AT MIDNIGHT.
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@7 SHARP WHERE IT COUNTS
Focus, Advanced

Depth of field is not centered on your focus point — roughly one third lands in front, two thirds behind. Advanced focus
is about spending that depth deliberately instead of hoping.

/I Hyperfocal distance — infinity for free

For any lens and aperture there is a magic distance: focus there and everything from half that distance to infinity is
acceptably sharp. Landscape photographers live here — focus a third into the scene and stop guessing.

LENS F/8 - FULL FRAME F/8 - CROP 1.5x F/11 - FULL FRAME
16 mm 1.1 m (sharp from 0.5 m) 1.6m 0.8m
24 mm 2.4 m (sharp from 1.2 m) 3.6m 1.8m
35 mm 5.1 m (sharp from 2.6 m) 7.7m 3.7m
50 mm 10.4 m (sharp from 5.2 m) 15.7m 7.6m

/I Zone focusing — street speed

Manual focus to ~3 m at f/8 on a wide lens and everything from about 2 m to 6 m is sharp. No autofocus hunt, no
shutter lag — you raise the camera and it is already focused. This is how street photographers catch moments AF
would miss.

/I Focus stacking — when no aperture is enough

Macro at f/16 still cannot hold a whole beetle. Shoot a burst of frames stepping focus front to back and merge them in
software (Photoshop, Helicon). Landscapes with a boulder at your feet get the same trick in 3—4 frames.
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©7 Back-button focus & the misses

/I Back-button focus — one habit, three problems solved

Move autofocus off the shutter button onto the AF-ON button (custom settings). Now half-press never refocuses: you
focus with your thumb once, then shoot freely. Recompose without the camera hijacking focus, hold focus on a subject
through a passing crowd, and switch to manual holding nothing — release the thumb and the focus stays parked.

/I Why sharp shots go soft — a checklist

SYMPTOM LIKELY CAUSE FIX

Eyes soft, ear sharp DoF too thin + recompose drift Eye-AF, or focus point on the eye
Everything slightly soft Shutter too slow handheld 1/focal length minimum, or brace
Subject soft, background sharp AF grabbed the background Single point, not auto-area
Sharp center, mushy corners Lens wide open at its limit Stop down 1-2 stops from max
Soft everywhere at /22 Diffraction Live at f/8—f/11 (ch. 10)
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U8 Fiicker & LED Banding

Mains-powered lights are not steady — they pulse with the electrical grid, 120 times a second in North America. Your
eyes average it out; a fast shutter does not. Shoot faster than the pulse and each frame catches a different slice of the
cycle: exposure that jumps frame to frame, and dark bands rolling through your photos on electronic shutters.

LIGHT SOURCE FLICKER? SAFE SHUTTER SPEEDS
Sunlight / tungsten None — continuous Anything

Mains LED / fluorescent 120 Hz 1/60 - 1/100 - 1/120

Cheap dimmed LED (PWM) 100s-1000s Hz, varies Test — or swap the bulb
Quality video LEDs Flicker-free by design Anything

The safe list: under 120 Hz mains light, 1/60, 1/100, and 1/120 each swallow a whole flicker cycle — every frame averages
out identical.

Anti-flicker mode: most modern bodies can time the shutter to fire at the pulse peak. Turn it on for gyms, offices, stages —
it costs a few milliseconds of lag and saves entire shoots.

Electronic shutter warning: silent shutter reads the sensor line by line, so flicker paints moving bands across the frame.
Under suspect lights, switch to mechanical.

FROM THE BOOTH - GYMS AND STAGES ARE THE CLASSIC AMBUSH: BURSTS WHERE EVERY OTHER
FRAME IS A DIFFERENT BRIGHTNESS. IT IS NOT YOUR CAMERA — IT IS THE
BUILDING. 1/100, ANTI-FLICKER ON, MECHANICAL SHUTTER.
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@9 SPEED YOU CAN SEE
Panning

A frozen race car looks parked. The pro move is the opposite: a slow shutter while you swing the camera with the

subject — subject sharp, world streaked into speed lines. It is one skill: matching speed. Your camera moves with the
car like your eyes follow a friend across a room.

SUBJECT STARTING SHUTTER NOTES

Race cars, motorbikes 1/60 - 1/30 Fast + predictable lines — the classic

Cyclists, runners 1/30 - 1/15 Slower subject needs a slower shutter for streaks
City traffic at dusk 1/15 - 1/8 Streetlights become ribbons behind the car

Kids on bikes 1/60 Chaotic paths — take the easier speed

/I The technique
Feet planted, swing from the hips, elbows tucked. You are a tripod head; your spine is the axis.

Track before, follow through after — pick the subject up early, match its speed, fire mid-swing, and keep swinging past
the click. Golf swing, not dart throw.

Continuous AF + burst mode. Expect to throw away nine frames for the one that sings. That ratio is normal; nobody shows
their misses.

Stabilizer: panning mode or off. Normal stabilization fights the deliberate swing. Many lenses have a mode 2 that
stabilizes only vertically — that one helps.

[ 1

TRY IT WITHOUT LEAVING THE COUCH

The online version of this chapter has a car you track with your finger — it captures the frame as it passes and
|_ shows you sharp or smeared. nathanielrohr.com/advanced-guide _|
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1O Fierd Notes

The rest of the advanced toolkit is judgment, not gadgets — short notes on the things that separate a good file from a
lucky one.

EXPOSURE

Expose to the right (ETTR)
Sensors store far more detail in bright tones than dark ones. When you will edit the file, push the histogram right without
clipping, then pull back in post — cleaner shadows, less noise, free. RAW only; JPEG bakes the mistake in.

EXPOSURE
Bracketing — insurance for impossible light

Sunset window behind a dark room? No single exposure holds both. Auto-bracket three frames (-2 / 0 / +2), pick the
winner or blend later. Costs half a second; saves unrepeatable scenes.

FLASH

Dragging the shutter — two exposures in one frame

A flash photo is secretly two exposures: the flash lights your subject in a millisecond; the open shutter soaks up the room.
Reception recipe: manual, 1/30 - /2.8 - ISO 800, flash 1/16 — people frozen by the pop, string lights glowing behind them,
rear-curtain keeping motion natural.

FLASH
Gels — make the flash speak the room's language

Bare flash is daylight-blue; a reception is tungsten-orange. Mixed, your subject looks pasted in. Tape a CTO gel on the
flash, set white balance to tungsten, done — one piece of orange plastic, believable light.
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1O Field Notes

FLASH
Light ratios — the language of multi-light

Key at full, fill at half the key = 2:1, gentle and flattering. Fill at a quarter = 4:1, dramatic. A rim light behind carves the
subject off the background. Learn ratios and every lighting diagram reads like sheet music.

SENSOR
ISO invariance — why underexposing can be fine

On many modern sensors, raising ISO in-camera and brightening in post give nearly identical noise. Upshot: when
highlights matter, protect them and lift shadows later. Test your body once — ISO 3200 vs ISO 800 pushed 2 stops — and
know forever.

GLASS
Diffraction — the reason f/22 is soft

Past ~f/11 (full frame) or ~f/8 (crop), light waves interfere at the aperture edges and the whole frame gently softens. Deep
focus lives at f/8—f/11; beyond that you are trading real sharpness for depth better won by focus technique (ch. 07).

FILES

Color spaces — the ten-second version
Shoot RAW and this mostly does not matter until export. Export SRGB for web and print labs; Adobe RGB only when a
print workflow demands it. Wrong-space exports are why some uploads look suddenly dull.

FROM THE BOOTH
One-take habits

Live production taught me what transfers to every hard shoot: scout before you commit, build settings for the worst light
you will face, test the full chain before the moment matters, and always leave one dial of headroom. Cameras forgive
planning, not panic.
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«l YOURS TO FILL IN

My Numbers

Every chapter here has one number that is specific to your camera and your bag. Look each one up once, write it here,

and this page becomes your field card.

[ My sync speed (ch. 01)
e.g. 1/200

[] Does my flash have HSS? (ch. 01)

yes / no

[ Rear-curtain menu location (ch. 02)

[ My modifiers (ch. 03)

e.g. umbrella, 24-inch softbox

[] My ND kit + thread size (ch. 05)
e.g. ND8 + ND1000, 77 mm

[] 500-rule time for my widest lens (ch. 06)
e.g.500/(18x 1.5)=18s

[ Hyperfocal @ f/8, my landscape lens (ch. 07)

[ Back-button focus set up? (ch. 07)

yes / no

[ Anti-flicker mode location (ch. 08)

[ My panning starting shutter (ch. 09)
e.g. 1/30

WHY BOTHER - THE ADVANCED WALLS ALL SHOW UP AT THE WORST MOMENT — MID-SHOOT,
MID-EVENT, MID-DARKNESS. A CARD YOU FILLED IN CALMLY BEATS A MANUAL YOU ARE

SPEED-READING IN A PARKING LOT.

MY NUMBERS
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Don't just read it — try it.

Every chapter in this guide is a live, interactive demo on my website — watch the
shutter curtains race in slow motion, drag a softbox around a room, add ND filters
to a blown-out noon portrait, and pan with a car that grades your swing.

[ 1

L _

nathanielrohr.com/advanced-guide

WHAT'S WAITING THERE

The shutter-curtain slow-motion simulator - Rear-curtain trails
Six light modifiers on one face - Inverse-square softbox drag
The ND fix, live - 500-rule + hyperfocal calculators - Flicker demo
The panning mini-game — track the car, see your shot

Start with the dials? The beginner guide lives at:

nathanielrohr.com/camera-guide
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That's the field kit.

The walls covered here — sync, falloff, the sun itself — stop being walls
the moment you know why they exist. Take the camera somewhere difficult
and let one of them show up. Now you know the door.

TECHNOLOGY, FROM EVERY ANGLE.

[ 1

Watch on YouTube

L I

wEB nathanielrohr.com

MAIL  nrohr@nathanielrohr.com
YT  @NathanielRohrYT
IG  @nathaniel.rohr
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