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(57) Abstract: An example device is configured to emit a first light hav­
ing a first luminous flux and a peak intensity at a first wavelength that 
is greater than or equal to 400 nanometers (nm) and less than or equal 
to 480 urn. The first luminous flux is variable and/or the emission of the 
first light is interrupted one or more times. The device is also configured 
to emit a second, light having a second luminous flux and. a peak inten­
sity at a second wavelength, that is greater than or equal to 500 ran and 
less than of equal to 630 nm. The second Luminous flux is variable and/ 
or the emission of the second light is interrupted one or more times. The 
first luminous flux is at a maximum at least during a time at which the 
second luminous flux is not at a maximum.
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lighting devices and methods for use

Cross-Reference to related applications 
[0001] This application claims the benefit of U S. Provisional Patent Application No 

02-508.28/-, Oled on May 18. 2*07. and ciainis the benefit of L.S. Provisional Patent 

Application No. 62/546,475, filed on August 16, 2017. the contents of'both of which are 

incorporated herein by reference in their entirety,

BACKGROUND

[0002] 1 nless otherwise indicated heiein the materials described tn this section are not

prior art to the claims ip this application and are not admitted to be prior art by inclusion in 

this section,

[0003] If may be useful to alter a person’s circadian rhythm or “sleep cycle” for reasons 

such as jet lag and adjustment to non-traditional. work, shifts. A person’s circadian rhythm is 

principally governed by the suprachiasmatie nucleus (SCN), which is a small region within 

the brain’s hypothalamus. Previous methods for altering a person’s circadian rhythm, have 

generally involved direct .stimulation of the light-sensitive protein melanopsin within 

intrinsically photosensitive retina? ganglion ceils (ipRGCs) that make up about 12,. of retinal 

gangkon cells within the retina ft is thought that illumination of the teima with blue light 

(e.g, peak wavelength of about 480 nanometers) causes meianopsin excited within a person’s 

ipRGCs to stimulate the SCN via neural pathways, thereby altering the person’s circadian 

rhythm (e.g.. delaying the onset of tiredness}. However, due to the ipRGCs' relatively low 

photosensitivity, their relatively sparse presence within the retina, and slow photoactive 

response, .such methods may undesirably involve illuminating the retina with, intensities that 

are unpleasant or even painful, for relatively long, periods o f time.

SUMMARY

[0064] One example describes a device that includes a light source assembly and a 

control system configured, to cause the light source assembly to perform, functions. The 

iunetiofts include emitting a first light having a first luminous flux, and a peak intensity at a 

first wavelength that is greater than or equal to 400 nanometers (nm) and less than or equal to 

480 nm. The first luminous flux is variable or the emission of the first light is interrupted one 

or more times. The functions further include emitting a second light having a second 

luminous flux and a peak, intensity .at a second wavelength that, is greater than or equal to 500 

nm and less than or equal to 630 nm. The second iununous flux is variable or the emission of 

the second light is interrupted one or more times. The first luminous ..flux is at a maximum at
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least during a time at which the second luminous -flux is not at a maximum.

[0005] Another example describes a method that includes emitting, via a light source 

assembly, a first light having a first luminous flux and a peak intensity at a first wavelength 

that is greater than or equal to 400 nanometers {nm) and less than or equal to 480 nm. The 

first luminous flux is variable or the emission of the first light, is interrupted one or more 

times. The method further includes emitting, via the light source assembly, a second light 

having a second luminous flux and a peak intensity at a second wavelength that is greater 

than or equal to 500 tun and less than or equal to 630 tint Tile second luminous fi.uk is 

variable or the emission of the second light is interrupted One or more times. The first 

luminous flax.is at-a maximum at least during a time as which, the second .luminous flux: is not 

at a maximum,

[0006] Yet anotiter example describes a white light source having a color rendering index 

of greater than 70 as compared to daylight, a hlackbody, or another lighting reference 

standard. The white light source is configured to emit light with a peak wavelength within a 

range of -480 nm to 580 nm.

[0007] Yet another example describes a light source that includes one or more discrete 

Sight emitting diodes <LEDsl configured to emit first light basing a peak intensity within a 

range of 480 nm to 560 nm. The light source further includes one or more white LEDs having 

a color rendering index higher than 70 when compared to daylight, a hlackbody, or another 

lighting reference standard, the one or more white LEDs being configured to emit second 

light such that the first, light and the second light combined have a peak intensity at a 

wavelength within a range of 480 nm to 5$0 nm.

Jt'ififiS] Yet another example describes a device that includes a hglu source assembly and 

a control system configured to cause the light source assembly to emit light having a 

Inminons flux and a peak intensity at a wavelength that is greater than or equal to 400 

nanometers (nm) and less than or equal io 480 nm. The luminous flux is variable or the 

emission of the light is interrupted one or more t imes,

}0009| Yet another example describes one or more light sources configured to emit: a 

first light having a peak wavelength within a range of 470 nm to 580 nm and a second white 

light having a color rendering index of greater than 70 when compared to daylight, a 

hlackbody, or another lighting reference standard. A luminous .flux of die second light is less 

than a luminous flax of the first light.

J00.10] Yet another example describes one or more light .sources configured to emit: a 

first light having a peak wavelength within a range of 600 nm to 700 nm and a second, white
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tight having a color tendering index of .greater than 70 when compared to daylight, a 

blackbody, or another lighting reference standard. A luminous flux of the second light is less 

than a luminous flux of the first light

[00 Hj Yet another example describes a device that includes one or more light sources 

configured to emit first light having a color rendering index of greater than 70 when 

compared to daylights a blackbody, or another lighting reference standard, and one or more 

phosphors that when illuminated by tire one or more light sources, emit second light such 

that the first light and the second light combined have a peak intensity at a wavelength within 

a range of470 nm to 580 hm.

[0012J Yet another example describes a device that includes a tight source assembly and 

a control system configured to cause the light source assembly to perform functions. The 

functions include emitting a first light having a first luminous flux and a peak intensity at a 

first wavelength that is greater than, or equal to 400 nanometers turn) and less than or equal to 

440 nm. The first luminous flux is variable or the emission of the first light is. interrupted one 

or more times. The functions further include emitting a second light having a second 

luminous flux and having a color correlated temperature of greater than or equal to 2500 

Kelvin and less than or equal io 6000 Kelvin, The second 'luminous flux is variable or the 

emission of the second light is interrupted one or more times and the second light has a color 

rendering index greater than 70 when compared to daylight, a blackbody, or another lighting 

reference standard. The .first luminous flux is at a maxi mum at least during a time at which 

the second luminous flux is not a· a maximum.

}0013i Yet another example describes a method that includes emitting, via a light source 

assembly, a first light having a first luminous flux and a peak intensity at a first wavelength 

that is greater than or equal to 400 nanometers (nm) and less than or equal to 440 run, The 

first luminous flux ts variable cu the emiv^oa of the first light is interrupted one or more 

times. The method further includes emitting, via the fight source assembly, a second light 

having a second luminous fiux and having a color correlated temperature of greater than or 

equal to 2500 Kelv in and less than or equal to 6000 Kelvin. The second luminous flux is 

variable or the emission of the second light is interrtipied one or more times The second light 

has a color rendering index greater than 70 when compared to daylight, a blackbody, or 

another lighting reference standard. The first luminous flux is at a maximum at least during a 

time at which the second luminous flux is not at a maximum,

jOOMj Yet another example describes a plurality of fight sources configured to emit fight 

having a peak wavelength within a range of 400 mn to 440 nm.

■·>- 3 —



WO 2018/212819 PCT/US2018/020395

{00151 Yet another example describes a while light, source having a color rendering index 

of greater than 70 as compared to daylight, a blackbody, or another lighting reference 

standard. The white light source is configured to emit light with a peak wavelength within a 

range of 400 nm ;o 440 nm.

(00i 6] Yet another example describes a device that includes a liglrt source assembly; and

a control system configured to cause the light source assembly to perform functions 

comprising; emitting a first light having a first luminous flux and a peak intensity at a first, 

wavelength that is greater than or equal to 680 nanometers (nm) and less than or equal to '750 

urn, wherein the first luminous flux is variable or the emission of the first light is interrupted 

one or more times; and emitting a second light having a second luminous flux and a peak 

intensity at a second wavelength that is less than or equal to 680 nm, wherein the second 

luminous flux is variable or the emission of the second light is interrupted oue or more times, 

wherein the first luminous flux is at a maximum at least during a time at which the second, 

luminous flux is not at a maximum ,

(0017( Yet another example describes a method that includes emitting, via a light source 

assembly, a first light having a first luminous flux and a peak intensity at a first wavelength 

that is greater than or equal to 680 nanometers (nm) and less than or equal to 750 nm, 
wherein the first luminous flux is variable or the emission of the first light is interrupted one 

or more times; and emitting, via the light source assembly, a second light having a second 

luminous flux and a peak intensity at a second wavelength that ts less than or equal to 680' 

nm, wherein the second luminous flux Is variable or the emission of the second light is 

interrupted one or more times, wherein the first luminous flux is at a maximum at least during 

a time at which the second luminous flux. is nor at a maximum,

(0018( Yet another example describes a device that includes a light source assembly; and 

a control system configured to cause the light source assembly to perform functions 

comprising: emitting a first light having a first luminous flux and a peak intensity at a first 

wavelength that is greater than or equal to 400 nanometers (nm) and (ess than or equal to 440 

tun, wherein the first luminous flux is variable or the emission of the first light is interrupted 

one or more times; and enutting; a second light having a second luminous flux and a peak 

intensity at a second wavelength, that is greater than or equal to 440 nm, wherein the second 

luminous flux is variable or the emission of the second light is interrupted one or more times, 

wherein The first luminous flux Is at a maximum at least during a time at which the second 

luminous flux is not at a maximum,

(0019( Yet another example describes a method that includes emitting, via a light source
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assembly, a first light having a first luminous flux and apeak intensity at a first wavelength- 

that is greater than or equal to 400 nanometers .(am) and less than or equal to 440 nm, 

wherein the first luminous flux' is variable or the emission of the first light is interrupted one 

or more nmes; and emitting. via the fight source assembly, a second fight basing a second 

luminous flux and a peak intensity at a second wavelength that is greater than or equal io 440 

nm, wherein the second luminous flux is variable or the emission of the second light is 

interrupted one or more times, wherein the first luminous flux is at a maximum at least during 

a time at which the second luminous flux, is not at a maximum.

{0020] Vet another example includes a fight source that includes one or more fust fight 

emitting diodes (LEDs) configured to emit first light having a peak: intensity within a range of 

4G0 nm to 440 nm; and one or more second LEDs configured to emit, second fight having a 

peak intensity greater than 440 nm. the first light and the second light combined having a 

peak intensity at a wavelength within a range of400 nm to 440 nm.

[0021] Yet another example describes a method comprising- emitting, via one or more 

first light emitting diodes (LEDs) of a light source, first light having a peak intensity within a 

range of 400 nm to 440 tun; and emitting, via one or more second l,EDs of the light source, 

second light, having a peak intensity greater than 440 nm, the first light, and the second light 

combined having a peak intensity at a wavelength within a range of 400 nm to 440 nm,

[0022] These, as well as other aspects, advantages, and alternatives will become apparent 

io those of ordinary skill in the art by reading the following detailed description, with 

reference where appropriate to tire accompanying drawings. Further, it should be understood 

that this summary and other descriptions and figures provided herein are intended to illustrate 

the invention, by wav of example only and, as such, that numerous variations are possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure I is a schematic diagram of a lighting device, according to an example 

embodiment,

[0024] Figure 2 is a block diagram of a method, according to an example embodiment. 

|0025[ Figure 3 illustrates intrinsically photosensitive retinal ganglion cell itpRGCi 

response to excitation of S-type cones.

[0020] Figure 4 illustrates ipRGC response to excitation of L-type and/or M-type cones. 

[0027] Figure 5 illustrates tpMGC response to excitation of various types of upstream 

ganglion cells,

[0028] Figure 6 includes photosensitivity curves of lour types of ganglion cells hr tire eye.
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(0029] Figure 7 illustrates the manipulation of circadian rhythm via retina illumination at

.varying times of day.

(0030] Figure 8 illustrates an advancement of circadian rhythm.

[003 i] Figure 9 illustrates a. delay of circadian rhythm,

(0032] Figure iO illustrates an example intensity curve for a light source.

[0033} Figure 11 illustrates example intensity curves for various types of light sources, 

[0034] Figure 12 is a block diagram of a method, according to an example embodiment,

[0033] Figure 13 is a block diagram of a method, according to an example embodiment.

[0036] Figure 14 is a block diagram of a method, according to aft example embodiment,

(0037] Figure 15 is a block diagram, of a method, according to an example embodiment

DETAILED DESCRIPTION

[0038] As discussed above, current methods for altering circadian rhythm via direct 

stimulation of melanopsin within intrinsically photosensitive retinal ganglion cells (ipRGCs) 

are often inconvenient, unpleasant, and/or somewhat ineffective. Accordingly, improved 

devices and methods for altering circadian rhythm are disclosed herein.

J0039] file present inventors have appreciated that circadian rhythm can be filtered more 

conveniently and efficiently via stimulation of S-cones, M-cones, and L-cones within the eye, 

which causes indirect stimulation of ipRGCs that are downstream of the cones along neural 

pathways. Whereas previous methods involve illuminating ipRGCs- with blue light (e.g.·, 

λ"480 nm) to optimize melanopsin. photoactivity, the methods disclosed, herein .generally 

involve illuminating a retina, with. wavelengths optimized, to stimulate S-cones having a, 

maximum photosensitivity at about 420-440 nm. M-cones having a maximum 

photosensitivity at about 534-545 am, and/or L-cones having a maximum photosensitivity at 

about 564-580 nm.

(0040] More specifically,, the inventors have appreciated that stimulation. of cones, which 

have a dense presence within the retina and higher photosensitivity when compared to 

ipRGCs, can cause more intense excitation of"ipRGC's than direct stimulation of the ipRGCs 

themselves. This increased excitation of the ipRGCs causes increased stimulation of the 

suprachiasmatic nucleus (SCN t, causing larger changes in circadian rhythm.

[0041] in particular, the inventors have appreciated that ipRGCs are most responsive to

sharp increases and decreases in illuminance of the cones. For example, the activity of 

ipRGCs (and the resultant activity of the downstream SCN) is maximized m response to 

sharp increases in photoabsorption by M-cones u-.g., green light) and L-cones ic.g, red 

light), and sharp decreases in photoabsorption by S-cones {<?.£.. violet light)
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[0042] Figure i depicts a (lighting) device I00 that includes a light source assembly 102 

and a control system 104. In some examples, the light source assembly 102 may include one 

or more light sources such as light emitting diodes (LEDs), incandescent bulbs, or halogen 

bulbs, but other examples are possible,

[0043] The control system 104 may take the form of any combination of software and/or 

hardware that is configured to cause the light source assembly 102 and/or the device 100 to 

perforin any-of the functions that are described herein. For example, the control system 104 

may include one or more Boolean circuits, programmable logic controllers IPLCofi <tnd/or 

special purpose circuits configured to provide electrical power and/or control signals to the 

light source assembly 102 for performing any of the functions described herein. Additionally, 

the control system 104 may include one or more processors and a computer readable medium 

storing instructions that., when executed by the processors, cause the light source assembly 

102 and'or the device 100 to perform any of the functions described herein. The control 

system 104 may additionally include a signal generator,.
[0044] In various examples, the device 100 may be incorporated into or take the Form of a 

wearable device, goggles, a headband, armwear, wristwear, or a therapeutic wearable device 

configured to shine light onto a subject’s retina. In some examples, the device 10(5 is 

incorporated into a vehicle such as an automobile, an airplane, a helicopter, a boat, a ship, or 

a train. The device 100 could also be Incorporated into a. dashboard, an accent lighting unit, a 

cabin general lighting unit, or a headlight unit:. In various examples, the device 100 is 

incorporated into a display unit such as a cell phone, a tablet computer, a monitor, or a 

television. The device 100 could also be incorporated into a lighting unit such as a lamp, a 

niglulight. a chandelier, or an overhead lighting unit

[0045] In some embodiments, the device 100 may take the form of a white light source 

having a color rendering index of greater than 70 as compared to daylight, a blaekbody, or 

another lighting reference standard, with the white light source being configured to emit light 

with a peak wavelength within a range of 480 nm to 580 nm, or more specifically, within a 

range of 520 um to .570 nm.

[0046] In some embodiments, the device 100 takes the form of a light source that 

includes one or more discrete light emitting diodes <1 IDs,» configured to emit first light 

having a peak intensity within a range of 480 nm to nm. and one or more white LEDs 

having a color rendering index higher than 70 when compared to daylight, a blaekbody, or 

another lighting reference standard, the one or more white LEDs being configured to emit 

second light such that the first Sight and the second light combined have a peak intensity at a
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wavelength within' a range of 480 «in to 580 ntn. In this context, the device .100 could be 

operated in the presence of ambient light having one or more wavelengths within a range of 

400 nm io 780 nra. In this context, at least 50%, at least 60%, nt least 70%. at least 80’:1,, at 

least. 90% or at least 95% of a power spectral density of the fust light might correspond to 

wavelengths within a range of4Kt> nm to 560 nnt.

[0047] The term “white light" as used herein may refer to any polychromatic light having 

a color rendering index greater than 70 as defined fey tire international Commission on 

Illumination (CIE) .¾ scale. Such white light may include non-zero intensities throughout the 

visible spectrum of 400-700 nm. As such., a “white light source” may include any light source 

commuted to generate white light as de«tithed abrne Ihe term Motor tendering index ’ 

(CRI) as used herein may also be generally defined with reference to the C1E fl:, scale 

[00481 In some embodiments, the control system 1.04 is configured to cause the light 

source assembly 502 to emit light having a luminous flux and a peak intensity -at a 

wavelength that is greater than or equal to 400 nanometers (nm) and less than or equal to 480 

tint the luminous flux being variable or the emission of the light being interrupted one or 

more times. More specifically, the peak intensity may occur within any of the following 

wavelength ranges: 410-430 nm, 415-425 ran. 418-422 nm (as measured by a 

spectrophotometer having a tolerance of +/- 2 nm). Such luminous flux may take the form of 

a square wave, a .sinusoidal wave» a sawtooth wave» or a triangle wave. The luminous flux 

may be periodic with a frequency that is less than or equal to 100 Hz, or less than or equal to 

50 Hz. In this context, ai least 50"... at least 6026, ai least 70%, at least 80%, at least 90% or 

at least 95% of a power spectral density ofthe light might correspond to wavelengths withm a 

range of 400 nn? to 480 nm. Additionally, the luminous flux might periodically reach a 

minimum, that is greater than zero or equal to zero.

[0049] The device 100 may be configured to illuminate a retina of a user with an 

fliunlmanee that is less than or equal to 10,000 lux. less than or equal to 5,000 lux, less than 

or equal to 1,000 lux, less than or equal to 500 lux. less than or equal io 100 lux, less than or 

equal to 50 lux, less than or equal to 10 lux, or less than or equal to 1 lox. in this context, 

illuminance ns defined as Fa ::ΨΥ t4 a r2T with Υ being the distance from the light source 

to the retina and ΦΥ being, the luminous flux of the light source,

[0050) In another example, the device 100 may take the form of one or more light sources 

configured to emit: a first light having a peak wavelength within a range of 470 nm to 580 

tun: and a second white light having a color rendering index of greater than 7<> when 

compared to daylight, a blackbodv, or another lighting reference standard, the luminous flux
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of the second light, being less than a luminous Dux of die first tight lu bus context, at least 

50%. at least 60%, at least 70%, at least 80%, at least 9()% or at least 95% of a power spectral 

density of the first light might correspond to wavelengths within a range of 470 lim to 580 

nm.

[0051 [ hi another example, the device 100 may take the form one or more light sources 

configured to emit: a first light having a peak wavelength within a range of 600 nm to 700 

an; and a second white light having a color rendering index of greater than 70 when 

compared to daylight, a biackbody, or another lighting reference standard, the luminous flux 

of the second light being less than a luminous fl.uk of the first light in tins context, at least 

50%. at least 60%, at least 70%, at least 80%, at least 90% or at. least 958,, of a power spectral 

density of the first light might correspond to wavelengths within a range of 600 nm to 700 

nm.

(00S2 j In. another example, the device 1.00 may take the form of one or more light sources 

configured to emit first light having a color rendering index of greater than 70 when 

compared to daylight, a blackbody, or another lighting reference standard·, and one or more 

phosphors that, when illuminated by the one or more light sources, emit second light such 

that the first light and the second light combined have a peak intensity at a wavelength within 

a range of 470 nm to 580 nm. In this context, at least 50%, at least 60%, at least 70%, at least 

80%. at least 90% or at least 95%. of a power spectral density of the second light might 

correspond to wavelengths within a range of 470 nm to 580 nm

}0053[ Figure 2 is a block diagram of a method 200. The method 200 and related methods 

disclosed herein can be performed to cause advancement or delay of a subject's circadian 

cycle lot various purposes. Such methods can he performed to treat a subject afflicted with 

seasonal affective disorder (SAD) or another mood disorder, such, as depression, bipolar 

disorder, or dysthymia, Disrupted or irregular sleep can also affect those suffering with 

cancer and/or heart disease, and these methods can be used accordingly io counteract such 

effects.

|0054| At block 202, the method includes emitting, via a light source assembly, a first 

light having a lust luminous flux and a peak intensity at t? first wavelength that is greater than 

or equal to 400 nanometers (nm) and less than or equal, to 480 nm, In other words, the first 

light may be most intense (or have a local maximum) at a wavelength that is greater than or 

equal io 400 nm and less than or equal to 480 urn. More specifically, the first wavelength 

may be greater than or equal to 410 nm and less than or equal to 430 nm. greater titan or 

equal to 41 5 nm and less than or equal to 425 ntn, or greater than or equal to 418 nm and less
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than or equal to 422 nm.

10055] As (.he term is used throughout this disclosure, light defined as hav ing a '"peak 

intensity” within a certain range of wavelengths is not meant to exclude the possibility that 

the light might have a global peak intensity outside of the recited range of wavelengths. That 

ts„ the temi “peak intensity'’ can refer to a local peak intensity and, m addition or m the 

alternative, to a global peak intensity;

[0056] In this context, the first luminous fiux is variable or the emission of the first light 

is Istemspted one ot more times. For example» the first luminous flux may lake the form of a 

squme wave a smusonlal wave, a sawtooth wave, a mangle wave ot ans dignal οι analog 

wave. Other examples are possible.

[0057] The first light may be emitted by the light source assembly 102 such that the first 

light illuminates a retina of a user with an illuminance that, is less than or equal to 10.000 lux, 

less than or equal io 5,000 lux, less than or equal to 1,000 lux, less than or equal to 500 lux, 

less than or equal, to 100 lux, less than or equal to 50 lux, less than or equal to 10 lux, or less 

than or equal to 1 lux.

[0058] In one example, the light source assembly' 102 emits a first light having a 

luminous flux 302 as shown in Figure 3. The luminous fiux 302 has a. peak intensity at a 

■wavelength that is greater than or equal to 400 nm and less than or equal to 480 inn. The 

luminous flux 302 takes the form of a square wave that oscillates between a high level of 

luminous fiux 304 and a low level of luminous flux 306. The low level of luminous flux 306 

could be zero or near zero, but the low level of luminous fiux 306 is generally less than the 

high level of luminous fiux 3(*4. The luminous fiux 302 hating a peak intensity at a 

wavelength between 400-480 nm primarily excu.es S-cones within the retina., resulting in a 

response 308 of downstream. ipRGCs. As shown, the response 308 is most frequent and 

intense immediately after the luminous fiux 302 switches from the high level 304 to the low 

level 306 at 1==0, for example. However, the response 308 continues at reduced intensity and 

frequency while the luminous fiux 302 continues to beat the low level 306, The S-cones 

become relatively inactive after the luminous fiux 302 switches to ihe high level 304.

10059] In short., high response intensity and high response frequencies for downstream 

ipRGCs. occur in. response to relatively quick negative changes (decreases) in. the luminous 

flux of the first tight having a peak intensity between 400 and 480 nm Although Figure 3 

shows the luminous flux 302 in the form of a square wave, waveforms such as a sinusoidal 

wave, a sawtooth wave, nr a triangle wave can also exhibit relatively quick negative changes 

in luminous fiux with peak intensity between 400 nm and. 480. thereby efficiently exciting
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downstream ipRGCs.

[0060] 1« particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%,

at least 90% or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within a ran ge of 400 nm to 420 am.

[0061] In particular embodiments, at least 50%, at least bb%, at least 70%. at least 80·%, 

at least 90% of at least,95% of a power spectral density of the first light corresponds to 

wavelengths within a range of 420 nm to 440 nm,

[0062] In particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the firs! light corresponds to 

wavelengths within, a range of 440 nm to 460 nm.

[0663] in particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least 90% ot at least 95% of a power spectral density of the first light corresponds to 

wavelengths within a range of 460 nm to 480 nm.

[0064] In particular embodiments, the first luminous flux periodically reaches a minimum· 

that is greater than zero,

[0065] in particular embodiments, the first luminous flux periodically reaches a minimum 

that is equal to zero.At block 204, the method includes emitting, via the light source 

assembly, a second light having a second luminous flux and a peak intensity at a second 

wavelength that is greater than or equal to 500 nm and less than or equal io 63b nm. In other 

words, the second light may be most intense (or have a local maximum) at a wavelength that 

is greater titan or equal to 50b i«n and less than or equal to 63b nm More specifically, the 

second wavelength may be greater than or equal io 535 nm and less than or equal to 565 nm. 

greater than or equal to 545 nm and less than or equal to 555 nm, or greater than or equal to 

548 nm and less than or equal to 552 am,

[0066] In this context, the second luminous flux is variable or the emission of the second 

light is interrupted one or more times. For example, the second luminous flux may take the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave. Other examples are possible.

[0067] The second light may be emitted by the light source assembly 102 such that the 

second light illuminates a retina of a user with an Illuminance dun is less than or equal to 

10,000 lux, less than or equal to 5,000 lux, less than, or equal to I,,000 lux, less than or equal 

to 500 lux, less than or equal to 1.00 lux, less than or equal to 50 lux, less than or equal to 10 

lux, of less than or equal to I lux.

[0068] In one example, the light source assembly 102 emits a second light having a
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luminous flux 402 as shown in Figure 4. The luminous flux 402 has a peak intensity at a 

wavelength drat is greater than or equal to 500 nnr and less than or equal to 630 inn. The

luminous flux 402 takes the form of a square wave that oscillates between a high level, of

luminous flux 404 and a low level of luminous flux 400, The low level of luminous flux 406 

could he zero or near zero, but the low level of luminous flux 406 is generally less than the 

high level of luminous, flux 404. The luminous .flux 402 having a peak intensity at a 

wavelength between 500-630 nni primarily excites L-eones and M-cones within the retina, 

resulting in a response 408 of downstream ipRGCs. As shown, the response 408 is most 

frequent and intense immediately alter the luminous Hus 4(52 switches from the low lev el 406 

to the high level 404 at i-0, for example. However, the response 408 continues at reduced

intensity and frequency while the luminous flux 402 continues to be at tire high level 404, 

The 1.-cones and M-cones become relatively inactive after the luminous flux 402 switches to 

the low level 406.

[0069] in short, high response intensity and high response frequencies for downstream 

tpRGCs occur in response to relatively quick positive changes (increases) in the luminous 

dux of the second light having a peak intensity between 500 and 630 nm. Although Figure 4 

shows the luminous flux 402 in the form of a square wave, waveforms such as a sinusoidal 

wave, a sawtooth wave, or a triangle wave can also exhibit relatively quick positive changes 

in luminous flux with peak intensity between 5<X) nrn and 630, thereby efficiently exciting 

downstream ipRGCs,

[0070] lu accordance with the method 2(50, the light source assembly 102 may include a

first light source configured to emit the first light (e.g.. Summons flux 302} and a second light

source configured to emit the second light f luminous flux 402).

[0071] In various examples, the first luminous flux .{e.&> luminous flux 30:2) is out of 

phase with the second luminous flux (e.g., luminous flux 402) by 180 degrees. Although less 

desirable, the phase difference between the first luminous flux and. the second, luminous flux, 

could range anywhere from 0 to ISO degrees. In. some embodiments, the first luminous flux.

will be at a maximum when the second luminous flux. is at a minimum, in some 

embodiments, the first luminous flux will be at a minimum when the second luminous flux is

at a maximum,

[0072] In various examples, the first luminous flux (e.g., luminous flux 302) and the 

second luminous flux (e,g... luminous flux 4< >2 5 take the form of respective square waves with 

equal respective duty cycles or other wmetbims having equal respective duty cycles. 

However, the first luminous flux and tho second luminous flux can also take tire form of
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respective square waves with unequal respective duty cycles or ether waveforms having 

Unequal respective duty cycles.

10073] In various examples, the first luminous flux and the second luminous flux are 

periodic with respective oscillation frequencies that are less than or equal to 100 Hz. The first 

luminous flux and the second luminous flux may also be periodic with respective oscillation 

frequencies that are less than or equal to 50 Hz. The ipRGCs within the eye generally don’t 

respond in synchrony with Sight that oscillates at. frequencies greater than about 100 Hz,

10074] in particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least °<i% m at leas! °5% of a power spectral density of the second light cot responds to 

wavelengths w nhm a ranee of 500 nm so am

{0075] In particular embodiments, at least 50%. at least 60%, at least 70%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths vvifhtn a range of 530 nm io 560 nnt.

[0O76] In particular embodiments, at least. 50%, at least 60%, at least 70%, at least 80%j 

at least 90% or at least <>5% tif a power spectral density of the second light corresponds to 

wavelengths within a range of 560 nm to 590 nm.

{0077] in particular embodiments, at least 50%. at least 60%, at least 70%, at least 80%. 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths within a range of 590 nm to 630 inn.

[00781 In particular embodiments, the second luminous flux, periodically reaches a 

minimum that is greater than zero.

J0079] In particular embodiments, the second luminous flux periodically reaches a 

minimum that is equal to zero.

[0080] Figure 5 illustrates ipRGC response to excitation of various types of upstream 

ganglion cells. As shown, ipRGCs 512 are stimulated by onset of blue light 502, red light 

506, green light 508, and rod excitation 510. The ipR.GCs 512 are stimulated by offset of 

violet light 504,

[0081] Figure 6 includes photosensitivity curves of four types of ganglion cells in the eye. 

The curve 602 represents S-cones. the curve 6iH represents the rnelanopsni response of 

ipRGCs. the curve otib represents M-eones, and foe curve 608 represents L~eon.es,

[0082] Figure 7 illustrates the manipulation, of circadian rhythm via retina illumination at 

varying times of day. The methods disclosed herein will have different effects depending on 

the time of day and or the point at which the subject is currently at in their circadian rhythm. 

For a traditional circadian rhythm, the disclosed methods generally advance circadian rhythm
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when performed. in the morning, and delay circadian rhythm when performed' in the late 

afternoon, or evening. As shown hi Figure 8, an “advancement” of circadian rhythm generally 

means one will become sleepy sooner,. As shown in Figure 9, “delay” of circadian rhythm 

generally means one will become sleepy later.

[0083[ Figure 10 illustrates an example intensity curve for a steady state “white’ light 

source. As shown, the light source has a peak intensity around 570 nm.

[0084] Figure 11 illustrates example intensity curves for various types of light sources. 

Curve 702 is a “warm” white light source, curve 704 is a “neutral” white light source, and 

curse 706 is a ΑοοΓ white light source ike tune 'iOS m corniest io the oihet tunes 

exhibits a maximum intensity around 550 uni. Similar light sources might have a maximum 

at a wavelength anywhere from 520-570 nm.

[0085] 1'H'ute 12 is a block diagram of a method 1200. The method 1200 and related 

methods disclosed herein can be performed io cause advancement or delay of a subject's 

circadian, cycle for various purposes. Such methods can be performed to treat a subject 

aflticied with seasonal affective disorder iSADj or 'another mood disorder, such as 

depression, bipolar disorder, or dysthymia. Disrupted or irregular sleep can also affect those 

.suffering with cancer and/or heart disease, and these methods can be used accordingly to 

counteract such effects. The method 1209 may be performed with the device 100, for 

example.

[0086] At block 1202, the method 1200 includes emitting, via a light source assembly, a 

first light having a first luminous flux and a peak intensity at. a first wavelength that is greater 

than or equal to 400 nanometers (nm) and less than or equal io 440 run. The first luminous 

flux is variable or the emission of the first light is interrupted one or more times For 

example, the light source assembly 102 may emit the first light in any manner described 

above with respect to block 202 or block 204 of the method 200,

[0087] At block 1204, the method 1200 includes emlifing, via the light source assembly, 

a second light having a second luminous flux and having a color correlated temperature of 

greater than or equal to 250O Kelvin and less than or equal to 6000 Kelvin. The second 

luminous flux is variable or the emission of the second light is interrupted one or more times. 

The second light has a color rendering index greater than 70 when compared to daylight, a 

blaekbody, or another lighting reference standard. For example, the light source assembly 

[02 may emit die second light in any manner described above with respect to block 202 or 

block 2o4 of the method 200.

[0088] In various examples, the first light and/or the second light has an intensity
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spectrum that includes a iiniieiange of wavelengths.

fOO&9] In some examples, the light source assembly includes a first light source 

configured to emit the first light and a second light source configured to emit, the second 

light.

(0090] in particular examples., the light source assembly includes one or more light 

emitting diodes (LEDs).

(0091] In certain examples, the- first luminous flux is out of phase with the second 

luminous flux by 180 degrees.

[0092] In some embodiments, the first luminous flux will be at a maximum when the 

second luminous flux is at a minimum. In some embodiments, the first luminous flux will he 

at a minimum when the second luminous flux is at a maximum,

[0093] in some examples, the first luminous flux and or the second luminous flux takes 

the form of a square wave, a sinusoidal wave, a sawtooth wave, or a triangle wave,

[0094] In certain examples, the first luminous flux and the second luminous flux take the 

form of respective square waves with equal or unequal respective duty cycles or other 

waveforms having equal or unequal respective duty cycles.

[0095] In particular examples, the first luminous flux and the second luminous flux are 

periodic with respective frequencies that are less than or equal to 100 Hz or are less than or 

equal to 50 Hz.

[0096] In certain examples, emitting the first light and/or the second light includes 

emitting the first huh; and or the second light such that die first light and.or the second light 

respectively illuminates a retina of a user with an illuminance that is less than or equal to 

It).0(10 lux, less than or equal to 5,1)()0 lux, less than or equal to i.000 lux, less than or equal 

to 500 lux, less than or equal to 100 lux, less than or equal to 50 lux, less than or equal to 10 

lux, or less than or equal to 1 lux.

[0097] in particular embodiments, the first luminous dux periodically reaches a rmuimum 

that is greater than zero,

10098] In particular embodiments, the first luminous flux periodically reaches a minimum 

that is equal to zero.

J0099] Additional examples include a plurality of fight sources (e.g., figfit emitting 

diodes) configured to emit light having, a peak wavelength within a range of 400 tun to 440 

tun In particular examples, the plurality ol light sources aie configured to enut icspective 

ranges of wavelengths of light that ate different from each other u .g., o<.et lapping but non­

identical), Additionally, the plurality of fight sources may be configured to collectively emit
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white tight having a color tendering index of greater than 70 as compared to day Sight, a 

biackbody, or another lighting reference standard,

[00100] Additional examples include a white light source having a color rendering index 

of greater than 7<> as compared to daylight, a biackbody. or another lighting reference 

standard. The white light source is configured to emit light with a peak wavelength within a 

range of 400 nm to 440 inn,

[001011 Any of the devices or light sources described herein may be incorporated into a 

wearable device including hut not hunted to goggles, a headband, armwear, wiistweai. or a 

therapeutic wearable device configured to shine light onto a Snb]ect’s retina.

[00102] Any of the devices or light sources described herein may be incorporated into a 

vehicle including but not limbed to an automobile* an airplane, a helicopter* a boat, a ship, or 

a train.

[00103] Any of the devices or light sources described herein may be incorporated into a 

dashboard, an accent lighting unit, a cabin general lighting unit, or a headlight unit.

[00104] Any of the devices or light sources described herein may he incorporated into a 

display unit, including but not limited to a ceil phone, a tablet computer, a monitor, or a 

television,

[00105] Any of the devices or light sources described herein may be incorporated into a 

lighting unit including but not hnuted io a lamp, a nighihghi, a chandelier, or an overhead 

lighting unit,

[00106] Figure 13 is a block diagram of a method 1300. The method 1300 and related 

methods disclosed herein can be performed to cause advancement or delay of a subject’s 

circadian cycle lor various purposes. Such methods can be performed to treat a subject 

afflicted with seasonal affective- disorder (SAD) or another mood disorder, such as 

depression, bipolar disorder, or dysthymia, Disrupted or Irregular sleep can also affect those 

suffering with cancer and/or heart disease, and these methods can be used accordingly to 

counteract such effects,

[00107] At block 1302, the method 1300 includes emitting, via a light source assembly, a 

lust light having a first luminous flux and a peak intensity at a first wavelength that is greater 

than or equal to 0H0 nanometers (nm) and less than or equal to 750 nm. in other words, .the 

first Sight may be most intense (or have a local maximum) at a wavelength that is greater than 

or equal to 6K0 nm aid less than or equal to 750 nm. More specifically, the first wavelength 

may be greater than or equal io oho nm and less than or equal to 695 nm. greater than or 

equal to 095 nm and less than or equal to 720 nm, or greater than or equal to ^20 nm and less
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than or equal to 750 uni,

[00108] In this context, the first luminous flux is variable or the emission of the first light 

is interrupted one or more times. For example» the first luminous flux way lake the form of a 

square wave, a smusotdal wave, a sawtooth wave, a triangle wave, or any other digital or 

analog was e. Other examples are possible.

[00l09| The first light may be emitted by the light source assemblv 102 such that.the first 

light illuminates a retina of a user with an illuminance that is less thar o: equal to 10,000 lux, 

less than or equal to 5.000 lux, less than or equal to 1,000 lux, less than or equal to 500 lux., 

less than or equal fo 100 lux, less than or equal to 50 lux, less than, or equal to 10 lux. or less 

than or equal fo 1 lux.

[00110] In one example, the light source assembly .102 emits a first light having a

iuminous flux 402 as shown in Figure 4. The luminous fiux 402 has a peak intensity at a

wavelength that is greater than or equal to 680 urn and less than or equal to 750 nm. The 

luminous flux 402 takes tire form of a square wave that oscillates between a high level of

luminous flux 404 and a low level of luminous flux 406. The low level of luminous flux 406

could be zero or near zero, but the low level of luminous flux 406 is generally less than the 

high level of luminous fiux 404. The luminous flux 402 having a peak intensity at a 

wavelength between 680-750 am primarily excites L-cones within the retina, resulting m a 

response 408 of downstream tpRGCs. As sbo«n> the response 408 is most frequent and 

intense immediately after the luminous fiux. 402 switches from the low level 406 to the high, 

level 404 at 1=0» for example. However, the response 408 continues at. reduced intensity and 

frequency while the luminous flux 402 continues to be at the high level 404. The L-cones 

become relatively inactive after the luminous flux 402 switches to the Sow level 406.

[00111] in short, high response intensity and high response frequencies for downstream 

tpRGCs occur in response to relatively quick positive changes (Increases) in the luminous 

flux of the first light having a peak intensity between 680 and 750 nm. Although Figure 4 

shows the iuminous fiux 402 in the form of a. square wave, waveforms such as a sinusoidal 

wave, a sawtooth wave, or a triangle wave can also exhibit relatively quick positive changes 

in luminous flux with peak intensity between 680 nm and 750. thereby efficiently exciting 

downstream. i.p.RGCs.

[00112] in particular embodiments, at least 50%. at least 60“.. at least "0%. at least 80% 

at least ‘)0”« or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within, a range of 680 nm to 695 n&

[00113] In particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%,
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at least 9<t% or at least 45% of a power spectra! density of the first light eonesponds to 

wavelengths wi thin a range of 695 not to 720 nm.

[00H4] in particular embodiments, at least 50%, at least 60%, at least 70%, at least 8051,, 

at least 90% or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within a range of 720 run to 75*> nni.

[001 15j In particular embodiments, the first Summons flux periodically reaches a minimum 

tha t is greater than zero,

[00116] In particular embodiments, the first Innnnous flux periodically reaches a minimum 

that is equal to zero.

[00117] At block 1304. the method lotto includes emitting, via the light source assembly, 

a second light having, a second luminous flux and a peak intensity at a second wavelength that 

is less than or equal to 680 nm. In othet words, the second light may be most intense (or have 

a local maximum) at a wavelength that is greater than or equal to 440 nrn and less than or 

equal to 680 nm. More specifically, the second wavelength may be greater than or equal to 

440 nm and less than or equal to 520 run, greater than or equal to 520 nm and less than or 

equal to 600 nm, or greater than or equal to 60(} nm and less than or equal to 68?) nm.

[00118] hr this context, the second luminous flux is variable or the emission of the second 

light is interrupted one or more times. For example, the second luminous flux may take the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave. Other examples are possible.

[00119] The second light may he emitted by the light source assembly 102 such that the 

second light illuminates a retina of a user with an illuminance that is less than or equal to 

in.Otto lux, less than or equal to 5,00(} lux, less than or equal to i.OOO lux, less than or equal 

to 5(to lux, less than or equal to 100 lux, less than or equal to 50 lux, less than or equal to 10 

lux, or less than or equal to 1 lux,

[00120] hi one example, the light source assembly 102 emits a second light having a 

luminous flux 302 as shown in Figure 3,. The-luminous· flux 302 has a peak intensity at a. 

wavelength that js greater than or equal ίο 440 nm and less than or equal to 680 nm. The 

luminous flux 302 takes the form of a square wave that oscillates between a high level of 

luminous flux 304 and a low level of luminous flux 306, The low level of luminous flux 306 

could be zero or near zero, but the low level of luminous flux 306 is generally less than the 

high level of Innnnous flux 304, In this context, one purpose of the second light is to provide 

a contrast balance with respect to the first light. That is, the first fight having a peak 

wavelength between 680 and 750 nm cat) he used to advance or delay circadian rhythm in a
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subject, while the second light balances against the first light such that the subject perceives 

little or no variation, in light intensity; in some examples, the first light might penetrate a 

subject's eyelids while the subject is sleeping. By further example, the baht source assembly 

102 might be operated tn a setting that substantially \otd of ambient light (eg., has less 

than ID lux of ambient light).

[001211 In accordance with the method 1300, the light source assembly-102 may include a 

first Sight source configured to emit the first light joy.. luminous flux 402} and a second light 

source configured to emit:the second light (e.g., luminous flux 302).

[00122] In various examples, the first luminous flux (e.g., luminous flux 402} is on) of 

phase with the second luminous flux u\?, luminous fins 302} by ISO degrees. Although less 

desirable, the phase difference between the first luminous flux and the second luminous flux: 

could range anywhere from 0 to 180 degrees

[001231 In. some embodiments, the first luminous flux will be at a maximum when the 

second luminous flux is at a minimum. In some embodiments, the first luminous flux wilt be 

at a mini mum when the second luminous flux is at a maximum.

[00124] in various examples, the first luminous flux te.g., luminous flux 402) and the 

second luminous flux (eg., luminous flux 302} take the form of respective square waves with 

equal respective duty cycles or other waveforms having equal respective duty cycles. 

However, the first luminous flux and the second htminons flux can also take the form of 

respective square waves with unequal respective duty cycles or other waveforms having 

unequal respective duty cycles.

[00125] In various examples, the first luminous flux and the second luminous flux are 

periodic with respective oscillation frequencies that are less than or equal, to 1.00 Hz. The first 

luminous flux and the second hrminous flux may also be periodic with respective oscillation 

frequencies that are less than or equal to 50 Hz.

[00126] In particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least 90% ot at hast 95% of a power spectral density o f th e second light corresponds to 

wavelengths within a range of 440 nm to 680 nm.

100127] In paittculai embodiments, at least 5n%. at least 61%. at feast 70%, at least K0%. 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths within a range of440 am to 520 ntn,

[00128] in particular embodiments, at least 5014, at least 60%, at least 70%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the second Sight corresponds to 

wavelengths within a range of 520 nm to 600 nm.
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[00129] in particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths -within a range of 600 nm to 680 nm.

[00130] in particular embodiments, the second luminous flax periodically reaches a 

minimum that is greater than zero.

[00131] In particular embodiments, the second luminous flux periodically reaches a 

nimunum that is equal to zero,

[00132] Figure 14 is a block diagram of a method 1400. The method 1400 and related 

methods disclosed herein can be performed to cause advancement, or delay of a subject's 

circadian cycle lor various purposes. Such methods can be performed, to treat a subject 

afflicted with seasonal affective disorder (SAD) or another mood disorder, such as 

depression, bipolar dlsoider. or dysthymia. Disrupted or Irregular sleep can also affect those 

suffering with -cancer and or heart disease, and these methods can be used accordingly to 

counteract: such effects

[00133] At block 1402, the method 1400 includes emitting, via a light source assembly, a 

lust tight having a first luminous flux and a peak Intensity at a first wavelength that is greater 

than or equal to 400 nanometers (nm) and less than or equal to 440 nm. In other words, the 

first light may be most intense (or have a local maximum) at a wavelength that is greater than 

or equal to 400 urn aid less than or equal to 440 nm. More specifically, the first wavelength 

may be greater than or equal io 400 nm. and less than or equal to 415 .nm, greater than or 

equal to 415 nm and less than or equal to 430 nm. or greater than or equal to 430 nm and less 

than or equal to 440 nm,

[00134] in this context, the first luminous .flux is variable or the emission of the first light 

is interrupted one or more times. For example, the first luminous flux may take the form of a 

square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other digital or 

analog wave. Other examples are possible.

[00135] The first light may be emitted by the light source assembly 102 such that the first 

light illuminates a retina of a user u uh an illuminance that, is less than or equal to 10.000 lux, 

less than or equal to 5.O00 lux. less than or equal to 1.000 lux, less than or equal to 500 lux. 

less than or equal to 100 lux, less than or equal to 50 lux, less than, or equal to 10 lux, or less 

than or equal to 1 lux.

[00136] In one example, the light source assembly 102 emits a first hglif having a 

lummous flux 302 as shown In Figure 3. The luminous flux 302 has a peak intensity at a 

Wavelength that is greater than or equal to 400 nm and less than or equal to 440 nm. The
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lumitsw flux '302 takes the form of a .square wave that oscillates between a high level of 

luminous flux 304 and. a low level of luminous flux 306. The low level of luminous flux 306 

could be zero or sear zero, but the low level of luminous flux 306 is generally less than the 

high level of luminous flux 304, The luminous flux 302 having a peak intensity at a 

wavelength between 4()0-440 ntn primarily (e.g,, upon turn off) excites S-eones within the 

retina, resulting in a response 308 of downstream ipRGCs. As shown, the response 308 is 

most frequent and intense immediately alter the luminous flux 302 switches from the high, 

level 304 to the low level 30n at I 0, for example. However, the ι espouse 308 continues at: 

reduced intensity and frequency while the Summons flux 302 continues to be at the Sow level 

306. The S-coues become relatively inactive after the luminous flux 302 switches io the high 

level 304

[00137) In short, high response intensity and high response frequencies tor downstream 

ipRGCs occur in response to relatively quick negative changes tdecreases) in the luminous 

flux of the first light having a peak intensity between 40b and 440 nm. Although figure 3 

shows the luminous flux 392 in the form of a square wave, waveforms such as a sinusoidal 

wave, a sawtooth wave, or a triangle wave can also exhibit relatively quick negative changes 

in luminous flux with peak Intensity between 400 nm and 440 nm, thereby efliciently 

exciting downstream ipRGCs.

[00138) In particular embodiments, at least 50%. at least 60%, at least 7*9%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within a range of400 nm to 415 nm.

)00139) 1« particular embodiments, at least 50%. at least 60%, at least 70%, at least 80%.

at least 90% or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within, a range of 415 atu to 430 nm.

[00140) in particular embodiments, at least 50%. at least 60%, at least 70%. at least 80%. 

at least 90% or at least 95% of a power spectral density of the first light corresponds to 

wavelengths within a range of430 nm to 440 nm.

100141) In particular embodiments, the first luminous fiu.x periodically reaches a mimmnm 

that is greater than zero.

[00142) In partfouiar embodiments, the first luminous flux, periodically reaches a minimum 

that is equal to zero.

[00143) At block 1404, the method 1400 includes emitting, via the light source assembly, 

a second light having a second luminous flux and a peak: imensity at a Second wavelength that 

is greater than or equal to 440 nm and less than or equal to 680 nm. In other words, the
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second light may be most intense (or have a local maxlntum) at a wavelength that is greater 

than or equal to 440 nm and less than Or equal to 680 am. More specifically, the second 

wavelength may be greater than or equal to 440 nm and less that] or equal to 520 nm, greater 

than or equal to 520 nm and less than or equal so 600 tun, or greater than or equal to 600 ntn 

and less than or equal to 680 nm.

[00144] In this Context, tire second luminous fiux is variable or the emission of the second 

light is interrupted one or more times. For example, the second luminous flux may take the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave, Other examples are possible.

[00145] The second light may be emitted by the light source assembly 162 such that the 

second light illuminates a retina, of a user with an illuminance that is less than or equal to 

10,000 lux. less than or equal to 5.00b lux, less than or equal to 1,000 lux. less than or equal 

to 500 lux, less than or equal to 100 lux, less than or equal to 5b lux, less than or equal to 10 

lux. or less than or equal to 1 lux,

[00146] in one example, the light source assembly 102 emits a second light having a 

luminous flux 4b2 as shown in Figure 4. The luminous flux 402 has a peak intensity at a 

wavelength that is greater than or equal to 44b nm and less than or equal to 680 nm. The 

luminous flux 402 takes the form of a square wave that oscillates between a high level of 

luminous flux 404 and a low level of luminous flux 40b. The low level ofluminous llux 406 

could be zero or near zero, but the low level of Itnninons flux 406 is generaliy less than the 

high level of luminous fiux 404,. in tins context, one purpose of the second light is to provide 

a contrast balance with respect to the first light. That is, the first light having a peak 

wavelength between 400 and 440 nm can be used (oy.. as pan of a wearable device) to 

advance or delay circadian, rhythm in a subject, while the second light balances against the 

first light such that the subject perceives litfie or no variation in light intensity.

[00.147] In accordance with the method 1400, the light source assembly 102 may include a 

first light source configured to emit the first light (e..g., luminous fiux. 302} and a second Sight 

source configured to etui? the second light tc.g., luminous fiux 402).

[00148] It) various examples, the first luminous fiux (v.g., luminous fiux 502} is out of 

phase with the·'second luminous fiux (e,g,, lutninous fiux 40.2} by 180 degrees. Although less 

desirable, the phase difference between the first luminous flux and the second luminous flux 

could range anywhere from 0 to 180 degrees. In some embodiments, the first luminous flux 

will be at a maximum when the second luminous flux is at a minimum. In some 

embodiments, the first luminous fiux will be a- a minimum when the second luminous fiux is
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at a maximum.

[00149] in various examples, the first luminous flux (e.g., luminous flux 302) and the 

second luminous flax, (e.g. , luminous flux 402) take the form of respective square waves with 

equal respective duty cycles or other waveforms having equal respective duty cycles, 

However, the first luminous flux and the second luminous flux can also take the form of 

respective square waves with unequal respective duty cycles or other waveforms having 

unequal respective duly cycles.

[00150] In various examples, the first luminous flux and the second luminous flux are 

periodic with respective oscillation frequencies (hat are less than or equal to 100 H/. T he first 

luminous flux and the second luminous flux may also he periodic with respective oscillation 

frequencies that are less than or equal io 50 Hz.

1001511 In particular embodiments, at least 50%, at least 60%. at least 70%... at least 80%, 

at least 90% or at least 95% of a power spectral density of the second, light corresponds to 

wavelengths within a range of 440 nm to 680 nm.

[00152] In particular embodiments, at least 50%, at least 60%, at least 70%, at least 80%, 

at least 90% or at least 95% of a power specual density of the second light corresponds to 

wavelengths within a. range of 440 nm to 520 nm.

[00153] in particular embodiments, at least 50%, at least 60%, al least 70%, at least 80%, 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths within a range of 520 nm to 600 nm,

]00t54] In particular embodiments at least 50%, at least 60%. at least 70%, at least 8<t%, 

at least 90% or at least 95% of a power spectral density of the second light corresponds to 

wavelengths within a range of 600 nm to 680 urn.

[00155] In particular embodiments, the second luminous flux periodically reaches a 

minimum that is greater than zero.

[00150] in particular embodiments, the second luminous flux periodically reaches a

minimum that is equal to zero,

]00157] In particular embodiments, the second light has a color rendering index of greater 

than 70 as compared to daylight, a blackbody, or another lighting reference standard.

[00158] Figure .15 i$ a block diagram of a method 1500, The method .1500 and related

methods disclosed herein can be performed to help prevent changes (eyg., time shifts) to a 

subject's circadian cycle lot various purposes. Such methods can be peiformed to treat a 

subject afflicted with seasonal aflective disorder tSAD) or another mood disorder, such as 

depression, bipolar disorder, or dysthymia. Disrupted or irregular sleep can also affect those
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suffering with cancel· and/or heart disease, and these methods can be used accordingly to 

counteract such effects.

|00159] At block 1502,· the method 1500 includes emitting» via one or more first light 

emitting diodes (LEDs) of a fight source, first light having a peak intensity within a range of 

400 nm to 440 nm. In other words, the first light may be most intense (or have a local 

maximum.) at a wavelength that is greater than or equal to 400 nm and less than or equal to 

44b nm. More specifically, the first wavelength may he greater than or equal to 400 nm and 

less than or equal to 415 nm, greater than or equal to 415 nm and less than or equal to 430 

nm. or gtcaler than or equal ίο 430 nm and less than or equal to 440 nm.

[0011>0] The one or more first LEDs that emit the Erst light may be part of the light source

102, for example.

[00161[ in particular embodiments, at least •tO",,, at least 60%. at least "Ό'’.,. at least 80%, 

at least 90% or at least 95%. of a. power spectral density of the first light corresponds to 

wavelengths within a range of 400 nm to 440 nm.

[001621 In particular embodiments, at least 50%. at least 60%, at least 70%, at least 80%. 

at least 9<>% or at least 95% of a power spectral density of the first light corresponds to 

wav elengths within a range of 400 nm to 415 nm.

[00.163] in particular embodiments, at least 50%, at least 60%, at least 70?/«, at least 80%, 

at least 90% or at least .95% of a power spectral density of the first light corresponds to 

wavelengths within a range of 415 nm to 430 nm.

[00164] In particular embodiments, at least 50%, at least 60%. at least 70%, at least 8o%, 

at leas! 90% or at least 95% of a power spectral density of die first light corresponds to 

wavelengths within a range of 430 am to 440 nm.

[00165] At block 1504/, the method 1500 includes emitting, via one or more second LEDs 

of the light source, second light having a peak intensity within a range of 400 nm to 440 nm. 

In hits context, the .first, light and the second light combined have a peak intensity at a 

wave length within a range of 400 um to 440 nm,

[00166] In particular embodiments, the second light has a color rendering index higher 

than 70 when compared to daylight, a blackhody. or another lighting reference standard. 

[00167] The method 1500 and related devices might be useful in the context of sneer 

lighting, dashboard lighting,, accent, lighting, cabin general, lighting unit, or headlights, as the 

(e.g, steady, non-oscillatory) first light having the peak intensity between 400 io 440 mn will 

generally inhibit changes m a subject’s circadian rhythm. For example, the first light might 

have a substantially constant intensity that does not vary by more than 5-10?« over lime.
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[00168] ADDITIONAL EXAMPLES

[00169] The following Includes further details related to die methods and systems 

described above.

[6617Θ] Method for increasing efficacy of intrinsically photosensitive retinal ganglion cell 

activity in humans by targeting upstream retinal circuitry

[001711 Within examples, a light source tempotospectraily modulates such to excite 

intrinsically photosensitive retinal ganglion cells (ip'RGGs) in the eye which project to 

circadian rhythm centers m the brain. Specific wavelengths and temporal sequences of lights 

me presented to drive spectrally opponent inputs horn signals originating in the cone 

photoreceptors io tpRGCs which project to brain centers involved in non-image forming 

vision and mediate functions related to circadian rhythms, arousal and sleep. Light stimuli 

described in this disclosure are presented by themselves or superimposed over ambient light 

to with the aim of affecting the circadian pathway. The asm of some of the methods disclosed 

herein is to synchronize, advance, and/or delay the internal phase of a human circadian 

activity rhythm and modulate arousal and sleep -with the use of low light intensities and 

particular wavelengths

[66172] The atm of the disclosed methods is to cause delays or advances in circadian 

rhythm to help an individual synchronize circadian rhythmicuv by resetting circadian phase. 

This may enable better preparation for time zone shifts to alleviate jet lag, preparation for 

ndn-traditional work shifts -or sudden changes in work habit, staying alert for driving late into 

the evening, delivering iherapy for seasonal affect disorder, better maintaining normal regular 

sleep-wake cycles in adults, children, and ntfants better timing of peak mental, emotional 

and physical performance, and other similar benefits. Previous methods use bright (e.g.. 

10*000 l«x) steady state white, or bright blue (e.g, dominant wavelength --480 nm lights}* 

bright steady-state lights contaming 'RGB primary LEDs that can he controlled individually to 

match natural scenes, or steady-state LED lights that, contain specific wavelengths. Previous 

references purport to explain the direct effect of changing melatonin levels on circadian 

rhythm. While exciting die circadian pathway via modulation of upstream cones or ipRGCs 

does suppress the production of melatonin m the body, melatonin is merely a marker of 

circadian phase, and there is no evidence that it. can in ftuenee the circadian rhythm. 

Therefore, indirect suppression of melatonin production is possible, but there is no evidence 

to support claims that melatonin affects the circadian rhythm.

[66173] Examples include a spectorotemporal light source designed to stimulate ipRGCs 

by capitalizing on their spectrally opponent response properties. inputs from long
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wavelength sensitive (LG and middle wavelength sensitive (M-> cones excite ipRGCs. and 

inputs from short wavelength sensitive (S-) cone photoreceptors inhibit them, IpRGCs are 

extremely sensitive to lights in the 500 nm-630 nm wavelength range that are absorbed by the 

L/M cones. However, their responses to steady L/M cone stimulation are transient such that 

driving cone based responses in ipRGCs with a temporalis modulated spectrally opponent 

stimulus that alternately stimulates S cones and L/M cones may be useful Lights that 

stimulate S-eones drive responses in ipRGCs at their .offset and lights that stimulate L/M 

cones drive ipRGCs at their onset Thus, stimuli that combine offset of S-cone stimuli 

followed b\ the onset of L M cone stimuli are capable of dm mg ipRt'h s with low light 

intensities. A light producing alternating S^ohe and L/M. cone stimulation can produce 

strong continuous activity in the ipRGCs.

[00174] The ipRGC, in turn, send their axons to the supmchiasmatic nuclei (SCN). the 

circadian master clock in the brain, the pregeniculate nucleus (PGN) and other centers 

involved in arousal and sleep. Since cone driven responses have different temporal 

characteristics, spectral tuning and sensitivity than responses that are driven by the intrinsic 

photosensitivity of the ipRGCs, the disclosed methods use specific wavelengths (or 

tvavebands) and temporal sequences to drive ipRGC tosponses at light levels as much as 

1,000 times lower than those required to drive them b\ stimulating their intrinsic photo­

response. Because the upstream cone photoreceptors effectively respond to lower light 

intensities via gain mechanisms, the stimulated ipRGCs send robust signals to the brain 

capable ol synchronizing circadian rhythm within the human body.

]ih)i?S] Examples include the subsequent applications such as a luminaire, personal 

lighting device, or transportation cabin light

[OOi 76] Circadian rhythm is reference to an internal clock that governs sleep and awake 

cycles, whereas circadian rhythmicity includes sleep, physical activity, alertness, hormone 

levels, body temperature, immune function, and digestive activity. Circadian rhythm .is 

controlled by the supmchiasmatic nucleus (SCN), which serves as the body’s “master clock.” 

The SCN synchronizes rhythms across the entire body, and circadian rhythmicity is lost if 

SCN function is disrupted or destroyed. The SCN maintains control across the body by 

synchronizing slave oscillators, which exhibit their own n.ear-24-hour rhythms and 

subsequently control eircadian phenomena in local tissue. Synchronization of this internal 

clock to the external Earth-based 24-hour cycle will be referred to herein as circadian 

entrainment,

{00177] Given the SCN in the hypothalamus acts as the master clock for circadian
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rhythnueity, it follows that ceils connecting upstream of the- SCN will be involved in 

circadian entrainment Experiments have been done using a -modified retrograde rabies virus. 

Rabies viruses have the unique property that they jump synapses backwards, folbwifig' inputs 

backwards toward the origm. 'When this virus was injected into the SCN, it followed most 

inputs back to the retina, impheating light as the feature of the natural world that governs our 

sleep/wake cycles. The neural pathway from tire retina to the SCN is known as the 

retinobypothalahnic tract

[00178] The specific retinal cells Identified In the retina are a subtype of ganglion ceil 

called the iuiiinsu.allv photosensitive letmal ganglion cells (ppRi ?< ) IpRGCs arc relatoeh 

large cells that distribute their dendrites coarsely, creating a sparse, but complete, mosaic 

across the retina. The unique feature of these cells Is that they are “intrinsically 

photosensitive.” This is because they express a light sensitive protein called melanopstn, 

which is in the same class of protein as those found in rod and cone photoreceptors. The 

presence of melanopsiu means that the ipRGC can respond to fight directly without inputs 

from other neurons,

[00179] The discovery of a ganglion cell expressing a light sensitive molecule 

intrinsically, was surprising. This is because axons of the ganglion cells form the optic nerve 

of the eye -serving the function of transmuting signal from the eye to the brain. 

Conventionally, ganglion cells were known to transmit signals from the photoreceptor cells 

of the eye irods and cones) which function to transduce light energy into neural signals but 

not be light sensitive themselves.

[00180] To date, products involved m producing signals down the retinohvpothalahnic 

pathway have focused on stimulating melanopsin inside the IpRGC. Melanopstn peaks at 480 

mu. which is perceptually bine light. h also is sparsely distributed throughout the dendrites, 

requiring large amounts of light to directly activate the cell. However, despite the presence of 

melanopstn, IpRGCs do have inputs from other cell types. There are light sensitive cells 

upstream of the ganglion cells called rod and cone photoreceptors. Cone and .rod 

photoreceptors tile the back of the eye creating a htuh-density mosaic sufficient to mediate 

human vision, and both cones and rods exist in a geometric orientation where the long, 

cylindrical portion that is filled with light sensitive protein, is parallel to light entering the 

eye. ineieasing the probability of an interaction between light and the moleeule. Being highly 

speciah/ed tor absorbing light rod and cone photoreceptor activation of ipRGCs occurs at 

light levels about I ,(i(io lower than lights that stimulate ipRGCs directly. Rod photoreceptors 

serve vision under dim light as occurs at night while cones are responsible lor daytime vision.
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Cones are of three types long-wavelength-sensitive <L), middle wavelength- 

sensitive (M), and short wavelength-sensitive (S). The words long, middle, and short refer to 

the part of the electromagnetic spectrum to which the molecule is tuned, giving rise to the

commonly recognized terms used to describe· them: red, green, and blue cones, respectively, 

[00182] Cones and rods are both upstream of the ipRGC. When they are activated, the 

retinal wiring upstream leads to either excitation or inhibition onto the ipRGC, The S-eone 

input to ipRGCs is inhibitory. Thus, ipRGCs are inhibited by the onset of S-cone stimulating- 

lights and they are excited by their offset. Wheft M- and L-cones are activated, they excite 

the ipRGC sending action potentials to the (1 tgurc G Rods also feed into the spRGC. in 

an excitatory way

[00183] The spectral tuning of melanopsin is 480nm. L-opsin peaks between 555 and 559 

nm in color-normal humans., M-opsin peaks at 530 nm, and S opsin peaks at 419 urn. Figure 

6 illustrates the .relative photopigment curves in humans, showing where each receptor is

responsive to photons within each waveband,

[00184] Melanopsin inside the ipRGC and the L-ι-Μ cones activate the ipRGCs with the 

relative amount of light required being designated by the photopigment curves. Light stimuli 

that activate S-cones inhibit the ipRGC activity, and the offset of S-eone activation releases 

inhibition on the ipRGC causes action potentials in the ipRGC.

[00185] Figure 4 illustrates the activity of ipRGCs from the L and M cones when first 

■triggered by the peak respective wavelengths. As shown, ipRGCs produce transient- 

responses to cone stimuli, being most active immediately after light onset, but with the 

activity slowing exen though the light stimulation continues. Alternatively, the ipRGCs are 

inhibited when the S cones stimulated: but when the S cones are not activated the ipRGCs 

can be activated but lights that stimulate L and M cones and. melanopsin as shown in Figure 

3.

[00180] FtevtOusiy in. designing lights capable of manipulating human circadian rhythms, 

mood, alertness and sleep it has been assumed that melanopsin, the nonvisual opsin present in 

ipRGCs is the main photopigment involved in circadian photoentrainmeni in vertebrates, 

suggesting that contributions ftom other pigments can be ignored. Tims is true under 

laboratory conditions in which these ideas have been tested, Melanopsin is best, stimulated 

by steady, diffuse, bright light. However, because ipRGC responses to rod and cone 

contributions are transient and rod inputs saturate at high light levels, bright diffuse steady 

lights are poor stimuli tor rod and cone inputs to the circadian system. However, the situation 

is reversed in the natural world where there are frequent transitions between light and shadow
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and where ihe light bombarding the-eye constantly changes color as an animal darts through 

its environment The response thresholds o f the ipRGCs are order's of magnitude lower for 

brief increments of colored light incident on the' cones than for the same lights acting on the 

intrinsic photopigmem: thus. under many natural conditions, the tnelanopsin contribution 

becomes negligible. Thus, modulating ihe temporal and chromatic properties of the light 

output as disclosed herein provides a much more natural and effective stimulus for 

manipulating circadian phase and influencing activity rhythms,.mood, arousal and sleep. 

|00187| Besides its role in circadian behavior, the non-tmage forming visual system that 

receives input front ipRGCs also is responsible for ihe pupillary light response Bright lights 

cause to pupil to constrict saving the eye from light damage. It is beneficial that the pupil 

remain constricted as long as damaging light levels are present The pupillary light response 

cannot be driven by rods and cones because ipRGCs only respond transiently to their 

stimulation. Thus, in natural, world the intrinsic photopigment in ipRGCs serves as a 

protective mechanism keeping the pupils constricted under very high light levels. However, 

under natural conditions stimulation of the rods and cones is the most important mediator of 

circadian photoeniiainrnent.

[00188] Cone photoreceptors originally evolved to provide animals with information about 

circadian time m the natural world, and that tins system continues to sene tins function in 

humans. The sustained response characteristics produced by melanopsin are ideally suited to 

drive the pupillary light reflex, suggesting that it evolved for that purpose file fact that 

melanopsm can provide significant input to the circadian system under conditions w here rods 

and cones are disabled, such as in animals with photoreceptor degeneration or in the case of 

exposure to bright, steady, uniform laboratory lighting is apparently a vestige of the 

supraehiasmatii nucleus <SCN) and olivary pretectal nucleus (OPM) both «sing information 

from the retina drat is multiplexed on the same ganglion ceil conduit,

[00189] While it is true that previous methods designed to stimulate ipRGCs by driving 

melanopsin are effective when they produce painfully high light levels of 5 \00b lux; a much 

more natural and efficient method to accomplish the same end is described here.

[0O190] Disclosed methods involve a light source that targets color opponent inputs to 

ipRGCs from the L-, M~ and S-eone photoreceptors and modulates them chrofuato- 

temporally to drive the circadian rhythm entrainment pathway. Knowing that the ganglion 

cell responsible tor synspsmg into the circadian rhythm centers in the brain has converging 

D- and M-cone excitatory inputs and inhibitory S-eone input, the light source produces L+M 

and S stimulation 180 degrees out of phase from one another. L- and M-cones feed this
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system in the same sign, therefore combined they have'a maximum sensiti vity of about 550 

nm, hat with sufficient sensitivity to drive them between about 500 and 630 nm, S-cones are 

maximally sensitive to 4SO nm, but Sights between 400 and 480 nm can produce strong S­

cone responses Examples involve producing a Sighs that wilt be useful io produce actwtiy m 

the ipRGCs (circadian pathways to synchronize the SCN master clock and stimulate other 

centers involved in circadian rhythm, mood, activity, arousal and sleep. The chromato­

temporal nature of the light exploits that fact that the high firing rate the ipRGCs result from 

the upstream L-t-M vs S cone signaling. The short wavelength stimulus suppresses activity in 

the ipRGC therefore pruning it When the 1.. tM stimulus is exchanged lot the S. immediate 

and fast firing trains of action potentials are sent down the axon to the SON- Altefnatiod of 

L/M and S stimuli results in strong continuous activation of the ipRGCs.

[00191] Temporally., various waveforms that can be used for generating tire L-t-M and the S 

stimuli which will ultimately excite the ipRGC, Square, sine, and ramp waves will work, as 

well as .other timings that modulate between the LGMtend S chromatic stimuli may achieve 

desired results. Cones are unable to respond to very high temporal frequencies. Also, bursts 

of maximal firing rate in tire ipRGCs are only sustained tor short durations, making low 

frequency stimulation suboptimal. Therefore, target modulation frequencies to achieve 

maximum signaling down the ipRGC pathway is between 0,1 and 100 Hz, Duty cycles 

between L'+M and S stimulation are implemented at 50%, although L+.M 1 % < duty cycles < 

99% will produce significant responses.

[00592] The Sight sensitive molecule intrinsic to the IpRGCs tmelanopsin ganglion cell) 

has a peak sensitivity of 480 nm. Stimulation by light centering at 480 nm +/- 20 nm can 

directly stimulate the pathway, but to activate the intrinsic photopigment molecule light 

intensities should be at least 5000 lux.. Previous methods for driving the retinohypothalamic 

pathway have attempted to directly stimulate the intrinsic melanopsin molecule (e,g. blue 

light Seasonal Affective Disorder (SAD) lights). The reason why higher .intensity light is 

required is because of the low molecular density of melanopsin inside the ganglion cell, 

ipRGCs make up less than 0.2% of all cells that are light sensitive, and because the 

orientation and shape of the ipRGC creates a low surface urea where light can interact with 

the molecule. Previously, intensities of diffuse., steady blue lights less than 5000 lux and 

broadband “white” light less than 10,000 lux. have been shown to be insufficient to stimulate 

the retinohypothalamic pathway, in contrast, the cone photoreceptors upstream of the ipRGC 

can operate at less than I lux. Thus, significantly lower light levels can be used for more 

comfortable user experience and small, portable products with Song batten·' lives to be
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produced that ate as effective as large desk lights that produce 10,000 ta.

{00193] Figure 7 shows a phase response curve, Relative to an individual's endogenous 

circadian phase, light pulses from the light source described in this disclosure given at 

different time* of day may either til do nothing. ¢.21 phase delay. or (?) phase advance an 

individual. The dolled line in Figure 8 graphically represents circadian rhythm phase 

advance. To advance the .circadian rhythm, L+M.vs S cone driven responses through the 

ipRGC should occur in the area above the horizontal axis in Figure 7, Figure 9 graphically 

represents circadian rhythm phase delay. To delay the circadian rhythm, L+M vs S cone 

signal through the ipRGC should occur below the horizontal axis of figure 7. {Czeislert 

Refeenee: Ά phase response carve to single bright light pulses in human subjects'’. Sat Sir 

S. Khafsa, Megan E. Jewett. Christian Cajochen and Charles A. Czeisler.

[00194] Figure id represents a spectral power curve nn a commercially viable constant or 

steady state light source that would be useful for traditional work shifts, where humans are on 

a similar cucadian rhythm, to create a phase advance in circadian rhythm to peak earlier in 

the day, and a phase delay For synchronization in the afternoon. This type of advance-delay 

cycle simulates the natural accordion effect of sunlight to set, reset, and synchronize 

circadian rhythm in humans: but with higher efficacy as the focus is on the L-t-M cone 

photoreceptors by using a higher percentage of tola I luminous flux in die 500-630 am 

wavelength range. This is not as productive for high phase shift rales as the alternated peak 

wavelength light sources, but will trigger steady ganglion cell response and influence the 

circadian phase.

[00195] For example, an 800-hnnen light source, with the higher percentage of 500-630 

nm light will excite more ipRGC activity due to the higher probability of photons targeting 

L+M cone photoreceptors· as opposed to an 800 lumen Sight source with a higher percentage 

oi light in ihe peak blue (4K0miv wavelength range m laiget melanopsm ganglum cells 

Because interior lighting doesn’t: have Illuminance values as high as sunlight, directly 

replicating the full spectral curve of sunlight will be less efficacious as sunlight during day 

peaks betw een 440-500 nm,

|0O196] Other recent research, however, has demonstrated that the contribution of 

mehtnopsin atone may not be responsible tor synchronizing circadian activity outside of the 

artificial photoperiods used its the laboratory. Mice lacking rods fail io entrain to 

experimental photoperiods -with illumination of less than I lux (Bbihara and Tsuji, 1980 and 

Mrosovsky, 2003». Furthermore, mice lacking a trnddle-wavelength-seositive cone, but with 

intact ineianopsin ganglion cells, could not entrain to standard, laboratory photoperiods of 10
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lux or to a 15 nun pulse of 530 nm light, but could entrain to 15 min pulses of 360 nm and 

480 nm light (Dkhtssi-Benyahya el al. 2007), Thus, a circadian system : reliant upon 

melanopsin atone would he insensitive to the longer wavelengths of light prevalent at dawn 

and dusk, and this effect was recapitulated within our experiments.

[00197] The previous example refers to the probability of hitting LwM cone 

photoreceptors with photons being orders of magnitude higher than the probability of photons 

'bitting: melanopsin ganglion cells; thus with the total number of photons available being equal 

in each range, comparing two dtfletenl sources, a light, source peaking in the L+M opsm 

range will trigger more ganglion cell activity.

[00198] EXAMPLE EMBODIMENTS
[00199] A modulating light source using LED(s). but. not limbed to, consisting of v iolet 

light peaking at a wavelength between 400-480 urn and a minimum peak illuminance of 0.1 

lux at. the eye, and a light peaking at a wavelength between 500-630 nm and a minimum peak 

illuminance of 0,1 lux at the eye; opposing modulation consisting of, but not limited to 

square, sine, or triangular waves of less than 100 Hz for the purpose of causing an advance or 

delay in circadian rhythm; use as a therapy light for seasonal affect disorder; and/or use as a 

mood enhancer.

[00269] A modulating light source using LED(s), hut not limited to, consisting of violet 

light peaking at a wavelength between 400-480 nm and a minimum peak illuminance of 0.1 

lux at the eye with the presence of ambient tight, whereas the modulation consists of. but not 

limited to square, sine, or triangular waves of less than 100 H/ for the purpose of causing an 

advance or delay in arcadian thsthm' use as a therapy light for seasonal affect disorder; 

and or use as a mood enhancer.

[00201] A steady light source «sing EEPfsk bM not limited to, fixed at 0 Hz or 

modulating at frequencies greater than 0.1 Hz, consisting of light sources with peak 

wavelength between 470-580 tun, with the addition of lower percentage Itumnanee of high 

CRI white light sources for the: purpose to focus on L and M-opsln production for 

photoentrainment in commercial settings as use for a circadian synchronizer, therapy for 

seasonal affect disorder, and use as mood enhancement for increased productivity.

[00202] A steady light source using LEDfs), but not limited to, fixed at. 0 Hz or 

modulating greater than 0.1 Hz, consisting of peak wavelength between 600-700 nm with the 

addition of lower spectral power white light source with a high CRI io chromatically shift the 

white turn source for the purpose of illumination as a cireadtan non-disruptor.

[00203] A high CRI LED that uses phosphors to create a chromatically shifted LED with a
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peak wavelengili between 470-580 nm, or a mix of LEDs within a lamp to achieve the same 

high CRI light with peak wav elength between 470-5SO nm, for the purpose to i'ocus on L and 

M-opsia production lor photoentrainment in commercial settings as use for a circadian 

■■synchronizer, therapy for seasonal affect disorder, and use as mood enhancement for 

t ncreased product) vity,

[002O4] A luminaire with architectural, task, area, and reading lighting applications that 

use light sources in any of the previous examples.

[O0205] Personal weatuble device applications such as goggles, headbands, arm and wrist- 

wixu that use light sotnces in ans of the pies sous examples

[00206] Automotive and aerospace dash, accent, and cabin general illumination 

applications, and automotive headlights that use light sources in any of the previous 

examples.

[00207] Portable illuminating devices that use light sources in any of the previous 

examples,

[00208] Medical therapy or ambient devices that use light sources in any of the previous 

examples

(00209] Backlighting lor displays such as celt phones, tablets, computer monitors, 

televisions, and related that use light sources in any of the pres tons examples.

[00210] A luminaire or lamp used, for infants and children that use light sources in any of 

the previous examples.

[002Π] Λ wearable device that is used for sinning light onto the rettna while subjects are 

asleep that use light sources in any of the previous examples.

[00212[ An example is a low Intensity flickering light source, with a minimum illuminance 

of 0.1 lux at the eye, that uses the combination of a short and long wavelength light sources to 

shift or synchronize circadian, rhythm of humans by triggering intrinsically photosensitive 

retinal ganglion, cells. The example is also a higher CRI commercial ready steady-state light 

source that focuses more on L+M cones RGCs stimulation to shift or synchronize circadian 

rhythms naturally. The example includes the applications that use the flickering light source 

in architectural, portable, personal, automotive, and medical devices to shift circadian rhythm 

in Siumans.

[00213] An example includes a high CRI ’’white" LED with peak wavelength between 

480-580 nm with the presence of light in die visible spectrum from 40080 nm.

(00214] Au example includes a lamp that uses a combination of the plurality discrete 

LEDs with a peak between 48()-560 mn mixed with high CRI "white'* LED’s to create a Sight
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output that has a peak wavelength between 480-580 »m with the presence of light in the 

visible spectrum from 400-780 nm

[00215] An example includes modulating, light within the L+M Opsin photosensitivity 

range along v.Uh wolet light in the S photosensitivity range to generate a high level of 

ganglion ceil activity by finng, then immediately inhibiting activity in ganglion ceils. This is 

due to L+M ganglion cells being most active immediately aftei being triggered, then shut off 

so they can be fired again; along with S ganglion ceils being active immediately after 

elimination of violet light. Compared to blue light, this is a higher efficacy use of photons to 

influence circadian phase.

[00216] This can be done with modulating blue (meianopsin) and. violet light as well; but 

since half the photons of blue light actually make it through the lens, and. meianopsin 

ganglion cells are tar fewer and smaller than L+M cones, the probability of photons targeting 

meianopsin ganglion cells is much, lower than photons targeting L+M ganglion cells.

[002 57] Targeting L+M ganglion ceils is more efficacious than targeting Meianopsin 

ganglion cells with both modulating and steady light.

[00218] Melatonin is not a citcadian phase driver; Melatonin is a hormone and is only an 

indicator of circadian phase, it is lowest when a person 1$ at peak phase {-noon), and highest 

when person is at base phasei-nudn ightf

[00219] Measuring melatonin levels in humans is used as circadian phase indication due to 

the ease of melatonin measurement in saliva and blood. Other hormones can be used as 

circadian phase indicators as they peak and valley during specific points of circadian phase, 

but aren't as easily measured for correlation. Many people confuse meianopsin and melatonin 

as being related, but there is no correlation.

[00220] Visible wavelengths of light do not suppress or generate melatonin, secretion.. The 

body produces the hormone melatonin at varying levels throughout the day as a result of 

phase synchronization in the human body regardless of presence of visible light,

[00221] All hormones in the .human body will synchronize accordingly to circadian phase. 

Protetns (opsins), not hormones (such as melatonin), are what is generated and Inhibited in 

the retina by r isible light.

[00222] Circadian phase advances and delays can’t be driven, by visible light at anytime 

during the day. Circadian phase advance (peaking earlier) only occurs before the individual 

peaks; and circadian phase delays (dipping later) only occurs after the individual peaks, 

[00223] As used herein, the term "correlated color temperature (CCT)” mu', lefer to die 

apparent color of light emitted from the characterized light source as compared to the color of
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Sight emitted by iios at each respective temperature in degrees Kelvin.

[O0224] While various example aspects and example embodiments have been disclosed 

herein, other aspects and embodiments will fee apparent, to those skilled in die art. The various 

example aspects and example embodiments disclosed herein are for purposes of illustration 

and are not intended to be limiting, with the true scope and spirit being indicated by the 

following claims..
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CLAIMS

What is churned is:

1, A device comprising:

a light source assembly; and

a control system coulurred to cause ihe light source assembly to perform functions 

comprising;

emitting a first light bas ing a first luminous flux and a peak intensity at a first 

wavelength that is greater than, or equal to 400 nanometers (nm) and less than Or equal 

to 480 urn, wherein the first luminous flux is variable or the emission of the first light, 

is interrupted one or more times; and

emitting a second light having a second luminous flux and a peak intensity al a 

second wavelength that is greater than or equal to 500 nm and fess than or equal to 

630 nm, wherein the second luminous flux is variable or the emission of the second 

light, is interrupted one or more times,

wherein the first luminous flux is at a maximum at least during a time at which 

the second luminous flux is not at a maximum

2, The device ci claim 1, wherein the fust light or the second light has an 

intensity spectrum that includes a finite range of wavelengths.

3. The device of any of claims I -2. wherein lire light source assembly comprises 

a fust light source configured io emu the first light and a second light source configured to 

emit the second light.

4, The device of any of clai ms ί -3, wherein the light source assembly comprises 

one or more light emitting diodes (LEDs).

5. The dev ice of any of claims 1-4, wherein the first wavelength is greater than 

or equal to 410 nm and less than or equal to 430 mn.

6, The device of any of churns 1 -5S wherein the first wavelength is greater than 

or equal to 415 nm and less than or equal to 425 am.

-36-



WO 2018/212819 PCT/US2018/020395

7,. The device of any of claims I -6. wherein the first wavelength is greater than 

or equal to 418 nm and less than or equal to 422 nm,

8, The device of any of claims 1-7, wherein the second wavelength is greater 

than or equal io 535 nm and less than or equal to 565 nrn.

9. The dev ice of any of claims 1-8, w herein the second wavelength is greater 

than dr equal to 545 nnt and less than or equal to 555 nrn.

10. The device of any of claims 1-9, wherein, the second wavelength is greater 

than or equal to 548 nm and less than or equal io 552 nm,

.11. The device of any of claims l-ifi, wherein the first luminous flux is out of 

phase with tire second luminous flux .

12. The device of any of claims 1-11. wherein the first luminous flux takes the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle 'wave, or any other 

d tgi m ί or analog wave,

13. The device of any of claims 1-12,, wherein the second houmous .flux takes the 

form of a square vvave, a sinusoidal wave, a saw toothwave, a triangle wave, or any other 

digital or analog wave.

14, The device of any of claims 1 -13, wherein, the first .luminous flux. and. the 

second luminous flux take the form of respective waves with equal respective duty cycles or 

other waveforms having equal respective duty cycles,

15 . The dev ice of any of claims 1-13, wherein the first luminous flux and the 

second luminous flux take the form of respective waves with unequal respective duty cycles 

or other waveforms having unequal respective duty cycles.

16. The dev ice of any of claims 1 -15, wherein die first luminous flux and the

second luminous flux are periodic with respective frequencies that are less than or equal to 

100 Hz,
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17. The device of any of claims 1 -16, wherein the first luminous flux and the 

second luminous flux are periodic with respective frequencies that, are fess than or equal to 50. 

Hz,

18. The device of any of claims 1-1.7, wherein emitting the first light comprises 

emitting the first fight such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal io 10,000 lux,

19. fhe devsee ot am of chums I -18 «herein emitting the fust hgh compin'es 

emitting the first light such that the first light illuminates a retina of a. user with an. 

illuminance that is less than or equal to 5,000 lux.

20. The device of any of claims 1-19, wherein emitting the first light comprises 

emitting the fust light such that the first light illuminates a retina of a user with an 

illuminance drat is less than or equal to 1,000 lux.

21, The device of any of claims 1 -20, wherein emitting the first light comprises 

emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 500 lux.,

22. The device of any of claims 1-21, wherein emitting the first light comprises 

emitting the first light such, tha t the first light illuminates a retina of a user wi th an 

illuminance that is less than or equal, to 500 lux.

23. The device of any of claims 1-22, wherein emitting the first light comprises 

emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 50 lux.

24, The device of any of claims .1 -23, wherein emitting the first light comprises 

emitting the .first light such, that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 10 lux.
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25, The device of any of claims 1 -24, wherein emitting the first light Comprises 

emitting the first light such that the -first light illuminates a retina of a user with an 

illuminance that is less than or equal to 5 lux.

26 The device of any of claims 1 -25, wherein emitting the second light comprises 

emitting the second lig ht such that the second light illuminates a retina of a user wuh an 

illuminance that is less than or equal to (.0,000 lux.

2? The device of any of claims 1-26, wherein emitting the second light comprises

emitting the second light such that the second light illuminates a retina of a user with an 

illuminance that is less than or equal to 5,000 lux.

28. The device of any of claims 1.-27, wherein emitting the second light comprises 

emitting the second light such that the second light illuminates a retina of a user with an 

illuminance that is less than or equal to ί OOO lux,

29, The device of any of claims 1 -28, wherein emitting the second hdn comprises 

emitting die second light such that the second light illuminates a ret ma of a usei u uh an 

illuminance that is less than or equal to 500 lux.

30. The device of any of claims I -29, wherein emitting the second Sight comprises 

emitting the second light such that the second light illuminates a retina of a user with an 

illuminance that is less than or equal to 100 lux.

31, The device of any of claims .1-30, wherein emitting the second light comprises 

emitting the second light such that the second, light Illuminates a retina of a user with art 

illuminance that is less than or equal to 50 lux ,

32 The device of any of claims 1 -,31, wherein emitting the second light comprises 

emitting the second light such that the second light illuminates a retina of a user with, an 

illuminance that is less than or equal to 10 lux.

-39-



WO 2018/212819 PCT/US2018/020395

33,. The device of any Of claims 1 -32, wherein emitting the second light comprises 

emitting the second light such that the second light illuminates a retina of a user with an 

illuminance that is less than or equal to 1 lux.

34. The de\ ice of any of claims I -33.. wherein at least 50%, at least 60%, at least 

70%, at least so%, at least 90% or at least 95% of a power spectral density of the first light 

corresponds to wavelengths within a range of 400 am to 420 nm..

35. The device of any of claims 1-33, wherein at least 50%, at least 60%, at least 

at least SO'1,, at toa«l 90% or at least os· „ of a power spectral density of the first hJtt

corresponds to wavelengths within a range of420 nm to 440 nm,

36. The device of any of claims 1.-33, wherein at least .50%, at least 60%, at least 

?o%, at least xo%. at least 9071, or at least 95% of a power spectral density of the first light 

corresponds to wavelengths within, a range of440 tan to 460 nm,

37. The device of any of claims 1-33. wherein at least 50%, at least 60%. at least 

“0%, at least 80%, at feast uu% or at least of a powet spectral density oi the first fight 

corresponds to wavelengtlts within a range of 460 nm to 480 run,

38. The device of any of claims 1 -37, wherein at least 50%, at least 60%, at least 

70%. at least 80°.> at least 90% or at least 95% of a pou er spectral density of tire second light 

corresponds to wavelengths within a range of 500 nm to 530 nm,

39. The device of any of claims 1 -3 7, wherein at least 50%, at least 60%, at least 

70%, at least 80%, at feast 90% or at least 05% Of a power spectral density of the second lighl 

corresponds to wavelengths within a range of 530 nm to 560 nm,

40. The device of any of claims 1-37, wherein nt least 50%,, at least 60%. at least 

70%, at least 80%, at least 90% or at least 9571) of a power spectral density of the second light 

corresponds to wavelengths within a range of 560 nm to 590 nm.
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41, The device of any of claims I -37, wherein at least 50%, at least 60%, at least 

70%, at least 80%, at least 90% or at least 95% of a power spectral density of the second light 

corresponds to wavelengths within a range of 590 nm to 630 inn,

42, The device of any of claims 1 -41, wherein the first luminous flux periodically 

reaches a minimum that is greater than zero,

43, The device of any of claims 1-41, wherein the first luminous flux periodically 

reaches a minimum that is equal to zero.

44, The device of any of claims 1 -43, wherein foe second luminous flux 

periodically reaches a minimum that is greater than zero

45, T he device of any of claims 1-43, wherein the second luminous flux 

periodically reaches a nrimmutn that is equal to zero.

46, The control system of any of chums 1 -45.

47, A method comprising:

emitting» via a light source assembly, a first light having a first luminous flux and a 

peak intensity at a first wavelength thai is greater than or equal to 400 nanometers fnm) and 

less than or equal to 480 nm, wherein the first luminous flux is variable or the emission of the 

first light is interrupted one or more times; and

emitting, via the light source assembly, a second light having a second luminous flux, 

and a peak intensity»· at a. second wavelength that is greater than or equal to 500 nm and less 

than or equal io 630 nm.. wherein the second luminous flux is variable or the emission of the 

second light is interrupted one or more times,

wherein the first luminous flux is at a maximum at least during a time at which foe 

second luminous flux is not at a maximum.

48, The method claim 47, wherein die ght source assembly is part of the device

of any of claims 1 -34,
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49, The method of any o f claims 47-48, wherein the first light or fee second ligh t 

has an intensify spectrum that, includes a finite range of wavelengths.

50, The method o f any of claims 47-49, wherein the light source assembly 

comprises a first light source configured to emit the first light and a second light source 

configured to emit, the second light.

51, The method of any of claims 47-50, wherein the light source assembly 

comprises one or more light emitting diodes (LEDs).

52. The method of any of claims 47-51, wherein the first wavelength is greater 

than or equal to 410 nm and less than or equal to 430 nm.

53. The method of any of claims 47-52. wherein the first wavelength is greater 

than or equal to 415 run and less than or equal to 425 nm.

54, The method of any of claims 47-53, wherein the first wavelength is greater 

than or equal to 418 nm and less than or equal to 422 nm.

55. The method of any of claims 47-54, wherein the second wavelength is greater 

than or equal to 535 nm and less than or equal to 565 nm.

56, The method of any of claims 47-55, wherein the second wavelength is greater 

than or equal to 545 nm and less than or equal io 555 nm

57. The method of any of claims 47-56, wherein the second wavelength is greater 

than or equal to 548 mn and less than or equal Ιο 552 nm.

58, The method of any of claims 47-57, wherein the first luminous (lux ts out of 

phase with the second luminous flux by.

59. The method of any of claims 47-58, wherein the first luminous flux takes the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave.
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60, The .method of any of claims 47-59, wherein the second luinin.ons flux lakes 

the form of a square wave, a. sinusoidal wave, a sawtooth wave, a. triangle wave, or any other 

digital or analog wave.

61. The method of any of claims 47-60, wherein the first luminous flux and the 

second luminous flux take the form of respective waves with equal respective duty cycles or 

other waveforms having equal respective duty cycles.

62,. The method of any of claims 47-60, wherein the first luminous flux add the 

second luminous flux take the form of respective waves with unequal respective duty cycles 

or othti waveforms having, unequal respective duty cycles

63. The method of any of claims 4 7-62. wherein the first luminous flux and the

second luminous flux are periodic with respective frequencies that are less than or equal to 

lop Hz.

64, The method of any of claims 47-63, wherein the first luminous flux aud die

second luminous flux are periodic with respective frequencies that are less than or equal to 50 

Hz.

65. The method of any of claims 47-64, wherein emitting the first light comprises 

•emitting the first light such that the first light illuminates a retina of a user with an 

ilhunitiance that is less than or equal to 10,000 lux.

66. The method Of any of claims 47-65, wherein emitting the first light comprises 

emitting the first light such that the first light illominaies a retina of a user with an 

illuminance that is less than or equal to 5.000 tux.

67. The method of any of claims 47-66, wherein emitting the first light comprises 

emitting the first light such, that the first light illuminates a retina of a user with an 

iliumioanee that is less tiian or equal to 1,000 lux.
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68, The method of any of claims 47-07, wherein emitting the first li gh t comprises 

emitting the first light such that die first light dluminates a retina of a user with an 

illuminance that is less than or equal to 500 lux.

69, The method of any of claims 47-68, wherein emitting the first light comprises 

emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 100 lux.

70, 1 he method of an\ of claims 4?-6u, wherein emitting the fust light comprises 

emitting the first tight such that the first light illuminates a retina of a user with an 

illuminance that, is less than or equal to 50 lux.

71.. The method of any of claims 47-70* wherein emitting the first light comprises

emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 10 lux.

72, The method of any of claims 47-^ 1, wherein emitting the first light comprises 

emitting the first light such that the first light illuminates a retina of a user w Uh an 

illuminance that is less than or equal to I lux ,

73. The method of any of claims 47-7.2. wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina ot'a user 

with an illuminance that is less than or equal to 10,000 lux.

74, The method of any of claims 47-73, wherein emitting the second light 

coffiprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux.

75. The method of any of claims 47-74, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an; Illuminance that is less than or equal to 1,000 lux.
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76. The method of any of claims 47-75, wherein emi tting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an iilununanee that is less than or equal to 500 lux.

77. The method of any of claims 47-76. wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 100 lux,

78. The method of any of claims 47—7, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a. user 

with an illuminance that is less than or equal to 50 lux.

79. The method of any of claims 47-78, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equid to 10 lux.

80. The method of any of claims 47-71), wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1 lux,

81. The method of any of claims 47-80, wherein at least 50%, at least 60%, at 

least 70%, at least 80%. at least 90'’.· oi at least 95% ol a power spectral densth ol the Inst 

fight, corresponds to wavelengths within a range of 400 nm to 420 ran.

82,. The method of any of claims 47-xu, wherein atleast 30%, at least. 60%, at 

least 70%, at least 80"», at least 90%: or at least 95%) of a power spectral density of the .first 

light corresponds to wavelengths within a range of 420 nm to 440 nm.

83, The method of any of claims 47-80, wherein at least 50%., at least 60%, at 

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the first 

light corresponds to wavelengths within a range of 440 nm to 460 ran.
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84, The method of any o f claims 47-80, wherein at least 50%, at least 60%, at 

least 70%, al least 80%, at least 90"·.. or at least 05% of a power spectral densUv of the first 

light corresponds to wavelengths within a range of 460 nm to 480 nm,

85. The method of any of claims 47-84, wherein at least 50%. at least 60%, at 

least 70%, at least 80%, at least 90% or at. least 95% of a power spectra! density of the second 

light corresponds to wavelengths within a range of 500 tun to 530 nm.

86. fhe method of an\ of churns 47-84, whereat at leas! ^0% at least 60%. at 

least 70%, at least 80*’ <>. at least 90% or at least 95% of a power spectral density of tire second 

light corresponds to wavelengths w ithin a range of 530 nm to 560 nm,

87. The method of any o f claims 47-84, wherein, at least 50%. at least 60%, at 

least 70'i i>, at least 80%, at least ‘>o% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 560 nm to 590 nm.

88. The method of any of claims 47-84, wherein at least 5019, at least 6ol> , at 

least 70%, at least 80%, at least 90% or at least 05% of a power spectral density of fhe second 

light corresponds to wavelengths within a range of 590 nm to 630 nrn.

89. The method of any of claims 47-84. whereto the first luminous flux 

periodically reaches a minimum that is greater than zero.

90. The method of any of claims 47-88, wherein the first luminous flax 

periodically reaches a minimum that is equal to zero.

• 91, The method of any of claims 47-90, wherein the second luminous fl ux

periodically reaches a minimutn that is greater than zero,

92, The method of any of claims 47-90, wherein the second luminous flux, 

periodically reaches a minimum shat is equal to zero,

93, A white light source having a color rendering index of greater than 70 as 

compared to daylight, a blackbody, or another lighting reference standard, wherein the white
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light source is configured io enut light with a peak wavelength within a range of 480 tun to 

580 ntn.

94. The wlute I >ght source of claim 93, wherein the peak wavelength is within a

range of 520 tun to 570 nm.

95. A light source comprising:

one Or more discrete light emitting diodes (LEDs) configured to emit first light having 

a peak intensity within a range of 480 nm to 56() nm; and

one or more w hue LEDs having -a colot rendering index higher than 70 when 

compared to daylight, a blackbody, or another lighting reference standard, the one or more 

white LEDs being configured to emit second light such that the first light and the second light 

combined have a peak intensity at a wavelength within a range of 480 nm to 580 nm.

96, The light souice of claim 95.. wherein at least 50%. at least 60%, at least 70%, 

at least Nn%. at least 90% or at least 95% of a power spectral density of the first light 

corresponds to wavelengths within a range of 480 mu to 560 ntn.

97. A method for operating the light source of any of claims 95-96, the method 

comprising operating the light source in the presence of ambient light having one or more 

wavelengths within a range of400 nm to 780 nm.

98, A device comprising.· 

a light source assembly· and

a control system configured to cause the light source assembly to emit, light having a 

luminous flux and a peak intensity at a wavelength that is greater than or equal ίο 400 

nanometers (nm) and less than or equal to 480 nm, wherein the luminous .flux is variable or 

the emission of the light is interrupted one or more times.

99, The device of claim 98, wherein the light source assemb ly comprises one or 

more fight emitting diodes ι LEDs}.

100. The device of any of claims 98-99, wherein tire wavelength is greater than or 

equal to 410 am and less than or equal to 430 ntn.
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101, The device of any of claims 08- .1 Oft, wherein the wavelength is greater than or 

equal to 415 nm and less than or equal io 42? nnr,

102, The device of any of claims 98-101, wherein the wavelength is greater than or 

equal to 418 am and less than of equal to 422 nm,

103 The device of any of claims 98-102, wherein the luminous flux takes the form 

of a square w a\ c. a sinusoidal vv a\ e u saw tooth w ar e ot a it tangle w ar e

104. The device of any of claims 98-10.T wherein the luminous flux is periodic 

with a frequency that is less titan or equal to 100 Hz.

105. 'the device of any of claims 08-104, wherein the luminous flux is periodic 

with a frequency that is less than or equal to 50 Hz.

106. The device of any of claims 98-105. wherein emitting the light comprises 

emitting the light such that the light illuminates a retina of a usei w uh an illuminance that is 

less than or equal to 10,000 lux.

107. The device of any ofclatms 98-106, wherein emitting the light comprises 

emitting the light such that the light illuminates a retina of a user with an illuminance that is 

less than or equal to 5,000 lux.

108, The device of any of claims 98-107, wherein emitting the light comprises 

emitting the light such that the light illuminates a retina of a user with an illuminance that is 

less than, or equal to .1,000 lux,

109. The device of any of claims 98-108, wherein emitting the light comprises 

emitting the light such tha t the ligh t illuminates a ret ina of a user wi th an i lluminance that is 

less than or equal to SCO lux.
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ί 10, The device of any df claims 98-109, wherein emitting the light comprises 

emitting the light such that the light illuminates a retina of a user with as illuminance that is 

less than or equal to 100 lux.

Π 1, The device of any of claims 98-110, wherein emitting the light comprises 

emitting the light such that the light iihuninates a retina of a user with an illuminance -that is 

less than or equal to 50 lux,

ί 12 fhe device ofanv of claims °8-l {1. wherein emitting the hght comprises 

emitting the light such that the light illuminates a retina of a user with an illuminance that is 

less than or equal to 10 lux,

I13, The device of any of claims 98-i 12, wherein emitting the light comprises 

emitting the light such that the light illuminates u teitna of a user with an illuminance that is 

less than or equal io 1 tux.

S14. The device of any of claims 98-113. wherein at least ^>% at least 60%, at 

least. 70%, at least 80%, at. least 90% or at least 95% of a power spectral density of the fight 

corresponds to w tv eleugths w nhm a range ol 4;>0 um to 480 nm.

115. The device of any of claims 98-114, wherein the luminous flux periodically 

reaches a minimum that is greater than zero.

11.6. The device of any of claims 98-114, wherein, the luminous flux, periodically 

reaches a minimum that is equal to zero.

117. One or more light sources configured- to emit'.

a first light having a peak wavelength within a range of470 nm to 580 urn; and 

a second white light having a color rendering index of greater than 70 when compared

to daylight, a biackbody, or another lighting reference standard, wherein a luminous .flux of 

the second light is less than a luminous flux of the first ligh t.
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ί 18, The one or mere light sources of chum I17, wherein at least 50%, at least 

00%, at least 70%, at least 80%, at least 00% or at least 95% of a power spectral density of 

the first light corresponds, to wavelengths-within. a. range of 470 nm to 580 nm.

119, One or more light sources configured to emit:

a first light having a peak wavelength within a range of 600 nm to 700 nm; and. 

a second white light having a color rendering index of greater than 70 when compared

to daylight a biackbody. or another lighting reference standard, wherein a luminous flux of 

the second light ts less than a luminous flux of the first light.

120. The one or more light sources of claim 119, wherein at least 50%. at least 

60'·,:, at least 70%. at least 80%, at least 90% or at least 95% of a power spectral density of 

the first light corresponds io wavelengths within a range of 600 urn to 700 nm.

121. A device comprising:

one or more light sources configured io- emit first light having a color rendering index 

of greater than 70 when compared to daylight, a biackbody. or another lighting reference 

standard; and

one or more phosphors that, when illuminated by the one or more light sources, emit 

second light such that the first light and the second light combined have a peak intensity at a 

wavelength within a range of 470 nm to 580 nm,

122 fhe device of clatnt 121 wherem at least ?0% at least 60%, at least -O%. at 

least 80%, at least 90% or at least 95% of a power spectral density of the second light 

corresponds to wavelengths wnthin. a range of470 nm to 580 mn.

123. fhe device or light sourcefs) of any of claims 1 -45, 93-96. or /85-122. wherein 

the device or light sourcefs) is incorporated into a wearable device, including but not limited 

to goggles, a headband, annwear, wristwear, or a therapeutic wearable device configured to 

shine Sight onto a subject’s retina.

124. The device or light source(s) of any of claims 1-45,93-96, or 98-122, wherein

the device or light source(s> ts incorporated into a vehicle including but not limited to an 

automobile, an airplane, a helicopter, a. boat, a ship, or a train, or wherein the device is
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incorporated into a dashboard, an accent lighting unit, a cabin general lighting unit, or a 

headlight unit.

125. The device or light sourcefs) ofany of claims ΐ -45. 93-96» or 98-122, wherein 

the de\ ice oi light sourcets) is incorporated into a display unit., including but. not limited to a 

cell phone, a tablet computer, a monitor, or a television,

126. The device or fight sourcefs) of any of claims 1 -45, 93-96, or 98-122, wherein 

the device or light sonreefs) is incorporated into a lighting unit including hut not limited to a 

bmp, a nightHghi, a chandelier, or aft overhead lighting unit.

127. The method of any of claims 47-92. or 97 performed by any of the devices or 

light sources of claims 1-45,93-96, or 98-122, wherein performance of the method causes, 

advancement or delay of a subject’s circadian cycle,

128. The method ofany of claims 47-92, 97, or 127 performed by any of the 

devices or light sources of claims 1-45. 93-96, or 98-122, wherein the method is performed to 

treat a subject afflicted w uh seasonal affective disorder (SAD) or another mood disorder.

129. The method of claim 128 performed by any of the devices or light sources of 

claims 1 -45, 93-96, or 98-1 22. wherein the seasonal affective disorder (SAD) or the other 

mood disorder is selected from a group consisting of SAIT, depression, bipolar disorder, and 

dysthemia, cancer., and heart disease.

130, A device comprising.: 

a light source assembly; and

a. control system configured: to cause the light source assembly to perform, functions 

comprising:

emitting a first light having a first luminous flux and a peak intensity at a first 

wavelength that is greater than or equal to 40t> nanometers (nm t and less than or equal 

to 440 uni, wherein the first luminous fiiix is variable of the emission of the first light 

is interrupted one or more times; and

emitting a second light having a second luminous flux and having a color 

correlated temperature of greater than or equal to 2500 Kelvin and less than or equal
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to 6000 Kelvin, w herein the second luminous dux is variable or the emission of the 

second light is interrupted one or more times, wherein the second light lias a color 

rendering index greater than 70 when compared to daylight, ablaekbody, or another 

lighting reference standard,

wherein the first luminous flux is at a maximum at least during a time at which 

the· second luminous flux is not at a maximum .

13L The device of claim 130, wheteih the first light or the second light has an 

intensity spectrum that includes a finite range of wavel engths,

! 32. The device of any of claims 130-131. wherein the light source assembly 

comprises a first light source configured to emu the firs! light and a second light source 

coofigured to emit tire second light,

133. The device of any of claims 130-132, wherein the light source assembly 

comprises one or more light emitting diodes (LEDs).

134. The device of any of claims 130-133, wherein the first luminous flux is out of 

phase with the second luminous flux.

135. The device of any of claims 130-134, wherein the first luminous fiux takes the 

form of a square wave, a sinusoidal ware, a sawtooth wave., a triangle wave, or any other 

digital or analog wave.

136, The device of any of claims 130-135, wherein the second luminous fiux takes 

the form of a square wave, a sinusoidal wave, a sawtooth Wave, a triangle wave, or any other 

digital or analog wave.

137. The device of any of claims 13()-136. wherein the first luminous flux and the 

second luminous flux take the form of respecti ve waves wi th equal respective duty cycles or 

other waveforms having, equal respective duty cycles.
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138, The device of any dfclaims 130-136, wherein the first luminous fiux and the 

second luminous fiux take the form of respective waves with unequal respective duty cycles 

or other waveforms having unequal respective duty cycles.

139. The device of any of claims 130-138, wherein the first luminous flux and ihe 

second luminous fiux are periodic with respective frequencies that are less than or equal to 

WHz.

140. The device of any of claims .130-13.9, wherein, the first luminous fiux and the 

second luminous fiux are periodic with respective frequencies that are less than or equal to 50

Hz,

.141, The device of any of claims 130-140, wherein emitting the first light

comprises emitting the first light such that the first light illuminates a retina of a user with an. 

ilhmuuanee that is less than or equal io 10,000 lux,

142. The device of any of claims 130-141. wherein emitting the first fight

comprises emitting the first light such that the first light illuminates a retina of a user with, an 

dSmninance that Is less than or equal to 5,000 lux.

Ϊ 43. The device Of any of Claims 130- ί 42, wherein eraitt tug the first I ight

comprises emitting the first light such that the first llglu illuminates a tetma of a user with an 

illuminance that is less than or equal to 1,000 lux.

144, The device of any of claims i 30-143,. wherein emitting the first light, 

comprises emitting the first light such that fire first light illuminates a retina of a user with, an 

illuminance that is less than or equal to 500 lux,.

145. The device of any of claims 130-144, wherein emitting the first light 

comprises emitting the fust light such that the first Sight illuminates a retina of a user with an 

illuminance that is fess than or equal, to 100 hix.
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146, The device of any of claims 130-145, wherein, emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user wi th an 

illuminance that is less than or equal to 50 lux.

147, The device of any of claims 130-146.. wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 10 lux.

148. The device of any of claims 130-147, wherein emitting the fitst light 

comprises emitting the first light such that the first light illuminates a retina of-a user with an 

illuminance that is less than or equal to 1 lux.

.149, The device of any of claims 1.30-148, wherein emitting the second, light

comprises emitting the second fight such that the second light illuminates a retina of a user 

with an illuminance that is less than or equid, to 10,000 lux.

150. The device of any of claims 130-149. wherein emitting the second light 

comprises emi tting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux.

151. The device Of any of claims 130-150, wherein emitting the second, light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1,000 lux.

152. The device of any of claims 130-151, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 500 lux.,

153. The device of any of claims 130-152. wherein emit ting the second light 

comprises emitt ing the second light such that, the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 100 lux.
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1.54, The device of any of claims 130-153, wherein, emitting the second light 

comprises emitting the second light such, that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 50 lux.

155, The device of any of claims 13<i-154, wherein emitting the second light, 

comprises emitting the second light such that the second tight illuminates a retina of a user 

with an illuminance that is less than or equal to 10 lux,

S%> J he devne ofanv nfcianns 1/0-155 wherein vnutung the second light 

comprises emitting the second light such that the second light, illuminates a retina of a user 

with an illuminance that is less than or equal to I lux.

I57. The device of any of claims 130-156, wherein at least 50%, at least. 60%, at 

least 70° <>, at least 80%, at least 00% or at. least 95% of a power spectral density of the first 

Sight corresponds to wavelengths within a range of400 nm to 440 nm.

S 58. The device of any of claims 130-157. wherein the first luminous flux 

periodically reaches a minimum that is greater than zero.

159. The device of any of claims 130-157, wherein the first himinous flux 

.periodically reaches a minimum that is equal to zero,

160. The control system of any of claims 130-159.

161. A method comprising;

emitting, via a light source assembly, a first light having a first luminous flux, and a 

peak intensity at a first wavelength that is greater titan or equal to 400 nanometers turn.) and 

less than or equal io 440 nm. wherein the first luminous flux is variable or the emission of the 

first hght is interrupted one or more times; and

emitting, via the light source assembly, a second. Sight having a second luminous flux 

and having a color correlated temperature of greater than or equal to 2500 Kelvin and less 

than or equal to 6000 Kelvin, wherein the second luminous· flux is variable or the emission of 

the second hght is interrupted one or more times, wherein the second hglu has a color
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rendering index greater than 70 when compared to daylight, a blackbody, or another lighting 

reference standard,

wherein the first luminous flux is at a maximum at least during a time at which the 

second luminous flux is not at a maximum.

162 . The methodclaim 161, wherein the light source assembly, is part of the device 

of any o f claims ί 30-159,

163. The method of any of claims 161-lo2. wherein the lust light or the second 

light has ait intensity spectrum that includes a finite range of wavelengths.

164. The method of any of claims 161-163, wherein the light source assembly 

comprises a first light source configured to emu the first light and a second light source 

configured to emit the second light,.

165. The method of any of claims 161-164, wherein the light source assembly 

comprises one or more light emitting diodes (LEDs).

166. The method of any o f claims 161-165, wherein the first luminous flux is out of 

phase with the second luminous flux.

167. The method of am of claims 161-166, wherein the first luminous flux takes 

the form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital, or analog wave.

168. The method of any of claims 161-167, wherein the second inmmons. flux takes 

the form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave.

169. The method of any of claims 161-168, wherein the first luminous flux, and the 

second luminous flux take the form of respecti ve square waves with equal respective duty 

cycles or other wasefortns having equal respective duty cycles.

- 56-



WO 2018/212819 PCT/US2018/020395

170, The method of any of claims 161 -168. wherein the first luminous flux, and the 

second luminous flux, take the form of respective square waves whit unequal respective duty 

Cycles or other waveforms having unequal respective duty cycles.

171. The method of any of claims 161-170, wherein the first luminous flux and the 

second luminous flux are periodic with respect ive .frequencies that· are less than or equal to 

100 Hz,

172, The method of any of c hums 161-171, wherein the first luminous flux and the 

second luniioons flux nroperiodic with respective frequencies that are less titan or equal io 50 

Hz,

173 . The method of any of claims 161-· 172. wherein emitting the first light

comprises emitting the first, light such that the first light illuminates a retina of a. user with .an 

illuminance that is less than or equal to 10,000 lux,

174. The method of any of claims 161-173, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

dinminance that Is less than or equal to 5,000 lux.

175. The method of any ol claims 161 ■ 174. wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 1,000 lux.

176, The method of any of claims 161 -175, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 500 lux.

177, The method of any of churns if' 1-1 76, wherem emitting the first light 

comprises emitting the first light such that the first Sight illuminates a retina of a user with an 

illuminance that is less than or equal to 100 lux.
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178. The method of any of claims 161-177, wherein emitting the first light 

comprises emitting the first light such that the first light ilhimmaies a retina of a user wi th an 

illuminance that is less than or equal to 50 lux.

179. The method of any of claims i 61-l78. wherein emitting the first light 

comprises emitting the first light such that the first light .illuminates a retina of a, user with an 

illuminance that is less than or equal to 10 lux .

180. The method of any of claims 161-179, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 1 lux.

181. The method of any o f claims 161-180, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 10,000 lux.

182. The method of any of claims 161 -181, wherein emit ting the second lie hi 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux.

183. The method of any of claims ΙόΙ · I 82, wherein emitting die second hght 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1,()00 lux

184, The method of any of c laims 161-183, wherein emitting the second light, 

comprises emitting the second light such that the second light Uluminales a retina of a user 

with an illuminance that is less than or equal to 500 lux.

185. The method of any of claims 161-184, wherem emitting the second hght 

comprises emitt ing the second ligh t such that the second light illuminates a retina of a user 

with an ilhuninance that is less than or equal to 100 lux.
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186, The method of any of claims 161 -185. wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an iflurninanee that is less than or equal to 50 lux.

187. The method of any of claims 161-186, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 10 lux.

188 The method ofanv of chums 161-187. wherein emitting ihe .second light 

comprises emitting the second light such that the second light Illuminates a retina of a user 

with an illuminance that is less than or equid to 1 lux.

186, The method of any of claims tol -I xx, wherein the first luminous flux 

periodically reaches a minimum that is greater than zero,

190. The method of any of claims 161 -188, wherein the first luminous flux 

periodically reaches a minimum that is equal to zero.

191. A plurality of light sources configured to emit light having a peak wavelength 

within a range of 400 nm. to 440 nnt

I92. The plurality of light sources of claim 191. wherein the plurality' of light 

sources comprise one or more light emitting-diodes.

193, The pluramy of light sources of any of claims 191-192, wherein the plurality 

of light sources are conligm ed to emit respective ranges of wavelengths of light that are 

different from each other,

194. The plurality of light sources of any of claims 191-193, wherem the plurality 

of light sources are configured to collectively emit white light having a color rendering index 

of greater than '70 as compared to daylight, a blackfeody , or another lighting reference 

standard.
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195, A white light source having a color rendering index of grealei than 70 as 

compared to dayligh t,, a blackbody, or another lighting reference standard, wherein the white 

light source is configured to emit light with a peak wavelength within a range of 400 nm to 

440 nm.

196, The. device or light sotu'ce(s) of any of claims 130-159 or 191-195, wherein 

the device or light source!4} is incorporated into a wearable device, including hut not limited 

to goggles, a headband, artnwear, wrisiwear, or a therapeutic wearable device configured to 

shine light onto a subject’s retina.

197. The device or light sourcets) of any of claims J 30-159 or 191-195, wherein 

the device or light soureefsi is incorporated into a vehicle including but not limited to an 

automobile, an airplane, a heiicopler, a boat, a ship, or a train, or wherein the device is 

incorporated into a dashboard, an accent lighting unit, a cabin general lighting unit, or a 

headlight unit.

198. The device or light sources v) of any of claims i 10-159 or 191-195, wherein 

the device or light sotsree(s) is incorporated into a display unit, including but not limited to a 

cell phone, a tablet computer, a monitor, or a television,

199. The device or light sourcets) of any of claims 130-159 or 191-195, wherein 

the device or light sourcets} is incorporated into a lighting unit including but not Hunted to a 

lamp, a nightlighf, a chandelier, or an overhead lighting unit,

200. The method of any cd' claims 161-190 performed by any of the devices or light 

sources of claims 130-147.. herein performance oft.be method causes advancement or delay 

of a subject’s circadian cycle.

201. The method of any of chums 161 -190 performed by any of the devices or light 

sources of claims 130-159, wherein the .method is performed to treat a subject afflicted with 

seasonal affective disorder {SAD} or anothei mood disorder,

202. The method of claim 201 performed by any of the devices or light sources cd' 

claims 139-159, wherein the seasonal aflective disorder fSAD} or the other mood disorder is
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selected from, a group consisting of SAD, depression, bipolar disorder, and dysthemia, 

cancer., and heart disease;

20’ A device compristnv 

a light, source assembly; and

a control system configured to cause the light source assembly toperform functions 

comprising:

emitting a first light having a first luminous flux and a peak intensity at a first 

wavelength that j 5 greater than, or equal to 680 nanometers (nm) and less than or equal 

to 750 nm, herein the first luminous fiux is variable or the emission of the first light 

is Interrupted one or more times; and

emitting a second light having a second luminous fiux and a peak intensity at a 

second wavelength that is less than or equal to 680 nm, wherein the second luminous 

fi ux is variable or the emission of the second light is interrupted one or more times,

wherein the first luminous fiux is at a maximum at least during a time at which 

the second luminous fiux is not at a maximum.

204, The device of claim 205, wherein-the first light or the second light has an. 

intensity spectrum that includes a finite range of was elengths,

205. The device of any of claims 203-204, wherein the light source assembly 

comprises a first light source configured to enut the first light and a second light source 

configured to emit the second light.

206, The device of claim 205, wherein the first light source or the second light 

source comprises one or more light emitting diodes (LEDs).

207. The dev ice of any of claims 203-206, wherein the first wavelength is greater 

than or equal to 680 nm and less than or equal to 695 urn.

208. The device of any of churns 203-207, wherein the first wavelength is greater

than or equal to 695 nm and less than or equal to 720 am.
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209. The device of anv of claims 203-208. wherein the first wavelength is greater 

than or equal to "20 nm and less than or equal to 750 nm...

210. The device of any of claims 203- 209, wherein the second wavelength is 

greater than or equal to 440 nm and less than or equal to 520 nm.

211. The device of any of claims 203-210,. wherein the second wavelength is 

greater than or equal to 520 nm and less than or equal to 600 uni

21.2, The device of any of claims 203-21 1, wherein, the second wavelength is 
greater than or equal io t>00 nm and less than or equal to 680 nm.

213, The device of any of claims 203-212, wherein the first luminous fiux is out of 

phase with the second luminous flnx.

214. The device of any of claims 203-213. wherein the first luminous ilex takes the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other

d igita 1 or analog wave,

215, Ί he device of atty of claims 203-214. wherein the second luminous flux takes 

the form of a square wave, a sinusoidal wave, a saw tooth wave, a triangle wave, or any other 

digital or analog wave.

216. The device of any of claims 203-215, wherein the first luminous flux and the 

second luminous flux take the form of respective waves with equal respective duty cycles or 

other waveforms having equal respective duty cycles,

217. The dev ice of any of claims 203-215, wherein the first luminous flux and the 

second luminous flux take the form of respective waves with unequal respective duty cycles 

or odier waveforms having unequal respective duty cycles.

218. The device of any of claims 203-217. whet ein the first luminous flux and the 

second luminous flux are periodic with respective frequencies that are less than or equal to 

100 Hz,.
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219, The device of any of claims 203-218, wherein the first hnninons flux and the 

second luminous flux are periodic with respective frequencies that ate less than or equal to 50. 

Hz,

220. The device of any of claims 203-219, wherein emitting the first light

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal io 10,000 lux,

22 ί. 'The device of any of clailris 203-220, wherein emitting the first light

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 5.000 lux.

222 Ί he dev tee ofunv of claims 20--221.. wherein emitting the first light 

comprises emitting the first light such that the first hgbi illuminates a fetma of a user with an 
illuminance that is less than or equal to 1,000 lux.

223, The device ot any of chums 2* >3-222, nherein emitting the first hgln 

comprises emitting the first light such that the first light illuminates a retina. of a user with an 

illuminance that is less than or equal to 500 lux,

224. The device of any of claims 2()3-223, wherein emitting the first light 

comprises emitting the first light such that the first Sight illuminates a telina of a user with an 

ilhrminance that is less than or equal to 500 lux.

225, The device of any of claims 203-224, wherein emitting the first light 

comprises emitting the first light such that, the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 50 lux.

226. The device of any of claims 203-225, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a usei’ with an 

.tliumiaance that is less than or equal to 50 lux.
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227, The device of any Of claims 203-226, wherein, emitting die first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 1 lux.

228. The device of any of claims 203-227, wherein emitting the second light, 

comprises emitting the second light such that the second light iliuminates a retina of a user 

with an illuminance that is less than or equal to 10,000 lux.

229 The device of any of claims 2O3-22S. wherem emitting the second light

compnses emitting the second ligh t such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux.

230. The device of any of claims 203-229, wherein emitting the second light 

.comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1,000 lux,

231. The device of any of chums 203-2,30. wherein emitting the second light 

comprises emi tting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 500 lux,

232. The device Of any of claims 203-231, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with art illuminance that is less than or equal to 100 lux.

233, The device of any of claims 203-232* wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 50 lux,,

234. The device of any of claims 203-233. wherein emitting the second Sight 

comprises emitriug the second light such tha t the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 10 lux.
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235, The device of an y of claims 203-234, wherein emitting the second light 

comprises emitting the second light such that the second l ight illuminates a retina of a user 

with an tilummance that is less than or equal to 1 lux.

236, The device of any of claims 203-235, wherein at least 50°■·■!. at least 60%, at 

least 70%, at least 80%, at least or at least 95% of a power spectra! density of tire first 

light corresponds to wavelengths within a range of 680 nm. to 695 nm.

217 J he desme ofans of chums 2()5-255. w herein at least >(>lt o. us least 60% at 

least 7056, at least 80' ». at least 90% or at least 95% of a power spectral density of the first 

light corresponds 50 wavelengths within a range of 695 nm to 720 nm

238, The device of any of claims 203-235, wherein at least 50%, at least 60%, at 

leas t 70%, at least. 80%, at least 90% or at least 95% of a power spec tral density of the· first 

light corresponds to wavelengths within a range of 720 nm to 750 nm.

239 The device of any of claims 203-238. vi herein at least 50%, at least 60*%, at 

least 7o%, at least 80"», at least 90% or at least '%'’·. of a power spectral density of the second 

light corresponds to wavelengths within a range of 440 nm to 680 nm.

24(). The dev tee of any of claims 2Ο3 -238, w herein at least 50%, at least 60%. at 

least 70%, at least 80%. at least 90% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 440 nm to 520 nm.

241. The device of any of claims 293-238, wherein, at least 50%, at least 60%, at 

least ~0% at least SO"», at least 90% or at least of a power spectral density of the second 

light corresponds to wavelengths within a range of 529 nm to 600 nm.

242. The devtce of any of claims 2()5-258, wherein at least 50%. at least 69%, at 

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 600 n.m to 680 nm,

243. The device of any of claims 203-242, wherein the first luminous flux 

periodically reaches a minimum that is greater than zero
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244, The device of any of claims 203-242, wherein the first luminous flox 

periodically reaches a minimum that is equal to zero.

245, The device of any of claims 293-244, wherein the second luminous flux 

periodically reaches a .minimum that is greater than zero,

246, The device of any of claims 203-244, wherein the second luminous flux 

periodically reaches a .minimum that is equal to zero.

247, The control system of any of claims 203-246,

2-18 A method comprising

emitting, via a light, source assembly, a first,light having a first luminous -flux and. a 

peak intensity at a first wavelength that is greater than or equal to 680 nanometers (nm) and 

less than or equal to 750 nm. wherein the first luminous flux is variable or the emission ofthe 

first light is interrupted one or more times; and

emitting, via the light source assembly, a second light Slaving a. second luminous flux 

and a peak intensity at a second wavelength that is less than or equal to 680 tun, wherein ihe 

second luminous .flux is variable or the emiss ion of the second light is interrupted one or 

more times,

wherein the first luminous flux is at a maximum at least during a time at which the 

second luminous flux is not at a maximum.

249, fhe method claim 248, wherein the light source assembly is part of the device 

of any of claims 203-247,

250. The method of any of claims 248-249, wherein the first light or the second 

light has an intensity spectrum that includes a finite taupe of wavelengths.

251.. The method of any of claims 248-250, wherein the light source assembly 

comprises a first light source configured to emit the first light and a second light source 

configured to emu the second light.
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252. The method of claim 251, wherein the Aim light source or the second light 

.source comprises one or more light emitting diodes (LEDs).

253. The method of any of claims 248-252. wherein the first wavelength is greater 

than or equal io 68() nm and less than or equal to 695 nm.

254. The method of any of claims 248-253, wherein the first wavelength, is greater 

than or equal to 695 nm and less than or equal to 721» nm.

25\ The method of any of claims 248-254, wherein the first wavelength is greater 

than or equal to 720 nm and less than or equal to ”50 nm,

256, The method of any o f claims 248-255, wherein the second wavelength is 

greater than or equal to 440 nm and less than or equal to 520 nm.

257. The method of any of claims 248-256, wherein the second wavelength is 

greater than or equal ίο 520 nm and less than or equal to 600 nm,

258. The method of any of claims 248-257. wherein the second wavelength is 

greater than or equal to 600 nm and less than or equal to 680 nm.

259. The method of any of claims 248-258, wherein (he lust luminous flux is out of 

phase with the second luminous fiux..

260. The method of any of claims 248-259, wherein the first luminous flux takes 

the forni of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave.

261. The method of am ol damn 248-260, wherein the second luminous (lux takes 

the form of a square wave» a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital of analog wave.
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262. The .method of any o f claims 248-261, wherein the first luminous flux, and the 

Second luminous flux take the form of respective waves with equal respective duty cycles or 

other waveforms having equal respective duty cycles,

263. The method of any of claims 248-26 5, wherein the first luminous flux and the 

second luminous flux take the form of respective waves with unequal respective duty cycles 

or other waveforms having unequal respective duty cycles,

264. The method of any of chums 248-26.3. wherein the lust luminous flux and the 

second luminous flux are periodic with respective frequencies that arc less titan or equal to 

100 Hz,

265, The method o f any of claims 248-264, wherein the first luminous flux and. the 

second !ominous flux are periodic with respective frequencies that are less than or equal to 50 

Hz.

266. The method of any of claims 248-265, wherein emitting the first light 

comprises emitting the first light such that the first fight illuminates a retina of a user with an 

illuminance that Is less than or equal to 10,00(· lux.

267. The method of any ol claims 248-266. wherein emitting the first tight 

comprises emitting the first fight such that the first light iihuninates a tefina of a user with an 

illuminance that ts less than or equal to 5,000 lux.

268, The method of any of claims 248-267, wherein emitting the first, light 

comprises emitting the fird light such that fhe first fight illuminates a retina of a user with an 

illuminance that is less than or equal to 1,000 lux.

2 00. The method of any of chums 248-268, wherem emitting the first light 

comprises emitting the first light such that the first fight iihuninates d. Ktioa of a user with an 

illuminance that is less than or equal to 500 lux.
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270, The method of any of claims 248-269, wherein emitting the first Sight 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

Illuminance that is less titan or equal to 100 lux.

271. The method of any of claims 248-270. wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a.user with an 

i I him i nance that is less than or equal to 50 lux.

272. The method of any of claims 248-271, wherein emitting, the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to fit lux.

273. The method of any of claims 248-272, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illummance that is less than or equal to I lux.

274. The method of any of claims 248-273, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an tilumlnatiee that is less than or equal to 10,000 lux.

275. The method of any of claims 24-8-274, w herein emitting the second light 

comprises enutting the second light such dial the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux

276, The method of any cd' c laims 248-275, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1,000 lux.

277, The method of any of claims 248-2 76, wherem emitting ihe second light 

comprises emitt ing the second ligh t such that the second light illuminates a retina of a user 

with an ilhuninance that is less than or equal to 500 lux.
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278, The method of any o f claims 248-277, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an tilununanee that is less than or equal to KM) lux.

279, The method of any of claims 248-278, wherein emitting the second light 

comprises emitting the second light such that the second light il luminates a retina of a user 

with an iiluminanee that is less than or equal to 50 lux,

280 I he method of au\ of claims 248-270. wherem emitting she .second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 10 lux.

281. The method of any of claims 248-280, wherein emit ting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an ilhunhiance that is less than or equal to I lux.

282. The method of any of claims 248-281, wherein at least 50%, at least 60%. at 

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the first 

light corresponds to wavelengths witltiu a range of 689 nm to 695 mn.

283. The method of any of'ciauns 248-281, wherem at least 50%. at least 60%, at 

least 70%, at least 80%. at least 90% or at least 9570 of a power spectral density of the first 

light corresponds to wavelengths within a range of 605 nm to 720 nm.

284, The method of any of claims 248-281, wherein at least 50%, at least 60%, at 

least 70%, at least 80"», at least 90% or at least 95* o of a power spec tral density of the .first 

light corresponds to wavelengths within a range of 720 nm to 750 nm.

285. The method of any of claims 248-284. wherem at least 50%, at least 60%, at 

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 440 n.m to 680 am.
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28 6, The method of any o f claims 248-284. w herein at least 50%, at least 60%, at

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths' within a range of 440 nm to 520 nm,

287. The method of any of claims 248-284, wherein at least 50%, at least 60%. at

least 70%, at least S0%, at least 90% or at least 95% of a power spectra! density of the second 

light Corresponds to wavelengths w ithin a range of 520 tun to 600 nm.

288. fhe method of any of elanns 248-284. wherein at least 50”«, at least 60%. at 

least 70%, at least 80%, at least 90% or at least '95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 6th) nm to 680 nm

289 The method of anv of claims 2-18-288, wherein the lest luminous flux

periodically reaches a minimum that is greater than zero,

290. The method of any of claims 248-289, w herein the first luminous flux 

periodically reaches a minimum that is equal to zero.

291. The method of any of claims 248-290, wherein the second luminous flux 

periodically reaches a minimum that is greater than zero,

292. The method of any of claims 248-291, wherein the second luminous flux 

periodically reaches a minimum that is equal to zero.

293, The method of any of claims 248-292, wherein, the first light penetrates a 

user's eyelids.

294. The method, of any of claims 248-293, wherein the light source assembly is 

operated in a setting that has less than 10 lux of ambient light.

295. A device comprising: 

a light source assembly; and

a Control system configured to Cause the light source assembly to perform functions 

comprising:
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entitling a first light having a first luminous fiux and a peak intensity at a first 

wavelength that is greater than or equal to 400 nanometers (nm) and less than or equal 

to 440 nm, wheretn (he first luminous fiux is variable or the emission of the first light 

is interrupted one or more urnes; and

emitting a second light having a second luminous flux and a peak intensity at a 

second wavelength that is greater than or equal to 440 nm, wherein the second 

luminous fiux is variable or the emission of the second light is interrupted one or 

more times,

wherein tlie first luminous flux ts at a maximum at least during a time at which 

the second luminous fiux is not at a maximum

296. fhe device of claim 295. wherein the first light or the second light has an 

intensity spectrum that includes a finite range of wavelengths.

297. The device of any of claims 295-296. wherein the light source assembly 

comprises a first light source configured to emit the first light and a second light source 

configured to emit the second light.

298. The device of claim 297 , wherein the first light source ar the second light 

source comprises one or more light emitting diodes (LEDs).

299. The device of any of claims 295-298. wherein fhe first wavelength is greater 

than or equal to 400 nm and less than or equal to 4 i 5 nm.

300, The device of any of claims 295-298, wherein tire first wavelength is greater 

than or equal to 415 nm and less than or equal to 430 run.

301, The de\ ice of any of claims 295-298, wherein the first wavelength ts greater 

than or equal to 430 nm and less than or equal ίο 440 am.

302, The device of any of claims .295-30 L wherein the second wavelength is

greater than or equal io 440 nm and less than or equal to 520 nm.
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303, The device of any Of claims 29S-301, wherein, the second wavelength is 

greater than or equal to 520 inn and less than or equal to 600 nut

304, The device of any of claims 295-301, wherein the second wavelength is 

greater than or equal to 600 run and (ess than or equal to 680 nm.

305. The device of any of claims 295-304, wherein the first luminous flux is out of 

phase with the second luminous flux.

306. The device of any of claims 295-305, wherein, the first hunmous flsx takes the 

form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any othet 

digital or analog wave.

307, The device of any of claims 295-306, wherein the second luminous flux takes 

the form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave.

3OS, The device of any of claims 295 -307, wherein the first luminous flux and the 

second luminous flux take the. form of respective waves with equal respec tive duty cyc les or 

other waveforms having equal respective duty cycles,

309. The device of any of claims 295-30% wherein the first luminous flux and the 

second luminous flux take the form of respective waves with unequal respective duty cycles 

or other waveforms having unequal respective duty cycles.

310, The device of any of claims 295-309, wherein the first luminous flux and the 

second luminous flux are periodic with respective frequencies that are less than or equal to

100 Hz,

311. The device of any of claims 295-3.10 , wherein the first luminous flux and the 

second hmiinons flux are periodic with respective frequencies that are less than- or equal to 50 

Hz,
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312, The device of any of claims 295-31 I, wherein emitting the first light 

comprises emitting the first light such that the First light illuminates a retina of a user with an 

illuminance font is less than or equal to 10,000 lox.

313, The device of any of claims 295-3 J 2, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a, user with aa 
illuminance that is less than or equal to 5.000 tux.

314, The device of any of claims 295-3 S3, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 1,000 lux.

315, The device of any of claims 295-314, wherein emitting the first light 

comprises emitting the first, light such that foe first light, illuminates a retina of a user with an 

ilinnunance that is less than or equal to 500 lux

8 '16. The device of any of claims 295-315. wherein emitting the first light 

comprises emitting the first light, such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 100 lux.

317. 'The device of any of claims 295 -316, wherem emitting, the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 50 ins.

318, The device of any of claims 295-317, wherein emitting foe first light, 

comprises emitting the first light such that the first light illuminates a refina of a user with an 

illuminance that is less than or equal to .10 lux ,

319. The device of any of claims 295-31H, wherein enutting the first light 

comprises emitting foe first light such that the first Sight illuminates a retina of a user with an 

illuminance that is less than or equal to 1 lux.
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320, The device of any of claims 295-319, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an iihiminance that is less than or equal to 10,000 lux,

321, The device of any of claims 295-320, wherein emitting die second light, 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lux.

U2 I he device of auv of claims 295-321. wherein emitting the second light 

comprises emitting the second ligh t such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1,000 lux.

323. The device of any of claims 295-322, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equid, to 500 lux.

324. The device of any of claims 295-323. wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 100 lux,

325. The device of any of claims 295 -324, wherein emitting the second fight 

comprises emitting the- second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 50 lux.

326, The device of any of claims 295-325, wherein emitting the second light 

comprises emi tting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 10 lux,,

327. The device of any of claims 295-326, wherein emitting the second light 

comprises emitt ing the second ligh t such, that the second light illuminates a retina of a user 

with an.illuminance that is less than or equal to 1 lux.
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328, The device of any Of claims 295-327, wSterein at least 50%, at feast 603/), at 

least 70%, at least 80%, at least 90% or at least 95% of a pdwer spectral density of dte first 

light corresponds to wavelengths' within a range of 400 nm to 415 nm.

329, The device of any of claims 295-327, wherein at least 50%. at least 60%, at 

least 70*' o. at least 80%, at least 90% or at least 95"» of a power spectra! density of Ihe first 

light corresponds to wavelengths within a range of 41S run to 430 nm.

530. The device of any of claims 295-327. wherein at least 5()1%. at least 60*%. at 

least 70%, at least 80%. at least 905» or at least 05% of a power spectral density of the first, 

light corresponds to wavelengths within a range of 430 nm to 440 nm,

331, The device of any of claims 295-330, wherein at least 50%, at least 60%, at 

least 701%, at least 80%, a t least 90% or at least 951% of a power spectral density of the second 

light corresponds to ’wavelengths within a range of 440 tun to 520 nnt,

332, The device of any' of claims 2.95-330. wherein at least 50%», at least 60’%, at, 

least 7o%, at feast SO"», at least 90% ot at least ‘>5% of a power spectral density of the second 

tight corresponds to wavelengths within a range of 520 nm to 600 am.

333, The device of any of claims 295 -33o, wherein at least 50%, at feast 60%. at 

least 70%, ai least 80%, at least W% or at least 95% of a power spectral density of ihe second 

light corresponds to wavelengths within a range of 600 nnt to 680 ntn

334, The device of any of claims 295-33,3, wherein tire first luminous flax 

periodically reaches a minimum that is greater than zero,

335. The devtce of any of claims 295-333, wherein the first luminous ftux 

periodically reaches a minimum that is equal to zero.

336, The dev ice of any of claims 295-335, wherein the second luminous flux 

periodically reaches a minimum that is greater than zero.
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337. The device of any of claims 295-335, wherein the second luminous flux 

periodically reaches a .minimum that is equal to zero.

338. The device of any of claims 295-337, wherem ihe second light has a color 

tendering index of greater than 70 as compared to daylight. a blackbody, or another lighting 

refetence standard,

339. The control system of any of claims 295-338,

340. A method comprising:

emitting, via a light source assembly, a first light having a first luminous flux and a 

peak intensity at a first, wavelength that is greater than or equal to 400 nanometers inm) and 

less than or equal to 440 not, wherein the first luminous flux is variable or the emission of the 

first light is interrupted one or more times·, and

emitting, via the light source assembly, a second light having a second luminous flux 

and a peak intensity at a second wavelength that is greater than or equal to 440 nm, wherein 

the second luminous flux is variable or the emission of the second fight is interrupted one or 

more times,

wherein the first luminous flux Is at a maximum at least during a time at which the 

second luminous flux is not at a maximum,

341. The method claim 340, wherem the light source assembly is part of the dev tee 

of any of claims 295-338.

342 , The method of any of claims 34U-341, wherein the first light or the second, 

hght has an intensity spectrum that includes a finite range of wavelengths.

343. Ihe method of any of claims 340-342, wherein the fight source assembly 

comprises a first light source configured to enut the first light and a second light source 

configured to emit the second light.

344, The method of c laim 343, wherein the first hght source or ihe second light 

source comprises one or more light emitting diodes tLEDsi.
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345, The method of any of claims 349-344, wherein the first wavelength is greater 

than or equal to 400 ran and less than or equal to 415 am.

346, The method o f an y of claims 340-344, w herein the first wavel ength is greater 

than or equal io 415 nm and less than or equal to 430 nrn.

34" The method of any of claims 340-344, wherein the first wavelength is greater 

than Or equal to 430 nm and less than or equal to 440 tun.

US The method of any of claims 340-345, wherein fee second wavelength is 

greater than or equal to 440 nm and less than or equal to 520 tun,

349, The method o f any of claims 34U-345, wherein the second wavelength i s 

greater than or equal to 520 nm and less than or equal io 600 nm,

350. The method of any of claims 340-345, wherein the second wavelen gth is 

greater than or equal to 600 nm and less than or equal to 680 tun,

35 1. The method of any of claims 340-350, wherein the lust luminous flux is out of 

phase with the second luminous flux by.

5% The method of any of claims 340-351, wherein the first luminous flux takes 

the form or a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave.

353. The method of atty of claims 340-352. herein the second lumrnous flux takes 

the form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other 

digital or analog wave,

354, The method of any of claims 340-353, wherein fee first luminous flux and the 

second luminous flux take the formof respective waves with equal respective duty cycles or 

other w avefortns having equal respective duly cycles.
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355, The method of any of claims 340-353, wherein the first luminous flux and the 

second Inmiuons flux, take the form of respective waves with unequal respecdve duty cycles 

or Other waveforms having unequal respective duty cycles.

356. The method of any of claims 340-35 5. wherein the fust luminous flux and the 

second luminous flux are periodic with respective frequencies that- are less than or equal to 

WHz,

557. The method of any of claims 340-356. wherein the lust luminous fins, and the 

second luminous flux are periodic 'with respective frequencies that are less than or equal to 50 

Hz,

358, The method of any of claims 340-357^ wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal io 10,009 lux,

359. The method of any of claims 340-358, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with, an 

illuminance that Is less than or equal to 5,000 lox.

369. The method, of any oi'claims 349-559. wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a tetma of a user with an 

illuminance that is less than or equal to 1,000 lux.

361, The method of any of claims 340-369, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 500 iron

362. The method of any of chums 340-3/0, wherem emitting the first light 

comprises emitting the first light such that the first Sight illuminates a retina of a user with an 

illuminance that is less than or equal to 100 lux.
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3 63 , The method of any of claiins 340-362, wherein emitting the first light 

comprises emitting the first light such that the first light illuminates a retina of a user wi th an 

illuminance that is less than or equal to 50 lux.

364. The method of any of claims 340-363, wherein emitting the f irst light 

comprises emitting the first light such that the first light illuminates a retina of a,user with an 

illuminance that is less than or equal to 10 ln.x,

565. The method of any of claims 34(1-364, wherein emitting, the first light 

comprises emitting the first light such that the first light illuminates a retina of a user with an 

illuminance that is less than or equal to 1 lux.

366. The method of any of claims :340-365, wherein emitting the second light 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuniniance that is less than or equal io 10,()()0 lux.

367. The method of any of claims 340-366, wherein emitting the second light 

comprises emitting the second light such that (he second light illuminates a retina of a user 

with an illuminance that is less than or equal to 5,000 lax.

368. The method of any of claims 340-367, wherein emitting die second light 

comprises emitting the second light such that the second light illuminates a retina of ft user 

with an illuminance that is less than or equal to 1,000 lux.

369. The method of any of claims 340-368, wherein emitting the second light, 

comprises emitting the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 500 lux.

370. The method of any of chums 340-36fo wherem emitting the second light 

comprises emitting the second ligh t such that the second light illuminates a retina of a user 

with an ilhuntnanee that is less than or equal to 100 lux.
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37 ί, The method of any o f claims 340-370, wherein emitting, the secon d 1 ight

comprises emitting the second light such, that the second l ight illuminates a retina of a user 

with an illuminance that is less than or equal to 50 lux.

372. The method of any of claims 340-371, wherein emitting the second light 

comprises emitting the second light such that the second light iihmimates a retina of a user 

with an illuminance that is less than or equal to 10 lux

373. The method of an\ of claims 340-372. whorem emitting the second light 

comprises emitiing the second light such that the second light illuminates a retina of a user 

with an illuminance that is less than or equal to 1 lux.

374. The method of any of claims 341)-373,. wherein at least .50%» at least 60%, at 

least 707at least 8074, at least 90% or at least 058 ό of a power spectral density of tire first 

light corresponds to wavelengths within a range of 400 nm to 415 nm.

87.5. "fhe method of any of claims 340-373, wherein at least 50%, at least 6031.. at 

least 70%, at least 80%», at least 9084 or at least 95% of a power spectral density ofthe first 

light corresponds to wavelengths within a range of 415 nm to 430 nm.

376. The method of any of claims 3-10-873, wherein at least 50%. at least 6034, at 

least 7074, at least 8074, at least 90% or at least 9534 of a power spectral density of the first 

light corresponds to war elengths within a range of 430 nm to 440 nm

377, The method of any of claims 34» t-3 76, wherein at least 5074, at least. 60%, at 

least %>% at lea.-t SO' «, at least 9t)v<, oi at least ‘>?% of a power spectral densns oi the second 

light corresponds to wavelengths within a range of440 nm to 520 nm.

378. The method of any of claims 340-876, wherein at least 50’’·«, at least at 

least 70%, at least 80%» at least 9036 or at least 95% of a power spectral density of the second 

Sight corresponds to wavelengths within a range of 520 inn to 600 nm.
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379, The method of any of claims 340-3 76, wherein at least 50%, at least 60%, at 

least "(Ay at (east KU%. at least 9()% or at least 95% of a power spectral density of the second 

light corresponds to wavelengths within a range of 600 nm to 680 tint

38(), The method of an v of claims 340-379, wherein the first hnninons flux 

periodically reaches a nunlmum that is greater than zero,

381, The method of any of claims 340-379, wherein the first luminous flux 

pettodieafly reaches a minimum that js equal to zero.

3 82, The method of any of claims 340-381, wherein the second luminous flux

periodically reaches a minimum that is greater than zero

383. 7 he method, of any of claims 340-381, wherein the second. Inminous flux 

periodically reaches a minimum that is equal to zero.

384. The method of any of claims 340-383, wherein the second light has a color 

rendering index of greater than 70 as compared to daylight, ablackbody, or another lighting 

reference standard.

3 8 5. A I i ght son rce comprising;

one or more first light emitting diodes (LEDs) configured to emit fust light hat tug a 

peak intensity w ithin a range of 400 nm to 449 mm and

one or more .second. LEDs configured to emit second light ha\ mg a peak intensity 

greater than 440 nm, the first light and the second light combined hav mg a peak intensity at a 

wavelength within a range of 400 nm to 440 nm.

386. The light source of claim 385, wherein the second light has a color rendering 

index higher than 70 when compared to daylight, a hlackbody, or another lighting reference 

standard.

387. The light source of any of claims 385-386, wherein at least 50%, at least 60%. 

at least TVo. at least ·«>%, at least 90% o? at least 95% oi'a power spectral density of the first 

light corresponds to wavelengths within a range of 400 nm to 44() nm.
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388 The light source of any of claims 385-387, wherein at least 50%, at least 60%, 

at least 7p%. at least 80%, at least 90’% or at least 9?’'« of a power spectral density of the first 

’uh» corresponds to wavelengths within a range of 400 nm to 4 IO nrn

389. The light source of arty of claims 3 85-387, wherein at least 50? «. at least 603(, 

at least 70%, at least 80%, at least 90% or at least 950¾ of a power spectral density of the first 

fight corresponds to wavelengths within a range of 410 nm to 4:20 ntn.

390, The light: source of any of claims 385-387, wherein at least 50%, at least 60%, 

at least 70?«. at least 80'%, al least 90% or at least 95’% of a power spectral density of the first 

light corresponds to wavelengths within a range of 420 nm to 430 not.

391. The light source of any of claims 385-387, wherein at least 50%. at least co? 0, 

at least 70? k. at least 80'%, at least 9O'% oral least 95% of a power spectral density of the first 

light corresponds to wavelengths within a range of 430 nrn io 440 nm.

392, A method comprising:
emitting, via one or more first light emoting diodes (LEDs) of a light: source, first 

light having apeak intensity within a range of 400 nm io 440 nm; and

emitting, via one or more second LEDs of the light source, second light having a peak 

intensity greater than 440 nm. the first light and the second light combined havmg a peak 

intensity at a wavelength wslhtn a range of400 um to 440 nm.

393 , The method of claim 392, wherein the second light has a color rendering: index 

higher than 70 when compared to daylight, a blacklxidy, or another lighting reference 

standard,

394, The method ofanv of churns 302-303, w herein at least 50"«, al least 60° o. at 

least 70%, at least 80%, a t. least 90% or at least 95% of a power spectral density of the first 

light corresponds to wavelengths within a range of 400 nrn to 440 nm.
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395, The method of am ot claims 392-393. wherein at least 50%, at least 60%, at 

least 70%, at least 80%, at least 90% or at least 95% of a power spectral density of the first 

light corresponds to wavelengths within a range of 400 nm to 410 nat

396. The method of any of claims 392-393, wherein at least 50%), at least 60%,, at 

least 70’'», at least 80%, at least or m ■ ¢:.151. 95% of a power spectra! density of the first 

light corresponds to wavelengths within a range of 410 nm to 420 nm.

397. The method of any of claims 392-393, wherein at least 50%, at least 6f 1%, at 

least 7036, at least 80%». at least 90% or at least 95% of a power spectral density of the first 

light corresponds to wavelengths within a range of 420 nm to 430 nm,

398. The method of any of claims 392-393, wherein at least 50%»* at least 60%, at 

least 70%!, ai least 80%, at least «ο%> or at least 95%» of a power spectral density of 'the first 

light corresponds to wavelengths within a range of 430 tun to 440 nm.

399. The device or light source(s) of any of claims 203-246 or 295-338. wherein 

the device or light soureetst is incorporated into a wearable device, including hut not limited 

to goggles, a headband, armwear, wristwear, or a therapeutic wearable device configured to 

shine light onto a subject's retina,

400. The light source of any oi claims 385-391, wherein the light source! s i is 

incorporated into a vehicle including but not limited to an automobile, an airplane., a 

helicopter, a 'boat* a ship, or a train, or wherein the device is incorporated. into a dashboard, an 

accent lighting unit, a cabin general lighting unit, or a headlight unit.

401. The device or light source(s) of any of claims 385-391, wherein the device or 

light soureeis,* is incorporated into a display unit, including but sot limited to a cell phone, a 

tablet computer. a monitor, or a television.

402, The device or fight soureets> o f any of claims 3 8 5-39I, wherein the device or

light source(s) is incorporated Into a lighting umt including but not limited, to a lamp, a 

mghtuglu. a chandelier, or an overhead lighting unit.
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403, The method of any of-claims 47-/)2, or 97 perfortned by any of the devices or 

light sources of claims 1-45,93-96, or 98-122, wherein performance of the method causes no 

disruption to a subject*s Circadian rhythm.

404, The method of any of claims 248-294 or 340-384 performed by any of the 

devices or light, sources of claims 203-246 or 295-338, wherein the method is performed to 

treat a subject afflicted with seasonal affective disorder (SAD) or another mood disorder.

405, The method of ehiim 404 performed by any o f the devices or fight sources of 

claims .203-246 or 295-338. wherein the seasonal affective disorder {SADI or the other mood 

disorder is selected from a group consisting of SAD, depression, bipolar disorder, and. 

dysthemia. cancer, and heart disease.
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