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(57) ABSTRACT 

A retrofocus lens system has a negative ?rst, a positive 
second and a positive third lens group. The ?rst lens group 
includes an aspheric ?rst lens, a negative meniscus second 
and third lenses that are convex on the large conjugate side, 
and a negative meniscus fourth lens being convex on the 
small conjugate side. The second lens group includes a 
positive ?fth lens and a sixth lens joined to the ?fth lens. The 
third lens group includes a positive meniscus seventh lens 
being convex on the small conjugate side, a biconcave 
eighth lens, a positive ninth lens joined to the eighth lens, a 
biconvex tenth and eleventh lenses, and an aspheric tWelfth 
lens. The system satis?es 0.8<f2/f3<1.5, 1.6<|f1|/f<2.4, |f4|/ 
f>30, f5/f>6, Where f is a focal distance of the system, f2 and 
f3 are respectively focal distances of the second and third 
lens groups, |f1| is an absolute value of a focal distance of the 
?rst lens group, |f4| is an absolute value of an axial focal 
distance of the ?rst lens, and f5 is an axial focal distance of 
the tWelfth lens. 
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RETROFOCUS LENS SYSTEM AND PROJECTION 
DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a retrofocus lens 
system suitable for a projection optical system Which 
requires a long back focal distance in comparison With a 
focal distance and a projection display apparatus incorpo 
rating the retrofocus lens system. 

[0002] FIG. 13 is a schematic diagram shoWing a con 
?guration of an optical system of a conventional projection 
display apparatus (a liquid crystal projector). As shoWn in 
FIG. 13, the projection display apparatus 300 comprises a 
light source 1 Which includes a lamp 120 and a re?ecting 
mirror 130 and emits approximately parallel illuminating 
light 2, dichroic mirrors 3B and 3G, and light re?ection 
mirrors 4a, 4b, and 4c. The projection display apparatus 300 
further comprises a transmissive liquid crystal panel 5R for 
displaying a red image, a transmissive liquid crystal panel 
5G for displaying a green image, a transmissive liquid 
crystal panel 5B for displaying a blue image, a dichroic 
prism 6 Which outputs combined light 20 of red (R), green 
(G), and blue (B) by re?ecting the red light 2R and the blue 
light 2B and passing the green light 2G, and a projection lens 
7 for projecting incident light 20 onto a screen 8 With a 
magni?cation. In the ?gure, a reference numeral 200 denotes 
a housing. 

[0003] The dichroic mirror 3B receives the light 2 emitted 
from the light source 1, re?ects the blue light 2B, and allows 
the red light 2R and the green light 2G to pass. The blue light 
2B re?ected from the dichroic mirror 3B is re?ected by the 
mirror 4b, passes the liquid crystal panel 5B, and then enters 
the dichroic prism 6. The dichroic mirror 3G re?ects the 
green light 2G that has passed the dichroic mirror 3B and 
alloWs the red light 2R to pass. The green light 2G re?ected 
from the dichroic mirror 3G passes the liquid crystal panel 
5G and enters the dichroic prism 6. The red light 2R that has 
passed the dichroic mirror 3B is re?ected by the mirrors 4a 
and 4c, passes the liquid crystal panel SR, and enters the 
dichroic prism 6. The dichroic prism 6 sends out the 
combined light 20 of the incident red light 2R, green light 
2G, and blue light 2B toWard the projection lens 7. The 
projection lens 7 projects the combined light 20 onto the 
screen 8 With a magni?cation. 

[0004] In the above-mentioned projection display appara 
tus, the thick dichroic prism 6 must be disposed betWeen the 
projection lens 7 and the liquid crystal panels 5R, 5G, and 
5B functioning as light valve components, Which are picture 
sources, so that the projection lens 7 requires a long back 
focal distance. 

[0005] If the above-mentioned projection display appara 
tus is used in a rear projector (a rear projection display 
apparatus) , it is preferable that the distance betWeen the 
projection lens 7 and the screen 8 should be short (that is, the 
projection lens 7 should have a Wide angle of vieW) in order 
to reduce the outer dimensions of the apparatus. 

[0006] Because the spectral transmittance, polariZation 
generation characteristics, and re?ectivity of the dichroic 
prism 6 greatly vary With the incident angle of the light, the 
design is provided so that the illuminating light striking the 
liquid crystal panels 5R, 5G, and 5B become approximately 
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parallel light (that is, telecentric illumination is provided). In 
this case, the light striking the projection lens 7 is approxi 
mately parallel light. If this type of optical system uses a 
conventional Wide-angle projection lens having a short back 
focal distance, the light that passes the perimeter of the 
liquid crystal panels 5R, 5G, and 5B and then strike the 
projection lens 7 is extremely reduced, making the projec 
tion image dark in the perimeter of the screen 8. Accord 
ingly, it is desired that the apparatus should be con?gured to 
make the principal ray of the light coming from the indi 
vidual points of the picture source approximately parallel to 
the optical axis of the projection lens 7 (telecentric con?gu 
ration). This con?guration requires such a projection lens 
that the distance betWeen the projection lens 7 and the 
position of the pupil is suf?ciently greater than the focal 
distance. 

[0007] As has been described above, a projection lens 
used in a projection display apparatus is required to satisfy 
the basic speci?cations associated With (1) a Wide angle of 
vieW, (2) a long back focal distance, and (3) telecentric 
characteristics on the image display component side. The 
projection lens of the projection display apparatus is also 
required to have basic aberration characteristics (4) to (7) 
described beloW. 

[0008] (4) LoW chromatic aberration: The chromatic aber 
ration of magni?cation must be representatively kept around 
the pixel pitch or preferably suppressed beloW a half of the 
pixel pitch, so that the projection magni?cation difference in 
primary-color pixels of the projection image is suf?ciently 
reduced. When an ultra-high pressure mercury lamp is used 
for the illumination light source, the light output may 
contain a strong spectrum at a Wavelength shorter than the 
inherent spectral Wavelength of the blue light, Which is on 
the order of 450 nm to 470 nm, or in the proximity of the 
mercury g-line (436 nm). In such a situation, it is necessary 
that the chromatic aberration of magni?cation for such 
emission line spectral component should be corrected in 
consideration of the chromatic aberration of magni?cation 
for red spectral component so as to suppress violet ?are 
components. It is also necessary to control the longitudinal 
chromatic aberration so that the focal points for primary 
colors are placed at the same point. 

[0009] (5) LoW distortion: Since a Wide-angle lens for the 
rear projector projects a rectangular projection image inside 
the frame of the projection screen, the distortion around the 
perimeter of the screen often stands out. Accordingly, the 
deviation of a pixel from its ideal point resulting from the 
distortion must be representatively restricted to the order of 
the pixel pitch. In rear projectors for use in CAD, multi 
vision projectors that increase the number of pixels by 
arranging unit screens formed by rear projection and the 
like, it is required to control the distortion so that the 
absolute deviation from an ideal point is restricted to or 
beloW a half of the pixel pitch. 

[0010] (6) Wide operating temperature range: The projec 
tion lens should be designed to maintain desired optical 
characteristics over a Wide temperature range, so that the 
lens can be used in a Wide temperature environment in Which 
the projector is placed and can endure the heat generated by 
the illumination lamp. To provide the Wide operating tem 
perature range, it is preferable that the projection lens be 
con?gured only by glass lenses. In comparison With plastic 
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materials lens, glass lenses generally exhibit small variations 
in expansion and refractive index With temperature varia 
tions, Which favors the maintenance of stable optical char 
acteristics. HoWever, if an aspheric surface is used to correct 
aberrations, glass lenses have a cost disadvantage. The lens 
system of the present invention corrects aberrations With 
plastic aspheric lenses and implements a projection lens With 
small defocusing due to temperature variations. 

[0011] (7) High resolution: To project an original image 
produced by a light valve component having many pixels on 
the order of one million pixels at a high density, Which has 
been increasingly developed in recent years, With a magni 
?cation, a projection lens having a high resolution matching 
the ?ne pixel structure of the light valve is needed. To ensure 
the high resolution of the projection lens, the chromatic 
aberration and distortion described above, and other axial 
aberrations and off-axis aberrations must be suf?ciently 
corrected. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
retrofocus lens system Which has a long back focal distance 
in comparison With a focal distance and telecentric charac 
teristics on the picture source side and alloWs Wide-angle 
projection, and a projection display apparatus utiliZing the 
retrofocus lens system. 

[0013] According to the present invention, a retrofocus 
lens system comprises in order from a large conjugate side 
toWard a small conjugate side: a ?rst lens group having a 
negative refracting poWer; a second lens group having a 
positive refracting poWer; and a third lens group having a 
positive refracting poWer. The ?rst lens group includes in 
order from the large conjugate side toWard the small con 
jugate side, a ?rst lens having an aspheric surface, a menis 
cus second lens having a negative refracting poWer and 
having a convex surface on the large conjugate side, a 
meniscus third lens having a negative refracting poWer and 
having a convex surface on the large conjugate side, and a 
meniscus fourth lens having a negative refracting poWer and 
having a convex surface on the small conjugate side. The 
second lens group includes in order from the large conjugate 
side toWard the small conjugate side, a ?fth lens having a 
positive refracting poWer, and a sixth lens joined to the ?fth 
lens. The third lens group includes in order from the large 
conjugate side toWard the small conjugate side, a meniscus 
seventh lens having a positive refracting poWer and having 
a convex surface on the small conjugate side, a biconcave 
eighth lens, a ninth lens joined to the eighth lens and having 
a positive refracting poWer, a biconvex tenth lens, a bicon 
vex eleventh lens, and a tWelfth lens having an aspheric 
surface. The retrofocus lens system satis?es the folloWing 
expressions: 

[0014] Where f is a focal distance of the Whole lens system, 
f2 is a focal distance of the second lens group, f3 is a focal 
distance of the third lens group, |f1| is an absolute value of 
a focal distance of the ?rst lens group, |f4| is an absolute 
value of an axial focal distance of the ?rst lens, and f5 is an 
axial focal distance of the tWelfth lens. 

Jan. 17, 2002 

[0015] The retrofocus lens system satisfying the expres 
sions (1) to (4) can provide an advantage that off-axis 
aberrations can be appropriately corrected While the long 
back focal distance and the telecentric performance are 
maintained. In addition, by restricting the axial poWer of the 
?rst lens and the tWelfth lens, both of Which comprise a 
plastic material, to a small value, the retrofocus lens system 
can provide another advantage that it can be used over a 
Wide temperature range While defocusing and degradation in 
the resolution due to the temperature change can be elimi 
nated. 

[0016] The retrofocus lens system may further comprise a 
stop disposed betWeen the second lens group and the third 
lens group; Wherein the retrofocus lens system satis?es the 
folloWing expression: 

[0017] Where |EXP| is an absolute value of a distance from 
an image surface on the small conjugate side to a pupil 
surface on the small conjugate side in the Whole lens system. 

[0018] The retrofocus lens system satisfying the expres 
sion (5) can provide an arbitrary choice of the brightness and 
the focussing performance in accordance With an illumina 
tion system up to the projection lens. Further, the retrofocus 
lens system can project light modulated by the light valve 
that is subject to the telecentric illumination With a favorable 
peripheral relative illumination, by increasing the pupil 
distance on the light valve side. 

[0019] The retrofocus lens system may satisfy the folloW 
ing expression: 

[0020] Where BFL is a back focal distance of the Whole 
lens system. 

[0021] The retrofocus lens system satisfying the expres 
sion (6) can provide a long back focal distance so that a 
required air spacing can be secured betWeen the light valve 
and the retrofocus lens system in order to mount a thick 
prism element, a cover glass Which protects the front surface 
of the light valve and a projection system in an appropriate 
manner. 

[0022] The retrofocus lens system may satisfy the folloW 
ing expressions: 

[0023] Where v4 is an Abbe number at d-line of a glass 
material forming the fourth lens, v5 is an Abbe number at 
d-line of a glass material forming the ?fth lens, v7 is an Abbe 
number at d-line of a glass material forming the seventh 
lens, v8 is an Abbe number at d-line of a glass material 
forming the eighth lens, v9 is an Abbe number at d-line of a 
glass material forming the ninth lens, and v10 is an Abbe 
number at d-line of a glass material forming the tenth lens. 

[0024] The retrofocus lens system satisfying the expres 
sions (7) to (12) can provide appropriate chromatic aberra 
tions (longitudinal chromatic aberration and chromatic aber 



US 2002/0005994 A1 

ration of magni?cation) to suppress a color shift of primary 
color images Which is projected With a magni?cation and to 
achieve a high resolution. 

[0025] The retrofocus lens system may satisfy the folloW 
ing expressions: 

0.008<dPgF4<0.03 (13) 

0.01<dPgF5<0.025 (14) 

0.01<dPgF8<0.02 (15) 

0.03<dPgF10<0.055 (16) 

[0026] Where dPgFm denotes a parameter representing 
anomalous dispersive properties of the glass material Which 
forms the m-th lens, m being equal to 4, 5, 8 or 10, PgFn(vd) 
denotes a straight line representing a normal partial disper 
sion ratio in a coordinate system that has the abscissa 
indicating the Abbe number vd at d-line and the ordinate 
indicating a partial dispersion ratio PgF from F-line to 
g-line, and PgFma(vd) denotes an anomalous partial disper 
sion ratio of the glass material Which forms the m-th lens 
having the Abbe number vd at d-line. 

[0027] The retrofocus lens system satisfying the expres 
sions (13) to (16) can provide a satisfactory projection image 
Which is relatively free from ?are components in a projec 
tion display apparatus including a light source of a short 
Wavelength emission line spectrum. 

[0028] The retrofocus lens system may satisfy the folloW 
mg expressions: 

dPgFm=PgFma(\/d)—PgFn(\/d) 
—0.01<dPgF7<0.045 (17) 

—0.015<dPgF9<0.02 (18) 

[0029] Where dPgFm denotes a parameter representing 
anomalous dispersive properties of the glass material Which 
forms the m-th lens, m being equal to 7 or 9, PgFn(vd) 
denotes a straight line representing a normal partial disper 
sion ratio in a coordinate system that has the abscissa 
indicating the Abbe number vd at d-line and the ordinate 
indicating a partial dispersion ratio PgF from F-line to 
g-line, and PgFma(vd) denotes an anomalous partial disper 
sion ratio of the glass material Which forms the m-th lens 
having the Abbe number vd at d-line. 

[0030] The retrofocus lens system satisfying the expres 
sions (17) and (18) can provide a satisfactory projection 
image Which is relatively free from ?are components in a 
projection display apparatus including a light source of a 
short Wavelength spectrum. 

[0031] According to another aspect of the present inven 
tion, a projection display apparatus comprises: a light source 
for emitting light; a light valve for tWo-dimensionally modu 
lating the light from the light source; and the above-men 
tioned retrofocus lens system for projecting With a magni 
?cation the light modulated by the light valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not limitative of the present 
invention, and Wherein: 
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[0033] FIG. 1 is a schematic diagram shoWing a con?gu 
ration of a retrofocus lens system according to Embodiments 
1 to 5 of the present invention; 

[0034] FIGS. 2A and 2B respectively shoW an astigma 
tism and a distortion of the retrofocus lens system according 
to Embodiment 1; 

[0035] FIGS. 3A and 3B respectively shoW an aXial 
lateral aberration of the retrofocus lens system according to 
Embodiment 1; 

[0036] FIGS. 3C and 3D respectively shoW a lateral 
aberration at a maXimum image height of the retrofocus lens 
system according to Embodiment 1; 

[0037] FIGS. 4A and 4B respectively shoW an astigma 
tism and a distortion of the retrofocus lens system according 
to Embodiment 2; 

[0038] FIGS. 5A and 5B respectively shoW an aXial 
lateral aberration of the retrofocus lens system according to 
Embodiment 2; 

[0039] FIGS. 5C and 5D respectively shoW a lateral 
aberration at a maXimum image height of the retrofocus lens 
system according to Embodiment 2; 

[0040] FIGS. 6A and 6B respectively shoW an astigma 
tism and a distortion of the retrofocus lens system according 
to Embodiment 3; 

[0041] FIGS. 7A and 7B respectively shoW an aXial 
lateral aberration of the retrofocus lens system according to 
Embodiment 3; 

[0042] FIGS. 7C and 7D respectively shoW a lateral 
aberration at a maXimum image height of the retrofocus lens 
system according to Embodiment 3; 

[0043] FIGS. 8A and 8B respectively shoW an astigma 
tism and a distortion of the retrofocus lens system according 
to Embodiment 4; 

[0044] FIGS. 9A and 9B respectively shoW an aXial 
lateral aberration of the retrofocus lens system according to 
Embodiment 4; 

[0045] FIGS. 9C and 9D respectively shoW a lateral 
aberration at a maXimum image height of the retrofocus lens 
system according to Embodiment 4; 

[0046] FIGS. 10A and 10B respectively shoW an astig 
matism and a distortion of the retrofocus lens system accord 
ing to Embodiment 5; 

[0047] FIGS. 11A and 11B respectively shoW an aXial 
lateral aberration of the retrofocus lens system according to 
Embodiment 5; 

[0048] FIGS. 11C and 11D respectively shoW a lateral 
aberration at a maXimum image height of the retrofocus lens 
system according to Embodiment 5; 

[0049] FIGS. 12A to 12D are diagrams respectively 
shoWing Abbe lines of different manufacturers; 

[0050] FIG. 13 is a schematic diagram shoWing a con 
?guration of an optical system of a conventional projection 
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display apparatus or a projection display apparatus accord 
ing to Embodiment 6 of the present invention; 

[0051] FIG. 14 is a schematic diagram shoWing a con 
?guration of an optical system of a projection display 
apparatus according to Embodiment 7 of the present inven 
tion; and 

[0052] FIG. 15 is a schematic diagram shoWing a con 
?guration of an optical system of a projection display 
apparatus according to Embodiment 8 of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred Embodiments of the invention, are given by Way 
of illustration only, since various changes and modi?cations 
Will become apparent to those skilled in the art from the 
detailed description. 

[0054] FIG. 1 is a schematic diagram shoWing a con?gu 
ration of a retrofocus lens system according to Embodiments 
1 to 5 of the present invention. As shoWn in FIG. 1, the 
retrofocus lens system 10 according to Embodiments 1 to 5 
comprises a ?rst lens group G1 having a negative refracting 
poWer, a second lens group G2 having a positive refracting 
poWer, a stop STO (a stop surface being indicated by S12), 
and a third lens group G3 having a positive refracting poWer, 
Which are sequentially disposed in order from a large 
conjugate side toWard a small conjugate side. The term 
“large conjugate side” means a projection light emitting side 
(that is, the screen side in a projection display apparatus 
using a retrofocus lens system as its projection lens or the 
left side as vieWed in FIG. 1). The term “small conjugate 
side” means a projection light incident side (that is, the light 
valve side in a projection display apparatus using a retro 
focus lens system as its projection lens or the right side as 
vieWed in FIG. 1). 

[0055] The ?rst lens group G1 includes, in order from the 
large conjugate side toWard the small conjugate side, a ?rst 
lens L1 having a Weak negative refracting poWer in the 
vicinity of the center thereof, a meniscus second lens L2 
having a negative refracting poWer and having a convex 
surface on the large conjugate side, a meniscus third lens L3 
having a negative refracting poWer and having a convex 
surface on the large conjugate side, and a meniscus fourth 
lens L4 having a negative refracting poWer and having a 
convex surface on the small conjugate side. 

[0056] The second lens group G2 includes in order from 
the large conjugate side toWard the small conjugate side, a 
?fth lens L5 having a positive refracting poWer and a sixth 
lens L6 joined to the ?fth lens L5. 

[0057] The third lens group G3 includes in order from the 
large conjugate side toWard the small conjugate side, a 
meniscus seventh lens L7 having a positive refracting poWer 
and having a convex surface on the small conjugate side, a 
biconcave eighth lens L8, a ninth lens L9 joined to the eighth 
lens L8 and having a positive refracting poWer, a biconvex 
tenth lens L10, a biconvex eleventh lens L11, and a tWelfth 
lens L12 having a Weak positive refracting poWer in the 
vicinity of the center thereof. 
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[0058] The retrofocus lens system 10 according to 
Embodiments 1 to 5 satis?es the folloWing expressions (1) 
to (4): 

[0059] Where r is a focal distance of the Whole lens system, 
f2 is a focal distance of the second lens group G2, f3 is a focal 
distance of the third lens group G3, |f1| is an absolute value 
of a focal distance of the ?rst lens group G1, |f4| is an 
absolute value of a focal distance of the ?rst lens L1, and f5 
is an axial focal distance of the tWelfth lens L12. 

[0060] The retrofocus lens system 10 described above can 
keep a Wide angle of vieW and can ensure such a long back 
focal distance that a prism PSM can be disposed betWeen the 
projection lens and the light valve although the focal dis 
tance is short. The principal ray of light from individual 
image heights, directed from the light valve onto the pro 
jection lens, can be kept approximately parallel to the optical 
axis, a high peripheral relative illumination can be ensured, 
and an adverse effect on projection images caused by 
variations in optical properties due to incident angle char 
acteristics for a prism can be eliminated. Both surfaces of the 
?rst lens L1 and the tWelfth lens L12 are aspheric in order to 
precisely correct spherical aberration, distortion, and other 
high-order aberrations With a small number of lenses. 

[0061] The expression (1) represents a condition for ensur 
ing a long back focal distance and maintaining telecentric 
characteristics. If the upper limit is exceeded, the positive 
refracting poWer of the third lens group G3 is too large, 
making it dif?cult to provide a telecentric con?guration for 
maintaining off-axis principal rays almost parallel and to 
correct the distortion. If the loWer limit is exceeded, the 
positive refracting poWer of the third lens group G3 is too 
small, Weakening the retrofocus performance and making it 
dif?cult to keep a long back focal distance. 

[0062] Further, the expression (2) represents a condition 
for keeping a long back focal distance, excellently correcting 
off-axis aberrations by restricting the poWer of the ?rst lens 
group G1, and preventing the lens from becoming larger than 
necessary. If the upper limit is exceeded, the negative 
refracting poWer of the ?rst lens group G1 becomes too 
small, and the retrofocus performance Weakens, making it 
dif?cult to keep a long back focal distance and making the 
outside dimensions of the ?rst lens group G1 larger than 
necessary. If the loWer limit is exceeded, the negative 
refracting poWer of the ?rst lens group G1 becomes too 
large, making it dif?cult to correct off-axis aberrations. 

[0063] Furthermore, the expressions (3) and (4) respec 
tively represents a condition for restricting the axial poWer 
of the ?rst lens L1 and the tWelfth lens L12, both of Which are 
made of plastic materials, to small values to extend the 
operating temperature range of the retrofocus lens system 10 
While preventing defocusing due to changes in temperature. 
If the poWers of the ?rst lens L1 and the tWelfth lens L12 
increase in such a Way that |f4|/f decreases beloW 30 and fS/f 
decreases beloW 6, inconveniences occur that a change in the 
resolution and the defocusing, Which results from a change 
in the environmental temperature at Which the retrofocus 
lens system 10 is used, increases too much. 
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[0064] It is preferable that the retrofocus lens system 10 
according to Embodiments 1 to 5 has a stop betWeen the 
second lens group G2 and the third lens group G3 and is 
con?gured to satisfy the folloWing expression (5): 

[0065] Where |EXP| is an absolute value of a distance from 
an image surface on the small conjugate side to a pupil 
surface on the small conjugate side in the Whole lens system. 

[0066] In the retrofocus lens system 10 Which satis?es the 
expression (5), the principal ray of light from individual 
image heights, directed from the light valve onto the pro 
jection lens, can be kept approximately parallel to the optical 
axis, a high peripheral relative illumination can be ensured, 
and an adverse effect on projection images caused by 
variations in optical properties due to the incident angle 
characteristics for a prism can be eliminated. If the distance 
betWeen the pupil surface on the small conjugate side and 
the image ?eld on the small conjugate side is reduced so that 
|EXP|/f becomes beyond the loWer limit of the expression 
(5), an inconvenience occurs that the principal ray on the 
light valve side has too great an inclination. 

[0067] It is preferable that the retrofocus lens system 10 
according to Embodiments 1 to 5 be con?gured to satisfy the 
folloWing expression (6): 

[0068] Where BFL is a back focal distance of the Whole 
lens system. 

[0069] The retrofocus lens system 10 satisfying the 
expression (6) can ensure such a long back focal distance 
that a prism PSM, a cover glass CG for protecting the light 
valve and an appropriate air spacing can be disposed 
betWeen the projection lens and the light valve despite the 
Wide angle and the short focal distance. If the back focal 
distance is reduced beloW the loWer limit of the expression 
(6) , an inconvenience occurs in disposing the thick prism 
PSM, the cover glass CG and the like. 

[0070] It is preferable that the retrofocus lens system 10 
according to Embodiments 1 to 5 be con?gured to satisfy the 
folloWing expressions (7), (8), (9), (10), (11), and (12): 

[0071] Where v4 is an Abbe number at d-line of a glass 
material forming the fourth lens L4, v5 is an Abbe number at 
d-line of a glass material forming the ?fth lens L5, v7 is an 
Abbe number at d-line of a glass material forming the 
seventh lens L7, v8 is an Abbe number at d-line of a material 
forming the eighth lens L8, v9 is an Abbe number at d-line 
of a glass material forming the ninth lens L9, and v10 is an 
Abbe number at d-line of a glass material forming the tenth 
lens L10. 

[0072] In the retrofocus lens system 10 Which satis?es the 
expressions (7) to (12) Where the Abbe numbers of the fourth 
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lens L4, the ?fth lens L5, the seventh lens L7. the eighth lens 
L8, the ninth lens L9 and the tenth lens L1O are restricted 
Within the respective ranges given above, the axial chro 
matic aberration and the chromatic aberration of magni? 
cation can be controlled in an appropriate manner. When the 
Abbe numbers of the glass materials Which form the respec 
tive lenses L4, L5, L7, L8, L9 and L1O exceed either the upper 
or the loWer limits of the respective expressions, the axial 
chromatic aberration, the absolute value of the chromatic 
aberration of magni?cation and a correction balance of 
chromatic aberrations betWeen R-G-B primary colors are 
collapsed. This results in an insuf?cient resolution of a 
particular primary color or colors due to an increased axial 
chromatic aberration and a deviation of picture elements of 
a particular primary color or colors due to an increase in the 
chromatic aberration of magni?cation. 

[0073] It is preferable that the retrofocus lens system 10 
according to Embodiments 1 to 5 be con?gured to satisfy the 
folloWing expressions (13), (14), (15), and (16): 

0.008<dPgF4<0.03 (13) 

0.01<dPgF5<0.025 (14) 

0.01<dPgF8<0.02 (15) 

0.03<dPgF10<0.055 (16) 

[0074] Where dPgFm denotes a parameter representing 
anomalous dispersive properties of the glass material Which 
forms the m-th lens, m being equal to 4, 5, 8 or 10, PgFn(vd) 
denotes a straight line representing a normal partial disper 
sion ratio in a coordinate system that has the abscissa 
indicating the Abbe number vd at d-line and the ordinate 
indicating a partial dispersion ratio PgF from F-line to 
g-line, and PgFma(vd) denotes an anomalous partial disper 
sion ratio of the glass material Which forms the m-th lens 
having the Abbe number vd at d-line. 

[0075] In the above-mentioned expressions, PgF=(ng— 
nF)/(nF—nC), Where ng, nF and nC represent refractive 
indices at g-line (Wavelength of 435.8 nm), F-line (Wave 
length of 486.1 nm) and C-line (Wavelength of 656.3 nm), 
respectively. The Abbe line used herein represents a straight 
line joining tWo points Which represent tWo different vari 
eties of normal partial dispersion glasses in the coordinate 
system having an ordinate indicating the partial dispersion 
ratio PgF and an abscissa indicating the Abbe number vd. 
The Abbe lines used in respective glass manufacturers are 
slightly different to each other, but generally similar. FIGS. 
12A to 12D shoW the Abbe lines used in respective glass 
manufacturers including SCHOTT GLASS Corporation, 
OHARA Inc., HOYA Corporation, and SUMITA OPTICAL 
GLASS Corporation, and these Abbe lines are indicated by 
the linear functions given beloW. 

[0076] In this manner, the Abbe lines have generally 
similar values, and accordingly, it is only required that 
dPgFm satis?es the expressions (13) to (16) for either one of 
the Abbe lines shoWn in FIGS. 12A to 12D. 






















