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1 Captions of Supplementary Videos

SV 1: Transient shape evolution of gel samples of type I, II, and III during swelling experiments. The time-lapse consists
of snapshots from the lateral camera taken at a frame rate of 1 frame/s.

SV 2: Transient shape evolution of gel samples of type I, II, and III during shrinking experiments. The time-lapse consists
of snapshots from the lateral camera taken at a frame rate of 1 frame/s.

2 Digital photomasks for the fabrication of homogeneous and heterogeneous samples

We report below two figures showing the digital photomasks that were employed for the fabrication of the homogeneous
(Fig. S1) and of the heterogeneous gel samples (Fig. S2).

GL = 145 GL = 150 GL = 155 GL = 175 GL = 255

Fig. S1: Digital photomasks employed for the fabrication of the homogeneous gel samples with GL = {145, 150, 155, 175, 255}.
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type I type II type III

Fig. S2: Digital photomasks employed for the fabrication of the heterogeneous gel samples of type I, II, and III.

3 Measurement of the azimuthal stretches as a function of time

Snapshots from the top camera allowed to compute the azimuthal stretches at the rims of the heterogeneous gel samples
during the transient shaping, using a semi-automatic, post-processing algorithm developed in ImageJ (version 1.53g,
Wayne Rasband and contributors, NIH, USA). As detailed in the following, the algorithm is based on the determination
of the radial coordinates ρi and ρo that correspond to the inner and outer rims, respectively, of the mid surface of a gel
plate. As shown by Eq. (5)2 of the main text, such radial coordinates are directly related to the corresponding azimuthal
stretches ρi/ri and ρo/ro, where ri and ro are the initial radii.
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Fig. 2 Results from the free swelling experiments on homogeneous gel plates. (a) Stretch ratio l as a function of time t for five distinct gel plates
obtained with a UV dose of {8.5,9,10.3,15.5,30}mW/cm2 @60s, with power densities corresponding to gray-levels {145,150,155,175,255}. The shaded
regions indicate the standard error of the mean as computed from five trials, whereas the superposed black curves correspond to the exponential
fit of the experimental data based on the expression l = l • +(1�l •)exp(�t/t). (b) Stretch ratio l as a function of the gray level and at times
t = {0,1,2,3,4,5,10,120}min. The superposed black curves are from the exponential fit l = c1 + c2 exp [(145�GL)/c3].
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surface generatrix

Fig. 3 A graphical interpretation of the embeddability constraints ex-
pressed by Eq. (7). Notice the surface generatrix depicted in red and
the symmetry axis denoted by a vertical dashed line. (da sistemare dopo
aver stabilito la notazione)

For thin plates, the equilibrium configuration is the isometric
embedding of the target metric of least bending energy25,31 (if it
exists). We assume that the thin plate regime holds for the cases
analyzed in our experiments and that the transient shapes can be
treated as a sequence of equilibrium configurations. Hence, we
set ds2 = ds̄2 and, using Eqs. (3)-(4), we get

v̂(r) =
Z r

ri

l (x )dx , r(v̂(r)) = l (r)r , u = q , (5)

where v̂(r) is the function relating the referential radial coordi-
nate with the generatrix arc-length in the current configuration.
By exploiting the following result

r 0(v)|v=v̂(r) =
dr(v̂(r))

dr
1

v̂0(r)
= 1+ r

l 0

l
(6)

the embeddability condition |r 0|  1 provides

�2  r
l 0

l
 0 , (7)

which, in particular, implies that l 0  0 for an axisymmetric em-
bedding of the target metric to exist. We provide in Fig. 3 a
graphical interpretation of such embeddability constraint. With-
out loss of generality, let us consider two points of S whose arc-
length coordinates differ by dv, say v̄ and v̄ + dv, and such that
u = 0. By Eq. (1), their distances from the symmetry axis (de-
noted by a vertical, dashed line in the figure) read, respectively,
r(v̄) and r(v̄)+ r 0(v̄)+ o(dv), as dv ! 0. Further, their distance
reads D = dv + o(dv). From a geometric perspective, this means
that the point of arc-length v̄+dv must lay on a circle of radius D
centered at C = {r(v̄),0,y(v̄)}, see Fig. 3. Two limiting situations
arise when the magnitude of the radial distance between the two
points, namely |r(v̄+dv)�r(v̄)| ⇡ |r 0(v̄)|dv, equals the radius of
the just mentioned circle (see red dots in the figure). Upon ac-
counting for Eq. (6), one immediately recovers the restrictions of
Eq. (7).

⇡ r 0(v̄)dv ⇡ dv

For surfaces of revolution corresponding to the parametrization
of Eq. (1) the Gaussian curvature reads32

K(v) = �f 00(v)
f(v)

. (8)

For the case K = 0, integration of Eq. (8) yields f(v) = c1v+c2, so

that y(v) = v
q

1� c2
1 + c3, with |c1|  1. These equations repre-

sent a conical surface. Plugging the corresponding expression for
f 0(v) into Eq. (6) and integrating the differential equation in l ,
we get

l (r) = k rc1�1 (9)

with k > 0 and c1 controlling the base radius of the cone and its
vertex angle, respectively.

Results are shown in Fig. 2, the graph on the left represents
the time evolution of the stretch ratio l for the five different
gray-scales. The shaded regions indicate the standard deviation
as computed from five trials, whereas the superposed black curves
correspond to the exponential fit of the experimental data based

4 | 1–7+PVSOBM�/BNF�<ZFBS>�<WPM�>

a

time

time [min]

st
re

tc
h

gray level

st
re

tc
h

b

Fig. 2 Results from the free swelling experiments on homogeneous gel plates. (a) Stretch ratio l as a function of time t for five distinct gel plates
obtained with a UV dose of {8.5,9,10.3,15.5,30}mW/cm2 @60s, with power densities corresponding to gray-levels {145,150,155,175,255}. The shaded
regions indicate the standard error of the mean as computed from five trials, whereas the superposed black curves correspond to the exponential
fit of the experimental data based on the expression l = l • +(1�l •)exp(�t/t). (b) Stretch ratio l as a function of the gray level and at times
t = {0,1,2,3,4,5,10,120}min. The superposed black curves are from the exponential fit l = c1 + c2 exp [(145�GL)/c3].
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For thin plates, the equilibrium configuration is the isometric
embedding of the target metric of least bending energy25,31 (if it
exists). We assume that the thin plate regime holds for the cases
analyzed in our experiments and that the transient shapes can be
treated as a sequence of equilibrium configurations. Hence, we
set ds2 = ds̄2 and, using Eqs. (3)-(4), we get

v̂(r) =
Z r

ri

l (x )dx , r(v̂(r)) = l (r)r , u = q , (5)

where v̂(r) is the function relating the referential radial coordi-
nate with the generatrix arc-length in the current configuration.
By exploiting the following result
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the embeddability condition |r 0|  1 provides

�2  r
l 0

l
 0 , (7)

which, in particular, implies that l 0  0 for an axisymmetric em-
bedding of the target metric to exist. We provide in Fig. 3 a
graphical interpretation of such embeddability constraint. With-
out loss of generality, let us consider two points of S whose arc-
length coordinates differ by dv, say v̄ and v̄ + dv, and such that
u = 0. By Eq. (1), their distances from the symmetry axis (de-
noted by a vertical, dashed line in the figure) read, respectively,
r(v̄) and r(v̄)+ r 0(v̄)+ o(dv), as dv ! 0. Further, their distance
reads D = dv + o(dv). From a geometric perspective, this means
that the point of arc-length v̄+dv must lay on a circle of radius D
centered at C = {r(v̄),0,y(v̄)}, see Fig. 3. Two limiting situations
arise when the magnitude of the radial distance between the two
points, namely |r(v̄+dv)�r(v̄)| ⇡ |r 0(v̄)|dv, equals the radius of
the just mentioned circle (see red dots in the figure). Upon ac-
counting for Eq. (6), one immediately recovers the restrictions of
Eq. (7).

⇡ r 0(v̄)dv ⇡ dv

For surfaces of revolution corresponding to the parametrization
of Eq. (1) the Gaussian curvature reads32

K(v) = �f 00(v)
f(v)

. (8)

For the case K = 0, integration of Eq. (8) yields f(v) = c1v+c2, so

that y(v) = v
q

1� c2
1 + c3, with |c1|  1. These equations repre-

sent a conical surface. Plugging the corresponding expression for
f 0(v) into Eq. (6) and integrating the differential equation in l ,
we get

l (r) = k rc1�1 (9)

with k > 0 and c1 controlling the base radius of the cone and its
vertex angle, respectively.

Results are shown in Fig. 2, the graph on the left represents
the time evolution of the stretch ratio l for the five different
gray-scales. The shaded regions indicate the standard deviation
as computed from five trials, whereas the superposed black curves
correspond to the exponential fit of the experimental data based
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Fig. 2 Results from the free swelling experiments on homogeneous gel plates. (a) Stretch ratio l as a function of time t for five distinct gel plates
obtained with a UV dose of {8.5,9,10.3,15.5,30}mW/cm2 @60s, with power densities corresponding to gray-levels {145,150,155,175,255}. The shaded
regions indicate the standard error of the mean as computed from five trials, whereas the superposed black curves correspond to the exponential
fit of the experimental data based on the expression l = l • +(1�l •)exp(�t/t). (b) Stretch ratio l as a function of the gray level and at times
t = {0,1,2,3,4,5,10,120}min. The superposed black curves are from the exponential fit l = c1 + c2 exp [(145�GL)/c3].
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For thin plates, the equilibrium configuration is the isometric
embedding of the target metric of least bending energy25,31 (if it
exists). We assume that the thin plate regime holds for the cases
analyzed in our experiments and that the transient shapes can be
treated as a sequence of equilibrium configurations. Hence, we
set ds2 = ds̄2 and, using Eqs. (3)-(4), we get

v̂(r) =
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where v̂(r) is the function relating the referential radial coordi-
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which, in particular, implies that l 0  0 for an axisymmetric em-
bedding of the target metric to exist. We provide in Fig. 3 a
graphical interpretation of such embeddability constraint. With-
out loss of generality, let us consider two points of S whose arc-
length coordinates differ by dv, say v̄ and v̄ + dv, and such that
u = 0. By Eq. (1), their distances from the symmetry axis (de-
noted by a vertical, dashed line in the figure) read, respectively,
r(v̄) and r(v̄)+ r 0(v̄)+ o(dv), as dv ! 0. Further, their distance
reads D = dv + o(dv). From a geometric perspective, this means
that the point of arc-length v̄+dv must lay on a circle of radius D
centered at C = {r(v̄),0,y(v̄)}, see Fig. 3. Two limiting situations
arise when the magnitude of the radial distance between the two
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we get
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with k > 0 and c1 controlling the base radius of the cone and its
vertex angle, respectively.
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the time evolution of the stretch ratio l for the five different
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Fig. S3: (a) Typical top view of a gel sample with indication of the inner and outer transition regions in the image and (b) a graphical
description of the effect of the gel samples edges on the image intensity profile.

Regarding the images from the top camera, these consist of a bright annulus on a dark background and two transition
regions at the sample edges where the pixel intensity smoothly varies between two tones (Fig. S3a). These transition
regions are due to the fact that the gel samples are semi-transparent, and they correspond to the project of the thickness of
the plate on the image plane (Fig. S3b). Hence, the radial coordinate of the mid surface may be computed as the distance
of the center of the corresponding transition zone.

In the image post-processing script, the transition zones are identified and their centers computed through the analysis
of the radial intensity profile in the images. Specifically, the algorithm consist in the following steps:

1. gray-scale images are converted into binary images (with zero intensity level for the background and maximum

2



intensity level for the sample) to remove spatial noise and to determine the centroid of the sample image;

2. on the original gray-scale images, radial intensity profiles are computed along a family of 100 segments equally
spaced in the angular direction and departing from the sample centroid;

3. the average intensity profile is computed and then clipped by user-defined low and high thresholds chosen to suitably
isolate the two transition zones;

4. the radial coordinates at which the intensity crosses the thresholds are recorded to define the boundaries of each
transition zone;

5. finally, the radial coordinates (ρi, ρo) corresponding to the centers of the transition zones are computed as the
averages of the coordinates of the boundaries.

This algorithm was exploited for the semi-automatic analysis of all the image stacks corresponding to the samples of
type I and II to eventually determine the time-courses of the stretches at their inner and outer rims (see Fig. 9a,b of the
main text). Clearly, application of the algorithm was limited to the analysis of axisymmetric configurations. For samples
of type III, namely those achieving a cylindrical configuration at equilibrium, application of the algorithm was hindered
by the occurrence of partial overlapping between the transition regions at large times, when the base angle attained a
critical value. Hence, for samples of type III, the determination of the stretches required the use of an alternative approach
at large times. In particular, information regarding the base angle α (from the lateral camera) and the thickness h was
exploited in combination with the knowledge of the radial distances ρA and ρB of the points A and B (see Fig. S3b) to
compute the stretches at the rims as (ρA + h/2 sinα)/ri and (ρB − h/2 sinα)/ro.
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